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“I'd like to share a revelation that I've had during my time in here.

It came to me when I tried to classify your species and I realized that you're not actually
mammals.

Every mammal on this planet instinctively develops equilibrium with the surrounding
environment.

But you humans do not.

You move to an area, and you multiply and multiply, until every natural resource is
consumed.

The only way you can survive is to spread to another area.

There is another organism on this planet that follows the same pattern.

Do you know what it is?

A virus.
Human beings are a disease, a cancer of this planet.
You are a plague.

And we are the cure.”

Trecho onde um sistema dotado de
inteligéncia artificial descreve sua
concepcao do que realmente € nossa
espécie em uma ficcdo que se passa em
um tempo ndao muito distante. Filme

Matrix.
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RESUMO

Em nosso estudo analisamos vocaliza¢des de anuros em quatro banhados diferentes no
Parque Estadual de Itapeva no limite sul de distribui¢do da Mata Atlantica (29° S, 49°
W). Dados de campo foram coletados entre Novembro de 2005 e Fevereiro de 2006.
Treze espécies de cinco familias foram registradas: Hylidae (7), Leiuperidae (2),
Leptodactylidae (2), Microhylidae (1) e Ranidae (1). Nossos dados indicam que as
varias espécies de anuros exibem modelos diferentes de presengca e auséncia e
abundancia nos banhados, que sdo explicados pelas varidveis de habitat. As assembléias
de anuros do estudo formaram duas categorias, as espécies que necessitam de habitats
mais especificos e dreas com menos distirbio e as espécies que ocorrem em areas com
distirbio e sem distirbio de habitat por acdo antrépica. Atividades humanas e a
subseqiiente fragmentacdo do habitat sdo claramente relacionadas com a distribui¢do de
todas as espécies de anuros, sendo que as espécies sensiveis sdo cada vez mais
confinadas a manchas menores de habitat e as espécies generalistas sdo beneficiadas

com mais dreas antropizadas.

Palavras-Chave: Influencia do habitat, Perda de habitat, Mata Atlantica, Anuran call

survey, Amphibia, Anura, Parque Estadual de Itapeva, Brasil.
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INTRODUCAO GERAL

Todos os organismos possuem uma relacdo direta com o ambiente onde vivem
(Stiling, 1999). Compreender como funcionam tais relagdes, a influéncia de um sobre o
outro e saber a sensibilidade de cada grupo a alteragdes no meio sao informagdes
preciosas para os estudos de relagdes ecoldgicas. Alguns grupos s@o menos tolerantes a
alteracdes no meio e sdo considerados indicadores de qualidade ambiental, tais como
peixes, invertebrados bentonicos e liquens. Dentre estes indicadores estd um grupo que
possui alta sensibilidade a modificacdes, os anfibios. Esses organismos possuem
estratégias reprodutivas muito peculiares e uma grande diversidade de modelos de
histéria natural (Duellman e Trueb, 1994). Essas peculiaridades tornam este grupo de
grande interesse académico para a compreensdo de suas relacdes com o entorno e 0s
tornam 6timos biondicadores de qualidade ambiental.

Diversos trabalhos descrevem sérios problemas com declinios populacionais em
anfibios no mundo (Azevedo-Ramos e Galatti, 2002; Collins e Storfer, 2003; Cushman,
2006; Diniz-Filho et al., 2004; Eterovick et al., 2005; Knutson et al., 1999; Skelly et al.,
2003; Young et al., 2001), e diversas sdo as causas apontadas para explicar os motivos
causadores dos declinios. Collins e Storfer (2003), revisando a bibliografia até o
momento, demonstram seis hipdteses que definem tais causas: introducio de espécies
exoticas, super exploragcdo, fragmentacdo e destruicio de habitat, pesticidas e outros
produtos quimicos téxicos, mudangas climdticas globais e doencas infecciosas. De todas
estas causas, fragmentacdo e destruicdo de habitat tem sido considerada a maior de
todas, e este assunto tem chamado maior atencdo dos pesquisadores recentemente.

Causas recentes, ocorrentes nos tltimos 20 ou 30 anos, sdo as principais ameacas dessas
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extincoes e sem duvida alteragdes ambientais jd causaram impacto nos organismos mais
sensiveis e certamente terdo causas mais severas em longo prazo para os demais
organismos. Estima-se que muitas espécies de anfibios tenham se extinguido nos
ultimos anos. Isto se da por registros de coletas muito antigos em colecdes cientificas,
que ndo se repete hd muitos anos.

O Brasil é o pais com a maior riqueza e de anfibios anuros atualmente (SBH,
2007), porém também € considerado um dos paises com maiores dreas desmatadas a
cada ano, acabando continuamente com uma das maiores riquezas que possuimos, nossa
biodiversidade. Eterovick et al. (2005) apresentam um referencial de como estd a
situacdo sobre declinios populacionais em anfibios no Brasil e nao diferente de outros
trabalhos, perda de habitat é citado como um dos principais motivos. Porém mais
estudos sdo necessdrios, pois a literatura ainda € muito escassa e muitas espécies ainda
sdo pouco conhecidas, tornando todo o territério nacional um 6timo local para estudos
sobre o status das populacdes, buscando dreas prioritarias para manejo € conservagao.

