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Studies on Death of Fish Caused by Red Tide

Toshihiko MaTsusaTo « Hiroshi KoBayASHI*

In order to clarify the mechanism of the death of marine fish caused by natural red tide, the
influences of the red tide on the red sea bream, Chrysophrys major, and the cultured yellow tail,
Seriola quinqueradiata, were experimentally investigated in the use of the cultured marine plankton,
Hemieutreptia antigua Hapa (Order Euglenoida), as natural red tide sea water. The plankton was
cultured in large quantities by using the medium of SWM-III, under about 6,000 lux illumination
and in the constant temperature room of 20°C.

In spite of an environmental characteristic that the sea water of this plankton was nearly sat-
urated with oxygen, most of the bream started to die at the density above 2,700 cells/ml when the
bream was thrown in the red tide of pH 8.3. In this case the death of the bream seems to be relat-
ed with the number of the plankton and pH of the red tide, while there was no influence on the
bream in the filtrate from the red tide and the surface part of the decayed and decomposed red tide.

Breathing rate, heart pulsation rate and the others were also investigated in both the species
affected by the red tide. In particular, the pathological inspection of the branchia was carried
out in the yellow tail, and the transparent viscous substance was found between each gill-fillament.
This substance is distinguished from a lot of mucous fluid secreaﬁ:d after the death and perhaps
prevents the ventilation of water flow. The viscosities of the red tide and its various treatrent
solution were measured by means of Ostward’s viscosity meter and showed no remarkable differ-
ence from that of normal sea water.

When the red tide was filtered through the silk net with the opening of 95 micron, the filtration
rate decreased with the lapse of the time and the rate was related with pH of the red tide. And
the opening was observed to be plugged by the red tide blooms or the transparent viscous substance.

On the other hand, the filtrate from the red tide and its various treatment solution were injected
into the abdominal cavity of the bream as well as into the blood vessel through the cannula of
dorsal artery in the yellow tail. Any injected material did not kill the fishes at least within 48
hours.

The blood gas contents of both artery and venous blood were investigated in the yellow tail
suffering from the anoxia to be compared with those from the red tide. ~Artery blood sampling was
taken from the cannula of the dorsal artery and venous one directly from the heart. Under the
usual anoxic anoxia, it was considered that a process of asphyxiation occurs in the dissolved
oxygen concentration below about 1.7 ml/L. And the surfacing phenomena were not seen at
the concentration above 2.0 ml/L.

When the yellow tail began to swim madly about in the red tide, the dissolved oxygen in the
environment was still above 5 ml/L, and the artery blood oxygen content of the fish was 5 to 6
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Vol.9, though it decreased with the lapse of the time. In this case, however, the oxygen level
of the blood gas content just before the death was similar to that of the usual asphyxiation.

In the aquatic respiration of the yellow tail, the oxygen utilization and the ventilation volumé
were measured. Under the influence of the red tide, the utilization decreased remarkably in
comparison with the same ventilation volume in normal sea water, although the ventilation vol-
ume decreased before the death, too. Moreover, the respiratory characteristics of the blood
were also investigated in the yellow tail affected by the red tide as shown in Fig. 16, in which the
blood has a tendency to be condensed.

From these results mentioned above, the cause of the death of the fish attributed to the red
tide of Hemieutreptia antiqua HADA seems to be based on asphyxiation which is brought about by
the interception of the ventilation water in the branchial owing to the red tide blooms.
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Fig. 1. Relation between plankton number and
pH of sea water with the red tide bloom,
in reference to living of red sea bream.

Each circle represents one individual, and
filled circle, death; open circle, living;
open circle with cross, lie down and
breathing. Control shows the results in

the experiments without the bloom.
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Fig. 3. Change in breathing rate of red sea bream, in the experiments that the breams are thrown in
the red tide of various pH conditions. Filled circles indicate the experiment in which no fish died;
crosses, all fishes died; open circles, control experiment without the bloom. Plankton number is
the range of 3000 to 4500 cells per ml.
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Table 1. Response of red sea bream to the red tide and its various kinds of the treat-
ment solution.

