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ABSTRACT

Call rate suppression is a common short-term solution for avoiding acoustic interference in animals. It has been widely documented between and within frog species,
but the effects of non-anuran calling on frog vocalizations are less well known. Heterospecific acoustic interference on the calling of male Oophaga pumilio (formerly
Dendrobates pumilio) was studied in a lowland, wet tropical forest in SE Nicaragua. Acoustic playback experiments were conducted to characterize the responses of
O. pumilio males to interfering calls of cicadas, two species of crickets, and a sympatric dendrobatid frog, Phyllobates lugubris. Call rate, call bout duration, percent of
time calling, dominant frequency, and latency to first-call were analyzed. Significant call rate suppression was observed during all stimulus playbacks, yet no significant
differences were found in spontaneous call rates during pre- and postplayback trials. Dominant frequency significantly decreased after 2 lugubris playback and first-call
latency significantly decreased in response to both cicada and tree cricket playbacks. These results provide robust evidence that O. pumilio males can dynamically

modify their calling pattern in unique ways, depending on the source of the heterospecific acoustic interference.

Abstract in Spanish is available at http://www.blackwell-synergy.com/loi/btp.
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IN ANURANS, ADVERTISEMENT CALLING PLAYS A VITAL ROLE not only
in territorial maintenance but also in female attraction (Bunnell
1973, Wells 1977, Narins & Capranica 1978, Wells 2007). Female
mate choice is often based largely or exclusively on advertisement
call characteristics (Ryan & Rand 1990, Lopez & Narins 1991,
Gerhardt 1994). For example, increased levels of calling in males of
Epipedobates trivittatus result in higher mating success (Roithmair
1994). However, calling is energetically expensive (Bucher e al.
1982, Taigen & Wells 1986, Gerhardt & Huber 2002). In fact, in
a study of Hyla microcephala, calling is identified as the most ener-
getically demanding activity performed by ectothermic vertebrates
(Taigen & Wells 1989).

Moreover, call detection has been shown to be impaired when
there is a high level of interfering noise (Narins 1982, Narins &
Zelick 1988, Wollerman 1999), therefore individuals should be
selective with regard to their call timing in the face of acoustic
interference (Zelick & Narins 1982, 1983; Taigen & Wells 1986;
Gerhardt & Schwartz 1995). Acoustic communication interference
can manifest itself when two species have such similar call charac-
teristics that the calling of one inhibits the calling of another (Péez
et al. 1993).

Oophaga pumilio (formerly Dendrobates pumilio; see Grant et al.
2006) is a moderate-sized (19—-24 mm) diurnal, aposematically col-
ored dendrobatid frog found in lowland to subtropical evergreen
forest habitats from Panama to Nicaragua (Savage 1968). Dendro-
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batid frogs are territorial and exhibit strong site fidelity (McVey
et al. 1981, Prohl 2005). They are also remarkably responsive to
speaker playbacks and exhibit positive phonotaxis to conspecific
calls (Bunnell 1973).

In competitive conspecific male interactions, frogs may ex-
hibit increases or decreases in call duration and/or call frequency
(Taigen & Wells 1989, Wagner 1989, Bee ez al. 1999). Although
these interactions have been proposed to be the most significant
source of acoustic interference (Wollerman 1999), heterospecific
calling interference has also been found to be significant (Littlejohn
& Martin 1969, Drewry 1970, Zelick & Narins 1983, Piez ez al.
1993). In many lowland wet tropical forests, there is a high level of
background noise, much of it attributable to orthopterans (Narins &
Zelick 1988, Narins 1995, Gerhardt & Huber 2002). In addition,
cicada calls (Homoptera, Cicadidae) have been shown to signifi-
cantly inhibit O. pumilio calling behavior (Pdez er al. 1993). Al-
though cicadas are the loudest known insects (Bennet-Clark 1999),
orthopterans also may use abdominal resonators to generate prodi-
giously high sound levels (Van Staaden & Rémer 1997). Further-
more, other sympatric species, such as the dendrobatid frog Phyl-
lobates lugubris, produce calls with dominant frequencies similar to
those of O. pumilio but have not been tested for inhibitory effects.
In this study, we measured the vocal responses of O. pumilio males
to playbacks of conspecific calls and to interfering calls of the afore-
mentioned species. The responses to these stimuli form the basis for
testing the hypothesis that males of O. pumilio significantly change
their calling pattern in unique ways, depending on the source of the
heterospecific acoustic interference.
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METHODS

