Papéis Avulsos de Zoologia

Museu de Zoologia da Universidade de Sao Paulo

Volume 47(6):97-103, 2007

www.scielo.br/paz

ISSN impresso: 0031-1047
ISSN on-line: 1807-0205

CALL DIVERSITY OF LEPTODACTYLUS NATALENSIS
Lurz, 1930 (ANURA; LEPTODACTYLIDAE)

Gustavo M. Prapo'?
MARCOS BILATE!
HENRIQUE WOGEL!

ABSTRACT

The extensive vocal repertoire of Leptodactylus natalensis is described. The field observations were
made at three forest fragments of the Tropical Atlantic Domain, in Northeast (State of Alagoas) and
Southeast (State of Espirito Santo) regions of Brazil. The vocal repertoire of 1. natalensis was con-
stituted by ten notes emitted alone or in different combinations. The several vocalizations were organized

in three distinct groups according to the social context in the moment of emission. 1. natalensis presents

exctensive diversity of acoustic signals supported by variations in duration of each note, as well as in the

number and sequence of emission of different notes.
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INTRODUCTION

Lutz (1930) described Leptodactylus natalensis from
the State of Rio Grande do Norte, Northeast Brazil.
The species, member of the L. podicipinus-wagneri com-
plex of the L. melanonotus group (sensu Heyer, 1994), is
associated with the northern and central portions of
the Atlantic Forest Morphoclimatic Domain from its
most northern extent in the State of Rio Grande do
Norte to the State of Rio de Janeiro (Heyer & Heyer,
2000). Aspects of reproductive behavior were first re-
ported by Lutz (1930) in the description of the species,
whereas Heyer (1994) presented habitat data from lo-
calities where some individuals were collected. Oliveira
& Lirio Janior (2000) described the tadpole and sug-
gested parental care behavior based on the observation

of a female inside the nest. Izecksohn & Carvalho-e-
Silva (2001) gave some information about habitat and
vocal behavior, and Prado & Pombal (2005) analyzed
resource partitioning in a population including L. natal-
ensis. Santos & Amorim (2005) observed females caring
for clutches inside foam nests in depressions excavated
by males. More wide-ranging information appears in
Heyer & Carvalho (2000) where they described two
kinds of calls, the seasonality, daily activity, and chat-
acteristics of the calling site. Finally, Heyer & Heyer
(20006) presented new illustrations of the wave form
and audiospectrogram of the advertisement call.

New data about the vocal repertoire of L. na-
talensis are presented herein based on observations of
individuals from three forest fragments of the Tropi-
cal Atlantic domain (sensu Ab’Saber, 1977).
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MATERIAL AND METHODS

Observations were made at three localities in
the edge and inside of Atlantic Forest fragments:
a permanent swamp bordering the dam reser-
voir of Reserva Biol6gica de Duas Bocas — RBDB
(20°16°517°S, 40°28’37”°Wj; 200 m elevation), Munici-
pality of Cariacica, State of Espitito Santo, Southeast
Brazil, on 16 June 2002; a permanent pond at Varrela
farm (09°41°07”°S, 36°03°20”W), located between the
Municipalities of Pilar and Sio Miguel dos Campos,
State of Alagoas, Northeast Brazil, on 18 August
2004; and a sugar cane plantation trench (temporary
body water; 09°30°S, 35°50°W) along a forest in the
Municipality of Rio Largo, State of Alagoas, on 8
February 2005. Calls from RBDB were recorded for
a total of 74 seconds, with an Aiwa TP-VS 480 cas-
sette recorder and Le Son MK-60 microphone, at an
air temperature of 20°C, between 18:00 and 18:15 h.
Calls from Varrela farm were recorded for a duration
of 179 seconds, with a Tascan DA-P1 tape recorder
and Senheiser M66 microphone, at an approximate
air temperature of 22°C, at 21:00 h. Calls from Rio
Largo were recorded during 34 seconds with a Pan-
asonic RQ-L30 with internal microphone, at an air
temperature of 25°C, approximately 21:30 h. Record-
ings were analyzed in a PC-Pentium with the software
Avisoft-Sonagraph Light 1, version 2.7. The vocaliza-
tions were digitized at a sampling frequency of 8 kHz
and 16 bit resolution. For acoustic characterization
and sonogram construction the following parameters
were used: fft-length = 128, frame = 100%, window
= flat top, and overlap = 93,75%. Power spectrum
graphics were built up using Sound Ruler Program
version 0.9.4.1.

