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STUDIES ON SEA WATER EXCHANGE IN FISH FARM—T

EXCHANGE OF SEA WATER IN FISH FARM
SURROUNDED BY NET

Hitomi SUGIMOTO - Minoru HISAOKA - Kazuhiko NOGAMI
Osamu TAKEUCHI and Masaya SUZUKI

The present work dsals with the exchange of sea -water in the Megishima and leshima
fish farms. ‘

The tidal currents measured by the current meter and current drags in the Megishima
fish farm are shown in Figs.2 and 3. The current veleccity in this fish farm was ouly a
quater of the outsidz of it because of being dacreaszd by the net and embankment resistances
(Fig. 5). The volume of exchanged water calculated from the current velocity during one
tide is given as in Table 2. It is about ten times as large as the volume of fish farm at low
water.

The water qualities at high and low water are shown in Tables 3 and 4. The turbidity
and COD values within the fish farm were larger thaa those of neighborhood. This was
considzred to be due to the bottom mud slirred up by ths strong current of neighborhood
owing to shallow dzpth of the fish farm. But the dissolved oxygen did not indicate any
dzcreasing despite of the incremsnt of turbidity and COD values, because the volume of water
exchanged by tidal current in this farm was very large.

The qualities of bottom mud are shown in Table 5. The ignition loss, sulfide amounts
and oxygen consumption of mud in this fish farm were also larger than those obtained from
the outsidz of it. It is feared that the dissolved oxygen of sea water will decrease, if the
polluted substances of bottom mud increase beyond the present level.

The tidal currents measured by the current mefer and current drags in the Ieshima fish
“farm are shown in Figs. 9 and 10. The current in this fish farm showed decrease in velocity
by the resistance from the net, and the velocity was about a half of that in the outside of it
(Fig. 11). The volums of exchangad water in conz tide as shown in Table 9 is about one
point three times as large as the volume of this fish farm at low water.

The water qualities at high and low water are shown in Tables 10 and 11. The turbidity
and COD values at Sts. 6, 9 and 10 were larger than thosz of the other statioﬁs. The high
values at St. 6 were considered to be derived from the dissolved -substances in food and from

the shortage of exchangsd water, but the causes of their distinct values seen at Sts. 9 and 10
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were unknown.

The qualities of bottom mud are shown in Table 12. The sulfide amounts and oxygen
consumption of mud at Sts. 3 and 6 were larger than the other stations. This was considered
to be caused by the submerged food from St. 6. In coaclusion, the bottom mud of the present
fish farm expect St. 6 is comparatively clean, but it may be suggested that the polluted
substances in bottom mud will be accumulated and their distribution will be broadly extended

with years owing to the incomplete exchange of sea water.
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Megishima

Fig. 1. Depth of sea of the Megishima fish farm from standard.

Table 1. Volume of the Megishma fish farm,
Depth - Dimension Volume ‘ v OES'?rvaﬁonal
2 3 : station
12 o2 16653, 5
23 . 24509 61497.5
3~4 10484 36694
4~5 6417 28876. 5
5~6 - 1366 7513
6~7 602 3913 .
7~8 . 487 3652. 9 g o eéyg}
8~9 ‘ 315 2677.5 5 N % &
9 ~10 176 1672 [ & 2%S55>’ %,
10~11 142 1491 82 ST ¢Q*&Sy
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12~13 167" 2112.5 o
13~14 22 297 . ;Z:
Total 56199 170780 8 sl
2wl
j=
Foo FHEOMEILE L RCR L, FoEBE £ P | |
56,199m?, HHATOABRILIO, 80ms T o | ” ‘ | H[ , ‘ i
5, g eV
£ 18 7)<
| BRBAIKBONR S e

TE R T304 de FITHHE TR LickER
250 M, WG X ATARE S M, Fi Fig. 2. Current by curreat meter at the
T DR DEL OBALH B 4 B LT, .
Ric b s L 5 BRI & LTRRL fish farm.
W I LT %, BRI, BB KIEIC S\ TSl 0. BRSRY, (SIS 4 B 2 |
EEONME CREIFET 1, (SEIEE 2050 2 [E, 3 X UHESPUKE TR EEINRT 1 R, (S
I D 2 BITdh - C, MEEL B DR TSR o b, RROBMAED R OEMIE L 7
5> Twd, COREE L TCRFBAGORMAOMALRRH LT Bcw, TIRCIIPRET S THRiY 4
CB DTk & E L i, WRRHCEREESCH BN S /e 52%, 2 O s LAMITRTE L 105 Ok b &

observational station of the Megishima

4 —



13551
.13

Fig. 3. Current by current dragé in the M‘eg@ishima fish farm:

