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Anuran amphibians are a diverse group of vertebrates with
approximately 990 species and 19 families known to occur
in Brazil (SEGALLA et al. 2014). Despite increased efforts to-
wards improving our understanding of their biology, remark-
able knowledge gaps remain (RODRIGUES 2003). Given this,
new inventories, especially of under-sampled regions, are es-
sential to understanding this prominent vertebrate group.

The Caatinga morphoclimatic domain is confined to
Brazil and has recently been considered a centre of ende-
mism for many taxa including anurans (CALDAS et al. 2010,
NapoLr et al. 2011a, CAVALCANTI et al. 2014). This region is
characterized by dry climate, high temperatures, and low
humidity, with vegetation that supports a number of differ-
ent microhabitats exploited by anurans (VIEIRA et al. 2007,
LYRA-NEVES & TELINO-JUNIOR 2010).

In the past, the anuran fauna of the Caatinga received lit-
tle attention, but recent efforts have considerably expanded
the available information (CALDAS et al. 2010, NAPOLI et al.
2011b, ¢, CAVALCANTI et al. 2014, MAGALHAES et al. 2014).
As a result, RODRIGUES (2003) confirmed the occurrence
of 49 anuran species in the Caatinga domain. Additional
species have since been described (MAGALHAES et al. 2014)
and new records of established taxa published (NAPoOLI et
al. 2011b, ¢, RIBEIRO et al. 2012, GARDA et al. 2013).

Despite the variety of available methods, anuran sam-
pling often involves opportunistic searching for indi-
viduals at dusk and night when anurans are most active
(ARZABE 1999). In an attempt to assess the efficiency of the
sampling procedures used in the present study and permit
comparisons between different periods and areas, we com-
piled MacKinnon lists based on the direct observation of
anurans and records of their vocalizations (HERZOG et al.

2002). This method is commonly applied to estimate bird
species richness through the compilation of lists of a pre-
defined number of species, which are used to calculate cu-
mulative species curves (MACKINNON & PHILLIPS 1993,
HERZOG et al. 2002). While this method has been acknowl-
edged as most effective in ornithological studies (O’DEA et
al. 2004), it has also been successfully used for anuran in-
ventorying (MUIR & MUIR 2011).

The goal of this study was to record the diversity of an-
urans based on MacKinnon lists in an area of the Caatinga
morphoclimatic domain.

The study area is located on the Fazenda Tamandua
(7°0131.23” S, 37°23'31.04” W), a farm in the municipality
of Santa Teresinha in Paraiba, Brazil. This site is located
in the Caatinga morphoclimatic domain and has a typical
tropical semi-arid climate, with a mean annual rainfall of
ca 800 mm and arboreal-shrubby vegetation of xerophil-
ous and deciduous woody species. The study site is a 350 ha
private natural heritage reserve, which is used for the sus-
tainable production of organic raw materials (LyRA-NEVES
& TELINO-JUNIOR 2010).

Data were recorded during the rainy season in May of
2011 at three sites during a total of 60 man-hours of sam-
pling effort involving five collectors. All sampling was con-
ducted at night. A total of 25 lists of four anuran species
were compiled, based on direct observations or records of
vocalizations (cf. MUIR & MUIR 2011). In this approach,
species lists for each site were compiled without repeating
a given species in the same list. The decision to limit the
lists to four taxa was made in order to decrease repetitions
of the same species and increase the number of lists, as was
proposed by HERZOG et al. (2002).
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Table 1. Anuran species recorded in May of 2011 in our study area in the municipality of SantaTeresinha, Paraiba, Brazil, their [UCN
Red List status (www.redlist.org) and information if endemic to the Caatinga. IFL - index of species frequency in the lists.