RESULTS

Ten different notes of L. natalensis calls uttered
alone or in different combinations, were recognized at
the three localities. Considering the social context of
emission and the structure of the notes, the vocaliza-
tions can be organized into three distinct groups: (1)
group A (Fig, 1), composed by the notes A1, recorded
at Varrela farm, and A2, recorded at Rio Largo and
RBDB; (2) group B (Fig. 2), composed by the notes
B1 and B2, recorded at Varrela farm and RBDB; B3
and B4, recorded at Varrela farm; and B5, recorded at
Rio Largo and RBDB; and (3) group C (Fig 3), com-
posed by the notes C1, C2 and C3, recorded at Varrela
farm only (see Table 1 for descriptive resume).

The notes of the group A were the most common
notes emitted by males [3.8 = 0.8 notes/s at Varrela
farm (range = 2-5notes/s;n = 45 5); 1.9 £ 1.2 notes/
s at Rio Largo (range = 0-3 notes/s; n =17 s)] in a
mean interval of 0.24 £ 0.05s (range = 0.18-0.40 s;
n=31) at Varrela farm and 0.94 £1.89 s (range
= 0.27-7.73 s; n = 15) at Rio Largo. Note Al record-
ed at Varrela farm has a sharply rising frequency in its
first half and a smooth and slowly rising frequency in
its second half. Note A2 recorded at Rio Largo has a
rising frequency modulation for most of the call and
a brief descent at the finish. Note type A2 was re-
corded at RBDB only two times and uttered together
with notes B2 and B5. Two prominent peaks of fre-
quency are evident in notes Al and A2 (see the power
spectrum in Fig. 2), with the dominant frequency al-
ways in the second peak. Notes Al (n = 32) have the
first peak at 1125 Hz and the second at 1695 Hz on
average. The A2 notes have the first peak at 1354 Hz
and the second at 1519 Hz, on average.

TABLE 1: Acoustic parameters of the notes emitted by males of Lepfodactylus natalensis at three localities in the Atlantic Forest domain,
Brazil. VI: Varrela farm (State of Alagoas); RL: Rio Largo (State of Alagoas); RBDB: Reserva Biologica de Duas Bocas (State of Espirito
Santo). Values are presented as mean * standard deviation. H: harmonic structure in call; NH: non-harmonic structure in call; A: ascendant

frequency modulation; D: descendant frequency modulation.

Acoustic parameters

Note N Locality Note Note duration ~ Dominant Dominant frequency  Physical Frequency
duration (ms)  range (ms) frequency (Hz) range (Hz) structure modulation
Al 32 VF 30+1 29-33 1695 + 14 1687-1718 NH A
A2 16 RL / RBDB 2412 21-27 1519 + 46 1437-1593 NH Aand D
B1 26 VE / RBDB 12+3 7-17 1787 £ 203 1500-2093 H -
B2 42 VF / RBDB 16£3 13-28 1040 £ 52 937-1125 H -
B3 11 VF 19 £ 4 16-28 1042 £ 64 968-1156 H A
B4 13 VF 74+ 18 44-93 942 * 40 906-1031 H A
B5 9 RL / RBDB 47+13 27-69 1932 + 212 1687-2312 H A
C1 11 VF 12+2 10-17 1062 * 31 1000-1093 H -
C2 6 VF 17£1 15-17 1062 - H A
C3 16 VF 25+3 19 -31 1810 £ 131 1687-2062 NH Aand D
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The B notes present harmonic structure and
were commonly uttered together in a diversity of
combinations that indicates a high complexity of vo-
cal communication in the species. Note B1 has the
dominant frequency situated on second harmonic,
while for note B2 the dominant frequency is its first
harmonic (= fundamental frequency). Note B3 is
similar to B2, with respect to dominant frequency, but

