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Occurrence of a Heterocapsa circularisquama Red Tide and Subsequent
Damages to Shellfish in Western Hiroshima Bay,
Seto Inland Sea, Japan in 1995

Yukihiko Matsuyama, Atsushi Kimura, Hitoshi Fujii, Haruyoshi Takayama
and Takuji Uchida

A red tide of the harmful dinoflagellate, Heterocapsa circularisquama (Peridiniales, Dinophyceae)
occurred at Ohno Strait of the western part of Hiroshima Bay, Seto Inland Sea, Japan in 1995. This is
the first incidence of a H. circularisquama red tide in the Seto Inland Sea. Daily surveys were carried
out in the center of Ohno Strait in order to clarify the environmental conditions during the red tide and
the impact of H. circularisquama on bivalves mollusks.

H. circularisquama formed a red tide (> 700 cells ml™') from 10 November to 1 December, 1995.
When the cell density of H. circularisquama reached > 2,000 cells ml™, the seawater was discolored to
dark brown (coloration similar to "stained iron" or "cocoa"). Maximum cell density was 9,000 cells
ml! at the Kuba Fishery Harbor. The occurrence of this red tide was restricted to the Ohno Strait
where the water exchange rate is the lowest in Hiroshima Bay. A high cell density of this alga was
observed particularly in the upper layer (0 — 2 m).

Water temperature and salinity during the red tide were 14.7 - 17.8°C and 31.7-32.2 psu, respectively.
Water temperature during this red tide was 8 — 12°C lower than found for other H. circularisquama red
tide in Ago Bay and Fukuoka Bay. Cell density of H. circularisquama gradually decreased when
water temperatures became lower than 15°C. However, dividing cells of H. circularisquama were
observed on 22 December when the water temperature was only 11.8°C.  Due to the low precipitation
in 1995, salinity in Hiroshima Bay during the red tide of H. circularisquama was uniformly high.
Dissolved inorganic nitrogen (DIN) and dissolved inorganic phosphate (DIP) during the red tide were
7.8-12.1 u M and 0.09 - 0.14 u M, respectively. The DIP concentration was relatively low and the
DIN/DIP ratio ranged between 68 — 121.  The number of diatoms was low (< 200 cells mI™!) during the
occurrence of H. circularisquama red tide. It is most likely that the high salinity, high DIN/DIP ratio,
and low density of diatom cells enhanced the development of H. circularisquama. Populations of
grazers such as tintinids and heterotrophic flagellates were low throughout the period of the H.
circularisquama red tide.

The red tide of H. circularisquama in Hiroshima Bay led to mass mortalities in the Pacific oyster
(Crassostrea gigas), short-necked clam (Tapes philippinarum), and blue mussel (Mytilus
galloprovincialis). Economic losses to cultured oyster and short-necked clam were estimated at 325
million yen. Mortality of oyster was observed at 10 — 30% in the red tide area with particularly high
mortalities (50 — 90%) observed in the high cell density area (3,500 — 9,000 cells mI™'). Mortality of
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the blue mussel was observed at 9.5% in the area of 1,000 - 3,000 cells ml™ and 30% in the area of 3,500
—9,000 cells ml-'.  Further, mortality of oysters was higher in the near surface layer (0 — 2 m) than the
bottom layer (> 5 m), which was closely related to the vertical distribution of the H. circularisquama
cells.

Some biological assays on bivalves were conducted using samples of H. circularisquama from the
natural red tide.  Adult oysters died within 48 - 60h and showed vigorous clapping, extreme retraction
of their mantle, and paralysis when exposed to a concentration of 11,200 cells ml™' of H. circularisquama
cells. These refusal behaviors were observed from a concentration of 20 — 50 cells ml™' of H.
circularisquama. Eighty five percent of juvenile mussels died within 4 days showing extreme retraction
of their mantle, low production of byssus, and sustained valve closure when exposed to 10,000 cells ml™!
of natural H. circularisquama cells. The mean clearance rate of oyster and mussel decreased to 1.5%
and 8.8% of normal rates, respectively when exposed to 730 cells ml™ of natural H. circularisquama.

