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Study on Sound Production and Phonotaxis of Some Fishes and Crabs
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Abstract

Underwater sounds of some fishes and crabs were analyzed in the laboratory. The behavioral
responeses to the playback sounds of their feeding and croaking sounds were investigated.

The samples used in the experiment were as follows:

Nibea albiflora, Seriola quinqueradiata, Navodon modestus, Fugu xanthopterus, Chrysophrys major, Scyiia
serrata, Telmessus acutidens, Charybdis japonica, and Portunus trituberculatus.

The feeding and croaking sounds of the samples were recorded by a tape recorder through a
hydrophone in an anechoic aquarium.

The sound intensity level was measured by means of a sound level meter at an anechoic chamber,
The frequency, intensity and wave form of various sounds were analyzed with an analyzing system
consisting of a 14 octave filter set, a high speed level recorder, an amplifier, an octave band
analyzer and an oscilloscope.

The most successful recording was edited into a sequence of sound track which repeats sound
emitting for 5 to 7 seconds after pausing for 5 to 7 seconds.

The sequence was then reproduced into an anechoic aquarium through the underwater
speaker.

The experimental anechoic aquarium used for the sample fishes was divided into the four sections
with any three screens selected from 40X40mm, 60X60mm, 80X80mm and 100X100mm meshes
according to the species of the fishes, besides that for crabs were not sectioned.

The results of the investigation are as follows:

1. Of the feeding sound of fish, the frequency of wave form of the sound produced by Nibea
albiflora and Seriola quinqucradicta was 125~250Hz, that by Navodon modestus 63~125Hz, and that
by Fugi xanthopterus 400~C00Hz.

The pressure level of the feeding sound produced by WNibea albiflera and Seriola quinqueradiata
was 56~62db, that by Navodon modestus 57~59db, and that by Fugu xanthopterus 60~64db.

2. Of the croaking sound of Nibea albiflora, the frequency of the sound was 125~250Hz almost
equivalent to that of feeding sound, and the pressure level was 62~63db, slightly higher than
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that of feeding sound.

I

3. Of the croaking sounds of crabs, the frequency of the sound produced by Scylla serrata was

125~250Hz2, that by Charybdis japonicz and Telmessus acutidens 500~1,000Hz,

trituberculatus 250 ~500Hz.

The pressure level of the croaking sound by Scylle serrata was 68~70db,

Jopanize, Telmesius acuiidens

and that by Portunus

and that by Charybdis

and Portuens trituberculatus 50~62db.

4. Phonotactic responses of Nibea clbiflora and Seriola quinqueradiata to the feeding sounds pro-

duced by their own species, the same body length were conspicuous with the phonotactic index of
56~87%, but that of Nevodon inodestus, Chrysophrys major and Fugu xanthopierus were hardly recognized.

5. Phonotactic responses of the sample fishes to the sinusoidal sound with the frequency range of

50 to 9,000 Hz were observed not conspicuous.

6. Phonotactic responses of Portunus trituberculatus to the croaking sounds produced by their own

species was varied in the range of 40~100%, according to the carapace length and the sex.
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Table 1. Fish used for the acoustic experiment
exp. water  original  body body circum- num-~ code of
species ference
period temp. habitat length depth of body ber group
C) (cm) (em) (cm)
)
Seriola Aug.14 22,0~ Geojedo 20.0~25.0 4.0~5.0 18.0~20.0 2 a*
to 24.0 30.0~34.0 6.0~8.0 23.0~33.0 18 b*
quinqueradiate Sep. 16 35.0~40.0 8.0~10.0 32.0~37.0 12 c*
1976
Oct. 4 17.0~ Geojedo 20.0~25.0 4.0~ 5.0 18.0~22.0 3 A
to 21.0 30.0~34.0 6.0~ 7.5 24.0~33.0 5 B
Nov. 15 35.0~40.0 8.0~11.5 34.0~38.0 15 C
50.0~55.0 12.0~13.0 2 D
Nibea Jun.16 91 o~ Geojedo 28.0~30.0 6.7~7.0 20.0~21.0 16 M
) Aug. 20 22.0 30.0~35.0 8.0~9.0 20.0~22.0 34 N
albifiora 197% 36.0~37.0 9.0~10.0 21.0~25.0 12 0
Neavodon Geojedo 21.0~23.0 7.0~8.0 13.5~17.0 16 P
7 % 24.0~26.0 6.0~9.0 15.0~20.0 36 Q
modestus 27.0~30.0 8.0~9.0 17.0~19.0 18 R
Fugu xanthopierus 7 7 Geojedo 22.0~26.0 3.2~4.0 18.0~21.0 53
Chryso phrys major 7 % % 12.3~25.5 5.2~10.5 11.6~22 20

* The fish fed in the net cage before placed in the aquarium.
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Table 2. Crabs used for the acoustic experiment