Family Species IUCN Red List status Caatinga-endemic species IFL
Bufonidae Rhinella jimi (STEVAUX, 2002) Least Concern yes 0.52
Rhinella granulosa (Sp1x, 1824) Least Concern - 0.08
Odontophrynidae Proceratophrys cristiceps (MULLER, 1884 “1883”) Least Concern yes 0.04
Hylidae Dendropsophus branneri (COCHRAN, 1948) Least Concern no 0.08
Dendropsophus soaresi (CARAMASCHI & J1M, 1983) Least Concern no 0.04
Dendropsophus minutus (PETERS, 1872) Least Concern no 0.04
Hypsiboas raniceps COPE, 1862 Least Concern no 0.72
Phyllomedusa nordestina CARAMASCHI, 2006 Data Deficient yes 0.12
Scinax x-signatus (SP1X, 1824) Least Concern no 0.24
Leptodactylidae  Leptodactylus macrosternum MIRANDA-RIBEIRO, 1926 Least Concern no 0.68
Leptodactylus vastus LuTz, 1930 Least Concern yes 0.08
Leptodactylus fuscus (SCHNEIDER, 1799) Least Concern no 0.12
Pseudopaludicola falcipes (HENSEL, 1867) Least Concern no 0.84
Pleurodema diplolister (PETERS, 1870) Least Concern yes 0.04
Physalaemus centralis BOKERMANN, 1962 Least Concern no 0.04
Physalaemus cuvieri FITZINGER, 1826 Least Concern no 0.04

The lists were compiled along three transects, each cov-
ering approximately 1,000 m* (200 m in length by 5 m
in width). Pairs of transects were separated by a distance
of at least 500 m. Transect 1 — adjacent to a small reser-
voir; the flanking aquatic vegetation and presence of her-
baceous plants provide substrates for anurans at different
stages of development; some rocky outcrops and bromeli-
ads. Transect 2 — characterized by herbaceous vegetation,
primarily grasses, seasonal marshy patches, and patches of
damp soil maintained by the increased precipitation typi-
cally occurring during the rainy season; the habitat in this
area is open and anthropogenic, with few shrubs adjacent
to the road. Transect 3 — located next to the second reser-
voir, this area is characterized by the transition from lentic
to lotic conditions; this site lies also near a large rocky out-
crop; margins of this reservoir are dominated by grasses
and herbaceous vegetation as well as aquatic angiosperms.

Data obtained were analysed using Primer 6.0. Shan-
non’s diversity index (H’) and Pielou’s equitability (J°) for
each transect (WEAVER & SHANNON 1949) were calculat-
ed. Species accumulation curves were plotted using the
MacKinnon lists for the study area as a whole in order to
evaluate the effectiveness of this approach for sampling
anurans. The relative abundance of the different species
in the whole study area was also calculated, as was the in-
dex of frequency of each anuran species in the lists (IFL).
The IFL was obtained by dividing the number of lists in
which the species was recorded by the total number of lists
(MACKINNON 1991). The species were classified as ‘very
frequent’ (> 50%), ‘frequent’ (50-25%) and ‘rare’ (< 25%),
based on ALMEIDA et al. (1999).

A total of 16 anuran species was recorded, represent-
ing ten genera in five families (Table 1). Representatives of
all anuran families have been recorded at other Caatinga

sites before (ARZABE 1999, RIBEIRO et al. 2012). VIERA et
al. (2007) reported a similar predominance of hylid species
at other sites in the state of Paraiba as we do here. All the
species recorded in the present study have ‘generalist’ hab-
its and have been recorded in open habitats in both Caat-
inga and Cerrado savannas of central Brazil (e.g., SANTANA
et al. 2008).

The most frequent species recorded in the MacKinnon
lists were Pseudopaludicola falcipes, Hypsiboas raniceps,
and Leptodactylus macrosternum (Table 1). Pseudopaludi-
cola falcipes typically forms congregations of individuals at
breeding sites (L1sBoA et al. 2013), with a highly clustered
distribution pattern, as it did in our study area. Hypsiboas
raniceps, in our study, occurred mainly in association with
vegetation in the border areas of the reservoir. Leptodacty-
lus macrosternum was mostly found in ‘open’ areas, such
as herbaceous vegetation and sites adjacent to lentic bod-
ies of water, where they engaged in reproductive activity.
The least frequent species were Proceratophrys cristiceps,
Dendropsophus soaresi, Dendropsophus minutus, Pleuro-
dema diplolister, Physalaemus centralis and P. cuvieri (Ta-
ble 1). Four species — P. falcipes, H. raniceps, L. macrostet-
num and Rhinella jimi- were classified as very frequent
(> 50%), while all other species were assigned to the “fre-
quent’ category 25-50%.

The cumulative species curve based on MacKinnon lists
reached the asymptote (Fig. 1), indicating that the method
employed was effective for sampling anuran species based
on records of sightings and vocalizations. CAVALCANTI et
al. (2014) recorded eight anuran taxa in a 30-day study in
the Caatinga, whereas LOEBMANN & HADDAD (2010) reg-
istered 37 species over a 24-month period. In the present
study, the Mackinnon method proved highly efficient for
the comparison of species richness among sites, periods
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Table 2. Total and relative abundance of the anuran species recorded at the three study sites.