However, reduction of the clearance rate or refusal behaviors were not observed for the filtrate (GF/F) of

H. circularisquama (3,700 cells ml™') red tide.

Key words: Heterocapsa circularisquama, Red tide, Hiroshima Bay, Bivalve, Mortality
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Fig. 1. Location of Ohno Strait in the western part of

Hiroshima Bay where the water exchange rate is
lowest in this Bay.

Fig. 2. Sampling sites of the red tide water in Ohno Strait.
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Fig. 3. Records of densities of Heterocapsa circularisquama and site of occurrence of high densities of this species

before the occurrence of the large scale red tide in Ohno Strait.
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Fig. 5. Changes in the horizontal distribution of the mean Heterocapsa circularisquama cell density (cells ml™') in
the water column during the red tide period in Ohno Strait.
Table 1. Changes of DIN, DIP, and Si concentrations (M) during the incubation of Heterocapsa circularisquama cells
at 15°C, and photoperiod of 12L : 12D
Days NO; NO, NH, DIN PO, Si N/P Si/P cellsml! div. d'*
0 52 2.0 5.0 12.1 0.14 14.3 87 102 725 -
1 39 1.4 1.0 6.4 0.03 10.9 200 341 870 0.26
2 0.7 0.8 1.4 29 0.02 6.3 147 318 960 0.14

* div. d!': (logC, - logCp)/(log2 - 1)
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Fig. 6. Changes in the vertical distribution of Heterocapsa circularisquama cell density, and concurrent

mortality of adult oysters at Stn. 1. Arrow denotes the start of the suspension of oysters in the

water column on November 14.
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Table 2. Concentrations of DIN, DIP, Si (uM), and Heterocapsa circularisquama cell density (cells ml™) at

St. 1
Date Depth (m) NO; NO, NH, DIN PO, Si  DIN/DIP Si/P cells ml™
16 Nov., 1995 0 38 14 6.2 114 0.09 14.8 121 157 1,613
20 Nov., 1995 0 42 1.5 4.1 9.8 0.13 17.1 75 131 1,579
20 Nov., 1995 2 4.0 1.5 2.8 8.3 0.11 16.7 76 153 1,057
20 Nov., 1995 5 38 1.7 2.2 7.8 0.11 16.6 68 146 1,377
1 Dec., 1995 0 52 2.0 5.0 12.1 0.14 143 87 102 725

Table 3. Cell densities of phytoplankton collected on
24 November.

for measurement of clearance rate of mussel

Sample was directly used

cells ml! %

Skeletonema costatum 91 15
Nitzschia spp. 2 0.2

Eucampia zodiacus 8 0.7
Thalassiosira spp. 15 12
Thalassionema sp. 29 24
Leptocylindrus danicus 1 0.1
Pleurosigma sp. 5 04
Prorocentrum triestinum 2 0.2
Cryptomonas sp. 90 7.4
Heterocapsa circularisquama 975 80.0
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Sampling sites are given in Fig. 1.
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Fig. 10. Photographs of dead bivalves due to Heterocapsa circularisquama red tide.  a. dead natural oysters (death/
total = 9/12).  b. dead natural mussels (death/total = 12/22). Several dead individuals remained their mantle
and adductor muscle. c¢. dead natural oysters which might be killed within a few day, showing notable mantle

contraction.
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Table 5. Effect of red tide seawater of Heterocapsa
circularisquama (11, 200 cells ml-') on the

survival of the 1 year old oysters

shell height
Time (h) 27.5 mm 30.8 mm
1 clapping clapping
12 valve closure valve closure
24 paralysis valve closure
48 death paralysis
60 - death

Water temperature was 20°C.  Aeration was not
conducted. H. circularisquama medium was

replenished once at 25 h.

Table 6. Effect of Heterocapsa circularisquama red
tide (10,000 cells ml™") on the byssus
production*' rate of mussel. Observations

were conducted at 12 h

Byssus production rate*

Filtered Seawater 90%
Red tide Seawater 60%

* individuals which produced = 2 byssus were counted
(n =20).