differs from it by have a longer mean duration and
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stronger rising frequencies in its second half. B4 is the
longest note in the group B recorded at Varrela farm,
with a rising frequency modulation and dominant
frequency equal to the first harmonic. Finally, note
B5 is also long with rising frequency modulation re-
corded at RBDB and Rio Largo. Note B5 differs from
note B4 because the first presents a mean dominant
frequency on the second harmonic and has shorter
duration. At Varrela farm twelve combinations of B
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FIGURE 1: Waveforms, sonograms and power spectrum of two notes from group A uttered by males of Leptodactylus natalensis: note Al,
recorded at Varrela farm, State of Alagoas; and note A2, recorded at Rio Largo, State of Alagoas, and Reserva Biologica de Duas Bocas,
State of Espirito Santo. Scales = 0.05 s.
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notes were found (see Table 2 for descriptive resumé
of acoustical parameters), but notes B1, B2 and B4
were emitted alone for, respectively, three, four and
seventeen times. Vocalization of one male was re-
corded at RBDB where calls consisted of group B
notes or in combinations of group B notes with note
A2. Notes B1 and B5 were emitted alone only during
a short period of time of the total recording made at
RBDB, where combinations forming nine different
calls were found at this locality (see Table 3 for de-

B1

B2
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scriptive resumé of acoustical parameters). Consider-
ing all combinations of notes from group B found in
this study, only the combination B2-B2-B1 occurred
both at Varrela farm and RBDB.

During 30 s, one male uttered 26 notes from
group C (7 C1, 9 C2, and 10 C3, not necessarily in
this order) in irregular intervals of time, close to an-
other male that uttered 97 Al notes at regular inter-
vals of time. In contrast to the notes from group B,
notes from group C are not harmonically structured

B3
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FIGURE 2: Waveforms and sonograms of five notes from group B emitted by males of Leptodactylus natalensis: notes Bl and B2 recorded
at Varrela farm, State of Alagoas, and Reserva Bioldgica de Duas Bocas, State of Espirito Santo; notes B3 and B4, recorded at Varrela farm,
State of Alagoas; and note B5, recorded at Rio Largo, State of Alagoas, and Reserva Biologica de Duas Bocas, State of Espirito Santo.

Arrows indicate the dominant frequency. Scales = 0.05 s.
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FIGURE 3: Waveforms and sonograms of three notes from group C emitted by males of Leptodactylus natalensis at Varrela farm, State of
Alagoas, Brazil: notes C1, C2 and C3. Arrows indicate the dominant frequency. Scales = 0.05 s.

TABLE 2: Acoustic parameters of twelve calls emitted by males of Leptodactylus natalensis, formed by combinations of notes B1, B2, B3
and B4, at Varrela farm, State of Alagoas, Brazil. (* combination found at Reserva Biolégica de Duas Bocas).

Interval between notes (ms)

Combinations N Call duration (ms)

First interval Second interval ‘Third interval Fourth interval
B2-B2 1 110 50 - - -
B2-B3 1 220 150 - - -
B3-B3 1 130 70 - - -
B2-B1-B2 2 320 + 20 80 + 30 170 £ 10 - -
B2-B2-B1* 1 220 60 110 - -
B2-B2-B3 1 290 60 150 - -
B2-B2-B4 1 350 100 140 - -
B1-B1-B2-B2 1 510 90 140 230 -
B1-B2-B2-B4 3 480 + 80 100 = 10 140 £+ 50 130 + 40 -
B2-B1-B1-B2 1 380 60 110 140 -
B2-B2-B2-B2 1 360 80 120 130 -

B1-B1-B2-B1-B4 1 540 100 120 100 110

TABLE 3: Acoustic parameters of nine calls emitted by males of Leptodactylus natalensis, formed by combinations of the notes B1, B2, B5
and A2, at Reserva Bioldgica de Duas Bocas, State of Hspirito Santo, Brazil. (* combination found at Varrela farm).

Interval between notes (ms)

z

Combinations Call duration (ms)

First interval Second interval Third interval

B2-B5 1 130 90 - —
B1-B1-B1 1 230 120 70 —
B2-B1-B1 1 170 80 50 —
B2-B2-B1* 1 250 130 80 —
B2-B1-B5 3 280 + 20 120 £ 10 90+ 3 -
B1-B1-B1-B5 1 360 120 70 90
B2-B1-B1-B5 1 340 100 70 80
A2-B2-B1 1 290 130 90 -
A2-B2-B2-B5 1 310 80 60 80
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and were not uttered in combinations among them-
selves or with notes from other groups. Notes C1 and
C2 have rising frequency modulation, but the first has
a smaller frequency range and mean duration. Note
C3 presents an accentuated ascendant frequency
modulation in its first half and descendant in its final
half. Structurally, note C3 resembles the A notes, but
acoustically they are very different.