Number of specimens recorded at:

Species Relative abundance [%] Study site 1 Study site 2 Study site 3
Dendropsophus branneri 2.15 1 - 1
Dendropsophus soaresi 1.07 1 - -
Dendropsophus minutus 1.07 1 - -
Hypsiboas raniceps 19.35 8 5 5
Leptodactylus macrosternum 18.27 7 6 4
Leptodactylus vastus 2.15 2 - -
Leptodactylus fuscus 3.22 1 1 1
Phyllomedusa nordestina 3.22 1 2 -
Pseudopaludicola falcipes 22.58 11 5 5
Pleurodema diplolister 1.07 1 - -
Physalaemus centralis 1.07 1 - -
Physalaemus cuvieri 1.07 - - 1
Proceratophrys cristiceps 1.07 1 - -
Rhinella jimi 13.97 7 4 2
Rhinella granulosa 2.15 2 - -
Scinax x-signatus 6.45 4 1 1

and observers, given the standardization of the analysis
as suggested by MUIR & MUIR (2011). The lists can also be
used to evaluate the efficiency of the sampling effort from
the analysis of the cumulative species curve.
Pseudopaludicola falcipes was the most abundant species
overall, accounting for approximately 23% of the records,
followed by H. raniceps (19%), L. macrosternum (18%), and
R. jimi (14%). The least abundant species were D. soaresi,
D. minutus, P. diplolister, P. centralis, P. cuvieri, and P, cristi-

ceps, for each of which only a single individual was record-
ed during our study (Table 2).

Anuran species diversity at Fazenda Tamandud was
H’ = 2.178, while equitability was J” = 0.786. Transect 1 (Ta-
ble 3) had the highest species richness (15 species), great-
est abundance, highest diversity (H’ = 2.594) and was also
characterized by the greatest diversity of microhabitats,
such as rocky outcrops and bromeliads, which presum-
ably contributed to the greater anuran species richness
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Figure 1. Cumulative species curve of the anurans recorded using the MacKinnon list method.
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Table 3. Shannon’s index of diversity (H’), Pielou’s equitability (J’),
species richness, and the number of specimens recorded (N) at
the three study sites.

H T Richness N
Study site 1 2.594 0.958 15 49
Study site 2 1.891 0.9717 6 24
Study site 3 2.015 0.9689 8 20

recorded at this locality (Table 2). Transect 2, which had
the lowest species richness, was considered to be the most
impacted, given its proximity to the road. The lotic condi-
tions found along Transect 3 are favourable to only some
anuran species. Temporary or permanent pools are favour-
able environments for anurans during their breeding sea-
son, providing the wet conditions necessary for hatching,
maintenance of tadpoles, and feeding resources, insects in
particular (SANTOS et al. 2004). The anuran breeding sea-
son in the Caatinga is intimately related to abiotic factors,
such as low temperatures, rainfall and high humidity, and
the availability of temporary bodies of water (DUELLMAN
& TRUEB 1986). Rocky outcrops in which water may accu-
mulate and plants such as phytotelmic bromeliads provide
important microhabitats in which many anurans roost and
breed (VIEIRA et al. 2007) and may also provide calling
perches. Some Scinax species are commonly found in bro-
meliads (PEDERASSI et al. 2012) and are well adapted to arid
areas (ARZABE 1999).

DUELLMAN (1985) considers anurans to be a useful in-
dicator of environmental quality, given their sensitivity to
habitat modifications and anthropogenic pressures. Main-
tenance of microhabitats, preservation of the anuran di-
versity and other components of the local fauna and flora
found in the study area appear to reflect the sustainable ex-
ploitation of the local natural resources. The area is used
for organic farming and ranching techniques that do with-
out the application of toxic chemicals.

The Caatinga is one of the most threatened Brazilian
morphoclimatic domains. It is also the least well protect-
ed, despite the fact that it is suffering from rapid and un-
sustainable anthropogenic modifications (LEAL 2003, Ro-
DRIGUES 2003). Priority areas for the conservation of this
domain have been suggested by RODRIGUES (2003) and
CAMARDELLI & NAPOLI (2012). While the conservation
status of the species recorded in the present study is of little
immediate concern, five of them are endemic to the Brazil-
ian northeast and may thus require special attention.

