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The dwarf swamp frogs, genus Pseudopaludicola, include 21 species, which occur throughout South America
(Frost 2016). Pseudopaludicola is recognized as monophyletic, supported by a set of osteological, morphological,
and molecular characters (Veiga-Menoncello et al. 2014, and cites therein). Veiga-Menoncello et al. (2014)
recognized a clade (“clade II” there), which included two species that share karyotypes with 2n = 20: P. ameghini
(Cope, 1887) and P. ternetzi Miranda-Ribeiro, 1937. However, historically these two sister species have undergone
many taxonomic changes and so far they do not have a clear taxonomic diagnosis one from the other (Haddad &
Cardoso 1987; Lobo 1996; Favero et al. 2011; Pansonato et al. 2013; Cardozo & Toledo 2013, and cites therein).

Féavero et al. (2011) proposed that differences in chromosome morphology of the pair 7 (subtelocentric in P
ameghini and submetacentric in P. fernetzi) and in the distribution patterns of the heterochromatic C bands could
distinguish P. ternetzi from P. ameghini. However, Cardozo et al. (2016) stated that the pair 7 of P. ternetzi also
presents a metacentric morphology, and that chromosome data on this species should be revisited. Pansonato et al.
(2013) reported the absence of a light vertebral stripe, as on some specimens of P. ternetzi (Miranda-Ribeiro 1937),
on the analyzed individuals of P. ameghini by them, but they did not access the type series of the latter. In addition,
Roberto et al. (2013) assumed P. ameghini as undiagnosed, and Pansonato et al. (2013) drew attention for the need
of a recharacterization of P. ternetzi. Cardozo & Toledo (2013) proposed that P. ameghini and P. ternetzi can be
discriminated each other by their calls, and according to Pansonato et al. (2013), also by the warty dorsum of P,
ameghini (slightly warty in P. fernetzi). In Cardozo & Toledo (2013) the data on call were restricted to one
recording from Uberlandia (state of Minas Gerais), besides no acoustic comparison between these two species was
provided. Pansonato et al. (2014) and Andrade et al. (2016) highlighted the low divergence between conspecific
lineages of Pseudopaludicola species, including P. ameghini and P. ternetzi, with around 2% of genetic distance.

Bioacoustics has been proved as a relevant approach to solve taxonomic issues within Pseudopaludicola (e.g.
Magalhées et al. 2014; Carvalho et al. 2015a; Andrade et al. 2016; Pansonato et al. 2016, and cites therein), given
the morphological conservatism among component species and the high intraspecific variation on color patterns
and body size which have often originated misleading identifications. Herein we carry out a specimen analysis and
a deeper acoustic comparison based on a sample from these two sister species with complex taxonomic history, and
suggest an acoustic diagnosis for them. We also compare the acoustic traits of P. fernetzi and P. ameghini with other
congeners, trying to provide an accurate acoustic diagnosis.

In the field, we recorded the calls with the digital recorders Marantz PMD 671, Boss 864 (both coupled to
Sennheiser ME67/K6 microphones) and M-audio Microtrack Il (Sennheiser ME66/K6). Recorders were set at 44.1
or 48.0 kHz sampling rates, and at 16-bit resolution. Forty four adult males of P. ternetzi were recorded: 18 males
from Ituiutaba (MG), eight males from Minagu (GO), and 18 males from Pontal do Araguaia (MT). All recordings
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were taken from 16:40-20:59 h and between 13 September 2011 and 26 November 2014. Eight males of P
ameghini were recorded: two males from Chapada dos Guimardes (MT; type locality), two males from Santo
Antonio do Leverger (MT), and four males from Céceres (MT). These recordings were taken from 18:02-20:35 h
and between 14 December 2008 and 06 January 2016. We also analyzed three males (FNJV 4579—-4581) from
municipality of Chapada dos Guimardes (MT) recorded by Ad&o J. Cardoso. These recordings were made with a
tape recorder Uher 4000 IC (coupled to an Uher M538 microphone) between 17:00-19:30 h on 14-15 October
1982 and 13 January 1984, respectively; and were digitalized at 48.0 kHz sampling rates, and at 16-bit resolution.
See analyzed specimens, labels of the recordings and call voucher specimens for both species in Appendix 1.
Specimens of P. ternetzi from Minagu are especially important because they are close from its type locality.

Acoustic terminology follows Kohler ef al. (2017). We calculated means and standard deviations considering
mean values of individual males, whereas the range (variation) encompasses the minimum and maximum values
for all call samples. For each advertisement call, we analyzed ten notes and all pulse/interpulse intervals that
comprise these notes. Pulse rate was calculated as pulses per second. Air temperature was taken for each recorded
male with a handheld digital thermometer. Calls were analyzed using Raven Pro 1.5, 64-bit version (Bioacoustics
Research Program 2014) with the following settings: window type = Hann, window size = 256 samples, 3 dB filter
bandwidth = 248 or 270 Hz, brightness = 50%, contrast = 50%, overlap = 85% (locked), DFT size = 1024 samples
(locked), and a grid spacing (spectral resolution) = 43.1 or 46.9 Hz, color map = Cool. Temporal traits were
measured directly in the oscillogram, and spectral ones were measured directly in the spectrogram. Raven Pro 1.5
obtained the peaks of dominant frequency and other frequency bands automatically through the “Peak Frequency
(Hz)” function. We generated call figures using Seewave v.1.6 package (Sueur ef al. 2008) on the R (version 3.3.1)
platform (R Core Team 2016). Seewave settings were Hanning window, 85% overlap and 256 points resolution
(FFT). We also assessed the within-male call variation through the coefficients of variation [CV = (SD/mean) x
100]. The average was calculated for each trait from individual male CV values. Acoustic traits with low within
male CV (usually less than 5%) were classified as static and traits with higher values (usually greater than 12%) as
dynamic (Gerhardt 1991). As it is only possible to establish only one note per minute measurement for each
analyzed male, we check the variability of this temporal trait through between-male coefficient of variation.
Gerhardt (1991) reported that between-male coefficients of variation of static acoustic properties were less than
11%, whereas coefficients of variation of dynamic properties exceeded 15%.

