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Fig. 1{a) Relation between injury degree and
ratio of the seriously damaged to
slightly damaged fish.
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Fig. 1{b) Relation between injury degree and
ratio of the secriously damaged to
slightly damaged fish.
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Table 1 Number of the slightly damaged and seriously damaged
fish in the injury degrees of carp

B - Number of Number of
: Injury Number A 0
Number of fiish Organ slightly seriously
degree of fish damaged fish damaged fish

0 21 21 0
1 456 382 74

Liver
2 48 18 30
3 8 0 8
0 488 421 67
1 — — —

Heart
2 - _— —_
3 45 0 45

533
0 229 200 29
1 156 145 11
Air bladder

2 77 63 14
3 7 13 58
0 71 67 4
1 122 117 5

Kidney
2 221 195 26
3 119 42 ”

Table 2 Number of the slightly damaged and seriously damaged fish
in the injury degrees of sea bream (8 months old)

Injury Number Number of Number of
Number of fish Organ degree of fish ﬂlgnl:!tézd feh fiigg;gg
0 20 18 2
L 1 13 84 29
ver 2 21 5 16
3 3 0 3
0 157 107 50
1 — — i
Heart 2

157 3 0 0 0
0 90 80 10

1 35 24
Air bladder’ 2 2 3 ;l)
3 9 0 9
0 122 91 31

1 24 15
Kidney 2 T 1 1(9)
3 0 0 0
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Table 3 Number of the slightly damaged and seriously damaged fish

in the injury degrees of sea bream (2 years old)

. Number of Number of
Injury Number A s
Number of fish Organ slightly seriously
degree of fish damaged fish | damaged fish
0 18 18 0
1 22 16 6
Liver -
2 8 0 8
3 0 0 0
0 45 34 11
1 — — —
Heart
2 — — —
3 3 0 3
48
0 24 24 0
1 11 9 2
Air bladder
2 4 1 3
3 9 0 9
0 32 30 2
1 11 2 9
Kidney
2 4 2 2
3 1 0 1
Table 4 Number of the slightly damaged and seriously damaged
fish in the injury degrees of scorpionfish
. ’ Number of Number of
Injury Number h .
Number of fish Organ slightly seriously
degree of fish damaged fish damaged fish
0 3 3 "0 o
L 1 31 19 12
tver 2 14 6 8
3 0 0 0
0 46 28 18
Heart ! — — —
ear 2 — — —
48 3 2 0 2
0 12 12 0
Air bladd - 2 16 8
v Dladder 2 11 0 11
3 1 0 1
0 12 12 B 0
Kid 1 16 9 7
tdney 2 11 6 8
3 6 1 5
—352— IHARBE



BORGARELhEDIR~ 1 2FAC2R, Hvd
2RCHY, WThIHBRE1TH -1,

3.2 EARORE LEABSTO HLBE &L OM
) & ,

Table5 iR ARBETONGEEL S 2 EHE
OFIFIPH LAl & £ FiEBER L, &
3, ZOFRTCIE= L1 02 TaLHL, ‘R O%
EFEL B, WIS WS rREL Ll
DNTF = 2% BEOT, thHTRTOF—-2%F
HLELOY Table5 KRLE, RHEL, <F4D
2X SV TRESHCENE LS BHEOF
— 2 LB Twicvwo e, TebleS o=442F a0
LIS SZEL L DORSMTH B, s,
fRoREZETHO = L& —FE L OHBME#-0
T, EHEOBRIR =R A¥—FBETH Db L &
Table5 %3 2L T, ERD =FA¥—-EWELEN

BRROMNMGEE L OBIRY Fig.2 IKRL%,
KPENEOR X L MOFABETOAMBREEL O
B MMc X > CERAHRDB, RE 2, a4 2
HHLCIE5 2R AHAREABEHEORAMOLEVA,
= L4 CRFREESS L H0RENKE, —
#, RENB- TERO L 5 e fizdtAL T3, £
O 12 EHHEOHE S O+ 5 RO MR
OMMBIEPEVN, 5 &8 HPTFRITNMEBAIREK
FWZLETHB, EDOBDZTIENBEOREIN NS
WIBARFROABRMOBEOLDIRKERK & W
B, EHBEOBWINAEL D ETRLI 2550
HMBRAE LD, #AEHDS 5 1 DROBROPER
HEREDTPEWT L TCH S, Fig.3 ¥RBHE, EN
PoOME M 2 4TI 100~300)/m?, - &4 D YFR
Tit, 8~20]/m?, 2FMTit 40~70]/m?, H4=
Tit 50~100)/m* #HiA %L, [RCMMBK OHB

