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Sound Localization in the Barking Treefrog

G. M. Klump* and H. C. Gerhardt

Division of Biological Sciences, University of Missouri, Columbia, MO 65211,

USA

Quantitative behavioral studies on
sound localization in frogs have
focused on the observation of frogs’
phonotactic approaches towards artifi-
cial sound sources both in the field
(Colostethus nubicula [1], Hyperolius
marmoratus [2]) and under more con-
trolled acoustical conditions in labora-
tory setups (Hyla cinerea [3]). As
Rheinlaender and Klump [4] point out,
these measurements of the accuracy of
sound localization were made in a
closed-loop situation. That is, the frogs
were able to correct their orientation-
or jump-angle during an ongoing pre-
sentation of the sounds. Thus, these ex-
periments cannot provide conclusive
evidence regarding the ability of frogs
to discriminate between different an-
gles of sound incidence, as opposed to
merely being able to lateralize the
sound source. In this study we present

* Present address: Institut fiir Zoologie,
Technische Universitdt Miinchen, Lichten-
bergstr. 4, D-8046 Garching

data on open-loop sound localization in
the barking treefrog (Hyla gratiosa).

Female barking treefrogs were collected
in amplexus from a pond at Skidaway
Island near Savannah, Georgia. Each
was placed at the center of a circular
arena with a diameter of 2 m and a
measuring grid (30° sectors) drawn
onto the floor. The arena was located
in a room with sound-absorbing wedges
on the walls (cutoff 300 Hz) and was lit
by a dim red light. A speaker (Analog-
Digital Systems 200) that was covered
by a thin layer of acoustic foam, which
matched the color of the background of
acoustic wedges, was placed at the edge
of the arena at a distance of 1 m from
the frog. Phonotactic movements were
elicited by a playback of a digitized
natural advertisement call — an analog
recording of a typical call was digitized
(12-bit A/D 50000 samples/s) into the
memory of an AT&T 6300 personal
computer and then recorded onto tape
(TEAC A2340SX) through a 8-bit D/A
converter and low-pass filter (Krohn-
Hite 3200) set to 12500 Hz; this tape
was used in the playback with a TEAC
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A2340SX recorder and a Quad 303 am-
plifier. The playback level was adjusted
to 85 dB SPL (re 0.00002 Pa) at the re-
lease point of the female (General
Radio 1900A sound level meter, C-
weighting, fast RMS).

Females of Hyla gratiosa were espe-
cially suitable for an open-loop mea-
surement of sound localization because
they do not readily move before the
playback of an attractive sound. Prior
to playback, the long axis of the body
of each female was aligned along the 0°
reference line on the arena, and the
speaker was placed at a randomly pre-
chosen position that resulted in sound
incidence angles of between —45° and
+45° (15° steps; negative angles left
from body axis). A single call was then
played back to the frog, and two ob-
servers recorded its movements. If the
frog did not move after the playback of
the first call, then as many as nine addi-
tional calls were played back at a rate
of 15~ !, As soon as the frog oriented or
jumped after the playback of a call, the
playback was terminated and the new
angle between the body axis and the ref-
erence line was measured in 7.5° incre-
ments. Another test with the same frog
was then conducted with a new speaker
position after the frog had been re-
placed in the center of the arena. A trial
was excluded from the analysis if the
female moved prior to or during the
playback of a call. Thus, the results of
the experiments represent open-loop
measurements of the ability of frogs to
localize a sound source.

35



Orientation Angle \-
+

+60°
Source Location

Jump Angle
+60F

N

l. FET Y,

Source Location

4{-60

Fig. 1. a) Mean orientation angle in relation
to angle of sound incidence; b) mean jump
angle in relation to angle of sound incidence