Multivariate normality assumption was verified through of the “mardiaTest” function on R (Package ‘MVN’;
Korkmaz et al. 2014), and it was not applied to our acoustic data (result = data are not multivariate normal).
Considering the (multivariate) acoustic dataset, we searched for discrimination between P. fernetzi and P. ameghini
by applying the Random Forests model (Breiman 2001), through of the Package ‘randomForest’ on R (further
details in Liaw & Wiener 2002; and Andrade et al. 2016). The RF results include an estimate of distances among
the objects, which can be subject to a Multidimensional Scaling Analysis (MDS) with the "proximity.plot" function
of the Package ‘rfPermute’ version 2.0.1 (Archer 2016), which also allows display the results graphically. The
directly or indirectly packages related to the application of the discriminant functions were done in R (R Core Team
2016).

For the multivariate, multidimensional analysis/plots and statistical tests, we used the following acoustic traits:
pulse duration, interpulse interval, pulse rate, note duration, internote interval, notes per minute, pulses per note,
peak of dominant frequency, air and water temperatures. As in anurans it is well known that environmental
variables can influence the acoustic traits, we incorporate this issue in our study through the inclusion of air and
water temperatures as two continuous variables in our multivariate analyzes. We tested these traits for statistical
significance differences between species through the Exact Wilcoxon Mann Whitney Rank Sum Test using the
Package ‘coin’ (Resampling Statistics model) (Hothorn et al. 2008; function “wilcox_test”) on R. Significance was
considered when p <0.01. Given that we could not get access to raw call data from other Pseudopaludicola species
to test for normality and homoscedasticity, we decided to refrain from conducting statistical analyses. Therefore,
we restricted interspecific acoustic comparisons with other Pseudopaludicola species to call type and range values;
we took the averages when there were no range values in works describing calls.

Adult males of P. fernetzi from the studied populations ranged in SVL from 14.0 to 18.1 mm, while adult males
of P. ameghini ranged from 16.1 to 18.7 mm (see Appendix 1). We observe a high intraspecific variation in the
dorsal color pattern of this two species, especially regarding presence or absence of a clear dorsal lateral stains on
back. In addition, only two out 77 specimens of P. ternetzi possesses a light vertebral stripe (AAG-UFU 5019 from
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Ituiutaba (MG), and AAG-UFU 3463 from Pontal do Araguaia (MT)), this feature being absent in all specimens of
P. ameghini.

Pseudopaludicola ternetzi emits a long advertisement call (4.8-223 s), which consists of series of pulsed notes
(1-11 series of notes per call) that lasts 0.5—192 s, separated by intervals of 0.093—1.4 s (Figure 1A). Notes last 32—
80 ms separated by intervals of 19—88 ms, and are released at a rate of 606-921 notes per minute; notes have a
slightly increase in amplitude from the first to the second pulse (= midpoint of note), followed by a decrease in
amplitude regarding the second and third (see oscillogram in Figure 1B). Notes are composed of 3—-6 (mean=3)
non-concatenated pulses (Figure 1B). Pulses vary from 1-16 ms, separated by intervals of 1-14 ms, and are
released at a rate of 61-139 pulses per second (Figure 1B). Dominant (= fundamental) frequency peaks between
3516-4500 Hz. Notes can possess up to two harmonics; the second from 6802-7430 Hz (Figure 1B). Air
temperature of recorded calls varied from 21.5-29.0°C, and water varied from 25-31°C. Quantitative traits are
summarized in Table 1.

The advertisement call of P. ameghini also consists of a long series of pulsed notes (Figure 1C and D), as well
in P. ternetzi. Quantitative acoustic traits of P. ameghini are also summarized in Table 1. However, P. ternetzi is
distinguished from P. ameghini by its higher pulse rate (P. ternetzi: 61-139; P. ameghini: 40-56 pulses per second),
higher note rate (P. ternetzi: 606-921; P. ameghini: 348—452 notes per minute), and shorter note duration (P
ternetzi: 32—80; P. ameghini: 60—121 ms). We also found significant differences (with p <0.01) between P. ternetzi
and P. ameghini in all other temporal traits: internote interval, pulses per note, pulse duration, interpulse interval.
The two species are indistinguishable in their peaks of dominant frequency (p= 0.6).

The multidimensional approach (randomForest) on acoustic data highlighted a full segregation between P,
ternetzi and P. ameghini (Figure 2), with zero classification error. Distinct clustering were chiefly promoted (Figure
2A) by notes per minute, note duration and pulse rate, which are the main sources of variation in both variable
importance measurements (Figure 2B). On the other hand, air and water temperatures and peak of dominant
frequency were the variables with the lowest importance measures as produced by randomForest (Figure 2B). The
confusion matrix using Random Forests model (settings: number of tree permutations = 1000; number of variables
tried at each split = 3.0) corroborate discrimination (error rate = 0.0 %) in the classification of adult males of P,
ternetzi (n = 44 adult males) and P. ameghini (n = 11 adult males). It is noteworthy that the air and water
temperatures overlapped at the time of the field recordings for both species (Table 1), and are among the variables
that least explained the variation of the dataset, with low importance measures as produced by randomForest
(Figure 2B). Therefore, we do not attribute the found acoustic differences to the influence of the air and water
temperatures.