IHFB KO LS YFA 1 DRKBICRIZT
FREEKOEE 11 H 10 HIZ®RAKL: H
circularisquama O 7K (730 cellsml™) % H
WTRHEFBILITLTHF A4 51 OEKELH
FELEIA, FRNFREBRD 1.5% BLU
8.8% FTHATHI LV L -y 72720, 7
F AT 4V — Tl L7 REiEkimiiic i3
WAL BOOENLE ol bIFFAHAT
PRS- LR, S0cellsml? TRHIEBED 121275 -
7z (E12)6

THESEOTTEEY LB ESRBREEERRS,
SR LAY TR T OFEERE L/
B OHZEBEINEo7, £/, 11A218
IR TR L 2o ARl S 1R A
%, HPLC TH# L7248, MEHHEERS D
TRt EHERSES bR S ed o7 (K
&, #fE)o

Time after exposure (Days)
2

=

' A

2 4
4 4
6
8 -
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Fig. 11. Changes in mortality of juvenile mussels exposed
to 10,000 cells ml-' of natural Heterocapsa

—0=Filtered seawater

Number of dead individuals

~—t— Heterocapsa
circularisquama

n=20

circularisquama cells. A seawater sample
(3,200 cells ml-! of H. circularisquama) was
collected at Stn. 2 on 14 November and
concentrated on a filter (10 2 m) to an approximate
four-fold concentration. Each individual mussel
was placed in a vessel separately containing 5 ml
of H. circularisquama culture (ca. 10,000 cells
ml-!). The assay medium was replaced with a
fresh algal suspension every day. The exposure
experiment was conducted at 22 + 1°C in the dark.

=1 =
1. H. circularisquama FREORELRIE

EEEICBIT B H. circularisquama DHEFE  EHE
51398 BRI DR TAREO MR ML FERE L
2o LnL, Z0f%—BiEkdfifas it Shs
{polll, AEORMBENEETLES
(Rl 1995) % EARMEY 2 KmE T B
AoTwizZ &nt, KEEFTIEI A TE»
S10ATHETTI 7 b roBELERLE
Hotze 11 B9 HIZHERE L7z TIZBLIZAM
BaFERE (L 300 cells mI?! Bz TV T, K
IR IR IR LR 7 LR SN G,
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Clearance rate
(L/ind/h)

0.24
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0 50 500
Heterocapsa circularisquama
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Fig. 12. The mean clearance rate of mussels exposed to
natural cells of Heterocapsa circularisquama.
Vertical bars denote the standard deviation.
Seawater sample (975 cells ml-' of H.
circularisquama) was collected at Stn. 1 on 24
November. and used immediately for the assay.
For the clearance rate measurement, the non-toxic
algae, Heterocapsa triquetra was added to the
assay media at a concentration of 700 cells ml-'.

BHOBEEZ O O®EIZ LI E, 10 HHEe
511 A LA TREFIT Lok (K22
B XBWTRELZAREFBRESAL TS, T
DERET LB TEHM SN TN TH ) 258
FAICTI0tDLEBIE L T 5 (IEBRIEERGFEHR
FEREEZRK, 6. 3613, 10 BFFicF
e L D EAEF OIS LB
THEE TS, W URHICBEE 2 RE 2 8L
EVIWmENDHL (LRTEERFEMGE, &
Blo TROWVTHORES, FMAET7 >
ZFPARAEPTDRATR 2 VWOT, H.
circularisquama FHFEE L7208 ) 3R TE
v, LiL, FOREIZL Y 7THIANKEC
BEFC L 7-Z k1L, H. circularisquama DAETE % 7
CRBLTWA, F72, AHMHEORBOE
E, TOH km BN CTRERIC H.
circularisquama THP Z L THEDT, ZDOW
THOEED, H. circularisquama SRR EY T

Hol-THEERTFICHEEEZONDS, fEo
T, SALAPLEBEELZMVOERL TWz H
circularisquama %%, 10 BT DIRERE - 5 7
AT TR ZREEZERL, #0%11 4
WA o TREFEET &3 TARBEICHEIE L TAR
MoF#Ee R L-bnLEZ LN,