Dentre os principais biomas existentes no Brasil estd a Mata Atlantica, listada
entre os cinco mais importantes hotspots no mundo (Myers et al., 2000). Sua
distribuicdo se estende do nordeste ao sul do Brasil e todos os trabalhos que descrevem
declinios populacionais de anfibios na Mata Atlantica se concentram no centro da
distribuicdo deste Bioma. Sabe-se muito pouco sobre os ambientes existentes no
extremo sul da Mata Atlantica, onde se localiza o Parque Estadual de Itapeva, local
deste estudo (Fig. 1).

O enfoque principal deste trabalho foi o de identificar como varidveis de habitat
influenciam as comunidades de anuros em quatro diferentes banhados (Fig. 2 a-d) no

extremo Sul da Mata Atlantica, em uma &drea de mata de restinga com dunas e forte
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influéncia do oceano Atlantico, e avaliar de que forma as degradacdes das dareas
causadas por distirbios associados a perda de habitat afetam as comunidades de anuros
nestes banhados no Parque Estadual de Itapeva, sul do Brasil.

Em relagdo ao Parque Estadual de Itapeva, diversos trabalhos envolvendo
diversos organismos ja foram desenvolvidos: plantas (Lindeman et al., 1975; Kindel
2002; Waechter, 1986;), interagdo inseto-planta (Fuhro, 2006), anfibios (Colombo, 2004;
Colombo e Vinciprova, 2001a; 2003b), aves, (Silveira, 2006); mamiferos (Cerveira e
Kindel, 2000a; 2000b; Horn, 2005; Salermo, 2006); além dos levantamentos realizados
através do plano de manejo para o Parque (SEMA, 2006) e um estudo sobre o impacto de
rodovias da regido sobre a fauna (Coelho, 2003). Dentre estes trabalhos descritos cabe
salientar o de Dobrovolski (2006) que descreve a importancia da preservacdo de banhados
no Parque e demonstra que 7% da drea coberta por esta classe de habitat foi reduzida entre
1974 e 2002. Colombo (2004) obteve uma lista de anuros, tendo registradas 27 espécies
para toda a drea do parque. O autor ressaltou que € possivel que novas espécies ainda
poderiam ser registradas na drea, devido a presenca de dreas favordveis e pelo fato de
muitas outras espécies terem sido registradas em outras dreas proximas de mata
paludosa e florestas de regides baixas préximas ao parque.

A seguir serd apresentado um manuscrito produzido, a ser submetido ao

periddico Biological Conservation.
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Fig. 1. Area do Parque Estadual de Itapeva (limites em azul) Torres, RS. Em destaques

banhados estudados (A1, A2, A3 e A4).



Fig. 2 b. Area A2 (Banhado circundado por dunas).



Fig. 2 d. Area A4 (Banhado com vegetagio rasteira e ao lado de rodovia).



p—

14

15

16

17

18

19

20

21

22

23

24

25

26

27

HABITAT INFLUENCES ON AMPHIBIAN ASSEMBLAGES IN
THE SOUTH LIMIT DISTRIBUTION OF BRAZILIAN ATLANTIC
RAINFOREST: MANAGEMENT AND CONSERVATION

IMPLICATIONS

J. S. Bernardo-Silva, S. M. Hartz, Duarte, L. da S. Duarte

Pos-Graduagdo em Ecologia, Universidade Federal do Rio Grande do Sul, Av. Bento Gongalves, 9500, Caixa Postal 15007, 91501-
970 Porto Alegre, RS, Brasil. (bernardo.silva@ufrgs.br)

ABSTRACT

In our study we surveyed anurans through their calls in four different wetlands at the
Parque Estadual de Itapeva in the south distribution limit of Atlantic rainforest (29° S,
49° W). Field work was carried out between November 2005 and February 2006.
Thirteen species from five families were recorded in the study site: Hylidae (7),
Leiuperidae (2), Leptodactylidae (2), Microhylidae (1) and Ranidae (1). Our data
indicated that the various anuran species exhibit different patterns of presence/absence
and abundance at the wetlands, explained by habitat variables. The complex anuran
assemblages of the study sites included two categories, the species that require specific
habitat requirements and undisturbed sites and the species that occur in both disturbed
and undisturbed habitats. Human activities and subsequent habitat fragmentation are
clearly related to the patchy distribution of all species of anurans, the sensitive species
are confined to less patches and the generalist species clearly benefit from more

anthropized areas.
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Key-words: Habitat influences, Atlantic Rainforest, Habitat loss, Anuran call survey,

Amphibia, Brazil.

