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Auditory Frequency Discrimination in Marbled Sole Plexronectes yokohamae*!

Guosheng Zhang*? and Katsuaki Nashimoto*3

Auditory frequency discrimination of marbled sole Plenronectes yokohamae was determined by
measuring the cardiac response of fish exposed to a series of paired tones, one of standard frequency
(Fy) and one of alternating-tone frequency (F,) were combined at 0.2 s intervals. Fish were first
conditioned in a paired tone of different frequency in one octave coupled with an electric shock. Fish
could discriminate frequencies between 100 and 300 Hz, but not frequencies of 400 Hz and above.
Frequency discrimination limens ((|F,—F;|/F;) x100(%)) were approximately 30% at 100-200

Hz and 35% at 300 Hz in standard frequency.
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Fig. 1. Waveform of a pure-tone stimulus.
F,, standard frequency; F,, alternating-tone
frequency.
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Fig. 2. Conditioning method.

(1) Top trace, F; and F, pure tones of
equal frequency; Middle trace, F, pure tone fre-
quency twice that of F;; Bottom trace, electric
shock.

(2) Top trace, Fy and F, pure tones of
equal frequency; Middle trace, F, pure tone fre-
quency half that of Fy; Bottom trace, electric
shock.
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Fig. 3. Traces showing how the auditory frequen-
cy discrimination of marbled sole were meas-
ured for increasing (upper trace) and decreas-
ing (lower trace) F, frequencies.
(1) F,=F,.
(2) F,=<F,.
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Fig. 4. Cardiac responses of fish B6 to pure tones
of a standard frequency of 300 Hz (F,) and al-
ternating-tone frequencies increasing from
150 Hz to 300 Hz (F,).

Bottom trace shows the pure-tone stimuli. Ar-
rows show positive response.
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Fig. 5. Cardiac responses of fish B6 to pure tones
of a standard frequency of 300 Hz (F;) and al-
ternating-tone frequencies decreasing from
300 Hz to 150 Hz (F3).

Bottom trace shows the pure-tone stimuli. Ar-
rows show positive response.
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Table 1. Suppression responses for different F, frequencies in marbled sole at Fy=F,

F,=100Hz Fy=200Hz F,=400 Hz

(Fy—F)/F Fish Fish Fish
Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All Al2 Al13 Al4 Al5 Al6 Al7
(R ST T S N AN N SRS SN AN S B AN S A S B S S B O AR S A
0.00 XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX xXx XX
0.05 X X XX XX XX XX xXx x(O xx xx xXx XX XX Ox Ox Ox xx QOx
0.10 xx xx x(O xx xx xx xO xx xx xOQ Ox xx XX XX XX XX XX
0.15 xx xx xx Ox xx Ox Xx XX XX XX XX XX x x OO0 xx xx XX
0.20 OO0 xx xx xx XX XX XX Xx XX X X X X XX XX XX XX XX XX
0.25 x(O xx Ox xx xx X xx xXx XX Ox OO0 xO xx xO Ox xx OO
0.30 00 OO0 xO xx xx OO xx OO Ox xO 00 Ox xx xx xx Ox Ox
035 OO0 xO OO0 00 OO0 00 00 Ox xx 00 00 xx 00 xO xx xQ xx
040 OO OO OO 00 00 OO0 OO0 00 OO0 OO OO OO xx xO xx xx XX
045 OO OO0 OO OO0 OO0 00 00 00 OO OO0 00 OO QO xx xx xO xO
050 OO OO OO OO 00 00 OO0 00 OO 00 OO OO OO xx Ox xO xx
100 OO0 00 OO0 OO OO 00 0O OO OO OO0 00 00 x0O 00 xx xO OX

F,, standard frequency; F,, alternating frequency.

Arrows shows sequence of determination. 1, increasing; |, decreasing.

O, positive response; X, negative response.
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Table 2. Suppression responses for different F, frequencies in marbled sole at F,=F
F;=200Hz F,=300Hz
(FZ_FI) /Fl Fish Fish
Bl B2 B3 B4 B5 B6 B7 B8
ol Vot T 1 T o 1 V.
0.00 X X X X X X X X X X X X X X X X
—0.05 X X X X X X X X X X X X X X X X
—0.10 X X X X X X X X X X X X X X X X
—0.15 O O X X X X X X X X X X X X X X
—0.20 O x X X O x O O x O X X O x X X
—0.25 O O O O X X X X MY X X X X X X
—0.30 O O O O X X O O O O O O O x x O
—0.35 O O O O O O O O O O O O O x O 0O
—0.40 O O o O oo OO0 O O O O O O o O
—0.45 O O O O O O O O O O O O O O O O
—0.50 O O O O O O O O O O O O O O O O
F, standard frequency; F;, alternating frequency.
Arrows shows sequence of determination. 1, increasing; |, decreasing.
O, positive response; X, negative response.
Table 3. Frequency discrimination limens (FDL) of marbled sole
Standard frequency (F,)
100 Hz 200 Hz 200 Hz 300 Hz 400 Hz
F,=zF; F,=F, F,=F, F,=F, F,zF,
Mean difference (4F) 31Hz 54 Hz 68 Hz 105 Hz —
Standard deviation +5.8 +15.2 +11.7 +15.0 —
Range 20~35Hz 30~70 Hz 50~80 Hz 90~120 Hz
Number of determinations 6 5 6 3 5
Mean FDL ((4F/F,) x 100) 31 27 34 35 —

F,, alternating frequency.
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