STUDY AREA.—The study was conducted at Reftgio Bartola, located
adjacent to the Indio Maiz Reserve (10°97" N, 83°16" W, ca 30
m asl, in southeastern Nicaragua) from 20d 5 16H May 2007.
Established in 1990, the Indio Maiz biological reserve covers 2640
km? of pristine lowland, wet tropical forest IRENA 1992, Nygren
2004). The park is located on the Rio San Juan, near the border
between Nicaragua and Costa Rica. The region receives cz 4 m of
rain annually with a mean annual temperature of 26°C. A short dry
season typically falls between February and April; the remainder
of the year is rainy. Historically, the mean rainfall recorded in San
Juan del Norte, Nicaragua (located within 75 km of our study site)
for the month of May is 517 mm, midway between the annual
minimum in March of 165 mm and the summer maximum in
July of 874 mm (Portig 1965). The reserve is strictly protected
to preserve biodiversity. No commercial deforestation or extensive
cattle farming is allowed.

RECORDINGS AND PLAYBACKS.—To determine the effect of inter-
fering calls on the vocalizations of O. pumilio males, responses
to a control playback stimulus (a representative call of a male O.
pumilio) were compared with responses to four experimental stim-
uli. We determined the optimal playback call length and dominant
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frequency for our control stimulus from spontaneous vocalizations
of 30 individual O. pumilio males recorded using a digital recorder
(Model PMD 671, Marantz America, Itasca, IL) with a unidirec-
tional microphone (Optimus # 33-3017, Radio Shack). Here, we
define a ‘call note’ as an individual utterance, a ‘call bout” as a col-
lection of call notes where successive call bouts are separated by
a relatively long period of silence, and ‘call rate’ as the number
of call notes produced per second during a bout. For this sam-
ple, the average call bout duration for O. pumilio was 46.4 s.
To study call interference, we edited our stimulus recordings so
that the ratio of stimulus-on:stimulus-off time (duty cycle) was 50
percent, and the total length of the cycle was equal to the average
call bout duration found in the frogs (46.4 s). We then selected
an individual whose spontaneous call characteristics most closely
matched those of the population mean in: (a) desired call bout
duration (23.2 s); and (b) dominant frequency (4.91 kHz). Our
experimental stimuli (cicada [family: Cicadidae], tree cricket [sub-
family: Oecanthiinae], ground cricket [subfamily: Gryllinae] and
the frog Phyllobates lugubris) were edited to be of the same duration
(23.2 s). These species were chosen because they occur within the
same microhabitat as O. pumilio, were observed to call at the same
time of day and contain dominant frequencies within 0.6 octave of
the average O. pumilio dominant frequency (Fig. 1: [1] O. pumilio:
4.77 kHz; [2] cicada: 4.56 kHz; [3] tree cricket: 4.48 kHz; [4]
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FIGURE 1. Waveforms and spectrograms for the vocalizations of: (A) Oophaga pumilio; (B) cicada; (C) tree cricket; (D) ground cricket; and (E) Phyllobates lugubris.

Note the similarity in the dominant frequencies in the spectrograms across calls.
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ground cricket: 3.27 kHz; [5] R lugubris: 4.65 kHz). The control
and experimental playback levels were all equalized at 75 dB SPL
at 1 m. Our tree cricket recording corresponds to Sonotype 2 in
Brandes et al. (2006; T. S. Brandes, pers. comm.). Each of the het-
erospecific experimental stimuli was made from a recording of the
spontaneous calling of a representative individual from the local
population. For each heterospecific stimulus, the representative call
was chosen by applying several fixed criteria: (1) the calling individ-
ual had to be acoustically isolated, that is, all calling individuals in
the background were at least 20 dB below the recording level of the
focal individual; and (2) the microphone had to be located within
1 m of the caller resulting in a signal-to-noise ratio of the record-
ing of at least 10 dB. These recordings were then low-pass filtered
using Raven Pro (1.38 version, Cornell Laboratory of Ornithol-
ogy) to remove high-frequency background noise and band-reject
filtered to eliminate interharmonic noise. The Oophaga, cicada, tree
cricket, ground cricket, and Phyllobates stimuli were low-pass fil-
tered at 11, 10, 5, 18, and 5 kHz, respectively. Care was taken not
to remove any harmonics or other high-frequency call components
below the highest visible harmonic in the sound spectrogram. With
this procedure, we could be reasonably certain that the frogs would
be responding exclusively to our stimuli, and not to any spurious
sounds in the background.