& % %

. exp. water original length width of number code of
species . temp. habitat  of carapace group
period carapace
5] (cm) (cm)
Portunus trituberculatus Feb.21 6.5~ Geojedo 4.0~ 5.5 8.5~12.5 11 A(S)
to 17.0 .0~ 5.5 8.5~12.5 10 A(?)
May. 22 5.6~ 6.5 12.6~15.0 12 B(3)
1973 5.6~ 6.5 12,6~15.0 11 B(?)
6.6~ 8.5 15.1~18.5 15 C(8)
6.6~ 8.5 15.1~18.5 11 Cc(®)
May.24 17.0~ Busan 6.6~ 8.5 15.1~18.5 14 C(3)
to 23.0 .6~ 8.5 15.1~18.5 11 C(?)
July. 16
July.11  22.8~ Busan 4.0~ 5.5 8.5~12.5 27 A(S)
ot 24.0 4.0~ 5.5 8.5~12.5 17 A(®)
July. 27 5.6~ 6.51  2.6~15.0 23 B(a)
5.6~ 6.51 2.6~15.0 21 B(¢)
July.28 24.0~ Dadaepo 6.6~ 8.5 15.1~18.5 28 Cc(8)
to 25.5 .6~ 8.5 15.1~18.5 29 C(9)
Aug.7
Charybdis japonica April 24 16.0~ Busan 3.5~ 4.0 5.0~ 6.5 13 D(8s)
to 23.0 3.5~ 4.0 5.0~ 6.5 8 D(?)
July. 19 4.1~ 5.0 6.6~ 8.0 11 E(8)
1973 4.1~ 5.0 6.6~ 8.0 15 E(®)
5.1~ 6.0 8.1~ 9.0 18 F(8)
5.1~ 6.0 8.1~ 9.0 13 F(9)
July. 11
Scylla serrata to 22.8~ Busan - 7.0~13.0 3 H
Aug.7 25.5
Telmessus acutidens 2 2 2 —_ 6.5~12.0 17 I

Table 3. Aquariums used for the acoustic experiment

sort shape

dimension

accommodated

number

animal

purpose

structure and

A concentric inside : 225cm$ X 70cmD fish concrete walled for
fﬁigﬁr outside : 415cm¢ X 70cmD holding of animals
B rectangular 500< 100X 100cm? fish
C rectangular 379X 86 X 60cms crab
rectangular 379X 45X 60cm3 crab
E rectangular 100X 100X 100cm?® fish anechoic walled for
F rectangular 500X 100X 100cm? fish recording and
G rectangular 46 32X29cm3 crab phonotaxis
H rectangular 37945 X 60cm8 crab experiment
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Fig. 1. Wall surface of an anechoic aquarium F
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Fig. 2. Wall surface of an anechoic aquarium H
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experimental type mesh size of screen initial number of fish in each
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) @ ® 1t I i i}
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Nibea albifiora:—(O— : feeding sound
--@--- : croaking sound
Feeding sound of Serivie quingueradicta:
—A- : Sound produced by the fish
which were previcusly kept in
a rearing cage.
--—A-: Sound produced by the fish
which were directly brought
from natural habitat.
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Fig. 9. Variation of phonotactic response

according to the duration of playback
sound of male portunus trituberculatis
of which carapace width is 8.5~12. 5em,
Legends denote the size and sex of the
crabs showed in Table 2, viz. A:A(S),
A:A(9), [:B(8), W:B(2), O:C(8)
®:C(9).
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Fig.11. Relationship between pressure level and frequency of croaking sound of the crabs.
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Fig.12. Three dimensional diagram of sound
preesure level, frequency and the feed-
ing time of Fugu xzanthopterus.
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Table 5. Number of the tested fish remained in each section, 10 minutes after, in
response to playback of feeding and croaking sound, feeding on the
short-necked clain flesh sand analysis of the phpnotactic behavior
with Nibea albiflora, when experimented by P type in table 4

section no. I I [ | N total
number of screen for a fish 0 1 2 3 —
to arrive at section 1 L
initial number of fish in each section 0 2 2 2 5“
kind of sound series of experiment
feeding sound 1 5 @ 0 0 6
2 4 ) 1 0 6
3 5 1 0 0 g
4 3 1,® 0 0
5 5 0 0 (1) 6
6 4 0 1) 1D 0 6
7 5 0 1 0 6
8 5 0 0 (1) 6
9 4 @ @ o 6
10 3 D 1 a 6
11 4 1D 0 0 6
12 6 0 0 0 5
13 4 QD) ¢ 0o 6
14 4 (15 0 @ 6
15 5 1 0 0 6
total 67 12 7 4 90
136 4 1 0 141
m 9.1 0.3 0.1 0 9.4
t 12 12 12 12 12
Pi 75.8 2.5 0.8 0 78.2
croaking sound 1 0 1(1),2 @ 1 @ 6
2 1 (L, @ 2, 0 6
3 1 1, @ 1,® ® 6
4 2 2 1 @ 6
5 0 4, @ 0 0 6
6 1 3, @ 0 )] 6
7 2 2 1, D 0 6
8 3 (1) @ LD 0 6
9 3 3 0 0 6
10 2 1(1),2 O 0 0 6
11 3 0 0 LD, @ 6
12 1 3 1D 0 6
13 3 2 1 0 6
14 4 2 0 0 6
15 3 2 0 1D 6
total 29 41 12 8 90
M 46 40 7 0 93
m 3.1 2.7 0.5 0 6.2
t 12 12 12 12 12
Pi 25.8 22.5 4,2 0 51,7