Table 5 Injury degree of the main internal organs

Injury degree B
Species of fish 5 /I:I',; N.F.** Liver Heart Air bladder Kidney

Mean [S.D.*** Mecan IS.D.*®* Mean S.D.**¥ Mean |S.D.***

- 16.8| 40 | 0.73 | 0.45 | 0.00 | 0,00 | 0.00 | 0.00 | 0.03 | 0.46
30.1| 40 0.95 | 0.22 | 0.00 | 0.00 | 0.20 | 0.41 | 0.47 | 0.5

5.2 40 1.03 |am 0.00 | 0.00 | 0.65 | 0.48 | 1.00 | 0.72

Carp 80.7| 40 -| 1.08 | 0.27 | 0.00 | 0.00 | 1.13 | 0.46 | 1.68 | 0.62

137 40 1.03 | 0.16 | 0.08 | 0.47 | 1.38 | 0.67 | 2.05 | 0.60

267 40 1.03 | 0.16 | 0.08 | 0.47 | 203 | 0.83 | 2.38 | 0.74

325 40 1.18 | 0.39 | 0.68 | 1.27° | 2.28 | 0.85 | 2.23 | 0.48

1.3, 38 |07 | 0.43 | 0.00 | 0.c0 | 0.00 | 0.00 | 0.00 | 0.00

Sen bream | 654 40 0.93 | 0.42 | 0.00 | 0.00 | 0.25 | 0.54 | 0.10 | 0.38
(8 months old) | 995| 39 1.13 | 0.57 | 0.00 | 0.00 | 1.10 | 0.91 | 0.35 | 0.67
46.0| 40 1.28 | 0.55 | 0.00 | 0.00 | 1.48 | 1.00 | 0.55 | 0.75

51.0 5 1.00 | 0.71 | 0.00 | 0.00 [ 1.00 | 1.41 | 0.00 | 0.00

, (:';‘:u’:ez‘l‘;); 703 10 110 | 057 | 030 | 0.95 | 1.20 | 0.92 | .70 | 1.16
203 '8 1.63 | 0.52 | 0.38 | 1.06 | 2.88 | 0.35 | 1.00 | 0.00

233| 16 | 119 | 054 | 000 | 0.00 | 0.63 | 0.50 | 0.81 | 0.98

Scorpionfish 25| 16 119 | 0.54 | 0.38 | 1.03 | 0.88 [, 0.8 | 206 | 0.77
278 16 1.31 | 0.60 | 0.00 | 0.00 | 1.56 |/ 0.63 | 2.00 | 0.82

*E.D.; Energy flux density of pressure wave.

#N.F.; Number of fish.
*#G.D.; Standard deviation
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Table 6 Injury degree of internal organs of fish by the difference
of fish direction against expolsion source.
) Injury degree
Species  |Direction® glfu‘!il;l!)‘er Liver Heart Air bladder Kidney
Mean (S.D.**| Mean [S.D.**| Mean |S.D.**| Mean |S.D.**
Lateral 70 1.09 { 0.28 | 0.00 | 0.00 | 1.24 | 1.07 | 1.56 0.88
Ventral 70 1.07 0.26 0.00 0.00 1.30 0.95 1.84 0.93
Car Head 70 0.90 0.39 0.43 1.06 0.97 1.06 1.21 1.06
Caudal 70 0.94 0.23 0.04 0.36 0.86 0.84 1.10 0.84
Lateral 37 1.27 0.61 0.00 0.00 0.73 0.87 0.16 0.44
Sea brenm Ventral 40 1.23 0.62 0.00 0.00 1.10 1.11 0.65 0.83
(8 months old)| Head 40 |09 |06 | 000 |00 | 053 |08 | 008 | 027
Cauda! 40 0.80 0.41 0.00 0.00 0.45 0.82 0.15 0.43
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Injury degree
Species  |Direction® (l}uall’)‘er Liver Heart Air bladder Kidney
Mean [S.D.**| Mean |S.D.**| Mean {S.D.**| Mcan |S.D.**
Lateral 12 1.75 0.45 0.00 0.00 1.33 0.78 0.92 0.79
Ventral 12 1.17 0.39 0.50 1.17 1.17 0.58 2.17 0.94
Scorpionfish ——--
Head 12 1.00 0.60 0.00 0.00 0.33 0.49 0.83 0.72
Caudal 12 1.00 0.43 0.00 0.00 1.00 0.60 1.25 0.97
*Direction against explosion source.
**Standard deviation.
2 100 ~
2 T 10 Scorpionfioh d
2 s} H
& Cerp T &b
® -
S £ 60 sg60 |
§C 40 &
oz-u §‘é-10 I
€ ??l [-]
9 20 ¢ 2 & 20 b
i i
0 s L N N N N or
10 2 SO 100 200 500 P ;0 150 250 - 5;0
Enopgy flnx density(3/m°) Energy flux dennity (3/n°)
' Fig. 3(t) Relation between percentage of
Sen bream geriouslx damaged fish and energy
5 0 r__o_ 8 montho o1d, p flux density of pressure wave,
" S
§ 8 F ’.'
§ “se®c 2 yagrs old K DBEBBEOLDOF —~ 2 DR MH LD TR
w60 R ¢, Table5 iR LIENMMIHTS bOFTXTEF
B 40 g ¥ L7cffi% Table6 RIRLI, %Dl EHMMO
] o
% a0 | M s RHBEOBLRAK &V b DI HZEM
Eg BAE LTV B,
*% om0 o YofflicsvTh, BRIZBEE,OFETS Ll

5 10 20 % 100
EBnergy flur denaity (J/vsz)

Fig. 3(s) Rclation between percentage of
scriously damaged fish and energy
flux density of pressurc wave.