To ensure that no individual was tested multiple times we
sampled along a different trail each day and the distance between

sampled frogs was never < 5 m (Fig. 2). Furthermore, because there
was a noted difference in response to our recordings when cicadas
were calling nearby, we conducted our study only in the absence of
their calling. After the identity of a vocalizing male O. pumilio was
visually confirmed, a powered loudspeaker (PAL Tivoli) was placed
1 m from the frog, facing toward it. The playback experiment was
divided into two parts. The first part (call bout) was repeated five
times and consisted of a 23.2 s control stimulus (O. pumilio call)
followed by an equal period of silence. Following a 2-min silent
period, the second call bout (repeated five times) consisted of a 23.2
s period during which we presented one of the four experimental
stimuli followed by an equal period of silence. All responses were
recorded with the digital recorder and unidirectional microphone.

Following the playbacks, the individual was captured and its
snout-vent length was measured to the nearest 0.5 mm. Temperature
(Kestrel 3000 digital thermometer) at the focal male’s calling site
was also measured to the nearest 0.5°C. For each playback stimulus
except one (cricket 2, N = 11), 15 individuals were sampled for a
total of 56 individuals.

ANALYSES.—Call rate (call notes/s), call bout durations (s), percent
time calling (%), dominant frequencies (kHz) and first-call latencies
(s) were determined using Raven Pro. The data were entered into
a spreadsheet and analyzed using Microsoft Excel 2000 Premium.
For each individual tested, the parameters of responses recorded

FIGURE 2. Study site map indicating distribution of Oophaga pumilio males sampled. Each dot represents a recording/playback site. Each day a different trail was

traversed to avoid multiple sampling of individual frogs.




for the five call bouts of the control and experimental stimuli were
averaged to find a single value for each. The averages were analyzed
to determine whether the experimental stimuli had significantly
changed O. pumilio calling (SPSS 14.0)

For individuals for whom we were able to collect a complete
data set in response to the interfering call, i.e., preplayback call-
ing, during playback, and postplayback calling, we used a repeated
measures ANOVA with a post-hoc pairwise comparisons test with
a Sidak correction. The covariates of temperature and snout-vent
length were included in the ANOVA model. For dominant fre-
quency and first-call latency, we were unable to take measurements
of responses during the playback, therefore only pre- and postplay-
back averages were compared in a paired samples #test.

RESULTS

CicADA.—Broadcast of cicada calls decreased call rates of O. pumilio
males (1 14 =171, P < 0.001; post-hoc comparisons: pre- vs. during
playback P < 0.001, post- vs. during playback P < 0.01). There
was no significant difference between pre- and postplayback call
rates (P > 0.05). Call bout duration significantly decreased dur-
ing cicada calling when compared to preplayback only, although it
seemed to approach significance for during vs. postplayback (£ ¢ =
8.26, P < 0.001; post-hoc comparisons: pre- vs. during playback P <
0.05, post vs. during playback 2 > 0.05). There was no significant
difference between pre- and postplayback (2 > 0.05). Percent time
calling also decreased during cicada broadcasting when compared
to pre-playback only (F19 = 8.81, P < 0.001; post-hoc compar-
isons: pre- vs. during playback P < 0.05, post- vs. during playback
P > 0.05). Again, there was no significant difference between pre-
and postplayback (” > 0.05). Dominant frequencies (+ = —0.436,
df = 13, P > 0.05, N = 14) and first-call latencies (zr = 1.83,
df =13, P> 0.05) were not significantly affected by the interfering
cicada stimulus, since differences between the values obtained dur-
ing playback and those from either the pre- or postplayback periods
were nonsignificant. Of the covariates, snout-vent length affected
call rate, whereas temperature did not (post-hoc comparisons test:
snout-vent length F=12.2, P < 0.01; temperature F = 2.34, P >
0.05).

