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Abstract
Numerous animals across disparate taxa must identify
and locate complex acoustic signals imbedded in multi-
ple overlapping signals and ambient noise. A require-
ment of this task is the ability to group sounds into audi-
tory streams in which sounds are perceived as emanat-
ing from the same source. Although numerous studies
over the past 50 years have examined aspects of audito-
ry grouping in humans, surprisingly few assays have
demonstrated auditory stream formation or the assign-
ment of multicomponent signals to a single source in
non-human animals. In our study, we present evidence
for auditory grouping in female túngara frogs. In contrast
to humans, in which auditory grouping may be facili-
tated by the cues produced when sounds arrive from the
same location, we show that spatial cues play a limited
role in grouping, as females group discrete components
of the species’ complex call over wide angular separa-
tions. Furthermore, we show that once grouped the sep-

arate call components are weighted differently in recog-
nizing and locating the call, so called ‘what’ and ‘where’
decisions, respectively.

Copyright © 2002 S. Karger AG, Basel

Introduction

In considering receiver psychology in animal commu-
nication, Rowe [1999] proposed a continuum for the per-
ception of complex signals and their components. At one
end of the continuum, each signal component is perceived
separately and the receiver’s response to the presentation
of the multicomponent complex is predicted from the
responses to each component presented alone [Narins and
Capranica, 1978]. The other end of the continuum, how-
ever, considers each component as a contributor to a com-
plex, differing from the sum of its parts. In some systems
this compound may be scaled to a dimension such as sig-
nal complexity, which receivers may score when compar-
ing signals. This type of perception is illustrated by receiv-
ers that prefer signal complexity per se [Mounjoy and
Lemon, 1991, 1996] and preferences are correlated to the
number of components composing the complex; these
preferences might result in the evolution of signals that
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Fig. 1. a Spectrogram and oscillogram of a
complete call. b Diagram of the phonotaxis
arena and example of one stimulus condi-
tion. Five speakers at 45° separation were
configured along the perimeter of a 75 cm
radius circle on the floor of a sound chamber.
Stimuli consisted of a whine and/or a chuck
presented together or alone. After release in
the center of the arena, female position and
exit angle were recorded using an infrared
camera and video recorder. For the categori-
cal analysis, because frogs exiting the arena
within 13 cm of the center of a speaker could
still make contact with a speaker-case, all
responses B10° of the center of a particular
speaker were scored as a positive response to
that speaker. c Each point represents the exit
angle (re: whine position) for one female P.
pustulosus presented with a whine or a chuck
alone or in combination with varying spatial
separation. p values are shown for a Fisher
exact test comparing chuck attractiveness
when presented with the whine to that when
presented alone. Chuck amplitude was 6 dB
re: whine amplitude (90 dB SPL).

avoid receiver habituation [Nottebohm, 1972; Krebs,
1976; Searcy, 1992]. In others systems, however, percep-
tual interactions among components can lead to the alert-
ing [Richards, 1981] or amplifying [Vander Meer et al.,
1990] of one component by another. Here, a component’s
behavioral significance may only be perceived if it is part
of the complex [Hölldobler, 1995, 1999].

Whether or not a stimulus is perceived as a complex,
however, is determined by the receiver’s ability to percep-
tually group the components. Although critical to the pro-
cessing of complex stimuli, comparatively little research
has addressed the limitations of this ability in animals,
with most of our understanding drawn from tests with
humans. For example, the ‘cocktail party effect’ refers to
the ability of human listeners to attend to sounds pro-
duced by one source while rejecting interference from oth-
ers [Cherry, 1953]. Inextricably linked to this ability is the
capacity to associate sounds into groups (e.g., auditory
streams) [Bregman, 1990] so that they can be recognized

and assigned to their sources. Although studies of various
animals have shown that complex signal components
from the same source can interact perceptually (and thus
may be processed as a stream) [Ratcliffe and Weisman,
1986; Mac Dougall-Shackleton et al., 1998; Ghazanfar et
al., 2001; Moss and Surlykke, 2001], the spatial limita-
tions on such stream perception and its potential in-
fluence on the behavioral significance of the components
in the complex have not been considered in non-human
taxa. Thus, although non-humans are faced with a similar
perceptual problem as humans, comparatively little is
known about their abilities and limitations in such per-
ceptual tasks [Feng and Ratnam, 2000].