Ltem Plankton number, x 10* | Breathing rate | Response to | No. of
(cells/ml) (No./min) stimulus dead fish
1. Filtrate from the red tide 1.6 145 exist always 0
(before the treatment)
2. Surface part of the de- 3.0 135 ditto 0
cayed and decomposed (before the treatment)
red tide
3. The red tide 2.9 155 disappear 2
gradually
4. ditto 2.3 165 ditto 1
5. ditto 0.4 180 ditto 1
6. Medium for the culture — 145 exist always 0

Notes: pH of the treatment solution, 8.5-8.7
Number of the dead fish is represented regarding one group of three fishes.
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Fig. 4. Diagram illustrating the experimental apparatus for
recording the breathing and heart pulsation rates in the
yellow tail affected by sea water of the red tide bloom.
A, experimental tray; B, kymograph; C, aeration
tube; D, lead for recording of the heart pulsation;
E, lead for the gill movement; T, constant temperature
tank; T, circulating machine to T.
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in the filtrate from the red tide.
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treatment solution.
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DB EMENPIETLTLAZEBELDE R T WES FY) &V OEBRPIZ= L4 EHALT,
FO2~3EBRETIMEOEMNELILLT A, T&AE?&@@H:}’)O#V%M@@T’]%TLLHim
%, THEOBKOMEZFAERBIAD ONEV, HHEIT10.09 2R U CHERBERD 5 LIEEIF
YAy ORERIIL 11.29~10.59 OF L %2 b, FBHL OISR IBRLEZESGTL 12.10 L %D,
MmEHEK (16~20°C, 20%0) O HHERR E RER TV,

2-2 WEIFY LY ORBEEMERLBIZOWT

WEIFY AVORBHE, LYbIJToREER, £ - Eﬁ?rov\ﬂi?frm(oz)@?ﬁﬁbﬁwié
NTW BB Z 3 2 v 22 F Y &Y Hemieutreptia antigua Hapa OFHEL X CHEIZOW T
FESY, ZI? OWMENS L, U ILXBE, 2B VY I N AV EERREREENE Ao
D, BEHBENERHTLE, HEREREELEL CHEOFTCWRYREEL, BFHICHREE, ERSTE
PNELEDZETHD, TROLXERT L HNTIROBERBEI ) 2V EAWTUTOER T : -
2o .

KR FTER L R

pH, 75 v/ F VIBEORE BEBIEE P AvREE—EOA v v 20777 MM (BE
A—TF=vy 9Be) ERWT, FRPHROE, REOEMAL EEHRY L, PR 250ml IR0+ Y
CrEREL, BER3em 077 v AMMERD, 250ml OOoEAEKRYE LTF®BL, zhzh
DOFBICEST LM EHE Lz, pH ORBRBEBRL L UIKEBLF M) v 2 2B wiz, KiRE18~19°C I
Bote, FARBERTER FRAORKL X CHEBOBEY ORELA L PHMSE T CRE L. WEHKR

1

o
=]

: PH95, 1900 ceis/mi

: PH87, 2750 <®'S/m

: PH§2, 1700 s /m
1 PH82, 2300 S /m1
: PH82, 2750 <®S/mi
: PH80, 2750 c¢Vs/mi
: PH 76, 2450.°¢'s/mi
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_ Time required for the filtration of the tide (second)

0 2 4 6 8 10 12 14 16 18 20
Volume of filtrated water(l)