TREE CRICKET.—Tree cricket calls also evoked a decrease in O.
pumilio call rates during stimulus playback with respect to pre- and
postplayback values (¥ 14 = 171, P < 0.001; post-hoc comparisons:
pre- vs. during playback P < 0.001, post- vs. during playback P <
0.01), but during the postplayback period, the frog returned to pre-
playback call rates (P > 0.05). Call bout duration and percent time
calling significantly decreased while tree cricket calls were broadcast
with respect to pre- and postplayback values. (Call bout duration:
Fi10 = 1.86, P < 0.001; post-hoc comparisons: pre- vs. during
playback P < 0.001, post- vs. during playback P < 0.05; percent
time calling: F1,19 = 1.86, P < 0.001; post-hoc comparisons: pre-
vs. during playback P < 0.001, post- vs. during playback P < 0.05).
For both call bout duration and percent time calling, there was no
significant change between pre- and postplayback (2> 0.05). Mean
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first-call latency significantly decreased between pre- and postplay-
back call bouts (r = 4.55, df = 14, P < 0.001, N = 15), but
mean dominant frequency did not (¢ = 0.569, df = 13, P > 0.05,
N = 14). Neither covariate was found to have a significant effect
(post-hoc comparisons test: snout-vent length F = 2.20, P > 0.05;
temperature F= 0.635, P > 0.05).

GROUND CRICKET.—We observed a significantly reduced call rate
during stimulus playback (%) ¢ = 198, P < 0.001; post-hoc compar-
isons: pre- vs. during playback P < 0.01, post- vs. during playback
P < 0.05). pre- and postplayback call rates were not significantly
different (P > 0.05). Call bout duration and percent time calling
were not significantly affected by ground cricket calling (call bout
duration: Fy 5 = 0.006, P<0.001; post-hoc comparisons: pre- vs.
during playback P > 0.05, post- vs. during playback P > 0.05,
pre- vs. postplayback P > 0.05; percent time calling: 1 5 = 0.006,
P < 0.001; post-hoc comparisons: pre- vs. during playback P> 0.05,
post-vs. during playback P > 0.05, pre- vs. postplayback P > 0.05).
Mean dominant frequency (= —0.417, df =7, P> 0.05, N=8)
did not change significantly between pre- and postplayback periods,
nor did mean first-call latency (= 2.10, df =8, P > 0.05, N=19),
although the lack of significance in these cases may be attributed to
a small sample size. Neither of the covariates had a significant effect
(post-hoc comparisons test: snout-vent length ¥ = 4.81, P > 0.05;
temperature F= 0.026, P > 0.05).

Phyllobates lugubris.—Playbacks of the call of P lugubris resulted in
a significant change in call rate between during playback period and
postplayback period only, although call rate appeared to approach
significance for pre- vs. during playback (F; 14 = 397, P < 0.001;
post-hoc comparisons: pre- vs. during playback P > 0.05, post- vs.
during playback P < 0.001). Call rate differences between pre- and
postplayback periods were not significant (P > 0.05). Call bout
duration and percent time calling differences were not found to
be significant in response to P lugubris calling (call bout duration:
Fi11 = 0.827, P < 0.001; post-hoc comparisons: pre- vs. during
playback P > 0.05, post- vs. during playback P > 0.05, pre- vs.
postplayback P > 0.05; percent time calling: £ 1; = 0.827, P <
0.001; post-hoc comparisons: pre- vs. during playback P > 0.05,
post- vs. during playback P > 0.05, pre- vs. postplayback P >
0.05). Mean dominant frequency significantly changed between
pre- and postplayback periods (¢ = 2.82, df = 14, P < 0.05, N =
15) as did the mean first-call latency (r = 4.12, df = 14, P < 0.01).
Neither of the covariates was found to significantly affect call rate
(post-hoc comparisons test: snout-vent length F = 0.269, P > 0.05;
temperature F = 4.23, P > 0.05).

DISCUSSION

Since calling is such an energetically expensive activity, many anu-
rans adjust their calling pattern to avoid acoustic interference
(Awbrey 1978; Bucher ez al. 1982; Zelick & Narins 1982, 1985;
Taigen & Wells 1989). In addition to altering call timing, they

may change other call parameters, since significant correlations



78 Wong, Parada, and Narins

exist between aerobic metabolic costs and signaling rate or dura-
tion (Taigen er al. 1985, Lopez er al. 1988, Gerhardt & Huber
2002). Choosing to call during periods of high levels of acoustic
activity would be maladaptive given the higher probability that the
call will be masked, thus resulting in wasted energetic effort. Call
suppression is a common response used by anurans to minimize
acoustic interference and to mediate the energetic cost of adver-
tisement calls (Zelick & Narins 1983, Penna & Hamilton-West
2007).