1. Figures in the circle represent the number of fish remained in original section.

2. Figures in the bracket represent the number of fish returned to the original section, in the
case of fish crnce moved to the section [ or J.

3. M:final number of screen passed by the fish.
m: The mean of number of the screens through which the fish passed.
t : The possible maximum number of the screens through the fish have to pass to the section],
in this case t=12.

Pi: phonotactic iudexz--n%xmo.
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Table 6. Number of the tested fish remained in each section, 10 minutes after, in
response to playback of feeding and croaking sound, feeding on the short-
necked clam flesh and analysis of the phonotactic behavior with Nibea
albiflora, when experimented by Q type of table 4

section no, 1 I | v total
number of screan for a fish 0 1 2 3 _
to arrive at section |
initial number of fish in each section 0 0 0 6 6
kind of sound series of experiment
'feeding sound 1 5 0 0 6
2 4 (D 0 @ 6
3 4 1 (1D 0 6
4 5 0 1 0 6
5 6 0 0 0 6
6 4 2 0 0 6
7 4 i 1 0 6
8 4 1 1 0 6
9 H 0 1D 0 6
10 3 0 0 D 6
total 46 7 5 2 60
M 138 14 5 157
m 15.8 1.4 0.5 15.7
t 18 18 18 18 18
Pi 76.7 7.8 2.8 0 87.2
croaking sound 1 4 0 1 ) 6
2 1 3 1 @ 6
3 2 3 0 @ 6
4 0 3 3 6
5 5 1 0 6
6 3 i 1 @ 6
7 2 2(I> 1, 0 6
8 2 0 2,1 @ 6
9 1 4 0 @D 6
10 1 3 0 2(D 6
total 21 20 11 8 60
M 62 40 11 0 113
m 6.2 4.0 1.1 0 11.3
t 18 18 18 18 18
Pi 34.4 22.2 6.1 0 62.8

Footnotes are sames as in table 5, except t=18.
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Table 7. Number of the tested fish remained in each section, 10 minutes after, in response
to playback of feeding sound, feeding on the short-necked clam flesh and analy-
sis of the phonotactic behavior with Seriola quinqueradiata, when experi-
mented by P type of table 4

section no. 1 . | | I v total
number of screen for a fish 0 1 2 3 _
to arrive at section |
initial number of fish in each section 0 2 2 2 6
specimen series of experiment
a ~¢ 1 4 @ 0 @ 6
2 3 ® ® 0 6
group 3 4 1, @ 0 0 6
4 3 2 @ 0 6
5 3 @D 0 6
6 3 2 @ [
7 3 1 1, @ 0 6
8 5 0 1 0 6
9 H 1 0 0 6
10 3 2, @ 0 0 [
total 36 14 8 2 60
M 63 16 4 0 83
m 6.3 1.6 0.4 0 8.3
t 12 12 12 12 12
Pi 52.5 13.3 3.3 0 69.1
A~D 1 3 1 2 0 6
2 3 1 1 @ 6
group 3 4 @ @ 6
4 4 1 @ 0 6
5 2 1,® @ ® 6
6 2 2 0 @ 6
7 2 L,® Q) ® 6
8 4 0 @ o) 6
9 2 3 [ 0 6
10 3 2 1 0 6
total 29 15 10 6 60
M 43 20 0 67
m 4.3 2.0 0.4 0 6.7
t 12 12 12 12 12
Pi 35.8 16.6 3.3 0 55.8