Fig. 8. Time required for the filtration of the red tide (250ml)
through the silk net with opening 95p. Abscissa indicates
total volume of the red tide through the net.
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B8 IZ—FELTHR Lico 2 FARBRTROMMORBO 8% (Plate I, Figs. 5, 6, 7) TR L7,
PO EBREER S, pH7.5~9.5 o T pH7.6 OF KBRS IEL, pHIS TRAMAPKEDE
THRED bNT, PHIS TH, BHEOELAEHERO YR PRTH Y, FRWORMBKICIEH RS
BOWENEF A bR, ZOREYHEERERB YA MROIOFFTRIEEA EFKROETRAD
bii\v, ThA—pH TRIFPARBODE, whiEH LWRElEKIEE, FRESMETE 50 FAR
BETHOMMBOBETH, FREOELWETOZWHEARBEICEHZMEYEONEOARD LN
B3, FRBOBTIRHELZ», BBEABREEUNEAHENICIVEHE Y ZREL TWI2BE8EL %5,
HHENE R EROBEEZ L Tnd, HEEREF LE LR 2w ERE, ®Ey= ML, &8
Jaf BB 2 BB TR 2, 29, Betiidk (28 60~130z, M 30~40p) H34% %l
WD Y= Meei2Z L (ER20~30p), TOB—HOMEER S UAEERNHMREL, BHAHE
BIHAEREEDEBRT 5 (ERIES0p4) . 20nT, BBV A M BERL, BEXAULREROE
REEEL %5 (ER60~100p)0 T HOBBO—BEKME I (Plate I, Figs. 1,2,3,4) TR L7,

3. WEEL Y & VHRMIZL 5 ABIOBIER O EBRIS R

MR LicBCoOBRR L UELY OKRP L, WHEIF) 2 RHOoATROA EL X U PIRARRE
RonT, ZLIKRHTIDLEND L EEZZUTOERYTE - o

3-1 MEIFY LV RMORBROFEIIONT

EBR1 KEBEIFYLVAREO< X4 BREREAIZL 2AEROTE

HRAT L UEREEI P 2VE, 120ER1 LRALIORAVEY, ZoBGOBBEONTE
SWM—IIIZ & o720 MEEI F Y LY OBBREPE2RRT IS 2L OMBEITAW, WE<44 Ol
EPITEH LT, AOEFRLLHEEETTFE L, R~ 1 XEROMABI L VEREANOEZRKY (1§
R, 75x45x45cem) B L 20°C 0BEEIZEIL LTEnie, FlRIITOBREERKTERL T

Table 2. Characteristics of the red tide and its various kinds of the treatment sol. injected into
abdominal cavity of red sea bream.
Plankton number, X 10? osmotic
Item (before the treatment) pressure | pH Notes
(cells/ml) (A°C)
1. Filtrate from the red 7.5 0.00
tide and dialysed Dialysed by cellulose
membrane and concent-
2. ditto 2.9 0.23 rated by Cefarax
3. ditto 7.0 0.79 8.34
4. Filtrate from the red 7.1 2.04 8.71
tide
5. Three times dilution of 7.1/3 2.04/3
4
6. Filtrateafter crush in 6.3 2.04 8.63 Crush time, 30 min.
mortar Crush rate, 60.3%
7. Filtrate after crush by 2.9 2.04 100V, 100 mA, 1 hr.
super sonic wave Crush rate, 88.89%,
8. Surface part of decayed 7.0 2.04 Allowed to stand in

and decomposed red
tide sol.

dark for 3 days and
18 hrs.

9. Physiological salt sol. 7.20
@
10. ditto (IT) 8.81 Regulated by Tris-

buffer
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Fig. 9. Change in breathing rate of the red sea bream caused by the abdominal injection of the various

treatment solution from the red tide. ‘

Marks are as follows: in (a), the filtrate from the red tide was dialysed against running water;
@, osmotic pressure A\ is 0°C; @, 0.23°C; ©, 0.79°C; O, 2.04 °C; ®, 2.04 x 1/3°C: in (b), O,
the filirate from the red tide affected by super sonic wave; @, the filtrate from the red tide
affected by mortar’s crushing; @, surface part of the decayed and decomposed red tide solution;
X, physiological salt solution of pH 7.2; -, the same solution of pH 8.8.

In each case, the value is represented by percentage against that of normal stage.