DISCUSSION

Considering the call repertoire, the single notes
A1l and A2 are advertisement calls of L. natalensis, as
they were the most common, and were emitted in
regular intervals of time. Heyer & Carvalho (2000)
described the advertisement call of L. natalensis as a
single note emitted frequently when actively calling,
coinciding most closely to note Al of this study. The
advertisement call described by Heyer & Carvalho
(2000) differs from notes Al and A2 by the longer
call duration (60-70 ms) and the lower dominant
frequency of the second peak (1020-1040 Hz). This
study found two prominent peaks of frequency in the
A notes, but only the second was considered domi-
nant by its always strongest energy. In contrast, Heyer
& Carvalho (2000) registered some variation in the
loudness of the two peaks, with the first or second
peak having the strongest energy. The advertisement
calls of L. natalensis described by Heyer & Carvalho
(2000) and herein, present modulated frequency, dif-
fering by the extremely fast rise times observed in
Heyer & Carvalho (2000), the strong ascendance only
in the first half of note Al, and the slight descent in
the finish part of the note A2.

Many species of Leptodactylus have frequency
modulated calls that result in broadcasting their voic-
es over a range of frequencies, but only L. welanonotus,
L. podicipinus and L. natalensis within the L. melanonotus
group share the condition of two most prominent
peaks of loudness, as pointed by Heyer & Carvalho
(2000). These authors hypothesized that the separated
dominant frequencies correspond to different tuning
curves in males and females related to their differ-
ent tympanum size. Broadcasting of higher and lower
dominant frequencies, as seen in L. natalensis, is one
solution to matching different receptor sensitivities to
the advertisement call.

Heyer & Carvalho (2000) recognized a chirp
call another one with 1 or 2 notes, louder, longer and
much more variable than the advertisement call. The
B notes are equivalent to the chirp call but present
variation in the dominant frequency and more com-
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plex combinations among them, forming calls with 1
to 5 notes uttered in different sequences. The B4 note
has the greatest similarity with the chirp call (sensu
Heyer & Carvalho, 2000) considering the dominant
frequency in the first harmonic and the note duration.
The slight fall at the end of the fundamental frequen-
cy suggested for some chirp calls appears in some B5
notes. The longest B notes of each call are almost
always the last uttered, as observed also in the chirp
calls with two notes. The exceptions are some com-
binations found at Varrela farm and RBDB, where
B1 was the last note, uttered after B2. The function
of the B notes is unknown. Other members of the
L. melanonotus group have these kinds of calls, which
usually initiate calling bouts, but as observed by Heyer
& Carvalho (2000) for the chirp calls of L. natalensis,
at Varrela farm and RBDB the B notes were uttered
after there was a slowing down in the rate of adver-
tisement calls.

The C notes were uttered by a male calling very
close to other one giving advertisement calls, as an an-
tiphonal vocalization without stereotyped pattern of
time. No interactive displays of both individuals were
observed and the function of these notes remains also
unknown. At Varrela farm, where many males were
calling close together, eight different notes, includ-
ing those from group C, were recorded. At RBDB
and Rio Largo, males were calling separated for great
distances, and the C notes were not uttered. In the
same manner, no C correspondent note appears in
the recordings used by Heyer & Carvalho (2000) for
the description of the advertisement and chirp calls
of L. natalensis, probably because males are vocalizing
not so close to each other as at Varrela farm, as was
verified through acoustic inspections of the original
recordings. Thus, as observed for various species (e.g;
Sullivan & Wagner, 1988; Bastos & Haddad, 2002;
Abrunhosa & Wogel, 2004), the social context may
influence the call repertoire of L. natalensis.