Traits that were classified as static (within-male CV < 5%) to both species were pulse rate (P. ternetzi: 2.5 +2.8
[0-7.8], P. ameghini: 3.0 £ 0.9 [1.2-3.9]), peak of dominant frequency (P. ternetzi: 0.8 + 0.2 [0—4], P. ameghini: 0.8
+ 0.9 [0-3.2]), minimum reached dominant frequency (P. ternetzi: 2.0 + 0.5 [0.7-7.5], P. ameghini: 2.2 + 1.6 [1.3—
6.7]) and maximum reached dominant frequency (2. ternetzi: 1.2 £ 0.1 [0.5-2.9], P. ameghini: 1.0 = 0.3 [0.5-1.5]).
The other traits of both species were classified as dynamics (within-male CV: P. fernetzi 7.3-70.4%; P. ameghini
7.0-70.4%). Additionally, the between-male coefficients of notes per minute were equal to 10.4% in P. ternetzi,
and 8.7% in P. ameghini. These low variabilities among males of both species allowed us to classify this trait as
static. Gerhardt (1991) classified acoustic properties as static (CV < 5%, low variation coefficients of variation)
and dynamic (CV > 12%). The spectral and fine scale temporal traits are usually important for species recognition,
whereas variable temporal traits may be important for mate choice (Gerhardt 1991). Therefore, the two sister
species differ from one another in temporal traits which is expected to be associated with their species recognition.

Pseudopaludicola ternetzi and P. ameghini are promptly diagnosed from P. canga Giaretta & Kokubum, 2003
(Carvalho et al. 2015a and cites therein), P. giarettai Carvalho, 2012 (Carvalho et al. 2015b and cites therein), P,
hyleaustralis Pansonato, Morais, Avila, Kawashita-Ribeiro, Striissmann & Martins, 2012 (Pansonato et al. 2012),
P. facureae Andrade & Carvalho, 2013 (Carvalho et al. 2015a and cites therein) and P. parnaiba Roberto, Cardozo
& Avila, 2013 (Roberto er al. 2013; Carvalho ef al. 2015a) by possessing a pulsed note structure (Figure 1),
whereas these five species have calls composed of non-pulsed notes. The advertisement call of P. fernetzi and P.
ameghini easily distinguishes them from other congeners with pulsed note structure by the quantitative traits
highlighted in Table 2.

PSEUDOPALUDICOLA Zootaxa 4319 (2) © 2017 Magnolia Press - 393



- 8¢ 97-6¢ 1€-6C - 6¢ - T8T—¢€C (G RANYY

- 67-STT ST=¢'1¢ $'LT9T - ST €T €97-0¢ 0. LV
(6'L00S—L'85Th) (L' €6£S-6'THTh) (0019-€¥¥SH) (L'Ts0s—L'209v)  (€00LS—TS1€S)  (SOLIS—8'€STH)

CSIPFIIE6Y  SPITF 6°099% VILTFLTILY SIPF F6EITS  9VIv FHor8h TSSI T 88081 I'STLF L IvbS Y81 F €8¢9%  (ZH) AAEIN
(I"eL1E-5'€8%0) (I'101€-895127) (6'978T-1°€9ST) (I'1L0€-20L7)  (F'LI0E-S+9ST)  (9'1€9T-S'CI1T)

CIVTF 6'6LYT Ob1 F€S6LT S'LYT F 8HSHT 6YSTF9E8ET  9°L9TF 6T09T v'T01 F8EP8T L6V FITSLT 6C1 FH0S€T  (ZH) AAIN
(sTIv-9°615¢) (1'8L0¥—9°ST15€) (00S+—+'609€) (F¥86€-1€0LE)  (STIEFT'€0LE)  (6°TE/E—9OFTE)

L'TLTF 6'€H8€ I'IPTF99pLE €9TI FTEELE I'8V€ F9'866€ L' €8TF6ISLE €STT F998€ 8¥EE F 6'8°0F S9YT F 6'61S€E (zH) Aad
(s—©) (s—¢) 9-¢) (s—©) () (s

COFCE TOFEE TOFEE COTFPE COFECY I0OFY TOFLY TOFVY Nd
(T'88-$¥9) (£'501-579) (6'8€1-T'19) (05-9°Th) (0s-6'¢h) (9°$5-9'6¢)

69FI'LL YTFCYL 99FL'SL $LFY6L 9CTFCLY TIFSO 91 F8Sh 9CFTSY ud
(TT1L-219) (92.-909) (126-159) (8¢+—8LE) (9°68€-09¢) (S'TSH—1°8%¢€)

Y ELF9LOL €GETF LS99 €9€F 1°L99 9YL FS99L I'SEF 6’101 6vTF 101 I'8T F8TLE 8vr T LOV N
(€1-v) F1-1) (rr-n (81-9) (¢z-6) (€1

TFL I1F6 I8 [ EFEI TFECl 0F91 €F T (sw) 141
(I1-9) (T1¥) 91-9) (L1-1) (¢1-1) 91-9)

[F8 IFL 1F8 IF6 TFII IFC1 1F6 TFII (sw) ad
(L9-19) (88-L¢) (¢L-61) (69-8%) (601-29) (L8-Th)

LF 1V ¥ St CF oY v F€g LFLS EF S TIFS9 SFSS (swn) 1
(LL©) (08—5¢) (€L-2¢©) (111-09) (F11-08) (rer—co)

CF Y CFSP CFEY YT 6FT6 v FLS TF 01 11F26 (sw) QN
I1-+1 (s—2) (8-1) (9-9) (S—+) 9+)

CTFVE 9EFSY CIFTE I'TFIE 9LF9Y LOFSS LOFSY TFCY DS
(#09°0-921°0) (1'1-207°0) (#'1-€60°0) (L0 ($'z—¢0) 9'1-70)

ILT0OF SHE0 STOFLYEO S8T°0 F9€€°0 981°0 F 8€°0 ¥0F80 T0F1 90F1 ¥0F90 () 1S1
(¥'62-6°9) (8'9%—50) ($°261-5°0) (T1-z0) (6'L1-1) (6'cT1'0)