LTh- THRTHD LV 25, - T —
BRIERI KOS E ' |
P AR IR D R ORFMIAY S (b 88 B VSR

Uteo RICH BN D L 5 BB O HHI LA D 4

U, B AR ORI BA OO % E |

TEFLTW%, HBEENOFRATET12en/secic 3
FF, RE OB L2 BAHORS. Ton/secic S5
LRRRED, BRIGEBOPEHEY & B & i3T

SRR b, Wl B EREE LTk, @

BT TH BT L, BEABOIMUICIETE DR

16:37

BITHBIL, SHICAY) EOEMRENELD T kT Tow y
Na, Aug. 22’64

EEBDEATHE

SRS OWENLINE Lz X 510, FoAEa ik
LEHROMEDEL L 2ieF o ENTE, FOWEE 1
mJE T3 ~12cm/secTH %, —NFZ DWHICH - BRBOR L 390mTH Y, FIAEDL 2~5moif
FAKREE HDH TS EnDAT, B X BB OWAKIEEA TD DL\ 2D,

VW L mBOWER AT, 8 A22E 4 R85 ~161087) 0 1L BRI OWKSIE O ER T o0, B
BB i » THREBNORMER (4FH8~ 9 H205Y) OFEILE SO Hixh L 0. 260flk 5 LT
WOl & Uiz, BIRIC X BYEAKDISHEERGRIC X o T4 1 BRI & 28I B ko kb,

4 HeyE B 3 3] ¥ L7~ 1 B#Fﬂﬁ%b @ﬁ:ﬁ
1%@%0@%%;—(ﬁﬁxﬁ%@?%+§$mﬁ@meﬁ>xéﬁ%@ﬁé(gwm)

F oA OBEEIC X o T U BYERAST R B ES OMBIC 1 BT 2 & OB L CRDI, FHHEOK

Fig. 4. Relation between tide and

observational hours.

— 5 .



l Outside of fish farm Observaticnal station Inside of fish farm.
! :East current West current Eas'currenl West current cﬂ?rmt Wgsu‘rren('
7
16
3 184
& 20
22 e
3 24 =
) —
4
6
8
5 10 — pa— ]
82 = r
5 . — -
18 4 -
20 4
70 60 50 20 30 20 10 0 10 20 30 40 50 60 30 20 10 0 10 20 36 40 50 80 1 0 10 20

Velocity of current

cm/sec

Fig. 5. Velocity of current in the Megishima fish farm.

Tahle 2. Volume of exchange of water of the Megishima fish farm.

Hours X]()lgslge fgfnxlzvater Volume of inflow | Volume of outflow
m3 ma m3
4 :48~6 : Q0 252,218 246,068 241,011
6 :00~7 :00 257,275 322,573 311,334
7 :00~8 :00 268,514 350,059 338, 820
8 :00~9 :00 279,753 220, 650 216,717
9 :00~9 :55 283, 686 78,453 76,968

9 :55~11:00 285,371 : 75,838 82,268 .
11 :00~12: 00 276,941 73,645 93, 314
12 : 00~13 : 00| 257,272 68,219 87,888
13 : 00~14 : 00 237,603 168, 303 187,410
14 : 00~15: 00 218,496 233,790, 247,839
15 : 00~16 : 08 204, 447 224, 459 227,829
16 : 08 201,077 — C—
Total — 2,062,057 2,111,398

%t.6 Str

s

[

Fig. 6. Station numbers of sampling
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Table 5. Properties of bottom mud in the Megishima fish farm.

