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On the Mass Mortality of Benthic Animals Occurred
in the Season of Red Water, 1962.

Tsukasa Suroxawa,* Masaru Tarsrsur, ** Shoji Iizuka
and Haruhiko Iriz.

In early September 1952, the flowering of Goniaulax polygramma
broke out in the innermost parts of Omura Bay and consequently, the
discoloration progressed rapidly to the neighboring waters, and at the
end of September, the discoloration attained to the peak covering all
over the Bay, In October, the swarms of microorganisms began gradual-
ly to ruin within Omura Bay and a part of the swarms flowed out
separately to Sasebo Bay and disappeared there.

Around that time, however, a mass mortality of commercial benthic
animals happenad. The amount of damaged ark shells(Anadara brough-
toniz) attained to 2,000 tons (1,700,000 individuals), and the stock of
the other benthic animals, such as sea cucumbers, shrimps and fishes,
was also remarkably decreased. However, the true cause of such a huge
mortality could not have been detected due to insufficiency of surveys.
It is the author’s presumption from the various conditions, that the
death of benthic animals is not directly related with the red water but
with the depression of dissolved oxygen in the environmental waters at
the bottom preceding to the red water.
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Table 1. Oceanographic elements at the time of occurrence
of red water Sept. 28, 1962.

Station Time Bé)g;(t)ﬁn Transp. Temperature (°C) - - Chlorinity (%)
(m) (m) Om  10om__ 18m 0m  10m _ 18m
1 14: 00 21.5 7.0 26.8 25.53 25.47 17.07 17.11 16.98
2 9:30 20.0 5.0 25.7 25.34 25.35 17.08 17.11 17.18
3 12: 40 20.5 4.8 25.9 25.34 25.56 17.13  17.13 17.19
4 11:30 15.0 7.0 26.0 25.66 — 17.13  17.09 —
A 9: 00 21.5 6.8 25.5 25.42 25.44 17.06 17.06 17.25
Station Oxygen (cc/L) pH Visual observation
Om 10m. 18m. Om 10m. 18m.
1 4.72. 431  3.69 8. 60 — 8.59 Normal
2 5.88  4.20 3.73 8.79 —  8.58 Deeply discoloured
3 8.52 4.21  3.80 8.84 —  8.86 Darkly discoloured
4 4.81 4,97 — 8.64 — — Normal
A 4.61  4.41 2.9 8.61 —  8.54 Slightly discoloured
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Table 2. Plankton compositions in the red water

Water sample (cells
Sample Surface( Om)

Plankton Station 1 2 3 4 A
Number of species appeared 8 13 13 16
Goniaulax polygramma 2,200 1,091, 400 18, 900 600 9, 400
Others 14,000 — 1,600 19, 100 15, 300

Diatom

Centrate diatoms 2,300 — — 12, 600 8, 000
Pennate diatoms 11, 400 — — 4,500 5, 800
(Thalassiothrix longissima) (1, 700) () ) (2,200)  (3,300)
Cyanophyta — — — — —
Foraminifera — — — — —
Dinoflagellata
naked flagellates — — — — —
armed flagellates — — 1,600 300 600

Desmoconte — — — — —_

Silicoflagellata — — — 800 300

Tintinnoinea — — — 600 300

Copepoda 300 — — — e

Appendicularia — — — — —

Larval plankton — — — — 300

Eggs of fish and crustacean — — — 300 —

10mE % B I EEIE |y, £12, BRERIZ 2.90~8.55cc/L T, RS HRSEETH
-7z st.3 DEETHRAREZRLUHIT0%OBRAFIREBICS -7z, 56, ASTIE pH $ &
BD 8.8 T, REMEHEIIERLIEK2ECHEYHEETH 2 C L3 HEIIN 3.

TV ARSI Aoy ) VERES OBOKEAL 4 o MEADE MK R 2
Table 2 icR LTz, CDFRLY 7507 b v OHRBEEREE 2 OMBE 2 SBRIC AN,
KBTS v M ORBEEERIE st 2 PR DKL, KOTst.3, 1, 4B5LTAD
MEITZ K s 2 DI U T, EHE (ih) OffaEud st.2 P& %<, KT st. 3, A,
1 BIO4DIEICD L, st A 2BRIFEEFREOMBEEE 77 v 7 b rOHBEEN:
BHOBRERUI. EREETIE, ERERELACRYOLNT, st.d Th3hith
BUDATHS.

HBEEEIL st. 1 PEE D, RWT st A 4,2 DIFIE L, EBEOMHM & 3T
Td - 1.

F v MEARTIX, FHEEEIR st.2 ThILitaAbN DA T, SRINCHEREILIZ
XIS, C OEATCESTEIE Thalassiothrix longissim Tdh - 12,
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BE L TERE T,
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and it’s neighbouring waters; Sept., 1962.