Other studies have also shown complex calls
of anurans (e.g. Narins ¢ al, 2000; Feng ez al., 2002;
Brandio & Heyer, 2005; Toledo & Haddad, 2005).
The intraspecific and/or individual variations are
mainly in dominant frequency and duration of each
note, number and sequence order of pulses or notes,
but a high call diversity as observed in L. natalensis
is not common. Probably the significance of this
great repertoire involves behavioral, morphological
and historical factors, whose associations should be
investigated in future studies. Notes with different
dominant frequencies uttered by the same male, as
presented herein and by Heyer & Carvalho (2000)
and the study of Feng ez /. (2002), suggest that indi-
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viduals have control over the amount of energy used
in the sound broadcasting. With the greater utiliza-
tion of call parameters as systematic tools applicable
to anurans, research has shown that call parameters,
like other characters, can be subject to intraspecific or
even individual variation.

RESUMO

O extenso repertdrio vocal de Leptodactylus natalensis ¢
descrito. Observages de campo foram feitas em trés fragmentos
Sflorestais no Dominio Tropical Atliantico, localizados nas regi-
des Nordeste (Estado de Alagoas) e Sudeste (Estado do Espi-
rito Santo) do Brasil. O repertdrio vocal de 1.. natalensis foi
constituido de deg notas emitidas em unicidade ou em diferentes
combinagoes. As diferentes vocalizacies foram organizadas em
1rés grupos distintos de acordo com o contexto social no momen-
10 da emissao. L. natalensis apresenta extensa diversidade de
Sinais actisticos sustentada pela variagio na duragio de cada
nota, assim como no nimero e seqiiéncia de emissao das dife-
rentes notas.

PALAVRAS-CHAVE: Anura, Leptocactylidae, diversidade
de canto, Leptodactylus natalensis.

ACKNOWLEDGMENTS

We thank W.R. Heyer and W. Duellman for the
comments and suggestions on the manuscript. J.H.
Borgo and W. Prado for helping with field works
at Reserva Biologica de Duas Bocas; J.P. Pombal Jr.
for providing the vocal records of L. natalensis from
Varrela farm; WR. Heyer for providing the vocal
records of L. natalensis used in Heyer & Carvalho
(2000); RAN-IBAMA for the research permits (li-
cense 010/2001 to G.M. Prado); IDAF-ES for pet-
mitting this study at Reserva Biologica de Duas Bo-
cas. G.M. Prado, M. Bilate and H. Wogel acknowledge
CAPES and CNPq for financial support.

REFERENCES

ABRUNHOSA, PA. & WoGEL, H. 2004. Breeding behavior of the
leaf-frog Phyllomedusa burmeisteri (Anura: Hylidae). Awmphibia-
Reptilia, 25:125-135.

AB’SABER, A.N. 1977. Os dominios morfoclimaticos na América do
Sul. Primeira aproximacio. Geomorfologia, (52):1-23.

Bastos, R.P. & Happap, C.EB. 2002. Acoustic and aggressive
interactions in Scinax rizibilis (Anura: Hylidae) during the
reproductive activity in Southeastern Brazil. Amphibia-
Reptilia, 23:97-104.

BranpAO, R.A. & HEeyer, WR. 2005. The complex calls of
Leptodactylus pustulatus (Amphibia, Anura, Leptodactylidae).
Amphibia-Reptilia, 26(2005):566-570.

FENG, A.S.; Narins, PM. & Xu, C.-H. 2002. Vocal acrobatics
in a Chinese frog, Amolops tormotus. Naturwissenschaften,
89(2002):352-356.

Hever, WR. 1994. Variation within the Leptodactylus podicipinus-

(Amphibia: Leptodactylidae).
Smithsonian Contributions to Zoology, 546:1-124.

HEeyER, WR. & CarvarLHo, C.M. 2000. Calls and calling behavior
of the frog Leptodactylus natalensis (Amphibia: Anura:
Leptodactylidae). Proceedings of the Biological Society of
Washington, 113(1):284-290.

Heyer, W.R. & HuvER, M.M. 2006. Leptodactylus natalensis A. Luatz
bubbling frog. Catalogue of American Amphibians and
Reptiles, 808:1-5.

IzicksonN, E. & CARVALHO-E-Siva, S.P. 2001. Anfibios do
Municipio do Rio de Janeiro. Editora UFR], Rio de Janeiro,
148p.