In Fig. 1a we show the mean orienta-
tion angle in relation to the angle of
sound incidence. The straight dotted
line represents the angles expected if the
frogs’ body axis were perfectly aligned
towards the sound source. The distribu-
tion of orientation angles at all speaker
positions except + 15° differed signifi-
cantly from the distribution of orienta-
tion angles at 0° sound source position
(paired Mann-Whitney U-tests,
P, <0.05, after significant Kruskal-
Wallis H-test). Furthermore, orienta-
tion angles were significantly larger at
+45° than they were at +15° (Mann-
Whitney U-test, p, < 0,05), and were
significantly more negative at —45°
than they were at — 15° and —30°. Dis-
tributions of orientation angles did not
differ significantly between speaker
locations at 15° and 30° in either direc-
tion (Mann-Whitney U-test). The mean
direction of jump angles in relation to
the angle of sound incidence (Fig. 1b)
was very similar fo the piot of the mean
orientation angles. However, only at
—45°, +30°, and +45° angle of sound
incidence were the distributions of
jump angles significantly different
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from the distribution of jumps at 0°
(paired Mann-Whitney U-tests,
P, <0.05, after significant Kruskal-
Wallis H-test). Jumps were less ac-
curate than the corresponding orienta-
tion responses (p, < 0.02, Sign test). In
87 cases we were able to record both the
jump angle and the preceding orienta-
tion angle. In 48 % of the observations
there was no difference between the ac-
curacy of jump and orienting response;
in 36 % of the observations the orient-
ing response was more precise than the
jump response, and in 16 % the op-
posite was found. The accuracy was
especially different when the female
frog responded after only one call; in
13 cases the orienting response was
more accurate than the jump whereas
in only 2 cases the opposite was true.
The variances in the distributions of
orienting and jump angles for the var-
ious angles of sound incidence were
large; the average standard deviations
of orienting and jump angles were
21.2° and 24.6°, respectively. Fur-
thermore, the largest variances were in
the frontal range at 0° and + 15° sound
incidence angles. Figure 2 shows the
mean deviation from the expected di-
rection for orienting responses and
jumps (i.e., the absolute values of
orienting and jump errors). In the
frontal range (—15° to +15°) the
orientation error was significantly larg-
er than at more lateral angles (—30° to
—45°, and 30° to 45°, p,<0.05,
paired Mann-Whitney U-tests after sig-
nificant Kruskal-Wallis H-test). There
were no significant differences between
jump errors at the ‘different angles of
sound incidence (p,<0.1, Kruskal-
Wallis H-test). ‘

Our data suggest that the barking
treefrog has the ability to discriminate
between different angles of sound in-
cidence. Only with this ability could the
frogs discriminate 45° from 15° and
30°. If barking treefrogs were only later-
alizing the sound source, then the size
of the orientation and jump angle
should be independent of the angle of
sound incidence once a critical
threshold that allows left-right discri-
minations is reached. Left-right errors
rarely occurred if the sound source was
not in front of the frog at between
—15° and +15°. For all angles of
sound incidence, the resuits show aver-
age orienting and jump angles that
come close to those expected if the
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Fig. 2. a) Mean absolute orientation error
(in degrees) and its standard deviation in re-
lation to angle of sound incidence; b) mean
absolute jump error (in degrees) and its stan-
dard deviation in relation to angle of sound
incidence

frogs oriented precisely towards the
speaker.

Our measurements of orientation er-
rors also suggest that the frogs have a
tendency to turn if the sounds are com-
ing from the frontal range (—15° to
+15°). Thus, when the frog turns the
resulting error will of course be large.
The turning patterns are possibly a
strategy to enhance binaural disparities
if they are low.

Michelsen et al. [5] described direc-
tional patterns in the vibration velocity
and amplitude of the tympanic mem-
brane of a close relative of the barking
treefrog, the green treefrog (Hyla ci-
nerea). They tested awake, unre-
strained treefrogs, and found that there
were no binaural disparities at sound
incidence angles of 0° and 180°, and
the largest binaural amplitude differ-
ence of about 9 dB occurred between
the ears ipsilateral and contralateral to
the sound source at 90° and 270°. Be-
tween 0° and 90° sound incidence angle
the binaural disparity increased mono-
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tonically and evenly. If there were a si-
milar pattern in the barking treefrog,
we would expect it to be able to differ-
entiate between different angles of
sound incidence provided that binaural
disparities in intensity were sufficiently
different. If the frogs are able to detect
changes in binaural intensity differ-
ences of 1 to 2 dB, then this would ac-
count for their ability to discriminate
between angles that differ by 30°.

Furthermore, the pattern described in
the green treefrog predicts that this
ability is not limited to the frontal
range, i.e., to lateralization of the
sound source. Our results suggest that
barking treefrogs can also discriminate
between lateral angles, e.g., between
—30° and —45°. Thus our results on
open-loop sound localization in the
barking treefrog, which suggest the
ability of true angle discrimination, are
consistent with the measurements of
the physical behavior of the pressure-

pressure gradient system described in
frogs (see also the review in [6]). Fur-
ther experiments with barking treefrogs
are required in order to show where the
relevant ports of entry of the airborne
sound lie, i.e., whether only the tym-
pana play a major role in the genera-
tion of binaural signal disparities or
whether additional surfaces (e.g., the
skin over the lungs [7]) play an impor-
tant role. Moreover, we cannot exclude
alternative mechanisms, such as the
coding of the binaural time disparities
in the envelope of the signal, since frogs
may code the phase of a signal up to
frequencies of 900 Hz [8]. Timing in-
formation extracted from binaural
phase differences could also explain
true angle discrimination in the direc-
tional hearing of barking treefrogs.