Net sample (cells per liter)
Vertical haul with the Kitahara’s net,
from bottom to surface

per liter) |\
1 2 3 4 A ‘ 1 2 3 4 A

Bottom (18m)

9 17 — 14 13 35 30 28 31 33
— - — 100 — 3,000 74,000 2,000 1,000 3,000
8,200 80,400 — 18,000 10,000 | 1,714,000 1,264,000 749,000 677,000 1,556,000
4,200 47,100 9,000 5,400 | 199,000 57,000 75,000 107,000 211,000
2,000 24,300 4,500 1,700 | 1,467,000 1,175,000 635,000 542,000 1,293,000
(600) (4, 400) (2,500)  (600)| (1,377,000) (1,120,000) (579,000) (486, 000) (1,199,000)
- = - - — - — — 1,000
- = B — — 1,000 — — —
Z
)

A 2,000 2,000 — 1,000 2, 000
2,000 1,700 S 1,100 1,400 18,000 6,000 16,000 5,000 19,000
- - g - = 1,000 — 1,000 - -
— 6,700 B 1,90 300 2,000 — 1,000 — 1,000
- - v 300 — 1,000 — — 2,000
— 300 300 300 14,000 12,000 13,000 12,000 12,000
- = - — - - 2,000 — -
— 300 600 600 6,000 9,000 6,000 9,000 11,000
- = 600 — 5, 000 1,000 — 1,000 4,000

V. %k B ®% B

19624EDFREMWBLEIC T A 12 8B D 5 b7 av H 4 Pinctada martenssi 1To\WT
i, BEPD -T2 E H B0, RETHERZREIZUIBVER b 2 7H 4
4, F=a Stichopus japonicus ¥ & P AT EWHEEDT DN TL, WEOEEL X
K% DFEE 2 B IR /K FER B D AR E & MR & 3~ 7.

)y 7 H H 4

FHFTARKDNWTIE, 7 HH 4 BN SRR (Table3) » 53T 5 &
BRI GREDZED 5N I2iER) 132 OB GREHED &Ntk - 1TER) icHiig
Uy 7AHADNNFEEE L2 5 TNA.

e, 19604 & 1964 % TO 7 7 # 4 BIRD A & OFH LW FERD HBVURIL O 25
ZEBHV, ~VWIEL TS 20 & Bbh 2 FER O EE® & ZE 0B o+ 2 §i%
OEBOEIE 2 ~NNFEHRE U, th®b »Ficbic- TEKEE (Fig. 6) iKkpi.
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MBAELELICEN ROV 2 E L > TIEE L 2.
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Table 3. Number of ark shells caught by the dragnet (Kai-keta-ami).

. Number of Individuals
Species Ttems St.1 St.2 St.3 St.4 St.5

Anadara broughtonii Living 3 0 2 0 4
. New dead-shell* 2 6 5 1 0
T HAA) Old dead-shell** 3.0 0 2 0
Fulvia mutica Living 0 0 0 0 0
. New dead-shell* 0 0 3 1 0
(hV774) Old dead-shell** 12 9 29 1 0
Ostrea denselamellosa Living 0 0 0 1 0
) New dead-shell* 0 0 0 1 0
(587 %) Old dead-shell** 0 0 0 0 0

*: Within a year after death
** . Qver a year after death

Table 4. Yearly change in the amount of stock and
in mortality of the ark shell.

Stock Dead shell | Mortality

Date in number | in number ) Main area invided
Nov. 1960 | 10,281x10% 873x10? 7.8 All over the bay
Sept. 1961 | 18,444x 103 | 3,630 % 108 16. 4 ”
Oct. 1962 | 1,374x10% | 2,129x 108 60. 8 Central part of the Bay
Oct. 1963 | 10,522x10? 706103 6.3 Off Kamedake and near Futajima Is
June 1964 | 23,540x10% | 3,956x10% 14.4 Off Biwanokubi
July 1965 15, 934108 | 2,018 x 108 11.2 All over the Bay

BEER (~NOWFER) RFHE LT (Table 4).

ZThit k5 &, 19620 %k { FED~NVFEHL 6.3~16.4% (EH11.2%) %RU, 13
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D3, WVE 5 5 EOFEHANNWIEELL. 2% 2 LEDTF-EE U XN % 110 549, 6% % FRENC &
AL L, ZORXERIC U TRIZI705ME, BRI LU THR2,000 s s 5.
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Fig. 2. Yearly change in the catch of sea cucumbers and the
number of fishing boat. )
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V19ST4EICIE & 7238 L, BIEB19644E & T 19594E 2 B %1313 600 b v Bl & 72 h ZE L
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Table 5. Yearly change in the amount of important catches

by small trawl net. unit : ton
Year
m\ 1958 1959 1960 1961 1962 1963 1964
Fishes 2344  143.5 139.0 197.0 176.6  218.0  224.0
Squid and Cuttlefish 17,3 187 280 240 171 130  19.1
Octopus 3.3 3.0 8.0 4.0 1.8 11.0 1.7
Shrimp and Prawn 384.2  298.0 374.0 3540 316.8  260.0  274.6
Crabs 2.1 5.4 6.0 1.0 4.2 3.0 2.9
Subtotal 641.3  468.6  555.0  580.0 516.5 505.0  522.3
Shellfish — —  160.0 848.0  78.8  106.0  367.0
Others 234.2 2245  340.0 221.0  243.7  239.0  274.4

Total 875.5 693.1 1,055.0 1,649.0 839.0 850.0 1,163.7

ZCLTEDOHNAERBHRD Table 5 TAZE, TFTF7HHF 4, FvalhiZTEN% D
OPEIICHET % & {TEITIOHN = EREAS19624E1 3940 b AL TV B DA T
Hb. Fiz, METHI62ETH20L Y, 4 WETIHT MBS L NS,

Plbd b, 1962420 2 U8 C SMSEDHMEY Ti3, Fhic = E s R THRER DB
KELHOLDOATVAE L) TH 5.