A IYRyr—7 4% —HA (045p) @ LCH%L, T
LDEVHEORATE A, HHHK, TOMERGEERLS

TRE LTz, ~EBRRE Y OHRBRE3I~58T, 1R
SEOEST R 0.5ml TH - 7, HHFET & HEMHEL, 3, 5,
24, ABRERMICAR ORI LIEL, FLAORREHE
Lo BESTRTO MRS %Z 100 % & LT, RO RENE
fLER QIR LT THITI MR E LTY) v #H-K
» BridEA LABRKEED, $NTCOERK TRREEE
LAEERTE 5t 1 RFIEICABIC T B¢, 5 IMRICRITITTH
(90[El/52E), H2VRENLYELETHIT LT & 28
bbb, LORBRTRESEOREE, pH, FEITOH
BBEOFS5 7 VREEEYEBABRY L TRBRR EHE
Lic#s, WwIFnoRRX EIAALRELADZAATH,
Fig. 10. Showing the insertion of a can- 1RO S %t~ 7o L LIRIR O — R B R O 1R EE
nula in the dorsal aorta of the yellow S OBEICL Y RE Y, X bIT1400]/4 Bl 10 k%

tail for long-term blood sampling. W RFRAES L Lk EREEEN Do
A, glass plug; B, polyethylene

tube (dia. 1.1 mm); C, needle.

(modified from Smith-Bell, 1964)
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Fig. 11. Relation between venous blood gas content in the
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EREBOMAMICE 24, ThUTIRADL EEMIKBITLI Ldbh b, C0Z LRk, BHEBRRR
22ml/l T TRAFEE, HBA LN, 12ml/] Wik > TEFEMIEE 5 L0 BEA L —BT 5,
% BIEFEBAIARE O Mk Oy B RI6.6~7.7Vol. BHR L, BWIETHOZNIE 27 Vol BUTFTH 7o b
7 CO, EREBATBREROGET L LR CHMT 24, PRYVEFBRER 2/l UTIKE-> TR
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17~20 ml/l #5EC % QMGHHET 5 2 LBRI2E Y A bR b, 27, KO Y BRL O, R
BEBERFERO 3ml/] LHEI N, BROOERLEZET S L, APBEERER L7l CEERRO
—OOBBHIEELIOLELLNL S, ‘

42 WEEX K Y A VFRMFICERG B0 F O MBS 2 &R & FRIRE
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Fig. 13. Circulating apparatus of the red tide set for the purpose of the investigation of breathing and
blood gas content in the yellow tail. A, experimental aquarium; B, polyethylene tube for blood
sampling; C, reservoir of the red tide; D, sea water of the red tide; E, normal sea water;
F, cock for changing the flow; T, T’, constant temperature tank.

Blo Lico BUABRIICE > Th b, ERBATTOMBL &R L CHRERERTOMTNE L,

MEHFHEZLLERARTD 5. TO%, BEREFBERANTREIERERBRE R ICRA, BRI, ©
Ot TE R RGN OFHIERPICERA Lic, BEREBE LoD, Z0ORKISKIE L CHIRIMLO R & R5E
RORMEAT %k 2 7co 3MERIEOVWTHIRM® Op CO, &R, MREE & CBRESHEL & ROV THE,
BELULCBEREHMITR Lice TRIRINEERET R > 3 ARV NOBEIE, RMEkFTRE
HBRRARVRL S50 od, BRLO O, 3RBOBETHB LI IZALNS, T EIT, 4k No. 3