To address this problem, we measured phonotactic
responses to spatially segregated call components in fe-
male túngara frogs (Physalaemus pustulosus). The com-
plex calls of P. pustulosus contain two distinct compo-
nents, the whine and the chuck (fig. 1a), which are com-
monly produced by males in multi-male choruses [Ryan,
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1980]. All calls contain a whine, which is necessary and
sufficient to elicit phonotaxis from females. Although the
chuck alone does not elicit phonotaxis, its addition to the
whine results in a more attractive call than the whine
alone [Ryan, 1980; Ryan and Rand, 1990]. This phono-
tactic preference for the whine and chuck stimulus is
maintained even when the whine alone (i.e., simple call) is
increased in total energy [Ryan and Rand, 1990] or has
the same duration as the complex [Wilczynski et al.,
1999], suggesting that the components are meaningful
perceptual units grouped as a stream. The presentation of
spatially segregated call components allowed us to mea-
sure the spatial requirements for auditory grouping while
simultaneously measuring the behavioral significance of
each component in the complex. Thus, whereas the goal of
previous studies examining multicomponent sexual sig-
nals has been limited to simply identifying the meaningful
units in the complex [Nelson, 1988; Nelson and Croner,
1991; Ghazanfar et al., 2001], we show that phonotaxis in
túngara frogs is uniquely suitable for identifying what
these units mean.

Materials and Methods

Subjects
Prior to testing, females (n = 22) were collected in amplexus in

Gamboa, Panama approximately 3 h after sunset. Because all ani-
mals were returned to the field following the trials, animals were
marked (toe clipped) to prevent retesting on subsequent nights. All
procedures with animal subjects were performed in accordance with
the guidelines established by the Smithsonian Tropical Research
Institute and the University of Texas at Austin Animal Care and Use
Committee.

Experimental Procedure
Phonotactic responses were measured to whines and chucks pre-

sented alone or in combination at various spatial separations (0, 45,
90, 135 and 180°). For each trial, gravid females of P. pustulosus were
placed beneath a plastic cone (10 cm diameter) at the center of a
circular array of 5 speakers on the floor of the sound chamber
(fig. 1b). Following 3 min of exposure to the stimuli, the cone was
removed allowing a subject to move freely. Using an infrared camera,
we (minimum of 3 observers) recorded the position (in 5° intervals)
at which females exited the full perimeter. A positive response was
recorded only if the female crossed the perimeter of the array within
15 min. ‘No-choice’ trials were scored when females (1) failed to
leave the 10 cm center circle in 5 min, (2) remained stationary for
2 min, or (3) remained within the perimeter for 15 min. To ensure
that ‘no-choice’ scores were due to the stimuli and not a lack of
female motivation, females exhibiting consecutive ‘no-choice’ re-
sponses were not tested further. Twenty of 22 females completed the
entire sequence with the individuals tested only once per stimulus
separation angle. At all times during the experiments (i.e., in or out of
the cone), subjects controlled their orientation with respect to the

speakers. All trials were performed within 12 h of sunset under
infrared illumination only. Ambient temperature for all experiments
was 26.5–27.4°C. The experiments were repeated at two different
relative amplitudes of the two components within the natural range
produced by males (chuck:whine = 0 or 6 dB; 90 or 96 dB SPL).
When presented alone, the amplitude of the chuck stimulus was 6 dB
(re: whine amplitude, 90 dB SPL). Although the sequence of stimuli
was presented randomly with respect to spatial position, the se-
quence alternated between stimuli containing high and low relative
amplitude chucks (including the chuck-only condition). Further-
more, the whine-only stimulus was always presented at the end of the
12-stimulus sequence.