INTRODUCTION

How altered landscape patterns affect the abundance and distribution of
organisms is one of the most important problems in ecology (Lubchenko et al., 1991).
Although numerous studies have examined the effects of fragmentation in landscapes
with different proportions of suitable habitat for birds and mammals (see Andren 1994
for review) data on other vertebrate taxa are scarce. Nowadays amphibians have
received a considerable attention in ecological and conservation studies since the
decline of amphibian populations become a worldwide phenomenon (Azevedo-Ramos
and Galatti, 2002; Collins and Storfer, 2003; Cushman, 2006; Diniz-Filho et al., 2004;
Knutson et al., 1999; Skelly et al., 2003; Young et al 2001). In fact, many Amphibia
taxa are in a very drastic situation; the red list of threatened and endangered species
identified 59% out of 6140 species in some risk category (IUCN, 2006).

Fragmentation and habitat modification are the first cause of amphibians
declines in the world (Collins and Storfer, 2003; Cushman, 2006; Diniz-Filho et al.,
2004; Gibbs, 1998; Knap et al., 2003; Skelly et al., 2003; Ray et al., 2002;
Krishnamurthy, 2003). Populations may be prone to local extinction as a result of the
transformation and fragmentation of their habitat, due to the spatially and temporally
dynamic nature of amphibian populations. Considerable efforts focusing on amphibian
conservation are increasing around the world. However amphibian populations naturally

fluctuate annually, due to drought, extreme temperatures and predation (Collins and
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Storfer, 2003; Green, 2003). Understanding the difference between natural fluctuations
and declines is the next step to identified anurans extinctions (Peachmann et al., 1991;
Collins and Storfer, 2003; Cushman, 2006).

Amphibians are strongly linked to wetlands (Knutson et al., 1999; Petranka and
Holbrook, 2006) and small seasonal wetlands, the primary breeding habitats of many
amphibians, have diminished at alarming rates (Semlitsch and Bodie, 1998; Gibbs,
2000; McCauley and Jenkins, 2005). Restored wetlands and the correct preservation of
wetlands contours and the buffer areas are needed to conserve amphibians.

The fragmentation of continuous habitats into patches reduces the vegetation
suitable area and the natural protection of wetlands and increases the degree of isolation
experienced by organisms inhabiting each patch. Patch occupancy can also be affected
by patch quality (Sjogren-Gulve, 1994; Sarre et al., 1995; Dennis and Eagles, 1999) and
by the characteristics of habitats contours (Vos & Stumpel, 1995; Pope et al., 2000; Joly
et al., 2001). Amphibians are very sensitive to some environmental variables and often
show strong site fidelity (Kleeberger and Werner, 1982; Marsch and Pearman, 1997;
Sinsch, 1990) and low dispersal ability, so that environmental changes can strongly
affect amphibian populations. Understand how the resistance of each species in altered
landscape happens and identified all important variables to the species will be needed to
do the correct management actions.

The knowledge about the status of amphibian populations and declines in South
America is very scarce (Myers et al., 2000; Young et al., 2001; Eterovick et al., 2005).
In Brazil, a few papers have concerned this subject (Bertoluci and Heyer, 1995; Guix et
al., 1998; Heyer et al., 1988; Izecksohn and Carvalho-e-Silva, 2001; Papp and Papp,

2000; Pombal and Haddad, 1999; Silvano and Segalla, 2005; Weygoldt, 1989). One of
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the most biodiverse areas in the world is the Atlantic Rainforest. This biome has lost
more than 90% of its the original forested area (Myers et al. 2000) due to human
activities such as extensive deforestation, logging and fire. Myers et al. (2000) listed the
Atlantic Rainforest among the five hottest hotspots for conservation priority in the
world. The distribution of this biome ranged from the south (subtropical climate) to the
northeast (tropical climate) in Brazil. Probably climatic variation has a great influence
on the species composition across the latitudinal gradient of the Brazilian Atlantic
Rainforest. Almost all amphibians decline publications in Brazil focused on central area
of the Atlantic Rainforest, and little is known at the extreme south distribution where
this work was conducted.

The purpose of this work was to evaluate how habitat variables might alter the
local richness, abundance and composition of anuran assemblages in a subtropical area
in southern limit distribution of Brazilian Atlantic rainforest. For this purpose, we
evaluated richness, abundance and composition of anuran assemblages in a short spatial
scale, and analyzed the influence of habitat variables in these patterns. Further, we
discussed the implications of habitat characteristics for the management and

conservation of anuran communities.

METHODS

2.1 Study Site

The study was conducted from November 2004 to February 2005 at Parque

Estadual de Itapeva, a 1000-ha preserved area located at northeast of Rio Grande do Sul,
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the southernmost state of Brazil (29° S, 49° W) (Fig. 1). The study area is characterized
by fixed and mobile dunes with restinga covering, coastal swamp forest, dry fields, wet
fields, bogs and wetlands (Lindeman et al., 1975). This formation contains an important
biodiversity and a great number of threatened species (Fontana et al., 2003).