This is the first inventory of anurans in a Caatinga re-
gion that is used for sustainable farming and is part of a re-
gion whose frog diversity is little known. The data reported
here may support future studies on distribution patterns
(spatial and temporal) of the region’s anurans and provide
a basis for the development of conservation strategies to
protect the fauna and flora of the Caatinga domain.

The diversity of anurans recorded in the present study
was consistent with the findings of previous studies in the

Caatinga morphoclimatic domain. The MacKinnon meth-
od proved appropriate for inventorying anuran communi-
ties. Inventories of the local fauna are a first step towards
the identification of priority areas for conservation and the
identification of areas of species’ occurrence, in some cas-
es, the known distribution of the species may be extended.
The results of the present study also reinforce the ecologi-
cal importance of the Caatinga, a region severely threat-
ened by ongoing anthropogenic impact.

Acknowledgements

We are grateful to the owner of the Fazenda Tamandua for au-
thorizing our research on his property, the Brazilian Higher Edu-
cation Training Program (CAPES), and the Science without Bor-
ders Program. ICMBio is thanked for issuing a sampling permit
(License number 11597-2).

References

ALMEIDA, M. E. C,, ]J. M. E. VIELLIARD & M. M. Dias (1999):
Composi¢ao da avifauna em duas matas ciliares na bacia do
rio Jacaré-Pepira, Sdo Paulo, Brasil. - Revista Brasileira de
Zoologia, 4: 1087-1098.

ARzABE, C. (1999): Reproductive activity patterns of anurans in
two different altitudinal sites within the Brazilian Caatinga. -
Revista Brasileira de Zoologia, 16: 851-864.

CaLpas, E S. L, C. B. DE-CARvALHO, D. O. SANTANA, R. A.
SaNTOS, B. D. SiLva & R. G. FARIA (2010): Amphibia, Anura,
Leuiperidae, Phyasalaemus cicada BOKERMANN, 1966: first
Records for the State of Sergipe. — CheckList, 3: 427-428.

CAMARDELLI, M. & M. F. NaproLI (2012): Amphibian conser-
vation in the Caatinga Biome and semiarid region of Brazil.
- Herpetologica, 68: 31-47.

Cavarcanti, L. B. Q., T. B. Costa, G. R. CoLti, G. C. CosTa, E
G. R. FrRaNGA, D. O. MEsQuita, C. N. S. PALMEIRA, N. PE-
LEGRIN, A. H. B. SOARES, D. TUCKER & A. A. GARDA (2014):
Herpetofauna of protected areas in the II: Serra da Capivara
National Park. — CheckList, 1: 18-27.

DuEeLLMAN, W. E. (1985): Reproductive modes in anuran amphi-
bians: phylogenetic significance of adaptive strategies. — Sci-
ence, 81: 174-178.

DutLLMAN, W. E. & L. TRUEB (1986): Biology of amphibians. Mc-
Graw-Hill: New York.

GARDA, A. A,, T. B. Costa, R. G. Faria, D. O. MEsQuiTa, B. M.
CONCEICAO, I. R. S. S1va, A. S. FERREIRA, S. M. RocHA, C. N.
S. PALMEIRA, R. RODRIGUES & S. TORQUATO (2013): Herpeto-
fauna of protected areas in the Caatinga I: Raso da Catarina
Ecological Station — CheckList, 9: 405-414.

HERZOG, S. K., M. KESSLER & T. M. CAHILL (2002): Estimating
species richness of tropical bird communities from rapid as-
sessment data. — Auk, 119: 749-769.

LeaL, I. M. C. (2003): Ecologia e conservagdo da Caatinga. —-Edi-
tora Universitaria da UFPE, Recife.

LisBoa, E. B. E, L. pa S. CHAVES, R. M. DE LYRA-NEVES & G. J.
B. DE MouRra (2013): Densidade de Pseudopaludicola falcipes
(Hensel, 1867) em sitios de reprodugdo na caatinga, nordeste
do Brasil. - Nature and Conservation, 6: 54-60.

281



Correspondence

LYRA-NEVES, R. M. & W. E. TELINO-JUNIOR (2010): As Aves da
Fazenda Tamandud. — Avis Brasilis: Vinhedo.

LoeBMANN D. & C. E. B. HADDAD (2010): Amphibians and rep-
tiles from a highly diverse area of the Caatinga domain: com-
position and conservation implications. — Biota Neotropica,
10: 227-256.