We used both categorical and circular analyses to assess the
effects of the whine-chuck complex on chuck attractiveness and
phonotaxis direction, respectively. For the categorical analysis, exit
angles were grouped into one of two categories. The first category
included those responses in which females exited the perimeter by
making contact with the speaker broadcasting the chuck (a 20° arc;
13 cm), and the second category consisted of all other exit angles as
well as those trials exhibiting ‘no choice’ responses (fig. 1b). A Fisher
exact test was used to compare the probability of phonotaxis to
chucks broadcast with the whine to that for the simple broadcast con-
dition (i.e., chuck-only, which served as the null hypothesis).

With respect to circular analyses, the effect of chuck position on
phonotactic direction was analyzed using either a Rayleigh test for
circular uniformity or a V-test, which determines whether responses
are localized at a particular exit angle [Zar, 1999]. Unlike the catego-
rical analysis, these analyses were restricted to trials in which the
females exited the perimeter, excluding ‘no choice’ responses. For
cases in which responses appeared to fall in symmetrical, bimodal
distributions, exit angles were transformed to a unimodal distribu-
tion [Zar, 1999] so that the distribution axis could be determined
using a V-test. Differences in mean exit angles between various
broadcast conditions were analyzed using a Watson-Williams test
[Zar, 1999] with alpha correction (i.e., Bonferroni) for multiple com-
parisons.

Stimuli
We used an average call from one of the sites that yielded some of

the collected females. We analyzed 250 complex calls of 50 males
(five calls per male) and measured 14 acoustic variables of the whine
and chuck. The data were analyzed by multiple dimensional scaling
to reduce the multivariate data to a two-dimensional map. We then
chose the call at the center of the distribution as representing a ‘typi-
cal’ or ‘average’ call for the population. Call period for all stimuli was
2 s.

Stimuli were generated using Signal 16 bit, digital-to-analog con-
verters and software (44.4 Ìs sample period). Stimuli were amplified
using a Pioneer A-105 amplifier and broadcast from either Radio-
shack 4 inch broadband speakers (Cat. # 40-1040) or ADS (L200C)
speakers positioned along the perimeter of a 75 cm radius arc inside
an Acoustic Systems (Austin, Tex., USA) sound chamber (2.75 !
1.83 m) lined with additional anechoic foam along the bottom 0.6 m
of each wall (Sonex, 1.5 inch; NRC 0.8). Prior to each night’s trials,
the peak amplitude of the whine and chuck stimuli were calibrated
using a 500 Hz continuous tone, a GenRad 1982 sound level meter
(Fast, linear weighting) and 0.5 inch microphone placed 3 cm above
the floor of the arena at the center of the arc (grid on, 90° angle of
incidence). All sound pressure levels (dB SPL) are referenced to
20 ÌPa. To reduce any phonotactic bias due to potential speaker vari-
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Table 1. Categorical analysis of chuck attractiveness in simple vs.
complex broadcasts

Angle of chuck
(re: whine)

Attracted
to chuck

Non-chuck
responses

Total Fisher
exact p

Chuck only
Null Ho 4 17 21 –

High Amp
0° 18 3 21 0.00002

45° 11 10 21 0.0258
90° 11 11 22 0.0343

135° 11 9 20 0.0188
180° 7 15 22 0.2720

Low Amp
0° 17 3 21 0.00003

45° 12 9 21 0.0123
90° 4 16 20 0.6220

135° 10 11 21 0.0501
180° 4 18 22 0.6784

Table shows an increased response to the chuck stimulus when
presented with the whine. Columns are the angle of the chuck stimu-
lus (re: the whine position) for the high and low amplitude chuck
conditions, number of individuals attracted to the chuck, number of
non-chuck responses, total responses and p value for the Fisher exact
comparison using the responses to the chuck-only stimulus as the null
hypothesis.