G
21490 E 21490
: 9 o 28
-80S 30 8 ? °
i o L° 8%°
18470 £ o] 184 8 fo) 8 @ %f 8
¥ o o ©®
. 60z -
3 w
S154s0 & ® 15460
Ol 0
z L 2 50!
3
g 12 ’ 12 I
g ]
w
4
L=
3 9 9
£
g
;:: 61 6
L o x
J GS 6@
315 E 315 ®
s Gl | W o o
O .
L A L A A L 1 L Il L 1
0 ) : H { 4:00 ‘5:00, 15:30 ff 6.00 1145"5230 13:00 3:30 400 t4:30 5:00 R
= T £ <7 T o iy T._':-",":'U r-t-“ t: ”l" "- ‘1’ l!: g L"m '1’5':'"
52 5 £ EC g g3 »7z8 Sy £ ,geg 8 wm© £Z £ g8s BE
3 % o« £E B3 5 2 g8 EEgT "% w L3E & S z@ g 32E &%
23 ER e e -~ = E® g3 =% £ BgE & = 8° £ S E - SE
29 : Sw ESE E o= o w ET & ~°g5.f FR¥ 3 2.5 9 g
= 2 g TEE e 5E 5 .. £ EEE:S H D =25 wg 2 =% g
g5  eEE 52 2E Sz g ECEE g o 2 =% 2 ¥S o . E
£ wy DL - o0& £ EEEE % E = g5y Sgf ° E8 5 8
- L I | wE  EE ESe E £FER £ o £ BEEFT sE ¢ po g =
=8l E5 E2 £8 z2 503 £ 2 e % ° =f .EF : £ -
E EE & Ex §E ECw B g2 g ] C L2 EW ] £ £
g8 P23 SE &F 0 |Pi4g% g ¢ Pz s g g £ 3 H
o 2 = = _ Tzs ~ £ E4 =3 = z L=l
adl B % °% T REZi (4 ¢ ¢ 2 o2 07 3
= & = RmeFta 3 = - =
-~ - 7
\ Fish No. 1 / Fish I\'o.ZJ — Fish No.3 "
frinii—r—m—m—— ———e = 14— 17°C . —W——18§ . 2°C N 18T

Fig. 14. TIllustrating the state of breathing and artery blood gas content in yellow tail which was
experimentally affected by the red tide. 4
Marks represent as follows: (O, oxygen content (Vol. %); @, carbon dioxide content (Vol. %) ;
Q, breathing rate (no./min); (], breathing with the coughing @), dissolved oxygen content (ppm);
Boxed numeral indicates the plankton number of the red tide (cells/ml).
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Fig. 15-a. Change in oxygen utilization and the ventilation vloume in
the couse of breathing of the yellow tail, affected by the red tide
bloom. Open circles represent utilization; filled circles, ventila-
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Fig. 15-b. Relation between oxygen utilization and ventilation volume
in breathing of the yellow tail under the influence of the red tide
bloom. Double circle represents the value in normal sea water
just before the red tide affects on the fish; crosses with broken
line, the control experiment in normal sea water. .
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. Respiratory characteristics

80 66 45 33 35 24 13 16 30

of blood of
cultured yellow tail affected experimentally by
the red tide. Marks represent as follows: O
and.- vertical solid line, blood sampling from
Ductus cuvier before beginning of the experi-
ment; @ and broken line, from Ductus cuvier
after the experiment; © and chain line, from
Aorta dorsalis after the experiment. Abscissa;
sample number of the fish (No. C is control),
with together plankton number of the red tide
and mortality time of the fish.. Ordinates;
pO, (mmHg), pH, Ht(%), Hb (g/dl), B.P.
(blood protein content, g/dl), T, (tolerance of
red corpuscle agains't NaCl solution, %) in up
to down order.
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Explanation of plate

Plate 1.

Fig. 1. The normal shape of the red tide plankton, Hemicutreptia antiqua HAaDA.
Fig. 2. The initial stage of the cell releasing the mucous materials.

a: Spherical form without cyst membrane.

b: Mucous materials released from the celll.
Fig. 3. The final stage of the cell releasing the mucous materials.

a: Spherical formed cell.

b: Mucous materials.

Fig. 4. Collapse of the cyst.

Fig. 5. Meshes of silk net beginning to be covered with the transparent mucous.

Fig. 6. Meshes of silk net entirely covered with the mucoidal substances.

Fig. 7. The clot made in the meshes by the cell collapse.

Fig. 8. The transparent mucoidal substance and clot found between gill fillaments in the

yellow tail.
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