Restingas are part of the Atlantic Rain Forest biome. This formation is
characterized by drained and not drained sandy soil and the vegetation cover is very
complex, composed by shrubs, herbs, and trees (Waechter, 1986). The vegetation is
characterized by a great number of tropical genera, mainly belonging to the families
Orchidaceae (Vanilla, Epidendrum, Stelis, Maxillaria, Cyrtopodium, Oncidium),
Bromeliaceae  (Canistrum,  Nidularium,  Wittrockia), = Araceae  (Anthurium,
Philodendrum), Palmae (Euterpe, Geonoma, Bactris), Heliconiaceae (Heliconia),
Clusiaceae (Clusia, Rheedia), Moraceae (Ficus), Cecropiaceae (Codonanthe,
Nematanthus), Marcgraviaceae (Marcgravia) and Gesneriaceae (Codonanthe,

Nematanthus) (Waechter, 1986).

2.2 Survey methods

We surveyed anuran through their calls, taking a measure of the relative
abundance and richness of species in each swamp (see also methods on Herrmann et al.,
2005).

Because wetland hydroperiod influence amphibian use of wetlands as breeding
sites (Herrmann et al., 2005; Wellborn et al., 1996; Babbitt et al., 2003) we chose four
permanent wetlands because temporary ponds can be breeding sites just after raining

and one or two days later they can be dry. In fact, the area contains no more than six or
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seven breeding wetland sites for amphibians (including temporary and permanent
wetlands). We sampled wetlands four times: November 18-22, December 27-30,
January 23-26, and February 22-25. Sampling was made in each pond once at each
month. This period was chosen because at this time we can find most of the species
registered from the Itapeva Parque.

The sampling methods consisted at a presence and absence record and the
estimate of the number of calling individuals of each species. This record was made
once every thirty minutes from 20:00 until 23:00 (sun time) totalizing six records at
each point per sampling. The surveys per pond were made by walking around the
wetland to be sure that all species were detected. Individuals that we could not identify
in the field by calls were preserved in 70% buffered alcohol and later identified to

species in the laboratory using appropriate keys (Kwet and Di-Bernardo, 1999).

2.3 Environmental variables

We measured several habitat variables to examine relationship between the
presence and abundance of amphibians and habitat characteristics. For each wetland we
recorded: the shortest distance to the forest matrix (DIFM), the area of each pond
(computed from the GPS TrackMaker software, version professional 13.1; Ferreira
Junior, 2006) (AREA), water depth (none, low (less than 15 centimeters), medium
(between 15 and 30 centimeters) or high (more than 30 centimeters) (WAHE),
anthropization level at the contours of 25 meters of the area of each wetland (none (0%)
(no presence of human’s activities), low (until 30%) (low evidences of human’s

activities such as presence of tracks), medium (31-60%) (evidences of human’s
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activities such as pasture and plantation) or high (>60%) (high evidence such as
construction and roads) (ATLE), level of heterogeneous habitat at the contours of 25
meters of the area of each wetland (none (0%) (homogeneous vegetation habitat
contours), low (until 30%) (most part of vegetation habitat are homogeneous (more than
70%)), medium (31-60%) (around 50% of the vegetation habitat are homogeneous) or
high (>60%) (most part of vegetation habitat are homogeneous) (LHHA), degree of
cover characterized by the percentage of vegetation cover; at the point (25, 50, 75 or
100%) (DCPO) and at the contours of 25 meters of the maximum of suitable area of
each wetland (25, 50, 75 or 100%) (DCCO). Average temperature (day), temperature
and relative humidity at 18:00 and 00:00 for each survey day were obtained from the 8

District of Meteorology of Porto Alegre.

2.4 Statistical methods

We represented richness by the logarithm number of species and we estimated
abundance by the greater number of anuran calls in each pond in each night. To estimate
density, we took a total and divided by area per pond. The climate variables were
standardized by the total within variables. To remove the effect of climate variables we
performed multiple linear regressions and used the residuals of the previous regressions
to compare the swamps in terms of richness and abundance. For this, we calculated a
Euclidean matrix between sampling units and performed ANOVA with randomization
test with 10 000 iteractions (Pillar and Orléci, 1996).

We used UPGMA on Euclidean data-matrix (Digby and Kempton, 1987) to

classify the ponds in relation to the fauna of anurans. A Correspondence Analysis was
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used for ordinating the anuran species comparing they correlation with the habitat
variables (Digby and Kempton, 1987). The tree-clustering factorial analyses were
carried using Statistica (Statsoft, Inc., 2001 — Version 6). The Correspondence Analysis
was made with SigmaPlot (Systat Software, Inc., 2006 — Version 10), all other analyses

were performed using MULTIV 2.3.20 (Pillar 2004).