Table 2. Relationship between chuck position and direction of
phonotaxis

Angle of chuck
(re: whine)

n Mean
angle, °

Vector
length, r

p

High Amp
0° 21 6.30 0.946 !0.0005

45° 21 35.04 0.843 !0.0005
90° 22 67.10 0.805 !0.0005

135° 20 101.40 0.429 !0.0025
180° 22 38.90 0.222 10.1

Low Amp
0° 20 1.21 0.991 !0.0005

45° 21 25.85 0.887 !0.0005
90° 20 28.25 0.698 !0.0025

135° 21 67.25 0.413 10.1
180° 22 12.18 0.671 10.25

Whine only, 0° 21 0.64 0.947 !0.0005

Columns are the angle of the chuck stimulus (re: the whine posi-
tion) for the high and low amplitude chuck conditions, number of
individuals exhibiting positive responses, mean exit angle, length of
the mean vector (varies from 0 to 1 and is inversely correlated to the
variance in exit angles), and p value for a V-test for circular uniformi-
ty at the position of the chuck speaker (whine alone is tested at 0°).

ability, we randomly switched speakers between positions along the
array after half of the frogs had been tested and varied the orientation
for each broadcast condition in every trial. The latter also controlled
for potential position effects introduced by the chamber.

Results

As previously shown [Ryan, 1985; Ryan and Rand,
1990] and reconfirmed here, females rarely exhibit phon-
otaxis to a chuck alone (fig. 1c; table 1). Thus, if females
respond to a chuck from one speaker while a whine is
being played from a different speaker, the females are
potentially grouping the whine and the chuck. Phonotaxis
to the spatially separated chuck occurred when it was pre-
sented with the whine over a wide range of separation
angles (fig. 1c). Females were more likely to show phono-
taxis to a chuck when it was closer to a whine and when
the chuck had greater relative amplitude (table 1). When
the chuck’s amplitude was twice that of the whine’s,
attraction to the chuck was maintained over an angular
separation of 135°. When the two components were of

equal amplitude, however, responses to the chuck were
statistically significant only at 45°, although an almost sig-
nificant response was recorded for the 135° separation (ta-
ble 1). Note that because whine-chuck spatial separation
affects the conditional responses to the chuck, the unat-
tractiveness of the chuck-only stimulus can not be the
result of temporal isolation from a whine.

In addition to grouping the complex call components,
females appear to weigh the components differently in
processing call identity and location. Although phonotax-
is is elicited only in the presence of the whine (table 1), its
direction appears to depend on the presence or absence of
a chuck. Whereas exit angles to the chuck-only stimulus
are randomly distributed (Rayleigh test: N = 16, Z = 1.34,
p 1 0.2), exit angles for the complex stimuli are signifi-
cantly localized at the positions of the chuck up to the 135
and 90° separations in the high and low amplitude condi-
tions, respectively (table 2). Furthermore, significant
shifts in mean exit angle were revealed for even the smal-
lest changes in chuck position (e.g., mean exit angle at 45°
separation differs from that at 0°; table 3).

For certain separations in which the chuck is no longer
attractive, the circular analysis suggests that phonotaxis is
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Table 3. Direction of phonotaxis for separated and unseparated calls

Angle of chuck
(re: whine)

n Mean
angle, °

p

High Amp
0° 21 6.30 –

45° 21 35.04 !0.0011*
90° 22 67.10 !0.0001*

135° 20 101.40 !0.0001*
180° 22 38.90 0.372

Low Amp
0° 20 1.21 –

45° 21 25.85 !0.0005*
90° 20 28.25 0.019

135° 21 67.25 !0.0006*
180° 22 12.18 0.595

Whine only, 0° 21 0.64 0.602

Comparison of mean exit angles for spatially separated calls to that
with 0° separation using a Watson-Williams test [Zar, 1999] with alpha
correction for multiple comparisons (· = 0.0125). Note that the mean
exit angle for the whine only stimulus is compared to that for the high
amplitude chuck condition. Asterisks mark significant differences
from the 0° condition.