In all experimental trials (N = 57), O. pumilio males responded
by decreasing their calling rates when an acoustically interfering
stimulus was broadcast (Table 1). Females of many anuran species
prefer males producing high call rates (Lopez & Narins 1991, Prshl
2003), however, calling at high rates that are energetically costly dur-
ing periods when there is a significant chance of signal masking is
clearly nonoptimal. Nevertheless, since males with high calling per-
sistence have greater mating success (Wells 1977, Roithmair 1994),
it would be maladaptive to cease calling altogether. Therefore, in
the face of acoustic interference, O. pumilio males instead choose
to decrease their call rates, a compromise that allows them to main-
tain advertisement call emission while reducing energy expendi-
ture. A similar response has been observed in two sympatric species,
Dendropsophus ebraccatus and D. microcephalus, in which males de-
crease their calling rates in order to reduce acoustic interference
with each other (Schwartz & Wells 1983). Although on average no
significant change was found between pre- and postplayback call
rates in O. pumilio, it should be noted that the postplayback call
rates did not change consistently. Some individuals increased their
postplayback calling rate (N = 36), and others (V.= 21) decreased
it. Thus, over the population sampled, these opposing changes ef-

fectively cancelled each other out. This differential response to the
experimental stimulus still remains to be thoroughly investigated.

In addition to modifying their call rate, O. pumilio males are
able to alter their call bout duration and percent time calling in
the presence of an interfering stimulus. Furthermore, they are able
to do so selectively. Significant decreases in call bout duration and
percent time calling were found in response to tree cricket and
cicada calling, but not for ground cricket and 2 lugubris calling. O.
pumilio significantly decreased call bout duration and percent time
calling during tree cricket broadcasts and postplayback, increased
both parameters significantly. However in response to cicada broad-
casts, O. pumilio calling did not recover as quickly, and therefore
during- and postplayback values did not significantly differ. This
showed that, in the postplayback silence, frogs were still affected by
the stimulus. Cicadas are the loudest known insects (Bennet-Clark
1999), therefore it is reasonable that they would generate a longer
lasting response.

Dominant frequency significantly changed only in response to
playbacks of Phyllobates lugubris calls. Following stimulus playback,
O. pumilio males lowered their dominant frequency on average
(Table 1). The dominant frequency (4.65 kHz) of the P lugubris
call is the closest of all stimuli tested to the average O. pumilio
calling frequency (4.77 kHz). Anurans often use frequency to assess
other males (Davies & Halliday 1978, Wagner 1989). For example,
males of Acris crepitans blanchardi will often lower the dominant fre-
quency of their calls to advertise their (exaggerated) fighting prowess
and to repel intruding males (Wagner 1989). Moreover, males of
Leptodactylus albilabris will shift their dominant calling frequency
to match the frequency of the stimulus as a precursor to aggres-
sive behavior (Lopez ez al. 1988). Similarly, the isolated calls of

TABLE 1. Mean values == SD of the call parameters of O. pumilio in response to playback of experimental stimuli.

Parameter Stimulus Cicada Tree cricket Ground cricket Phyllobates lugubris
Call rate (call notes/s) preplayback 4.01 £ 0.88™ 4.64 £ 0.93*** 4.12 £ 1.08™ 3.97 £ 0.86
During playback 0.70 £ 1.29 1.82+1.73 2.77 £0.73 3.20 £ 1.08
postplayback 3.75 £ 1.72** 4.61+£ 1.64™* 4.47 £1.08* 4.34 £ 0.79**
Call bout duration (s) preplayback 14.01 £ 3.63* 17.23 & 3.14*** 13.01 + 2.35 15.04 £ 3.87
During playback 7.53 £5.79 5.96 & 4.46 10.39 £ 3.13 12.53 £ 5.24
postplayback 12.18 £ 3.94 13.08 £ 5.37* 10.07 £+ 4.83 12.60 £ 4.12
Percent Time calling preplayback 60.37 £ 15.64* 74.26 £ 13.54*** 56.07 £ 10.14 64.82 £ 16.69
During playback 32.46 £ 24.94 2571+ 19.24 4479 £ 1351 54.01 + 22.61
postplayback 52.52 4+ 16.93 56.41 &+ 23.16* 43.40 +20.80 54.33 £ 17.76
Dominant frequency (kHz) preplayback 474+0.19 4.80 £ 0.15 4.64 +£0.76 490 +£0.18
postplayback 4.75£0.19 4.69 +0.22 4.72£0.31 4.84 £0.17*
First-call latency (s) preplayback 26.82 +2.32 27.44 + 3.73 26.40 £ 8.97 27.32 +3.93
postplayback 22.89 +7.38 19.64 + 7.04* 17.31 + 9.83 19.76 £ 5.95*

For call rate, call bout duration and percent time calling, measurements were taken for prestimulus playback, during stimulus playback and poststimulus playback

periods. We were unable to measure dominant frequency and first-call latency during stimulus playbacks, therefore only pre- and postplayback values were analyzed.