RESULTS

We found a total of thirteen anuran species, grouped in five families, Hylidae,
Leiuperidae, Leptodactylidae and Microhylidae which showed different patterns of
occupancy of the four ponds (Table 1), Dendropsophus minutus and Scinax alter were
the most common species, occurring in all ponds, followed by Physalaemus cuvieri and
Lepdodactylus gracilis found in A2, A3 and A4, P. biligonigerus found in Al, A2 and
A4, Lepdodactylus ocellatus and Elachistocleis ovalis occurred in A3 and A4, and S.
squalirostris occurred in Al and A3. The other species were recorded in just one pond;
Hypsiboas faber, Sphaenorhyncus surdus and Lithobates catesbeianus in Al. The
habitat requirements of each species (Kwet and Di-Bernardo, 1999; Achaval and Olmos
2003; Pombal and Gordo 2004; Conte and Machado 2005) were compiled to compare
our data with the current literature (Table 2).

The analysis of variance (ANOVA) showed a significant differences between
groups ( p < 0.001 for richness and p < 0.002 for abundance) as well the residues (p <
0.007 for richness and p < 0.006 for abundance). The greater richness and abundance

was in Al followed by A2, A4 and A3 (Fig. 2a, b). The UPGMA dendrogram,
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evaluated through bootstrap resamplimg, showed that the anuran species were spatially
arranged according to four main groups (p = 0.22). The sites A3 and A4 appeared more
similar to each other than the two other ponds (Fig. 3). Habitat variables showed how
different each area was compared with other areas (Table 3). The Correspondence
Analysis (89% of the explained variance on the two first axis) showed that the anurans
species were spatially arranged according to the habitat variables (Fig. 4).

The most important habitat variable to explain the distribution of Scinax
squalirostris was AREA, this species was little influenced by all other variables (group
1); Hypsiboas pulchellus, Physalaemus biligonigerus and Scinax fuscovarius had the
greatest association with anthropization level (group 2); Sphaenorhyncus surdus,
Hypsiboas faber and Lithobates catesbeianus are mostly associated with level of
heterogeneous habitat, water depth and degree of cover at the contours (group 3) and the
last group (Dendropsophus minutus, Elachistocleis ovalis, Leptodactylus gracilis, L.
ocellatus, Physalaemus cuvieri, P. biligonigerus and Scinax alter) are most associated
with degree of cover at the point, anthropized level and distance of forest matrix (group

4) (Fig 4).

DISCUSSION

Deforestation and fragmentation commonly cause species losses from tropical
forests (Gupta 1998; Kolozsvary and Swihart, 1999; Perman, 1997; Steininger et al.,
2001; Waldman and Tocher, 1998). The composition of sub-tropical anurans
assemblages 1s correlated with natural environmental gradients and anurans

communities vary on a gross scale depending on the presence of human activities
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(Duellman, 1978; Pearman, 1997). However, the response of tropical and sub-tropical
anurans assemblages to anthropogenic environmental variation is complex. Human
activities and subsequent habitat fragmentation are clearly related to the patchy
distribution of many anurans species, the sensitive species are more confined to less
patches and the generalist species clearly benefit from more anthropization areas.
Hylidae family was recognized on literature as more speciose in disturbed forest and in
non-forested areas (Duellman, 1978); hylids frogs benefit from altered habitats and
these are not in need protection (Pearman, 1997). However in our study a hylid frog
Sphaenorhynchus surdus, included at red list of threatened and endangered species of
Rio Grande do Sul (Fontana et al., 2003), Hypsiboas faber and the ranid Lithobates
catesbeianus occur just on forest and are absent from anthropized open areas. An
observation of this group are L. catesbeianus, is an alien species originated from North
America, introduced in Brazil in the 1960s for meat commercialization, competing with
local anurans and causing ecological problens (Dixo and Verdade, 2006).

Our data show that some species are more generalist and less sensible to changes
at their environment than others. No relationships between wetland size and anuran
species richness are reported, although habitat variables at the wetland and at the
contours are extremely influential in species composition. Furthermore, the species
found in the small wetland (A1) were not a subset of those found in large wetlands. The
complex anuran assemblages of the study sites formed two categories, the species that
have specific habitat requirements and undisturbed sites and the species that occur in
disturbed and undisturbed habitat. Our study indicated that the various anurans species
exhibit different patterns of presence/absence and abundance at the ponds. This is

reflected by the habitat variables associated with each species. That is explained by
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habitat requirements of each species (Kwet and Di-Bernardo, 1999; Achaval and Olmos
2003; Pombal and Gordo 2004; Conte and Machado 2005)

Scinax squalirostris (Group 1) needs greater areas and doesn’t need
heterogeneous habitats. We found this species even without water at the point and
around the point. Hypsiboas pulchellus and S. fuscovarius are associated with human’s
activities and water intermittence, what means a great capacity of colonizing news
areas, they have little habitat requirements. Hypsiboas faber, Lithobates catesbeianus
and Sphaenorhyncus surdus require forest habitats; these are the most sensitive species
found at our study. The last group (Elachistocleis ovalis, Dendropsophus minutus,
Leptodactylus. gracilis, L. ocellatus, Physalaemus. cuvieri, P. biligonigerus and Scinax
alter) has significant association with human’s activities, and basically don’t need
heterogeneous habitats, this group of species can occur in small water bodies and easily
found by roads at north coast in Rio Grande do Sul.