Table 4. Test for axial and bimodal exit angle distributions

Mean exit
angle
unimodal

Mean
vector, r
unimodal

V-test at 0°, p

bimodal unimodal

180° high 2.05° 0.845 1 0.05 ! 0.0005
180° low 11.00° 0.858 ! 0.0005 ! 0.0005

Unimodal conversion of exit angles for the 180° whine-chuck sep-
arations [Zar, 1999]. Columns are the mean exit angle, vector (cf.
table 2) and p values for a V-test for circular uniformity at 0° before
and after conversion. Significant clumping at 0° after conversion for
the high amplitude conditions suggests that the exit angles are bimo-
dal and axial.

redirected to the whine. For example, at the 180° separa-
tion for the high-amplitude broadcasts exit angles are
more evenly distributed between the whine and chuck
and thus not significantly grouped at the chuck position
(table 2). Conversion of these data to a unimodal distribu-
tion confirms that the data are axial and consistent with a
symmetrical bimodal distribution (table 4). Together, the
categorical and circular analyses show that the whine is
processed for both its identity and location, whereas the
chuck appears to be processed only for location.

Discussion

Perception of a Complex
Both intra- and interspecific background noise may

decrease the ability of female frogs to detect individual
signaling males [Zelick and Narins, 1988]. Consequently
female frogs, similar to humans, appear to make use of
spectral [Ehret and Gerhardt, 1980], temporal and spatial
[Schwartz and Gerhardt, 1989, 1995; Schwartz, 1993]
cues to increase signal-to-noise ratios and improve their
ability to choose among males in a chorus. With regard to
spatial processing, previous studies have primarily ascer-

tained the ability of females to discriminate spatially sep-
arated calls (i.e., pairs of complete calls) or calls and noise
[Schwartz, 1993; Schwartz and Gerhardt, 1995; Woller-
man, 1999]. In designing our study, we originally in-
tended to build on such previous work by trying to find
the maximum spatial separation between a whine and
chuck that would still produce the previously shown
increase in attractiveness of the complex call relative to a
whine alone [Ryan, 1985; Wilczynski et al., 1999]. Al-
though methodologically similar to those studies cited
above, this task has one important difference: rather than
perceptually segregating two complete calls (i.e., from sep-
arate males), P. pustulosus females were asked to group
the temporally and spectrally dissimilar components of a
single complex call. From a comparative point of view,
this perceptual difference is illustrated in humans by their
drastically different spatial limits for auditory grouping
and those for spatial masking and minimal audible angle
[cf. Cherry, 1953; Grantham, 1995; see below]. In prelim-
inary trials, however, we found that in the presence of a
whine, the spatially separated chuck itself became attrac-
tive. Thus, we used this differential response to the indi-
vidual components in the complex to not only measure
the spatial requirements for auditory grouping, but also
simultaneously assess the relative weighting of the two
components in so-called ‘what’ and ‘where’ decisions (i.e.,
recognition and location, respectively).