. . ] Oxygen Value: of the
St. No.| Ignition loss Total sulfide comsumed arithmetic mean*
% mg/g cc/g/l mn
Inside 1 4,96 0.34 0.926 ‘ 0.22
of fish 2 6,89 0.45 0.935 0.10
farm 3 4,96 0.55 0.880 0.27
4 6.29 0.48 0.777 0.70
5 7.82 0.59 1,192 0. 40
. . 0.01 0.196 _
Outside 6 1,42 ° ’ 352 1.73
of fish 7 1.77 .01 . 2.96
8 2.04 0.10 0.305 2.90
farm
9 .92 0.01 0.302 .83

« Cf. The table in the Ecology of Ensis (J. Mar. Biol. Ass. U. K. 1954 33 149)
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BABENDEBEC S HbRNTHELROEAT VB Z ERRLTWS, TibbiiftEit 0.34~0.59me/ g TH
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Table6. Results of culture.

Numbers | Numbers | Numbers | Numbers | Numbers Weight Weight
Date of of of of of of of
seedling | death harvest remnant | missing fish food

9 kg

May. 21~31/64 231, 500 1,984 — — — | 3.19~20.9 11,575.8
Jun. 1~10'64 57,900 3,181 — — — | 2.94~16.6 21,250.0
Jun. 11~20'64 134,200 6,230 — — . — 1 17.0 ~37.5 27.375.0
Jun. 21~30/64 25,400 4,012 — — — | 11.0 ~9%94.0 51,210.0
Jul. 1~10764 — 2,332 — — — — 68,910.0
Jul. 11~2064 — 1,291 — — — —  102,937.5
Jul.  21~31/64 — — — — — —| 158,385.7
Aug. 1~10164 — — — — — —| 167,233.7
Aug. 11~20'64 — — — — — —| 180,540.0
Aug. 21~31'64 — — 12,043 —_ — 400 213,232.5
Sep.  1~10754 — — 9,427 — — 570 309,712.5
Sep. 11~2064 — — 9,762 — — 710 240,738.7
Sep. 21~3064 — — 25,277 — — 800 205,221, 2
Oct. 1~10/64 — — 33,618 — — 940 314,287.5
Oct.  11~20'64 — — 41,679 — — | 1,000 205,991.2
Oct.  21~3! ‘64 R - 38, 532 — — | 1,090 157,848.7
Nov. 1~10/64 — — 24,805 — — | 1,150 114,712.5
Nov. 11~20/64 — — 16,133 — — 1 1,16 97,575.0
Nov. 21~3064 — — 14,914 — — | 1,180 33,750.0
Dec. 1~10764 — — 17,471 — — | 1,220 24,000.0
Dec. 11~20'64 — — 27,107 — — | 1,282 14,625.0
Dec. 21~24 164 — —_ 12,473 — — | 1,221 ,2,462.5
Dec. 25~31 64 — — | 35,678 — — | 1,220 R
Jan. 1~10/65 — — 7,631 — — | 1,180 —
Jan, 11~20765 — — 2,851 — — | 1,100 —
Jan. 21~26765 — — 6,450 10,000 — | 1,100 _
Total 449, 000 19,292 336, 861 10,000 82, 849 — 2,743,575, 0
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REFOEOM = Lk, ZOBRBBOBWCEEH VT TEREEZM AL, WOIXBIRLTHWS, L
LS OB D IR TR B S5 TR\ fen Tk, CODREDIERL 7t » T\
T, CODRRLREmFIOE L ERLT D, Lichs THAZROREWHFEE TS 21T Hh
Y, EEOBR D, KE~OFEIML, BEREREDO T vATEBLALTI 2Bt h i d
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Table 7. Demand and supply of dissolved oxygen in the Megishima fish farm.

Volume | Volume

of of inter - Supply of Oxygen consumption Remains of
Hours fish chaneed dissolved digsolved
farm wateg oxygen Fish Water Mud oxygen
m m cc cc cc ce cc