In our study we showed that less altered habitat ponds are more diverse than
more altered ponds, what means for generalist species, the negative association with
distance of the forest matrix, high heterogeneous habitat and degree of cover at the
contours and positive association with anthropized level. On the other hand, the species
with specific habitat requirements are negatively associated with anthropized level and
positively associated with water depth, high heterogeneous habitat, and degree of cover
at the contours. Amphibians have relatively limited dispersal abilities (Driscoll, 1997;
Lehtinen and Galatowitsch, 2001; Semilitsch and Bodie, 1998; Sinisch, 1990), the
generalist species certainly are the first group to colonize anthropized areas, mainly for
their broad tolerance, but these species are usually found in open areas what means the

necessity to preserve open areas, not anthropized areas. The less altered areas were
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more diverse than altered areas and some species with specific requirements occur just
at the no antropized pond. Eterovick and Barata (2006) describe that tadpole distribution
among streams was influenced by arboreal vegetation cover at stream margins, what
corroborated with our data for adults. This information show the high importance of
habitat diversity.

Most of the species found at the study area are generalist and easily found in
many altered habitats, on the other hand the species with specific habitat requirements
species need non altered areas for development and reproduction. With the correct
maintenance habitat of diversity and a strategic surrounding area, we can preserve as
much specialist as generalist species.

The ability of a species to colonize a path from which it has been extirpated will
depend on several factors, but certainly our data showed there is more probable to
specific habitat requirements species colonize non altered habitats than altered habitats.
Herrmann et al. (2005) states that quality of habitat surrounding breeding wetlands is
important to most amphibians and it is necessary to consider the surrounding upland
landscape in conservation strategies, we agree and suggest conservation of the natural
succession of natural habitats, mainly the wetlands including ephemeral and permanent
ponds, in agreement with Baker and Halliday (1999), Gibbs (1993), Oertli et al. (2002),
and Vignoli et al. (2007).

Analyses of anuran survey data and wetland maps distributed across large areas
are needed to understand landscape influences on anurans. Agreeing with Knutson et al
1999, the knowledge of habitat associations is critical if we hope to reverse declines in

amphibian populations.
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1 Table 1 — Description of each pond based on percent composition of anurans calls at

2 Parque Estadual de Itapeva.

. . Al A2 A3 A4
Family and species

Hylidae

Dendropsophus minutus 34 13 36 2 48 25 41 20

Hypsiboas faber 91 34 0 0 0 0 0 0

Hypsiboas pulchellus 0 0 4 2 0 0 0 0

Scinax alter 54 20 24 13 44 23 18 9

Scinax fuscovarius 0 0 6 3 0 0 0 0

Scinax squalirostris 0 0 4 2 7 4 0 0

Sphaenorhynchus surdus 73 27 0 0 0 0 0 0
Leiuperidae

Physalaemus biligonigerus 11 4 36 20 O 0 37 18

Physalaemus cuvieri 0 0 49 27 41 22 45 22
Leptodactylidae

Leptodactylus gracilis 0 0 17 9 28 15 40 20

Leptodactylus ocellatus 0 0 0 0 12 6 10 5
Michrohylidae

Elachistocleis ovalis 0 0 6 3 10 5 13 6
Ranidae

Lithobates catesbeianus 4 1 0 0 0 0 0 0
Total 267 100 182 100 190 100 204 100




Table 2 — Habitat requirements of each anuran found at Parque Estadual de Itapeva: (A)
wetland inside de forest (B) wetlands in open areas (C) wetlands inside the forest and
open areas as recorded at other sites (Kwet and Di-Bernardo, 1999; Achaval and Olmos,

2003; Pombal and Gordo, 2004; Conte and Machado, 2005).

Habitat

Family and species

Hylidae
Dendropsophus minutus X
Hypsiboas faber X
Hypsiboas pulchellus X
Scinax alter X
Scinax fuscovarius X
Scinax squalirostris
Sphaenorhynchus surdus X
Leiuperidae
Physalaemus biligonigerus
Physalaemus cuvieri X
Leptodactylidae
Leptodactylus gracilis X
Leptodactylus ocellatus
Michrohylidae
Elachistocleis ovalis X
Ranidae
Lithobates catesbeianus X
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Table 3 — Habitat variables measured for each area at Parque Estadual de Itapeva.

Variables / Areas Al A2 A3 A4
Distance of forest matrix 0 49 26 287
(meters)
Water de.pth . 3 > > 1
none (0) low (1) medium (2) high (3)
Anthropized level 1 3 3 4
none (1) low (2) medium (3) high (4)
Level of Heterogeneous habitat 4 > > 1
none (1) low (2) medium (3) high (4)
Degree of cover at the point
50 25 50 50
25%, 50%, 75%, 100%
Degree of cover at the contours
100 25 75 50
25%, 50%, 75%, 100%
Area (ha) 0.0832 0.3485 2.6183 0.5403
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Fig.1. Parque Estadual de Itapeva, Rio Grande do Sul, Brazil (29° S, 49°W). Individual

wetlands studied are indicated as A1-A4).
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CONSIDERACOES FINAIS

A importancia da conservacgao da biodiversidade € um tema bastante complexo e
discutido atualmente por muitos pesquisadores, ambientalistas e defensores da natureza,
as atitudes a serem tomadas visando este enfoque sdo a grande problemadtica atual.
Ac¢des de manejo e conservagdo sdo sugeridas em muitos artigos e debates com a
sociedade, porém nem sempre executadas, pois parece que em muitos casos interesses
particulares e politicos estao sempre em primeiro lugar.