SLEFYST 66FSTI €6FTT 9 F 1°0€ Y F9S €OFCE 96F9 6'STFH9 (s) aNS
($'88-8°L) (69.-5'8) (6'7TT-8%) (96810 F1v-8°S1) (Tee—LL)

YSYF LY v'E€E F 86€ 6VTF €6E 8T9FSLS €TLFLST €I FY0E I'8S1F9°8C 901 ¥ L0T ®)ap
(009) by =u (0L) L=u (061) 61 =u (ovo) 81 =1u orpIr=u (op) p=u (00 c=u (05)s=u
erengery 10310A97 Op soplewInn

age1oAy ndeury eqenmyp op [eluog ageroAy $91908)) orIuoJuy ojues sop epedery) SjIel],

1230131 vjodtpnpdopnasyg

1y Sawp vjodtpnipdopnasg

dunjerodwo) 10jeA\ = LM Pue ‘dameradwo) Iy = [V {Aouanbaiy jueuruop payoeal winwixey = JBIA ‘Aouanbaiy

JUBUTWIOP PAYOBAI WNWIUIN = J(IAN ‘Aouanboiy jueurwop jo yeod = J(d ‘@rou 1ad sosind = Nd ‘orer osind = ¥4 ‘@mnuru/sajou = AN ‘[eardur osindiojur = [ ‘uoneinp asind =
d {TeAIOIUT 9JOUIOIUT = ] ‘UOTRIND 9J0U = (N ‘[[€0 1od SALIdS = DS [BAIOIUT SILIISIAUT = [ST ‘UONBIND $IJ0U JO SIS = (INS ‘UOTIRIND [[80 = (D) :SUONLIAdIqQE JIe1], “(sojou pasind
PazATeue Jo JOqUINU) POPIOIAT SO[EUWI JO JOqUINU = U "(WNUWIXEWWNWIUNT) UOTJBIAD PIEPUE)S F UBIN ‘1Z/oU.id] 'J Pue 1uiySauiv vjodipnjpdopnasg Jo syen onsnody I A IdV.L

ANDRADE ET AL.

394 - Zootaxa 4319 (2) © 2017 Magnolia Press



910¢ '[v }2 Ojeuosued 8'¥895-9°90¢Y NuUIsqe 00T—6¢ - 9¢ S¢S oyuiziojout “d
910¢ '[v J2 Ojeuosued CTISO=9°L19¢ NuUIsqe G86-L9 - [45? 05-5¢ poo.osigr 'd
9107 ‘v 12 Oyeuosueq
$00¢ ‘Iv J2 91mQ 0SCS—8'68LE NuUIsqe 4 4 - L=C €91 bupviaijoq 'd
¥10¢T ‘[ 12 Oyeuosued COVeES—6'8LYY Nuasqe 000y - 0T—¢I1 09-0¢ sypovjsdut " q
910T ‘[v j2 spelpuy 7°9865—8°180S 1 v81-¥8 L'STI'LT L=C 8L1-9S tpaavl-q
U119} S0 PUB ‘9] (T */P 12 SPRIPUY 0°SLEI-8'I80S 6¢-1 ¥81-0¢ ST-8°01 9-¢ 9CI-LT npuninut“d
910T '[v 2 speipuy CIESS—6'8LYY 81 861-08 8T-¢1 9-¢ 801-0¢ ponIvs d
¥10T ‘[ j2 Oyeuosueq 9°€9Tr-9°L19¢ ¥9—C 006-0% - 9¢-6 00L—00¢ DInSv4D "
L10T '[p J2 opelpuy
10T 'Iv 12 soey[esey ELEYVELY L8I-tY LOS—9¢T 81-9°L € L6€9T1 01000d "
700 OJUSWIdSEN %9 BIIDIo] €C890¢Y F0T 0 ¥ 001 - [4 1aaU% bAlaulut “q
L861 0SOpIED) % PEPPEH 0085-00TY 0€ 0L - (4 - sadiopnf " d
Aprs Juosaig STIEr—90vic €1 601—¢y 9°¢c96¢ 9-¢ 1C1-09 tuy3own g
Apmys juasaig 00S—9°6IS¢E 145! 88-61 6'8C1-C'19 ¢ 08-¢¢ 1zjputd) °d
(sw)
(zH) Aouonboxy (sur) [eAIUI (09s/sasnd) Jou (sw)
QIMBINIT JUBUILWIOP JO YBdd TeArdur asindiojuy ajouIdu] oje1as|ng Iod sosjng uoneImp 9J0N

*(WnNWIXew—WNWIUI) J1en

[eAIo)uI 9S[NdISIUI UL 9OUISQR S8 PALJISSE[O 1M (17 /P 12 SIRY[eSeIN nsuas ‘[ealojur os[ndiojut yoe| =) sosind pajeus}eouod yYim sa10ads 9y [ "s10ua3U00 IOYI0 1Y) WOLJ 1U1ySoun
‘d PUe 1zjou.12] “J YSISUnSIp Jet) se[qerieA o) JSIYSIY p[oq ur senfe A eInjonmns djou pasynd yim sa10ads vjodipnipdopnasg Juowre sjrer) o1snode ay) Jo uosueduwro) 'z FT4VL

395

Zootaxa 4319 (2) © 2017 Magnolia Press

PSEUDOPALUDICOLA



A (UL )

12 Amplitude
(dB)

10

o]

Frequency (kHz)
[o)]

v
=
7

Amplitude

0.00 0.05 0.10 0.15 0.20

Amplitude
(dB)

12

10

Frequency (kHz)
()]