Lurz, A. 1930. Segunda memoria sobre espécies brasileiras do

wagner;  complex of  frogs

genero Leptodactylus, incluindo outras aliadas. Second paper
on brasilian and some closely related species of the genus
Leptodactylus. Memorias do Instituto Oswaldo Cruz, 23: 1-20
(Portuguese), 21-34 (English) + plates 1-5.

Narins, PM.; LEwis, E.R. & McCLELLAND, B.E. 2000. Hyperextended
call note repertoire of the endemic Madagascar treefrog
Boophis madagascariensis (Rhacophoridae). Journal of Zoology,
250:283-298.

Ouvelrg, EE & Lirio JUNior, G.P. 2000. Anfibios anuros do
Campus da Universidade Federal de Sergipe. Biologia Geral e
Experimental, 1(1):42-74.

Prano, G.M. & PomsaL Jr., J.P. 2005. Distribui¢ao espacial e
temporal dos anuros em um brejo da Reserva Biologica de
Duas Bocas, Sudeste do Brasil. Arquivos do Museu Nacional,
63(4).

Santos, E.IM. & Amormy, FO. 2005. Modo reprodutivo de

Leptodactylus — natalensis  Lutz, 1930  (Amphibia, Anura,
Leptodactylidac).  Revista  Brasileira de = Zoociéncias,
7(1):39-45.

SuLLIvAN, B.K. & WAGNER Jr., W.E. 1988. Variation in advertisement
and release calls, and social influences on calling behavior in
the gulf coast toad (Bufo valliceps). Copeia, 1988:1014-1020.

Torepo, L.E. & Happap, CEB. 2005. Acoustic repertoire and
calling behavior of Scinax fuscomarginatus (Anura, Hylidae).
Journal of Herpetology, 39(3):455-461.

Recebido em: 23.01.2007
Aceito em: 23.04.2007
Impresso em: 15.06.2007

Publicado com o apoio financeiro do
Programa de Apoio as Publicagdes
Cientificas Periédicas da USP

Y



EDITORIAL COMMITTEE

Publisher: Muscu de Zoologia da Universidade de Sio Paulo. Avenida Nazaré, 481,
Ipiranga, CEP 04263-000, Sao Paulo, SP, Brasil.

Editor-in-Chief: Hussam Zaher, Servico de Vertebrados, Museu de Zoologia,
Universidade de Sio Paulo, Post Office Box 42.494, CEP 04218-970, Sao Paulo, SP, Brasil.

E-mail: editormz@usp.br.

Managing Editor: Carlos José Einicker Lamas (Museu de Zoologia, Universidade de
Sao Paulo, Brasil).

Associate Editors: Mario Cesar Cardoso de Pinna (Museu de Zoologia, Universidade de
Sio Paulo, Brasil); Marcos Domingos Siqueira Tavares (Museu de Zoologia, Universidade
de Sdo Paulo, Brasil); Sergio Antonio Vanin (Museu de Zoologia, Universidade de Sio
Paulo, Brasil).

Editorial Board: Aziz Nacib Ab’Saber (Universidade de Sio Paulo, Brasil); Ridiger Bieler
(Field Museum of Natural History, US.A.); Walter Antonio Pereira Boeger (Universidade
Federal do Parana, Brasil); Carlos Roberto Ferreira Branddo (Universidade de Sio Paulo,
Brasil); James M. Carpenter (American Museum of Natural History, US.A.); Ricardo