V. & =
1) FETEEICONWT (Plate BR)

L EOREEEEE Goniaulax polyyramma Th 5.  OFEIC X 3 Rz REET,
FIFIZ 0 ~3m&eRiE e LTSy PRI E Lz, HEOK S SIZRESS~604, i)
38~404 T, BRHIBIEE I MK 1 L4 Y 10° MBIC=E L 2. AR ESRIRO I (i
BT R U CESICB U, EIC R L Btk 3 5 k2R L, 10HBOBE
THEBORELSED b i

FABHO 3 55 b8 1KE HEER (Fig. 4) X mdoBHERIC L1,

*7 BN EBRFHTAN S B L OVKEE, BN EREASEORRE.



BMARKEEERIIAG  H215 (1966) 53

Data after theOmura Branch of Nat. Pearl Res.L.ab.,and the Taiyo
and Nishimura Pearl Farms..
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Fig. 4. Daily change in water temperature and specific gravity in
Omura Bay from August to October, 1962.
The light lines indicate water temperature and the heavy line
shows specific gravity.
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WHI20 b B U, RRIERIZ L D AABMBERSHLMICET LT 2, £1E
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Table 6. Daily precipitation (Pr.) and solar radiation (Rs.) in Nagasaki
and its neighbourhood from July to October, 1962.

Month July Aug. Sept. Oct.
w Rs. Pr. Rs. Pr. Rs. Pr. Rs. Pr.
Day (cal/cm?)| (mm) |(cal/cm?)| (mm) |(cal/cm?)| (mm) |(cal/cm?)| (mm)
1 247 136.1] 240 33.5| 631 — 500 —
2 198 51.0, 443 46.0| 628 —| 542 —
3 230 20.9 244 22.20 191 50.1] 380 2.0
4 137 1.2 562 0.0{ 308 0.0 28 . 65.2
5 157 26.7] 721 —| 573 —| 551 —
6 260 0.1 712 — 612 —| 529 —
7 243 114.0{ 690 —i 537 20.2] 469 —
8 273 2.2 509 0.2 402 0.9 508 0.0
9 580 | 0.0] 468 14.4) 493 - —| 478 0.9
10 709 0.0 50 41.2] 662 — 104 22.8
11 434 0.6| 664 —| 618 20.3] 124 25.8
12 424 1.0, 689 — 326 25.6] 336 —
13 63 12.0f 617 0.0 421 2.4] 476 3.0
14 282 4.1 615 —{ 405 3.2 246 0.0
15 749 33.8] 571 6.1 543 —| 448 0.3
16 120 56.2| 664 19.2] 430 11.6] 484 —
17 598 0.0 624 —| 234 19.5 361 —
18 142 8.3 463 —{ 640 — 459 e
19 255 0.2| 571 —| 586 0.1 411 —
20 462 0.3 606 —| 404 7.4/ 453 —
21 525 3.7 306 31.4] 406 3.9 422 —
22 697 —| 472 0.5 580 — 445 —_
23 694 — 699 10.1) 361 16.2| 472 —
24 479 0.0 544 43.0] 553 — 450 0.0
25 725 —| 384 1.1 519 — 384 0.0
26 644 — 664 —| 582 —| 448 —
27 701 —| 631 — 529 —| 456 —
28 676 —| 515 52.9] 498 8.5 240 —
29 710 — 546 —| 563 —| 424 —
30 721 — 609 —{ 510 —| 403 —
31 627 6.8 639 — 443 —

Data after the Nagasaki Marine Observatory

D, ZOANWFEEIZ19624E L H 1962 D A E L BT hd e 6 i3 3772 i, 19634EH3
BbEL72-TW5a ¢ & (Table 4) 6 & o8+ v o ORNIRER D THVHER (Fig. 5) » 4
&, BEBKETRVII~ZEK & 2 DRERIIMO A & AR, BFEL »FT 5T
BRI TR EREIVFBERETS. LIith- T, 1962F0KERHEL, [LFHIC
BREIC L A2 3D KB LU TEY IRV ELEbN 5.

U LZZTESR, WMEOREREZHET 2L, A4 T, REREHDOIA
8H OBHIR (BRERILIBETS 2.9cc/L Pb) WREFORERZERAD SN 5
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Fig. 6, Section of fishing ground for the stock
survey of the ark shell and distribution
of the dead shell in Omura Bay. The
figures indicate the ratio of the number
of dead shell to the total.
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Explanation of plate

Photograph of Gowniaulax polygramma Sreiy, dominant species in the red water
occurred in autumm, 1962.
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