AL A

FIGURE 1. (A) Oscillogram of the entire advertisement call with five series of pulsed notes; and (B) audiospectrogram
(above) and corresponding oscillogram (below) detailing three pulsed notes of P. fernetzi from Minagu (GO); inset: an adult
male of P. ternetzi (AAG-UFU 5021, SVL=15.3 mm), call voucher of this recording; and (C) Oscillogram of an entire
advertisement call with five series of pulsed notes; and (D) audiospectrogram (above) and corresponding oscillogram (below)
detailing three pulsed notes of Pseudopaludicola ameghini from Chapada dos Guimardes (MT) (type-locality), Brazil; inset: an
adult male of P ameghini from Céceres (MT) (AAG-UFU 5367, SVL=17.0 mm). Sound file in (A) and (B):
Pseudop_ternetziMinacuGO9cLBM_A AGmt; recorded at 18:20 h, on 19 November 2014, air temperature 24°C. Sound file in
(C) and (D): Pseudop_ameghiniChapadaGuimaraesMT2aBFVTmt; recorded at 18:52 h, on 14 December 2008, air temperature
23.9°C; unvouchered recording.
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FIGURE 2. (A) First and second dimensions of the Multidimensional scaling of the proximity scores from Random Forest
considering acoustic traits of 44 males of Pseudopaludicola ternetzi (blue circles), and eleven males of P. ameghini (red
circles). (B) Dotchart of variable importance score as indicated by the Random Forest analysis.

We recognize that P. ternetzi and P. ameghini are species with a similar external morphology and high
intraspecific variation on dorsal color patterns, which may have led to misleading identifications based on their
external morphological features. Miranda-Ribeiro (1937) mentioned that some individuals of P. fernetzi have on
their back “a medial longitudinal stripe”, and Pansonato et al. (2013) pointed to the absence of any light vertebral
stripe on their specimens of P ameghini. In this study, we observe a light vertebral stripe on only two out 77
specimens of P. ternetzi, and on no specimen of P. ameghini. Therefore, this is not a reliable character to distinguish
this two species. Cardozo & Toledo (2013) suggested that P. ternetzi can be discriminated from P. ameghini by
having a dorsum slightly warty, but we also were unable to distinguish them based on this character. Recently,
Lavilla et al. (2016) assigned the Paraguayan specimens, previously P. fernetzi, to P. ameghini based on the
absence of a vertebral line and dorsal surface of the body with planar warts. It is clear that the authors had to give a
name to preserved specimens that were housed in Paraguayan collections, what limited them to examine only the
external morphology characters. However, we think that a reliable identity of these Paraguayan populations will
only be possible after an analysis of their advertisement calls or genetic data.
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Pansonato et al. (2013) described the advertisement call of P. ameghini based on calls of five males from its
type locality and other sites in the state of Mato Grosso, and provided acoustic and morphometric evidence for full
distinctiveness of P ameghini from P. mystacalis, up to that moment considered a synonym according to Haddad &
Cardoso (1987). In accordance with Pansonato et al. (2013), our results also indicate that the call of P. mystacalis
described by Haddad & Cardoso (1987) in fact corresponds to the call of P. ameghini. Pansonato et al. (2013) did
not employ the current pulse terminology in their descriptions and not presented an acoustic comparison between P,
ameghini and P. ternetzi. Due to this, and in order to ensure reliability to our discussion, we have based the acoustic
comparisons only on our own data.

Cardozo & Toledo (2013) suggested that P. ternetzi and P. ameghini can be discriminated each other by their
advertisement calls. Our acoustic analysis also revealed important results for the full differentiation of P. fernetzi
from P. ameghini, being easily diagnosed by two major non-overlapping temporal traits: pulse rate and notes per
minute; and additionally by a significant difference in note duration (Tables 1; Figure 2). On the other hand,
spectral traits were unreliable to distinguish them one from each other, what is also valid for other species of
Pseudopaludicola that are also closely related. For example, both P. motorzinho and P. boliviana (Pansonato et al.
2016), as P. atragula and P. facureae (Pansonato et al. 2014) are diagnosed mainly by their temporal traits.

Our record of P ternetzi from Pontal do Araguaia is the first to the state of Mato Grosso and extends its
distribution to ca. 360 km southwest from the type locality. Cardozo & Baldo (2012) stated that Lobo (1996)
designated the MNRIJ 477 as a paralectotype, but this specimen is a Physalaemus cuvieri from Carolina (MA), which
was also collected by Carlos Ternetz. Therefore, this specimen does not belong to P. fernetzi type series. Lastly, our
results corroborate recent papers that proposed the recognition of P. ameghini and P. ternetzi as full species (Favero et
al. 2011; Cardozo & Toledo 2013; Pansonato et al. 2013; Veiga-Menoncello et al. 2014; Andrade et al. 2016;
Pansonato et al. 2016), and provide elements for the specific recognition of these two sister species.

Acknowledgements

Special thanks to T.R. de Carvalho, L.B. Martins and B.F.V. Teixeira which kindly made available their records of
P. ameghini and P. ternetzi. To Cyro Bernardes for helping in field works. To F. Pedroni and M. Sanchez for
providing facilities in Pontal do Araguaia. To L.F. Toledo for providing laboratory facilities. The Coordenagdo de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES) provided MSc scholarships to FSA and IAH. Sdo Paulo
Research Foundation (FAPESP) provides PhD scholarship to FSA (Process #2015/10728-7). The Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq) provided fellowship to AAG (305261/2010-0) and
a MSc fellowship to DLB (Process #159817/2015-3). The Fundacdo de Amparo a Pesquisa do Estado de Minas
Gerais (FAPEMIG) provided grants [Process #APQ-01724-14] to AAG. Fonoteca Neotropical Jacques Vielliard
(FNJV) kindly provided the Addo J. Cardoso’s recordings. We thank The Cornell Lab of Ornithology (Bioacoustics
Research Program) for providing free licenses for using Raven Pro. Our collection permit was conceded by
ICMBio/SISBIO (30059-9).