Macedo Corréa e Castro (Universidade de Sao Paulo, Brasil); Mario de Vivo (Universidade
de Sio Paulo, Brasil); Marcos André Raposo Ferreira (Museu Nacional, Rio de Janeiro,
Brasil); Darrel R. Frost (Ametican Museum of Natural History, US.A.); William R. Heyer
(National Museum of Natural History, US.A.); Ralph W. Holzenthal (University of
Minnesota, US.A.); Adriano Brilhante Kury (Museu Nacional, Rio de Janeiro, Brasil);
Gerardo Lamas (Musco de Historia Natural “Javier Prado”, Lima, Peru); John G. Maisey
(American Museum of Natural History, US.A.); Antonio Carlos Marques (Universidade
de Sio Paulo, Brasil); Naércio Aquino Menezes (Universidade de Sio Paulo, Brasil);
Christian de Muizon (Muséum National d’Histoire Naturelle, Paris, France); Nelson
Papavero (Universidade de Sio Paulo, Brasil); James L. Patton (University of California,
Berkeley, US.A.); Richard O. Prum (University of Kansas, US.A.); Olivier Rieppel (Field
Museum of Natural History, US.A.); Miguel Trefaut Urbano Rodrigues (Universidade de
Sio Paulo, Brasil); Randall T. Schuh (American Museum of Natural History, US.A.); Luis
Fabio Silveira (Universidade de Sao Paulo, Brasil); Ubirajara Ribeiro Martins de Souza
(Universidade de Sao Paulo, Brasil); Paulo Emilio Vanzolini (Universidade de Sio Paulo,
Brasil); Richard P. Vari (National Museum of Natural History, US.A.).

INSTRUCTIONS TO AUTHORS
(April 2007)

General Information: Papéis Avulsos de Zoolygia (PAZ) and Arguivos de Zoologia (AZ)
cover primatily the fields of Zoology, publishing otiginal contributions in systematics,
paleontology, evolutionary biology, ontogeny, faunistic studies, and biogeography. Papéis
Avulsos de Zoologia and Arguivos de Zoolggia also encourage submission of theoretical and
empirical studies that explore principles and methods of systematics.

All contributions must follow the International Code of Zoological Nomenclature.
Relevant specimens should be properly curated and deposited in a recognized public
or private, non-profit institution. Tissue samples should be referred to their voucher
specimens and all nucleotide sequence data (aligned as well as unaligned) should be

submitted to GenBank (www.ncbi.nih.gov/Genbank) or EMBL (www.cbi.ac.uk).

Peer Review: All submissions to Papéis Avulsos de Zoologia and Arguivos de Zoologia are subject
to review by at least two referees and the Editor-in-Chief. All authors will be notified of
submission date. Authors may suggest potential reviewers. Communications regarding
acceptance or rejection of manuscripts are made through electronic correspondence with
the first or corresponding author only. Once a manuscript is accepted providing changes
suggested by the referees, the author is requested to return a revised version incorporating
those changes (or a detailed explanation of why reviewer’s suggestions were not followed)
within fifteen days upon receiving the communication by the editor.

Proofs: Page-proofs with the revised version will be sent to e-mail the first or
corresponding author. Page-proofs must be returned to the editor, preferentially within 48 hours.
Failure to return the proof promptly may be interpreted as approval with no changes
and/or may delay publication. Only necessary corrections in proof will be permitted.
Once page proof is sent to the author, further alterations and/or significant additions
of text are permitted only at the author’s expense or in the form of a brief appendix
(note added in proof).

Submission of Manusctipts: Manuscripts should be sent to the e-mail of the Editor-
in-Chief editormz@usp.br, along with a submission letter explaining the importance and
originality of the study. Address and e-mail of the corresponding author must be always
updated since it will be used to send the 50 reprints in titled by the authors. Figures,
tables and graphics should not be inserted in the text. Figures and graphics should be
sent in separate files with the following formats: “.jpg” and “.tif” for figures, and “.xIs”
and “.cdt” for graphics, with 300 dpi of minimum resolution. Tables should be placed at
the end of the manusctipt.

Manuscripts are considered on the understanding that they have not been published
or will not appear elsewhere in substantially the same or abbreviated form. The criteria
for acceptance of articles are: quality and relevance of research, clarity of text, and
compliance with the guidelines for manuscript preparation.

Manuscripts should be written preferentially in English, but texts in Portuguese or
Spanish will also be considered. Studies with a broad coverage are encouraged to be
submitted in English. All manuscripts should include an abstract and keywords in English
and a second abstract and keywords in Portuguese or Spanish.

Authors are requested to pay attention to the instructions concerning the preparation
of the manuscripts. Close adherence to the guidelines will expedite processing of the
manuscript.

Manuscript Form: Manusctipts should not exceed 150 pages of double-spaced, justified
text, with size 12 and source Times New Roman (except for symbols). Page format
should be A4 (21 by 29.7 cm), with 3 cm of margins. The pages of the manuscript should
be numbered consecutively.