For call rate, call bout duration and percent time calling, asterisks indicate the level of significance difference between pre-/postplayback periods and during playback

periods, and for dominant frequency and first call latency, asterisks indicate the level of significance difference between pre- and postplayback periods (*P < 0.05;

P < 0.01; %P < 0.001).



P lugubris closely resemble those of O. pumilio and could there-
fore be considered a potent acoustic masker for O. pumilio calls.
However, since interspecific aggressive interactions have not been
reported in dendrobatid frogs, O. pumilio males may be engaging
in deliberate masking of P lugubris’s calls, a behavior similar to that
reported from males of the Central American hylid, Smilisca sila
(Ryan 1986).

First-call latency was found to significantly decrease after play-
backs of P lugubris and tree cricket calls (Table 1), two species
sympatric with O. pumilio. Since P lugubris, tree crickets and O.
pumilio all share the same microhabitat, it is likely that O. pumilio
has habituated to P /ugubris and tree cricket calls and therefore will
more readily vocalize (shorter first call latency) than they would in
response to an unfamiliar call. In contrast, the ground cricket record-
ing was taken from the edge of the rain forest where no O. pumilio
were observed calling. Therefore first-call latency might be expected
to be longer for ground cricket should O. pumilio males require
increased processing time to assess this ‘novel” acoustic stimulus.

A second possible explanation for the observed decrease in
first-call latency is purely mechanistic. The ground cricket calls at
a dominant frequency of 3.27 kHz, which is markedly lower than
that of O. pumilio at 4.77 kHz and thus would be expected to be
a relatively ineffective masker. The anuran auditory system is often
tuned to certain species-specific bands (Capranica & Moffat 1983).
Therefore, not all acoustic frequencies will have the same masking
effect (Wollerman 1999). Neurophysiologically, signals falling at
the edge of the receiver passband exhibit longer response latencies
than those near the center of the passband (Hau and Narins 2004).

Temperature did not significantly affect call rate in response to
any of the stimuli tested. Although call rate has been found to be
highly temperature-dependent (Zweifel 1968, Gerhardt & Huber
2002, Prohl 2003, Prohl e al. 2007), this was not a significant
factor in our study since the temperature variation was minimal
throughout the experimental trials (mean £ SD: 28.4° & 0.2°C).

Snout-vent length did produce significant effects on call rate.
Snout-vent length was significant only for responses to cicada play-
back. Snout-vent length (SVL) has previously been found to be
a nonsignificant factor in determining calling characteristics in O.
pumilio (Prohl 2003, Graves e al. 2005). At present, we can offer no
biological explanation for the effect of SVL on call rate in response
to cicada playback.

Terrestrial frogs such as Oophaga pumilio, which inhabit low-
land wet tropical forests characterized by high levels of background
noise, must contend with both conspecific and heterospecific acous-
tic interference on a day-to-day, minute-to-minute and even second-
to-second basis (Gerhardt & Huber 2002, Wells 2007). Paez et al.
(1993) were the first to document a case of heterospecific acoustic
interference on frog calling from a non-anuran species. Our study
was able to confirm their findings and expand them to include
the effects of other co-occurring species. Furthermore, we found
that O. pumilio is able to selectively alter particular call parame-
ters to differentially respond to stimuli. The study of non-anuran
acoustic interference on anuran vocalizations is relatively novel. Call
rate, call bout duration, percent time calling, dominant frequency,
and first-call latency are just a few of the many parameters that
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could be examined to characterize this phenomenon more closely.
In O. pumilio males, call suppression resulted when the interfer-
ing stimulus lasted for 50 percent of the mean spontaneous call
length. Eleutherodactylus coqui and E. portoricensis males have been
shown to suppress vocalizations during interfering tone bursts as
well, however when the length of the tone burst was increased, a
decrease in suppression was observed (Zelick & Narins 1983). It
would be interesting to compare the response of O. pumilio males
to experimental stimuli of increasing durations.

Lastly, one of the inevitable consequences of increasing defor-
estation and human development in Central America is higher levels
of anthropogenic noise-potential competition for a wide variety of
acoustically communicating organisms. We believe that a fruitful
field for future bioacoustics research should include the study of the
effects of anthropogenic noise on New World amphibians.
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