148~ 6: 000 252.218 251,125 |, 484,148.750 103,130.400| 50,443.000| 2,649.782| 1,327,924, 968
1 00~ 7 : 00| 257.275 332.812| 1,972,828.920| 85,942.000| 51,451.400( 2,208.152| 1,833,227, 368
: 00~ 8:00| 268.514 361.298| 2,135.271.180| 85,942.000! 53,702.800| 2,208.152} 1,993,418.228
: 00~ 9:00| 279.753| 224.583| 1,327,285.530] 85,942.000[ 55,950.600| 2,208,152 1,183,184.778
: 00~ 9:55 283.686] 80.138 473,615.580] 78,780.163] 47,262, 087 2,024.139 345,544,191
: 55~11 : 00| 285.371 75.838| 448,202.580| ©3,103.829] 61,830.379 2,392.156 290,876.216
11:00~12: 00| 276.941 73.645|  435,241.950] 85,942,000 55,388.200| 2,208.152 291,703. 598
12: 00~13: 00| 257,272 68.219] 403,174.290] 85,942,000 51, 454.400| 2,208.152 263, 569.738
13 : 00~14 : 00] 237.603| 168.303| 994,670.730| 85,942.000| 47,520.600| 2,208. 152 858,999.978
14 : 00~15: 00| 218.496 233.790| 1, 856,904.900| 85,942.000 43,699.200] 2,208.152| 1,725,055. 508
15 : 00~16 : 08| 204.447| 224.459( 1,326,552.690| 97,114,460 46,205 022 2,495.211( 1,180,738.057
16 : 08 201. 077

©C VW O N O D

R EERAY

BRSOEBES LUKER

TR OB 2R LA H 8 IR Lie, BRI bs X 5 IR BNAR O MR X63cn, T OBz 58cm
T, JERERC 5 em DI DZEEAERD i, EENERNC X 5 R, HIER UIRRENE 8 K—
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Fig. 8. Depth of the Ieshima fish farm by

echo-sounder.
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Table 8. Volume of the Ieshima fish farm

Depth Depth
by from datum Dimension Volume
sounding level '
m m m?2 m3
0~3 0 ~ 2.42 10,110 12,233 .
3~4 2.42~ 3.42 9, 650 28,294
4~5 . 3.42~ 4.42 12,330 418, 333
5~8 4,42~ 7.42 21,150 125,208 -
L810 7.42~ 9,42 11,970 100,787 -
10~12 9.42~11.42 7,740 80,650
12~13 11.42~12, 42 4,950 59, 004
13~14 12.42~-13. 38 4,920 59, 040
14~15 13.38~14.38 3,750 48,375
15~15.5 14.38~14,83 5,160 75,336
Total 91,770 637,260
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Table 9. Volume of exchange of water of the Ieshima fish farm,

" Hours Tide ' Volume of inflow Voliumei of 6utﬂow Currat veloéity
. ] . -m - m3 S m3 cm/sec
5:58~ 7:00 0.93~0.98 59,815 c o - 55,227 - ‘ 3.2
7:00~ 8:00 0.98~106 60,113 D spi7mel i 0Tl gigE o
8:00~ 9:00 1.06~1.22 61,019 46,'336' ' 3.2
9:00~10:00 1.22~1.38 75,845 ) 61,162 . 3.9
10 : 00~11 : 24 1.38~1.48 108, 664 99, 487 5.5
11 : 24~13-:-00 1.48~1.39 108, 664 116,923 5.5
13:00~14:00 1.39~1.24 107,107 i 120,872 5.5
14 :00~15 = 00 1.24~1.01 125,585 ‘ 146, 692 6.6
15:00~16 : 00 1.01~0.76 190,470 113,412 4.9
16 : 00~17 : 00 |: 0.76~0.59 43,112 58,712 2.4
17 : 00~18:06 | 0. 59~.0: 52 42,602 44,455 2.4
Total 882,996 916, 100

leshima fish farm

Fig. 12. Station numbers of sampling
of water and mud.
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Table 12. Properiies of bottom mud in the Ieshima fish farm (Aug. 26 '64)

Value of the
St. No. Ignition loss Total sulfide Oxygen cosnumed
arithmetic mean
% J mg/g - mg/g/ ! i nm
5 6.38 0.14 0.165 1.76
6 10.00 0. 44 1.139 0.08
Inside of 7 - ) o . _
fish farm 8 4.39 0.09 0.104 .03
9 2.41 0.06 0.089 B T
10 1.83 0.04 0. 051 0.91
Outside of 1 12.00 0.33 0.533 0.21
fish farm 2 11.40 0.18 0.377 0.08
3 11.35 0.22 1.133 0.12
4 11.81 0.3) 0.783 0.10
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