Our results reveal evidence for both the perceptual
independence of and modulation between the complex
call components in túngara frogs, thus spanning the con-
tinuum proposed by Rowe [1999]. For example, with
respect to their perceptual independence, the different
weights applied to the whine and chuck in recognition and
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location decisions are similar to those demonstrated for
the separate components of the dance language of honey-
bees [Apis mellifera; von Frisch, 1993]. Using a robot bee
to control the stimuli produced in both the wagging and
return runs of the waggle dance, Michelsen and colleagues
showed that waggle direction and duration are weighed
differently by recruited foragers in orientation and dis-
tance decisions, respectively [Michelsen and Andersen,
1989; Michelsen et al., 1992]. Interestingly, although
greater relative weight appears to be applied to the chuck
for location decisions, its attractiveness is modulated by
the presence of a whine, a characteristic of the other end
of the proposed continuum. The conditional response to
the chuck is similar to the perceptual modulation within
multicomponent signals in certain birds and insects. For
example, when presented alone, the introductory compo-
nent in the songs of rufous-sided towhees (Pipilo ery-
throphthalmus) elicits little or no response. In combina-
tion with subsequent song components, however, it ap-
pears to play the role of an alerting stimulus, modulating
the probability of detecting the subsequent components
and leading to a stronger response [Richards, 1981]. An
analogous phenomenon has recently been documented in
katydids. The song of Conocephalus brevipennis has at
least two components, the so called ticks and short buzz.
Although neither component elicits phonotaxis when pre-
sented alone, females are attracted to the short buzz when
given a choice between the two [Guerra and Morris,
2002]. Modulation among signal components is not lim-
ited to the acoustic modality, however. Similar to the
whine’s gating of attraction to the chuck, the chemical sig-
nals used to recruit and orient worker ants (Solenopsis
invicta) to food sources elicit little or no response unless
grouped with a third ‘inducer’ chemical component [Van-
der Meer et al., 1990; Hölldobler, 1995]. In contrast to
these examples, however, the ‘inducer’ component in the
complex call of túngara frogs (i.e., the whine) elicits a
response when presented by itself. Thus, the perceptual
modulation described in our study includes not only a
form of induction, but also a transfer of salience from one
component to another.

Source Determination
Perceptual modulation of the chuck notwithstanding,

the phenomenon of auditory grouping includes assigning
the components of the complex to the same source. Yost
and Sheft [1993] noted that although the phenomenon has
been variously called auditory scene analysis, perception
of auditory entities, auditory object perception or audito-
ry image analysis, the underlying theme is the perception

of individual sources amidst a complex of overlapping
stimuli. It is difficult, however, to measure source deter-
mination of complex stimuli in non-humans and is often
inferred from tests that measure differing responses to
one stimulus complex over another [Mac Dougall-Shack-
leton et al., 1998; Moss and Surlykke, 2001]. This criteri-
on is also consistent with perceptual modulation among
stimuli, and not necessarily the result of assigning compo-
nents of the complex to the same source. While our data
clearly demonstrate different responses to the complex
(i.e., or group) relative to the individual components (ta-
ble 1), evidence for single source determination is re-
vealed by the effect of spatial separation on phonotactic
responses. Although robust to surprisingly wide separa-
tions, the whine’s effect on chuck attractiveness decreases
with increasing separation (tables 1–3), an effect inconsis-
tent with simple perceptual modulation. Thus, similar to
those studies that measure responses to spatially sepa-
rated complete calls [Schwartz and Gerhardt, 1995], our
results are consistent with the responses predicted for sin-
gle source determination.

Studies of the function of sexual signals in any modali-
ty often assume that overlapping signals are processed by
ideal receivers that do not make mistakes when assigning
signals to their senders. Our study, however, reveals that
complex call components in túngara frogs appear to be
assigned to their (i.e., single) source with little use of spa-
tial cues, potentially leading to mistakes during phonotax-
is within a chorus. For example, could male attractiveness
be transferred from one male in a chorus to another?
Although males are known to affect the salience of compe-
titors [Greenfield, 1994], we know of no system in which
‘perceptual satellites’ cause such a transfer. Our results
raise this as a new possibility, however, for the function of
complex call components in systems in which individuals
produce overlapping calls.

