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Biophysical Studies on the Auditory Characteristic of Fish-II
Directional Audibilities in Various Types of Lateral Line

Toshiro Kurok1

In this paper, the author investigated about the relation between a directional
audibility and a lateral line shape of fish. He assumed geometrically the seven types
of lateral line shape on account of easiness for calculation; @)---linear type, (2)---inter-
rupted linear type, 3)---semicircular and linear type, (@---stepped linear type, (5)---paral-
lel type, ®)---horse-mackerel’s (Trachurus’) type, (7)---general type. He assumed, fur-
thermore, the values of biophysical conditions as follows ; propagating velocity of under-
water sound V (=150000 cm/s), transmitting velocity of sensation by sound stimuli on
a lateral nurve v (=2600 cm/s), attenuation constant of under-water sound a*! (=
10-9/10000% - space distance from [st receptor to 2nd one ¢ (cm), length along a lateral line
between the two receptors / (cm), the most suitable (sensible) frequency v (cycle/sec).

Then, he got the values in the Table 1 from the equations—

(by physical condition) ; v = (¥V/270) x cos™! (a*?!),
(by biological codition); /= v/v.

By means of the diagramatic method, shown in Fig. 2, he got the audible directions
in various types of lateral line as Fig. 3, M~@. In these figures, the ranged length
of equi-frequency arcline in dotted zone means the directional angle of audibility for the
frequency sound against the original point (sensorium of fish).

As a result of judging these figures, he concluded as follows:

a) The maximum value of the most sensible frequency is 5200 ~ 8700 c/s, in the
virtical direction.

b) The minimum value of the one is 112~130 c/s in the direction of body axis (a
bit of upward frontally in some types). The stronger sound, however, shall not
be equall to this frequency (, may be lower).

c¢) The directional angle of audibility for 200~300 c/s sound is very broad. This
means that this (200~300 c/s) sound may be serious for fish in these coditions.

d) Among these seven types of lateral line, the directional audibility of semic-ircular
& linear type is the most splendid and broadest; on the other hand, the one of
simple linear type is very poor and narrow.

The author expected that his conclusion might be recognized with biophsical expe-
riments, and he pointed that it was needed to use many knowledges ; for examples, the
actual values of nurvous conditions (refractory period and transmitting velocity of
sensation and etc. in control fish), its influences by water temperature or salinity, the
utility of echoless aquarium, and the methods to pick up an active potential of lateral
nurve under the natural stimulus of sound in water.

*) 1958, RAAKESRAES GHFD M.
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Fig. 1. Seven model types of lateral lines.

@ Linear type (Similar examples)

Oncorhynchus keta (WALBAUM)
O. masu (BREVOORT)

Cyprinus carpio (LINNE)
Carassius carassius ()

@ Interrupted linear tvpe

Miichthys imbricatus
(MATSUBARA)

@ Semi=Circular and linear type

Zenopsis nebulosa
({TEMMINCK & SCHLEGEL)

Xenolepidichthys dalgleishi
(GILCHRIST)

Antigonia capros (Lows)

) Stepped linear type

Abudefduf glducus
(CUVIER & VALENCIENNES)
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(5 Parallel type (Similar examples)

Hexagrammos otakii
(JORDAN & STARKS)

Trachurus trachurus
(LINNE)

@ General type

Chrysophrys major
(TEMMINCK & SCHLEGEL)
etc.
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IBSRENZERL . AU R O —BRARER L FIRACH L GREWIHNERREEEC dem Bio7c R
MG D 2 SRR L N NFE—F 5 B KIS Z 2 LT\ 5y, i (%
EMRECR b 5\ R R U4 5 ) v cfs WERCHE Lz X 5 Yo WErfZefH
B8t % g B AT T B 7.

y=V-cos~i(a*)/2m-8 = esesesens €))
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Jo. Pzt 6= 5cm D4+ O#ipH (better audible range) (% 35~1000¢c/s Gk 5. Ak
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Table 1. Values of v, / and ¢ under the correlative relations.