The text should be arranged in the following order: Title Page, Abstracts with Keywords,
Body of Text, Literature Cited, Tables, Appendices, and Figure Captions. Each of these
sections should begin on a new page.

(1) Title Page: This should include the title, short title, author(s) name(s) and institutions.
The title should be concise and, where appropriate, should include mention of families
and/or higher taxa. Names of new taxa should not be included in titles.

(2)Abstract: All papers should have an abstract in English and another in Portuguese
or Spanish. The abstract is of great importance as it may be reproduced elsewhere. It
should be in a form intelligible if published alone and should summarize the main facts,
ideas, and conclusions of the article. Telegraphic abstracts are strongly discouraged.
Include all new taxonomic names for referencing purposes. Abbreviations should be
avoided. It should not include references. Abstracts and keywords should not exceed
350 and 5 words, respectively.

(3)Body of Text: The main body of the text should include the following
sections: Introduction, Material and Methods, Results, Discussion, Conclusion,
Acknowledgments, and References at end. Primary headings in the text should be in
capital letters, in bold and centered. Secondary headings should be in capital and lower
case letters, in bold and centered. Tertiary headings should be in capital and lower
case letters, in bold and indented at left. In all the cases the text should begin in the
following line.

(4)Literature Cited: Citations in the text should be given as: Silva (1998) or Silva
(1998:14-20) or Silva (1998: figs. 1, 2) or Silva (1998a, b) or Silva & Oliveira (1998)
or (Silva, 1998) or (Rangel, 1890; Silva & Oliveira, 1998a, b; Adams, 2000) or (Silva,
pers. com.) or (Silva ez al, 1998), the latter when the paper has three or more authors.
The reference need not be cited when authors and date are given only as authority for
a taxonomic name.

(5)References: The literature cited should be arranged strictly alphabetically and given in
the following format:

¢ Journal Article — Author(s). Year. Article title. Jounal name, volume: initial page-final
page. Names of journals must be spelled out in full.

Books — Author(s). Year. Book title. Publisher, Place.

Chapters of Books — Author(s). Year. Chapter title. In: Author(s) ou Editor(s),
Book title. Publisher, Place, volume, initial page-final page.

Dissertations and Theses — Author(s). Year. Dissertation title. (Ph.D.Dissertation).
University, Place.

Electronic Publications — Author(s). Year. Tifl. Available at: <electronic
address>. Access in: date.

Tables: All tables must be numbered in the same sequence in which they appear in text.
Authors are encouraged to indicate where the tables should be placed in the text. They
should be comprehensible without reference to the text. Tables should be formatted with
vertical (portrait), not hotizontal (landscape), rules. In the text, tables should be referred
as Table 1, Tables 2 and 3, Tables 2-6. Use “TABLE” in the table heading,

Tllustrations: Figures should be numbered consecutively, in the same sequence that they
appear in the text. Each illustration of a composite figure should be identified by capital
letters and referred in the text as: Fig. 1A, Fig. 1B, for example. When possible, letters
should be placed in the left lower corner of each illustration of a composite figure. Hand-
written letteting on illustrations is unacceptable. Figures should be mounted in order to
minimize blank areas between each illustration. Black and white or color photographs
should be digitized in high resolution (300 dpi at least). Use “Fig(s).” for referring to
figures in the text, but “FIGURE(S)” in the figure captions and “fig(s).” when referring
to figures in another paper.

Responsability: Scientific content and opinions expressed in this publication are sole responsibility of the respective authors.

Copyrights: A concession letter of copyrights and assent should be sent to the Editor, signed by all the authors, prior to publication
of the manuscript. A model is available in the home page of the Museu de Zoologia da Universidade de Sio Paulo.

For other details of manuscript preparation of format, consult the CBE Style Manual, available from the
Council of Science Editors (www.councilscienceeditors.org/publications/style.cfm).
Papéis Avulsos de Zoolggia and Arguivos de Zoolggia are publications of the Museu de Zoologia da Universidade de Sio Paulo (www.mz.usp.br).

Always consult the Instructions to Authors printed in the last issue or in the electronic home pages: www.scielo.br/paz or www.mz.usp.br/publicacoes.