References

Andrade, F.S., Magalhdes, F.M., Nunes-de-Almeida, C.H.L., Veiga-Menoncello, A.C.P., Santana, D.J., Garda, A.A.,
Loebmann, D., Recco-Pimentel, S.M., Giaretta, A.A. & Toledo, L.F. (2016) A new species of long-legged
Pseudopaludicola from northeastern Brazil (Anura, Leptodactylidae, Leiuperinae). Salamandra, 52, 107-124.

Andrade, F.S., Leite, F.S.F., Carvalho, T.R., Bernardes, C.S. & Giaretta, A.A. (2017) First record of Pseudopaludicola pocoto
Magalhdes, Loebmann, Kokubum, Haddad & Garda, 2014 (Anura, Leptodactylidae, Leiuperinae) in Bahia state,
northeastern Brazil, with further data on its advertisement call. Check List, 13 (1), 2047.
https://doi.org/10.15560/13.1.2047

Archer, E. (2016) rfPermute: Estimate Permutation p-Values for Random Forest Importance Metrics (Computer software). R
package version 2.0.1. Available from https://CRAN.R-project.org/package=rfPermute (assessed 4 August 2016)

Bioacoustics Research Program (2014) Raven Pro: Interactive Sound Analysis Software, version 1.5 (Computer software). The
Cornell Lab of Ornithology, Ithaca, New York. Available from http://www.birds.cornell.edu/raven (accessed 5 February
2016)

Breiman, L. (2001) Random Forests. Machine Learning, 45, 5-32.
https://doi.org/10.1023/A:1010933404324

Cardozo, D. & Baldo, D. (2012) Pseudopaludicola ternetzi (Anura: Leiuperidae): two lectotypes for the same taxon. Zootaxa,

398 - Zootaxa 4319 (2) © 2017 Magnolia Press ANDRADE ET AL.



3192, 67-68.

Cardozo, D. & Toledo, L.F. (2013) Taxonomic status of Pseudopaludicola riopiedadensis Mercadal de Barrio and Barrio, 1994
(Anura, Leptodactylidae, Leiuperinae). Zootaxa, 3734 (5), 571-582.
https://doi.org/10.11646/zootaxa.3734.5.6

Cardozo, D., Boeris, J.M., Ferro, J.M., Borteiro, C., Kolenc, F., Suarez, P., Netto, F., Brusquetti, F. & Baldo, D. (2016)
Evidence for independent instances of chromosome number reduction in the genus Pseudopaludicola (Anura:
Leptodactylidae). Salamandra, 52, 11-22.

Carvalho, T.R., Teixeira, B.F.V., Martins, L.B. & Giaretta, A.A. (2015a) Intraspecific variation and new distributional records
for Pseudopaludicola species (Anura, Leptodactylidae, Leiuperinae) with trilled advertisement call pattern: diagnostic
characters revisited and taxonomic implications. North-Western Journal of Zoology, 11, 262-273.

Carvalho, T.R., Borges-Martins, M., Teixeira, B.F.V., Godinho, L.B. & Giaretta, A.A. (2015b) Intraspecific variation in
acoustic traits and body size, and new distributional records for Pseudopaludicola giarettai Carvalho, 2012 (Anura,
Leptodactylidae, Leiuperinae): implications for its congeneric diagnosis. Papéis Avulsos de Zoologia, 55, 245-254.

Duré, M.I., Schaefer, E.F., Hamann, M.I. & Kehr, A.l. (2004) Consideraciones ecoldgicas sobre la dieta, la reproduccion y el
parasitismo de Pseudopaludicola boliviana (Anura, Leptodactylidae) de Corrientes, Argentina. Phyllomedusa, 3, 121-131.
https://doi.org/10.11606/issn.2316-9079.v3i2p121-131

Favero, E.R., Veiga-Menoncello, A.C.P., Rossa-Feres, D.C., Striissmann, C., Giaretta, A.A., Andrade, G.V., Colombo, P. &
Recco-Pimentel, S.M. (2011) Intrageneric karyotypic variation in Pseudopaludicola (Anura: Leiuperidae) and its
taxonomic relatedness. Zoological Studies, 50, 826—836.

Frost, D.R. (2016) Amphibian Species of the World: an Online Reference. Version 6.0. New York (NY), USA: American
Museum of Natural History. Available from: http://research.amnh.org/herpetology/amphibia/index.html (accessed 01
February 2017)

Gerhardt, H.C. (1991) Female mate choice in treefrogs: static and dynamic acoustic criteria. Animal Behaviour, 42, 615-635.
https://doi.org/10.1016/S0003-3472(05)80245-3

Haddad, C.F.B. & Cardoso, A.J. (1987) Taxonomia de trés espécies de Pseudopaludicola (Anura, Leptodactylidae). Papéis
Avulsos de Zoologia, 36, 287-300.

Hothorn, T., Hornik, K., van de Wiel, M.A. & Zeileis, A. (2008) Implementing a Class of Permutation Tests: The coin Package.
Journal of Statistical Software, 28, 1-23.
https://doi.org/10.18637/jss.v028.108

Kohler, J., Jansen, M., Rodriguez, A., Kok, PJ.R., Toledo, L.F., Emmrich, M., Glaw, F., Haddad, C.F.B., Rodel, M.O. &
Vences, M. (2017) The use of bioacoustics in anuran taxonomy: theory, terminology, methods and recommendations for
best practice. Zootaxa, 4251 (1), 1-124.
https://doi.org/10.11646/zootaxa.4251.1.1

Korkmaz, S., Goksuluk, D. & Zararsiz, G. (2014) MVN: An R Package for Assessing Multivariate Normality. The R Journal, 6,
151-163.

Lavilla, E.O., Caballero-Gini, A., Bueno-Villafaiie, D. & Cardozo, D. (2016) Notes on the distribution of the genus
Pseudopaludicola Miranda-Ribeiro, 1926 (Anura: Leptodactylidae) in Paraguay. Check List, 12, 1-9.
https://doi.org/10.15560/12.6.2016

Liaw, A. & Wiener, M. (2002) Classification and Regression by randomForest. R News, 2, 18-22.