O enfoque principal deste trabalho foi o de relacionar a associa¢do de varidveis
de habitat com assembléias de anuros, demonstrando quais varidveis sdo mais
importantes para cada grupo de espécies, visando preservar espécies que possuem
requerimentos de habitat mais especificos. O trabalho revela a necessidade de habitats
menos alterados e florestais para Sphaenorhyncus surdus e Hypsiboas faber, espécies
que ocorreram em somente uma das dreas de estudo, sendo que S. surdus é uma espécie
que estd citada na lista vermelha de espécies ameagadas de extin¢do do Rio Grande do
Sul.

Além do artigo apresentado nesta dissertacdo, com o mesmo conjunto de dados
analisados, € possivel que efetivamente seja produzida outra publicagdo envolvendo
periodo de atividade das espécies, ja4 que as amostragens ocorreram entre as 20:00 e
23:00 com intervalos de 30 minutos para o levantamento de riqueza e abundancia. Outra
importante informacdo nao referenciada no artigo sdo os dados coletados entre as areas
de amostragens. Foram feitas transec¢Oes entre as dreas e demarcados cinco pontos
eqiiidistantes distribuidos entre cada drea. Estes pontos tiveram o mesmo tratamento que

as dreas em relacdo ao conjunto de varidveis de habitat, ndo tendo o0 mesmo tratamento
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em relacdo as varidveis de comunidade, pois em nenhum destes pontos foi encontrado a
presenca de corpos d’dgua, o que em nosso estudo € o fator determinante para presenca
de anuros. Estes pontos entre as dreas foram tomados para avaliar uma possivel relagdo
de uso de corredores entre as areas. Estes dados ainda ndo foram trabalhados, pois apds
as coletas regulares de dados houve a idéia de que pudesse haver tal relagdo, sendo uma
idéia posterior a proposta original deste trabalho. Tenho como hipdtese que, apesar de
ndo encontrar presenca de dgua, nos pontos entre as dreas, eles possivelmente sirvam
como corredores para algumas espécies que possam se deslocar em periodos em que
nao hajam temperaturas mais elevadas.

Por fim, a importancia de restringir a acdo antrépica, principalmente a atividade
de rebanhos domésticos, é de suma importancia para permitir a sucessao natural de
areas umidas abertas e florestais. O que realmente estd em risco no parque € esta
sucessdo, algumas dreas umidas abertas estdo sendo utilizadas para pastejo,
interrompendo esta sucessdo natural e ndo permitindo que populacdes de espécies de
anuros que necessitam de habitats heterogéneos relacionados com coberturas vegetais

diferenciadas ocupem novos habitats e se estabelecam em novas areas.
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Unpublished results and personal communications should not be in the reference list, but may be
mentioned in the text. Conference proceedings, abstracts and grey literature (research reports and limited
circulation documents) are not acceptable citations. Citation of a reference as 'in press' means that the
item has been accepted for publication.

2. Citing and listing of web references

As a minimum, the full URL and last access date should be given. Any further information, if known
(author names, dates, reference to a source publication, etc.), should also be given. Web references can be
listed separately (e.g., after the reference list) under a different heading if desired, or can be included in
the reference list.

3. Citing in the text
Citations in the text should be:
Single author: the author's name (without initials, unless there is ambiguity), the year of publication;

Two authors: both authors' names, the year of publication; use 'and' between names not '&'. Three or more
authors: first author's name followed by et al., the year of publication. Citations may be made directly (or
parenthetically). Groups of references should be given chronologically with the earliest first and if several
from the same year then they should be given alphabetically. If there are several from the same author in
the same year then they are given as author, yeara, b (eg 1996a,b] (not yeara, yearb)

Examples: "as demonstrated (Allan and Jones, 1995; Smith et al., 1995; Woodbridge, 1995; Allan, 1996a,
b, 1999). Kramer et al. (2000) have recently shown ...."

4. List of references

References should be arranged first alphabetically and then further sorted chronologically if necessary.
More than one reference from the same author(s) in the same year must be identified by the letters "a",
"b", "c", etc., placed after the year of publication. You may use the DOI (Digital Object Identifier) and the
full journal reference to cite articles in press. The format for listing references is given below and must be
followed precisely.

Examples:

Reference to a journal publication. Give the journal title in full:
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Moseby, K.E., Read, J.L., 2006. The efficacy of feral cat, fox and rabbit exclusion fence designs for
threatened species protection. Biological Conservation 127, 429-437.