This study was supporied by a grant
from the National Science Foundation
(grant BNS 8512025 to HCG).

Received October 17, 1988

1. Gerhardt, H. C., Rheinlaender, J.: Na-
turwissenschaften 67, 362 (1980)

2. Passmore, N. 1., et al.: J. Comp. Phy-
siol. 154, 189 (1984)

3. Rheinlaender, J., et al.: ibid. 133, 247
(1979)

4, Rheinlaender, J., Klump, G. M., in: The
Evolution of the Amphibian Auditory
System, p. 297 (B. Fritsch et al., eds.).
New York: Wiley 1988

5. Michelsen, A., et al.:
schaften 73, 682 (1986)

6. Eggermont, J. J., in: The Evolution of
the Amphibian Auditory System, p. 307
(B. Fritsch et al., eds.). New York: Wiley
1988

7. Narins, P. M., Ehret, G., Tautz, J.:
Proc. Nat. Acad. Sci. USA 85, 1508

Naturwissen-

(1988)
8. Narins, P. M., Hillery, C. M., in: Hear-
ing —  Physiological Bases and

Psychophysics, p. 70 (R. Klinke, R. Hart-
mann, eds.). Berlin-Heidelberg-New
York: Springer 1983

Naturwissenschaften 76, 37— 38 (1989) © Springer-Verlag 1989

Effects of Moving Textured Background on Neuronal
Responses in the Toad’s Optic Tectum

H.-j. Tsai*, M. Satou, A. Shiraishi and K. Ueda**
Zoological Institute, Faculty of Science, University of Tokyo, Tokyo 113, Japan

The background is important for visual
motion processing in both humans and
lower animals. Cues derived from the
movements of the background and the
object are essential for the segregation
of the object images, the discrimination
between the real object motion and the
self-induced object motion, and the re-
construction of the three-dimensional
world [1}. In anurans, -behavioral ex-
periments have shown that the exi-
stence of the background is also es-
sential for the animal’s ability to dis-
criminate between the real and self-in-

“Present  address: * Department  of
Biological Science and Biotechnology,
Tsinghua University, Beijin, The People’s
Republic of China; ** Laboratory of Biol-
ogy, Faculty of Home Economics, Kyoritsu
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duced object motion [2]. In motion-
processing areas of higher vertebrates,
such as the pigeon [3], the monkey [4],
and the cat [5], neurons involved in rel-
ative motion processing between the
background and the object have been
reported. In the central nervous system
of anurans, however, few experiments
have been attempted to elucidate neural
bases underlying visual processes such
as mentioned above (see [6]). Aiming at
this goal, we have designed a perimeter
device for this specific purpose, in
which an objéct and a textured back-
ground could be moved independently.
Here, we will report the results of ex-
periments using this device, in which
the textured background was moved
and its effects on neuronal responses in
the toad’s optic tectum were examined.
A part of this study has appeared else-
where in abstract form [7].
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Single units were recorded extracellu-
larly from the optic tectum of para-
lyzed Japanese toads using glass micro-
pipettes filled with 2 % pontamine sky
blue 6BX in 0.5 M Na-acetate. Record-
ings were made after the recovery from
anesthesia under which the surgery for
exposing the optic tectum had been per-
formed. As visual stimuli an 8°x 8°
black square (luminance: 1 cd m~2) at-
tached to a transparent plastic sheet
and a sheet of Julesz’s visual noise pat-
tern [picture element: 0.46°x0.46°;
probability of being white or black:
50%; luminance: 1 cd m~2 (black
part), 11 ¢d m~2? (white part)] posi-
tioned just behind the transparent sheet
were used. The former served as the ob-
ject, whereas the latter served as the
textured background. They were pre-
sented at a distance of 25 cm from the
toad through a circular window
(diameter 83°). The two sheets of stim-
uli comprised two endless belt systems,
which moved independently in hori-
zontal directions, and of which speed
and direction were controlled, using
two DC reversible motors.

A total of 28 tectal neurons having re-
ceptive field size of 8°—35°, which
seemed to belong to the class T5 neu-
rons [8], were analyzed in this study.
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