Lobo, F. (1996) Evaluacidon del status taxonomico de Pseudopaludicola ternetzi Miranda Ribeiro, 1937; P. mystacalis 'y P.
ameghini (Cope, 1887). Osteologia y distribucion de las especies estudiadas. Acta Zooldgica Lilloana, 43, 327-346.

Magalhdes, F.M., Loebmann, D., Kokubum, M.N.C., Haddad, C.F.B. & Garda, A.A. (2014) A new species of
Pseudopaludicola (Anura: Leptodactylidae: Leiuperinae) from northeastern Brazil. Herpetologica, 70, 77-88.
https://doi.org/10.1655/HERPETOLOGICA-D-13-00054

Miranda-Ribeiro, A. (1937) Alguns batrachios novos das collegcdes do Museo Nacional. O Campo, 8, 66—69.

Pansonato, A., Morais, D.H., Avila, R.W., Kawashita-Ribeiro, R.A., Striissmann, C. & Martins, L.A. (2012) A new species of
Pseudopaludicola Miranda-Ribeiro, 1926 (Anura: Leiuperidae) from the state of Mato Grosso, Brazil, with comments on
the geographic distribution of Pseudopaludicola canga Giaretta & Kokubum, 2003. Zootaxa, 3523, 49-58.

Pansonato, A., Mudrek, J.R., Veiga-Menoncello, A.C.P., Rossa-Feres, D.C., Martins, I.A. & Striissmann, C. (2014) A new
species of Pseudopaludicola Miranda-Ribeiro, 1926 (Anura: Leptodactylidae: Leiuperinae) from northwestern state of
Sdo Paulo, Brazil. Zootaxa, 3861 (3), 249-264.
https://doi.org/10.11646/zootaxa.3861.3.3

Pansonato, A., Striissmann, C., Mudrek, J.R. & Martins, [.A. (2013) Morphometric and bioacoustic data on three species of
Pseudopaludicola Miranda-Ribeiro, 1926 (Anura: Leptodactylidae: Leiuperinae) described from Chapada dos Guimaraes,
Mato Grosso, Brazil, with the revalidation of Pseudopaludicola ameghini (Cope, 1887). Zootaxa, 3620, 147-162.
https://doi.org/10.11646/zootaxa.3620.1.7

Pansonato, A., Veiga-Menoncello, A.C.P., Mudrek, J.R., Jasen, M., Recco-Pimentel, S.M., Martins, [.A. & Striissmann, C.
(2016) Two New Species of Pseudopaludicola (Anura: Leptodactylidae: Leiuperinae) from Eastern Bolivia and Western
Brazil. Herpetologica, 72, 235-255.
https://doi.org/10.1655/Herpetologica-D-14-00047.1

Pereira, E.G. & Nascimento, L.B. (2004) Descri¢do da vocalizagdo e do girino de Pseudopaludicola mineira Lobo, 1994, com
notas sobre a morfologia de adultos (Amphibia, Anura, Leptodactylidae). Arquivos do Museu Nacional, 62, 233-240.

R Core Team (2016) R: A language and environment for statistical computing (Computer software). Vienna, Austria: R
Foundation for Statistical Computing. Available from: http://www.R-project.org/ (accessed 5 February 2015)

PSEUDOPALUDICOLA Zootaxa 4319 (2) © 2017 Magnolia Press - 399



Roberto, 1.J., Cardozo, D. & Avila, R.W. (2013) A new species of Pseudopaludicola (Anura, Leiuperidae) from western Piaui
State, Northeast Brazil. Zootaxa, 3636 (2), 348-360.
https://doi.org/10.11646/zootaxa.3636.2.6

Sueur, J., Aubin, T. & Simonis, C. (2008) Seewave, a free modular tool for sound analysis and synthesis. Bioacoustics, 18,
213-226.
https://doi.org/10.1080/09524622.2008.9753600

Veiga-Menoncello, A.C.P., Lourengo, L.B., Striissmann, C., Rossa-Feres, D.C., Andrade, G.V., Giaretta, A.A. & Recco-
Pimentel, S.M. (2014) A phylogenetic analysis of Pseudopaludicola (Anura) providing evidence of progressive
chromosome reduction. Zoologica Scripta, 43, 261-272.
https://doi.org/10.1111/zsc.12048

APPENDIX 1. Examined specimens and its sound files (wav). The adult specimens and calls are housed in the
collection of frogs (AAG-UFU) of the Universidade Federal de Uberlandia, municipality of Uberlandia, state of Minas
Gerais, Brazil. Call sections are available at AmphibiaWeb (http://amphibiaweb.org/). Voucher numbers are right after
the label of their recordings.