Reference to a book:
Strunk Jr., W., White, E.B., 1979. The Elements of Style, 3rd edn. Macmillan, New York.
Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 1999. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

5. Digital Object Identifier (DOI):

In addition to regular bibliographic information, the digital object identifier (DOI) may be used to cite and
link to electronic documents. The DOI consists of a unique alpha-numeric character string which is
assigned to a document by the publisher upon the initial electronic publication. The assigned DOI never
changes. Therefore, it is an ideal medium for citing a document, particularly 'Articles in press' because
they have not yet received their full bibliographic information. The correct format for citing a DOI is
shown as follows (example taken from a document in the journal Physics Letters B):
doi:10.1016/j.physletb.2003.10.071

NB: Please give as much bibliographic information as possible with the DOI. Please give the name(s) of
the author(s), title of the paper, journal name and if possible year of publication.

When you use the DOI to create URL hyperlinks to documents on the web, they are guaranteed never to
change.

VI. Manuscript handling after acceptance

1. Copyright

Upon acceptance of an article, authors will be asked to transfer copyright (for more information on
copyright see G+ ). This transfer will ensure the widest
possible dissemination of information. A letter will be sent to the corresponding author confirming receipt
of the manuscript. A form facilitating transfer of copyright will be provided.

If excerpts from other copyrighted works are included, the author(s) must obtain written permission from
the copyright owners and credit the source(s) in the article. Elsevier has pre-printed forms for use by
authors in these cases: contact ES Global Rights Department, P.O. Box 800, Oxford, OX5 1DX, UK;
phone: (+44) 1865 843830, fax: (+44) 1865 853333, e-mail:

2. Costs for colour prints

a) Colour illustrations in print

Colour illustrations in print will be charged to the author. Illustration costs are EURO 350 for every first
page. All subsequent pages cost EURO 175.

b) Colour illustrations on the web (ScienceDirect)

Colour illustrations in the web (ScienceDirect) are free of charge. If you want a colour illustration on the
web and the same illustration in black and white in the print version of the journal, please note that you
will then have to submit two different illustration files, one colour and one black and white version.

3. Proofs

When your manuscript is received by the Publisher it is considered to be in its final form. Proofs are not
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to be regarded as 'drafts'.

One set of page proofs in PDF format will be sent by e-mail to the corresponding author, to be checked
for typesetting/editing and should be returned within 2 days of receipt, preferably be email. No changes
in, or additions to, the accepted (and subsequently edited) manuscript will be allowed at this stage. Any
amendments may be charged to the author. Proofreading is solely the author's responsibility.

Should you choose to mail your corrections, please return them to: Log-in Department, Elsevier, Stover
Court, Bampfylde Street, Exeter, Devon EX1 2AH, UK.

A form with queries from the copyeditor may accompany your proofs. Please answer all queries and
make any corrections or additions required. The Publisher reserves the right to proceed with publication if
corrections are not communicated. Return corrections within 2 days of receipt of the proofs. Should there
be no corrections, please confirm this.

Elsevier will do everything possible to get your article corrected and published as quickly and accurately
as possible. In order to do this we need your help. When you receive the (PDF) proof of your article for
correction, it is important to ensure that all of your corrections are sent back to us in one communication.
Subsequent corrections will not be possible, so please ensure your first sending is complete. Note that this
does not mean you have any less time to make your corrections, just that only one set of corrections will
be accepted.

4. Tracking your article

Authors can keep a track on the progress of their accepted article, and set up e-mail alerts informing them
of changes to their manuscript's status, by using the "Track a Paper" feature, which can be obtained at::
EX . Contact details for questions arising after acceptance of an article,
especially those relating to proofs, are provided when an article is accepted for publication.

5. Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via e-mail or,
alternatively, 25 free paper offprints. The PDF file is a watermarked version of the published article and
includes a cover sheet with the journal cover image and a disclaimer outlining the terms and conditions of
use.

IX. Submission Checklist

It is hoped that this list will be useful during the final checking of an article prior to sending it to the
journal's editor for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present for submission:

One author designated as corresponding author.

Full contact addresses of all author(s).

Covering letter stating that the manuscript is original work, that it is not being submitted
elsewhere, that all authors agree with the content and to the submission, any research in the paper not
carried out by the authors is fully acknowledged in the manuscript and where necessary all appropriate
ethics and other approvals were obtained for the research.

The names and contacts of three potential reviewers are provided.

The manuscript is one-sided, double spaced, page numbered and line-numbered throughout.

The name and address of the author(s) is only stated on the first title page and nowhere else in
the manuscript, except for quoting own work.

The second title page contains the title, abstract and keywords.

All tables (including title, description and caption) are included.

All illustrations (including title, description and caption) are included.
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Manuscript has been "spellchecked", and checked by someone fluent in English who
understands the subject material of the manuscript.

References are in the correct format for the journal (see above).

All references mentioned in the Reference list are cited in the text, and vice versa

All tables and figures have been referred to in the text.

Permission has been obtained for use of copyrighted material from other sources (including the
Web)