Best audible ‘ Length between two |  Straight distance Remarks
frequency receptors along between two ( */in ¢ length between a \
| lateral-line receptors receptor and the next one.!
v(cycle/sec.) [ (cm) d (cm) (**Better audible range.
8700 } 0.3+ about  0.003 In the case of Luin*=0.3 cm
5200 ‘ 0.5% 0.009 In the case of /u*=0.5 cm
2000 | 1.3 0.058
o 29 ‘ e When §=0.5, 45~13000 c/s.**
| NS S b IRP 51 RS ™ (B0 = 0 e St | N S ot RO 1000 =10, ~ Cc/8.k*
500 | 52 0.95 ik
300 ‘ 8.7 28 i 9=1.0, 40~8000c/s.%*
250 | 10.4 4.0
200 13.0 ‘ 3% Sk ‘ 0=15.0, 35~1000 c/s.**
150 ‘ 17.3 11.5 5= 100, 30~700 /s
130 | 20,0 15.4 TR 6
Rty cy Ll ipareans - 3=200, 20~450 c/s.%*
110 w 236 215 !
: The limmit of best directional
100 26.0 — \ 26.0 — audibility range by one lateral-
line.

LEiEE (1), (2) MwAERCERT 2 [ L 6 iR T [ > 0 EichuIHmsninade 5 9
DIEGRANCHELE S B O TAFR O EEDFHAN TLX [=0=26cm (= D & & v=100c/s)
X0 DRI A . IR 30em DRI d KSR TR 4R O KA E T

L Sal44 EL 7 1 A R 434 3 f | ’
FIENBEDRER & e D A3 % ik FERAE RS Fig. 2. Illustration of drawing method
Do, about audible angles.

&C Table 1. fIOHfEZH>T, iR
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) RTRE, BRSO TR LR 2 X0 R s0hed, ChBERRN oA Lo
ESNCEAZE LU TR UEKET TH 5. FHiiF TOMBEDIHER MG U TIORENESITE MR
ffkoduty (EGEE UTRHERRD) LD O DIMOWHEBRSFEAST 2 L ARSI 5 Ed D
THDHD.



95

HBIDBE TSI 2 e —10

22l N

I
7

SIi ad4) Jeaurp
pIL pue JIB[RII-Tuag

9ti,
0zl
org |
og1
\..
7 os1
%

ad4y
aeaul] pajdniiajuy




.

P2
p

1%

31
(&

e AL
HEEH

BRI RS

96

ad4}

3dsy  [dpBasg

Ileaui] paddsjg




97

B 2 HE—T

R

w,
L]\JF

4

e o)

LY N

F
R

ad4y

[BI3uay)
Juoxy

S s

)

@ ¢ 84

021

adsy  snanysouy

e




98 HEJLREE K EEREHEEE o5 8 &

FIERI T RE e e (R D 3 B ICH O T U CA X 5. R HALDHHE 2 4 T & D[
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HE b, (FREZB 2 G, BUCHiie v S X ) RAuE FES 2K
Hifdk c/s DK THBUES C LEFICRLCHED Th 5. )
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OHIF T Lo bR e T1~82° Z /o3 LEWRESIRE & D R & U Tl d
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DRI DTN B DT, DT E b AR ETH D T2 5. BEHECORE
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Mz 7 D BRTHH b ORISR % L CTEREBIIET 5 L B o B« 7t 4
e B 5D Th 5.
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Kl L ENICHE M LS R EFEEEL LD TH B, KL
LB ECAL T Froh b %, BIC/FBEROECHHEZ ERINCMIEE A LT %
HEORMBELCFE LR E ThH 5. HILIESHET 1% 45 CAGR O I 2 fHFREE L1745

SRR D LR IUIEEEThH 5.
D R Bk W o T E R AREIKEEER AR BRI OB A KT 5.

82 [N

1) BoK : AAUKEE 25, 2367 &85 (1957).
2) NI BRAETEIE (MREAEREHE), 102% (1956).
3) H. Kleerekoper & E. C. Chagnon : Jour. Fish. Res. Bd. Canada. Vol. 11, No. 2, (1954).

*) ZEAimifiliRD neuron AR pARICTIERBL A (S 2 856, & QI H O GRS B DTN
FOTHHUBD AN TSI N TR S 15T~ & Th 2. (BRSO Z WY 2. )