Pseudopaludicola ternetzi — BRAZIL: GOIAS: Serra da Mesa - Minagu (13°41'56.98"S, 48°16'43.14"W, el. approximately 860
m a.s.l.): AAG-UFU 5021-2; labels of the analyzed recordings: Pseudop_ternetziMinacuGOlaAAGm671,
Pseudop_ternetziMinacuGO2aAAGm671; Pseudop_ternetziMinacuGO3AAGmM671;
Pseudop_ternetziMinacuGO4aAAGm671; Pseudop_ternetziMinacuGOSaLBM_AAGmt (AAG-UFU 5021);
Pseudop_ternetziMinacuGO6aLBM_A AGmt, Pseudop_ternetziMinacuGO7aLBM_AAGmt (AAG-UFU 5022); Serra de
Caldas Novas (PESCAN) - Caldas Novas (17°48'30.00"S, 48°42'00.00"W, el. approximately 986 m a.s.l.): AAG-UFU 4322-3,
4343-9, 4353; MATO GROSSO: Pontal do Araguaia (15°58'13.68"S, 52°17'48.44"W, el. 320 m a.s.l.): AAG-UFU 10661077,
1086, 1301-7, 1309, 2832, 3122, 3453-61, 3463—5, 5043—4; labels: Pseudop_ternetziPontalAraguaiaMG27aAAGm,
Pseudop_ternetziPontalAraguaiaMG27bAAGm, Pseudop_ternetziPontalAraguaiaMG28aAAGm,
Pseudop_ternetziPontalAraguaiaMG29aA AGm, Pseudop_ternetziPontal AraguaiaMG30alAH_AAGmt (AAG-UFU 1304),
Pseudop_ternetziPontalAraguaiaMG30bIAH_AAGmt (AAG-UFU 1304),
Pseudop_ternetziPontalAraguaiaMG31alAH_AAGmt, Pseudop_ternetziPontalAraguaiaMG31bIAH_AAGmt,
Pseudop_ternetziPontalAraguaiaMG32alAH_AAGmt (AAG-UFU 1305),
Pseudop_ternetziPontalAraguaiaMG33alAH_AAGmt, Pseudop_ternetziPontalAraguaiaMG33bIAH_AAGmt,
Pseudop_ternetziPontalAraguaiaMG34aFSA_ AAGb (AAG-UFU 1306), Pseudop_ternetziPontalAraguaiaMG35aFSA_ AAGbD
(AAG-UFU 1307), Pseudop_ternetziPontalAraguaiaMG36aFSA_AAGb,
Pseudop_ternetziPontalAraguaiaMG37aFSA_AAGb, Pseudop_ternetziPontalAraguaiaMG38aFSA AAGD,
Pseudop_ternetziPontalAraguaiaMG39aFSA AAGb (AAG-UFU 3453), Pseudop_ternetziPontal AraguaiaMG39bFSA AAGb
(AAG-UFU 3453), Pseudop_ternetziPontal AraguaiaMG40aFSA_AAGb (AAG-UFU 3454),
Pseudop_ternetziPontalAraguaiaMG41aFSA AAGb (AAG-UFU 3455), Pseudop_ternetziPontalAraguaiaMG42aFSA_AAGD,
Pseudop_ternetziPontalAraguaiaMG43aFSA AAGb, Pseudop_ternetziPontalAraguaiaMG44aFSA_AAGb; MINAS GERALIS:
Ituiutaba (19°00'05.52"S, 49°27'24.97"W, el. 600 m a.s.l.): AAG-UFU 0944, 3512-8, 5009-19; labels:
Pseudop_ternetziltuiutabaMG8alAH_AAGmt, Pseudop_ternetziltuiutabaMG9alAH_AAGmt,
Pseudop_ternetziltuiutabaMG10aAAGm671, Pseudop_ternetziltuiutabaMG11aAAGm671,
Pseudop_ternetziltuiutabaMG12aAAGm671, Pseudop_ternetziltuiutabaMG13aAAGm671,
Pseudop_ternetziltuiutabaMG14aAAGm671, Pseudop_ternetziltuiutabaMG15aAAGm671,
Pseudop_ternetziltuiutabaMG16aAAGm671 (AAG-UFU 5009), Pseudop_ternetziltuiutabaMG17aAAGm671 (AAG-UFU
5010), Pseudop_ternetziltuiutabaMG18aAAGm671, Pseudop_ternetziltuiutabaMG19aAAGm671,

Pseudop _ternetziltuiutabaMG20aAAGm671, Pseudop_ternetziltuiutabaMG21aAAGm671,
Pseudop_ternetziltuiutabaMG22aAAGm671, Pseudop_ternetziltuiutabaMG23aAAGm671,
Pseudop_ternetziltuiutabaMG24aAAGm671, Pseudop_ternetziltuiutabaMG25aAAGm671,
Pseudop_ternetziltuiutabaMG26aAAGm671; Monte Alegre de Minas (18°52'22.71"S, 48°52'37.38"W, el. 724 m a.s.l.): AAG-
UFU 4170, 4607, 4609, 4611; Uberlandia (19°10'55.99"S, 48°23'36.56"W, el. 813 m a.s.l.): AAG-UFU 2624-6, 4670—1.
Pseudopaludicola ameghini — BRAZIL: MATO GROSSO: Céceres (16°7'2.61"S, 57°40'47.00" W, approximately 130 m a.s.1.):
AAG-UFU 5253, 5367-73; labels: Pseudop_ameghiniCaceresMT5aDLB_AAGm670,

Pseudop ameghiniCaceresMT6aDLB_AAGm670, Pseudop _ameghiniCaceresMT7aDLB_AAGm670,

Pseudop _ameghiniCaceresMT8aDLB AAGm670; Chapada dos Guimardes (type-locality; 15°21'23.64"S, 55°49'33.93"W,
approximately 369 m a.s.l.): AAG-UFU 4721, labels: Pseudop ameghiniChapadaGuimaraesMT 1aBFVTmt (AAG-UFU
4721), Pseudop_ameghiniChapadaGuimaraesMT2aBFVTmt,
FNJV_0004579_Pseudopaludicola_ameghini_Aldeia Velha MT _AdaoJoseCardoso.wav,
FNJV_0004580_Pseudopaludicola_ameghini_Aldeia_ Velha MT _AdaoJoseCardoso.wav,

FNJV_0004581 Pseudopaludicola_ameghini_Aldeia Velha MT AdaoJoseCardoso.wav; Santo Antonio do Leverger
(15°49'26.35"S, 55°30'48.48"W, approximately 620 m a.s.l.): AAG-UFU 1443—4; labels:
Pseudop_ameghiniSantoAntonioLevergerMT3aTRC_AAGmt (AAG-UFU 1443),
Pseudop_ameghiniSantoAntonioLevergerMT4aTRC_AAGmt (AAG-UFU 1444).
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