MACKINNON, J. (1991): Field guide to the birds of Java and Bali. -
Gadjah Mada University Press, Oxford.

MACKINNON, J. & K. PHILLIPS (1993): A field guide to the birds
of Borneo, Sumatra, Java and Bali. - Oxford University Press,
Oxford.

MAGALHAES, E M., D. LoEBMANN, M. N. C. Kokusuwm, C. E B.
HADDAD, & A. A. GARDA (2014): A new species of Pseudo-
paludicola (Anura: Leptodactylidae: Leiuperinae) from north-
eastern Brazil. - Herpetologica, 1: 77-88.

MUIR, A. P. & M. C. A. MUIR (2011): A new rapid assessment tech-
nique for amphibians: Introduction of the species list tech-
nique from San José de Payamino, Ecuador. - Herpetological
Review, 2:184-187.

NaroL, M. E, C. A. G. Cruz, R. O. ABREU & M. L. DEL-GRANDE
(2011a): A new species of Proceratophrys Miranda-Ribeiro
(Amphibia: Anura: Cycloramphidae) from the Chapada Dia-
mantina, State of Bahia, northeastern Brazil. - Zootaxa, 3133:
37-49.

Naroil, M. E, U. CaramascHi, C. A. G. Cruz & I. R. Dias
(2011b): A new species of flea-toad, genus Brachycephalus Fitz-
inger (Amphibia: Anura: Brachycephalidae), from the Atlantic
rainforest of southern Bahia, Brazil. - Zootaxa, 2739: 33—40.

NapoLl, M. E, L. C. ENCARNAGAO, M. S. CUNHA, R. O. ABREU
& J. HERRERA (2011¢): Paradoxical geographic distributions,
new record, and corrections of Bokermannohyla circumdata
(Corg, 1870) and B. caramaschii (NAPOLI, 2005) (Amphibia:
Anura: Hylidae). - Herpetology Notes, 4: 105-109.

O’pEA, N., J. E. M. WATSON & R. J. WHITTAKER (2004): Rapid
assessment in conservation research: a critique of avifaunal
assessment techniques illustrated by Ecuadorian and Mada-
gascan case study data - Diversity and Distributions, 10: 55—
63.

PEDERASSL ], M. S. C. S. Lima, O. L. PEixoto & C. A. S. Souza
(2012): The choice of bromeliads as a microhabitat by Scinax
argyreornatus (Anura, Hylidae) - Brazilian. Journal of Biolo-
gy, 2: 229-233.

RIBEIRO, S. C., I. ]. RoBERTO, D. L. SALES, R. W. AviLa & W. O.
ALMEIDA (2012): Amphibians and reptiles from the Araripe
bioregion, northeastern Brazil. — Salamandra 3: 133-146.

RODRIGUES, M. T. (2003): Herpetofauna da Caatinga — pp. 181-23
in: LEAL, I. R., M. TABARELLI & J. M. C. S1Lva (eds): Ecologia e
conservagdo da Caatinga — Universidade Federal de Pernam-
buco: Recife.

SANTANA, G. G., W. L. S. VIEIRA, G. A. PEREIRA-FILHO, FE. R. DEL-
FIM, Y. C. C. LiMa & K. S. VIEIRA (2008): Herpetofauna em
um fragmento de Floresta Atlantica no Estado da Paraiba, Re-
gido Nordeste do Brasil. - Revista Biotemas, 1: 75-84.

SaNTOS, E. M., A. V. ALMEIDA & S. D. VASCONCELOS (2004):
Feeding habits of six anuran (Amphibia: Anura) species in a
rainforest fragment in northeastern Brazil. — Theringia, Série
Zoologia, 94: 433-438.

SEGALLA, M. V., U. CaArRaMASCHI, C. A. G. Cruz, T. GRANT, C. E
B. HADDAD, J. A. LANGONE & P. C. A. GARCIA (2014): Brazilian
amphibians: list of species. — Herpetologia Brasileira, 3: 37-48.

282

VIEIRA, W. L. S., C. ARZABE & G. G. SANTANA (2007): Composi-
¢do e distribuicdo espago temporal de anuros do Cariri Parai-
bano, Nordeste do Brasil. — Oecologia Brasiliensis, 3: 383-396.

WEAVER, W. & C. E. SHANNON (1949): The mathematical theory
of communication. — University of Illinois: Urbana, IL.