LT, IENEOBERSHHLREBE, 5
2555 JUHROMAGRABICH ML, ThiH
i & e o CRBRADOIMBIERSIMT I & 2 b »
3. XH12, EHEORXAMMTS L, LEKIT
O BREIRMMT S,

3.3 BEHMOEE

KIEHMZ L » TEATRTONERIECENRRDL
ha, toBREWLMT 57D, Table6 rixfit
SR S D S BEE & ST R BliC i L kil
BLUFOEMBEYRLI s, & CRENE

Vol. 38, No. 8, 1977

OHENHREETD X D AMRF L RBH[HIAL
h3, coBHlE LT, THNS ZL£LHEHTRIE
IThTw5oinb, HENDENELZTH L
DEHEL L > THSERIhS I ERNBELLND, FF
B 5 28 H0HIIRHIHECIMEN HEE L A8
&, HBCRENORELFEIIHLY, BHEok
5 7o 36 Ll Ao @ 2« O MR OBELI RS
B, ok iiE, 24 CROKOSMIABEEL CRE
L@BgieFH Ly, »+ToHARI, FEoHMBA
HES»roZE+5EAKE L, 2ROBNEBI LS
FE+5 LAERAE L BRI %,
KEPENIZ X 5 00 RBERE DML RO TR
HZEBIh, AL THERBLRB, L
B 5 2.8 HREMPNENER IO BT LI
EReB0C, SHhbXANMEE ORI RN

— 355 —



TRLTWS IS5 RRRNBOOIAZN, ot
VTR E SRR YR 2 LERD B,

4. 8B

Rz k- THRER, LR 52855 LUTHRIRK
BEOATDY, KPEHNECID ChoOBERFEL
W R RS I IR E > THRENTH D,
SR PKBENDEREEAYPECERILOE, 5%
£< 5, FEEGCTTHORAMIZE LRV IFFHR
OHRBILR OB, ENEOBMEINKEL LD, 3
izl 3 &5 8L HOFERO MBS QRUIZH
L, ToRRRBAOHRELANT, 36IHGE
paict L do R Wi kg i Tatii i3 TF JoP P (RN
REHMORECR, BHEOMAMIIME» ZET
BEHLL, 5 ELL HLHMTBES NN 652

ELLHXEBLREBLVZETS L O HBELRFEL-
iR SEo KB AV REICHBL TR AR,
o« R oREb Adbhi,

fow, APy, MEBHLV S
RIS AP —BEIE 5 L CRKEFRKEARHE
S 8SREE RS 5. £, BBV
Wi A H P E ARG A BB T B5 BT o A AL RN
+5,

x "
1) MY  EikEREE, 31, 3, p.227 (1942)
2) k2, BAESS, AFE—C: ek
12, (1), p.16 (1961)

3) MIENEK, ELnRL, (PEE—I. THRKE, 37,
p.291 (1976)

A study on injuries to fish due to underwater pressure waves (II)

by Terushige Ogawa*, lkuo Fukuyama* and Seiji Sakaguchi**

Damages caused to the main internal organs of fish due to the underwater pres-
sure resulting from underwater blasting were studied. Freshwater and marine fishes
including carps, sea breams and scorpionfish were used in the pilot scale test.

Since liver, heart, air bladder and kidney are important organs for fish, serious
damages caused to these organs will prove fatal to fish. When pressure waves of
rather low intensity are exerted on a fish, little damages are caused to its heart, air
bladder and kidney, while a slight damage is caused to its liver.

When the intensity of pressure waves exceeds a certain value, a sharp increase
is observed in the degree of damages caused to its kidney and air bladder, with su-
bsequent increase in the percentage of seriously damaged fish, Heart and bones have
higher resistance to pressure waves than other main visceral organs.

In the case of kidney, conspicuous damages are observed when pressure waves
are received from the ventral side. On the other hand, in the case of kidney and
air bladder, rather higher degree of damages are observed when pressure waves are
received from the ventral or lateral side than when they are received from the dircc-

tion head or caudal.

(*Faculty of Engineering, Yokohama National University, 2-31-1, Ooka, Minami

-ku, Yokohama, Japan.

**The Nansei Regional Fisheries Research Laboratory, Maruishi, Oono-cho,

Saeki-gun, Hiroshima, Japan)
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