Footnotes are sames as in table 5, except=12.
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Table 8. Number of the tested fish remained in each section, 10 minutes after, in response
to playback of reeding sound, feeding on the live anchovy and analysis of the
phonotactic behavior with Seriola quingueradiata, when experimented by P type

of table 4
section no. I I I v total
number of screen for a fish ) 0 1 2 3 _
to arrive at section |
initial number of fish in each section 0 2 2 2 6
specimen series of experiment
a ~C- 1 4 0 6
2 5 @ 6
group 3 3 3 0 6
4 4 0 @ ) 6
5 3 0 1,® @ 6
6 5 0 1 0 6
7 4 1 1 0 6
8 4 0 2 0 6
9 4 0 2 0 6
10 5 1 0 0 6
total 41 6 11 2 60
M 69 14 9 0 92
m 6.9 1.4 0.9 0 9.2
t 12 12 12 12 12
Pi 57.5 11.7 7.5 0 76.6
A~D 1 4 1 0 @ 6
2 4 0 2 0 6
group 3 3 @ 2 0 6
4 3 @ 1,0 0 6
5 4 1,@ [ 0 6
6 3 @ @ 0 6
7 2 1, (6] 0 6
3 5 0 @ 0 6
9 3 0 ) @ 6
10 4 @ 0 0 6
total 35 11 12 2 60
M 66 6 5 0 77
m 6.6 0.6 0.5 0 7.7
t 12 12 12 12 12
Pi 55.0 5.0 4.2 0 64.2

Footnotes are sames as in table 5, except t=12,
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Table 9. Number of the tested fish remained in each section, 10 minutes after, in re-
sponse to playback of feeding sound, feeding on the short-necked clam flesh and
analysis of the phonotactic behavior with Navedon modestus, when experimented

by R type of table 4

section no. I | § | v total
mumber of screen for a fish to arrive 0 1 2 3
at section | -
initial number of fish in each section 0 0 0 10 10
series of exp. 1 0 2 1(0),2 20, ® 10
2 1 2 1 (E) ® 10
3 0 1(I),1 HE'D) (I, @ 10
2C1),
4 0 1 1 (@ 10
5 1 2 2 2(f),® 10
6 2 ot #Be 10
7 0 1 2 2(;,® 10
8 0 0 2(I,1 (1)@ 10
9 2 1 2 2(0),® 10
10 0 0 2 2(0),® 10
11 1 0 2(I),1 2(D,® 10
2(HD
12 0 0 3 3([):® 10
13 3 0 1(1),2 2(1),® 10
14 0 2 (1,1 ® 10
total 10 13 30 87 140
M 30 26 31 0 87
m 2.1 1.9 2.2 0 6.2
t 30 30 30 30 30
Pi 7.0 6.3 7.3 0 20.6

Footnotes are sames as in table 5, except t=30.
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Table 10. Analysis of phonotactic response to the croaking sound of portunus trituberculatus

sound
produced A3 B Cs A¢ B? C?
crabs
As total number of crabs involved. 24 16 40 24 40 40
respond number 10 3 36 19 40 34
phonotactic index 41.7 18.7 90.0 79.2 100 85.0
Bs total number of crabs involved 16 16 32 40 24 40
respond number 5 10 20 27 18 30
phonotactic index 3.2 62.5 62.5 67.5 750 650
(o total number of crabs invelved 32 40 24 32 48 32
respond number 4 29 15 15 34 25
phonotactic index 12.5 72.5 62.5 46.1 70.8  78.1
A9 total number of crabs involved 40 32 16 32 32 40
respond number 35 32 7 18 29 39
phonotactic index 87.5 100 43.7 56.2 90.6 97.5
B¢ total number of crabs involved 32 16 32 32 16 32
respond number 30 16 23 21 10 27
phonotactic index 93.7 100 71.1 65.6 62.5 84.4
ce total number of crabs involved 24 72 16 24 56 40
respond number 11 47 11 14 37 34
phonotactic index 45.8 65.3  68.7 58.3  66.1 85.0
A,B and C are refered to the groups in Table 2.
; #‘J 2 [ [ JF N [-) .
. w2719 4489 FAiMe 125~250Hzz

HhA AES PN AEEt ¥449E ¥

48z, 2 43 F KHT 49 EERES RER
stgl ot

1 e AFEEY BHKE AT (Chrysophrys
major)sk w7 = (Navodon modestus)= 63~125Hz
2A da, 7= F(Fugu xanthopterus)L 400~500
HzzA ¥ovl, $27| (Nibea albiflora)st &l
(Seriola quingueradiata) < 289 37k 125~250
Hio) b BA Ao BEY AHEY FEL 5~59
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Photo. 3. Wave form of croaking sound produced by crabs

a:  Portunus trituberculatus. b: Charybdis japonica.
c: Seylla serrata. d:  Telmessus acutidens.
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. 2. Wave form of sound produced by fishes

Background noise in the tape recorder.

Croaking sound of Nibea albiflora,

Feeding sound of Nibea albiflora, feeding on the short-necked clam.
Feeding sound of Seriola quingueradiata, feeding on the live anchovy.
Feeding sound of Seriola quinqueradiata, feeding on the short-necked clam.
Feeding sound of Fugu zanthopterus feeding on the short-necked clam.
Feeding sound of Navodon modestus, feeding on the short-necked clam.
Feeding sound of Chrysophrys mejor feeding on the short-necked clam.
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