Spatial Acuity and Grouping
In behavioral assays, the degree of spatial or direction-

al auditory acuity measured in frogs depends on the type
of assay used. For example, when using the accuracy of
phonotaxis to a single sound source (i.e., head scanning
and jump accuracy) Rheinlaender et al. [1979] measured
spatial acuity on the order of 12° in Hyla cinerea. Such
acuity is consistent with measures of spatially mediated
masking release in this species, as measures of call detec-
tion significantly improve for separations of calls and
noise of 45° [Schwartz and Gerhardt, 1989]. In contrast,
however, larger separations in pairs of calls are required
for frogs to recognize call patterns. In tests more similar to
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the grouping experiments presented in our study, female
H. versicolor appear to require an order of magnitude
greater call separation to perceptually segregate temporal-
ly overlapping calls, as separations of 120° were required
to elicit phonotaxis [Schwartz and Gerhardt, 1995]. Al-
though similar underlying mechanisms might be involved
in these tasks, such different degrees of acuity suggest that
they are the result of different processes. Our study found
that, similar to H. versicolor and humans, P. pustulosus
females also show differences in their spatial capabilities
in auditory grouping and directional tasks, illustrated by
the difference between the large tolerances for spatial sep-
aration in auditory grouping and their ability to localize
(B10° degrees) the speakers in phonotaxis. This similari-
ty notwithstanding, however, further tests are required to
determine whether their spatial acuity is comparably bet-
ter than grouping acuity and thus consistent with the
smaller measures found in other taxa.

Specialized Signal Design
A receiver’s sensitivity can affect signal design. Similar

to the transmission constraints imposed on signals by the
environment, the biophysical limitations of a sensory sys-
tem can determine which signal design is best for trans-
mitting certain information [Bradbury and Vehrencamp,
1998]. With respect to sound localization in humans (and
many other terrestrial animals), broadband sounds are
more accurately located than those with narrow bands as
a result of the ability to compare interaural time and
intensity differences across multiple frequency channels
[i.e., critical bands; Wightman and Kistler, 1993]. Such
differences are due to the effects of the head related trans-
fer function (i.e., the change in sound as it propagates
from ear to ear) on sound propagation, illustrating a phys-
ical constraint on accuracy in localization tasks.
Presently, however, it is unclear whether the chuck’s
favored use in localization decisions is based on its greater
relative bandwidth. For example, in frogs, whether or not
broader band sounds actually stimulate more auditory
channels depends on the frequencies. With respect to the
chuck, the increase in spectrum relative to the whine is
primarily distributed in the sensitivity range of the basilar
papilla, a single channel organ unable to contribute multi-
ple frequency channels for directional comparisons [Ryan
et al., 1990]. Furthermore, even when broader spectrum
calls presumably do stimulate more critical bands, frogs
do not necessarily demonstrate greater accuracy [Rhein-
laender et al., 1979]. Besides having a greater bandwidth
than the whine, the chuck also contains higher frequen-
cies. Although some neurophysiological evidence in other

frogs suggests greater directional sensitivity to higher fre-
quencies [Feng, 1980; Feng and Schellart, 1999; Lin and
Feng, 2001], behavioral assays have not [Rheinlaender et
al., 1979]. Thus, further research is necessary to deter-
mine whether the acoustic characteristics of the chuck
(i.e., broader band and higher frequencies) are processed
with a greater relative degree of directional information
than those of the whine.

Conclusion

Understanding the characteristics of auditory scene
analysis and its underlying mechanisms is considered one
of the ‘biggest challenges’ facing auditory researchers
[Feng and Schellart, 1999; Feng and Ratnam, 2000]. In
animal bioacoustics, part of this challenge is derived from
the lack of available assays that demonstrate stream for-
mation or the assignment of multicomponent signals to a
single source. Thus, our results are important because
they not only show stream formation but also a perceptual
interaction which operationally results in the transfer of
salience from one component in the stream (the whine) to
another (the chuck). Whereas interpretation of the
chuck’s function in previous studies had been to add to
the whine’s attractiveness [Ryan, 1983], a more appro-
priate interpretation might be that the whine bestows sal-
iency on the chuck which is more heavily weighed in
directional phonotactic decisions.
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