REOFFIL, ZnFTRFEBE, BI Y
JUMB DS EICTH L72PETHEELTED,
BRABTRELZOEIARFAVPRNTH L, &
BAVODEBETEDLHIIZLT, EFMEIC
ST D LIRS I-DPB SN TRVH, /b
HREOWNHEET, 19934 2 A ICAE DM KA
2 2cellsml” BEINTWE (HH - @I, &
FERK)o T L-BEDNS, KEILEXKNIRDK
RET, BRIC 19939F 2 F OBy CHiE M RERIC
FHRLTWAZ &b, BANEEIERICH
LB EZALTVWALO0D, #ERIIBI#
| FREETHBOKREZET L EEDRS (L
Bfth 1985), MFPIMICBER§ 2 KTFH#IRET
1, BEIZ 1988 —1992 (2%0) T H. circularisquama
DFREAHFE L T/ (Bl 1995), -
T, %9 LISEFCREICHEN L -8 ikl b s
BEEL CEIFIC & i, A SR N
BALEERIEFFICELZONE, 2ILT
BTN 2ok M DS, S RIEBETRAE LR
WOL—FRE 2L —a vilho it
Eibhb,

—%, BEBFEEEYD Alexandrium BT, o
A+ (RERREF) % ENBELE EOBREIEST
BE®IT LI LRI TS (HiEfh
1996) . H. circularisquama |22V Th, 4%
Bkl LBEOTREESLONLE ) »
BT HULEF DD,

H. circularisquama DIKFE - SRER S HOR
I X BRI ERRICIE LB S TRICHT
TKIRB L TEFOESF—HTH-72DT, i
KiFSHEAMIZBERBESh T LEZ LN
b FRIZbHDSLT H circularisquama DI
IR E IR A LTz, BERE
O, KEREITAE L FEKE1-2m
LIS A LTz (RILE 1995)

=%, FEHSEFICHEY L5E, BVlRE
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i sm DROFEBIZZ(BEEIN TV
(21011t 1995) . FEERDOSE S M ICHEE
T HEAZEOLEREELE LTiE, BE, K
B, BRKOKRBEREEREVKEZLN L,
Gymnodinium mikimotoi D34, FREEEICHE
SRERBESETI ZEMBICHLA IR T WA
#% (Honjo et al. 1989, Koizumi et al. 1996), —75
T G. mikimotoi D #EKHAZIL, FEREEIZIITE
T, FLBRECEIRBIISZ(TATHEILD
BREshTwa (1M 1994) . FEEIZ X HEE
2BV, H circularisquama \3EXEZ RT
ZEEBERALTYS (BB, KRER) Zih
5, AEOHESTAICITEENGEELTY
LIENEZLND,

IKBEOHAKE, SHmICE ) EITEOHR
O BERAARLZHEL TIT . ILEEDIER
LB ARTES L, BEES,rLRTRD
BREIZHY, BAKOBAPERLTH S,
B, BRAMNEZHEBIESATHAD,
iR L B L Tl KRR O E B2 T
Vi B (R E TR ABRAT 1986), kiDL
12, AEOFMIIREHIEIETE L TRIZE
AETRELTBY, BEREIZFUTIERL
GholbBbhb, UL, KEESIMMD
IR A BIE L EWTzD, RIEBR
H3 5 BEBE L 72 H. circularisquama DRIBLASHER
WizEELET b0 LHEEINS, G.
mikimotoi |22\ T, WHEBEAKIRIL 25°C {1
ETH B (1U111989) 12hmb 54, FhiZ 10
—12°C L Vo RAFILRE AR T 52 LD
% (SFMHfH 1987, Honjo 1990), Z DEAEIE, %
FILBALBENELCE L LODERTS 5
EEZLRTWS (K 1991, HE4t 1996) .

TR AEORBELRREILIHEARZEICLS
SEREGVHREET LI EFHLNTVS
(#5104 1995, Matsuyama et al. 1996), Z D%
&, BARIEBEINRLEZ LT, ERBDEKLIE
RHICE & TR REREPHIBEIGED A D
FE~MHEENLOT, FNEFIH L TEEN
BAVHETAOTEZVIALEEILNTVS
(Matsuyama et al. 1996) . 5 RIDFRFDEHE, &
ARSI L A HEBIRE TRV, Ly

L5, KETHEHICA-THzD, ik
BETHEICBSBESNTWARETH-
72o T72, IREHF L 1994E 05 1995F AT
TRABEIFEL VE L BEWIREIS RN 7
B, WHHE S0 3NLBKOENRPR DD
Lol biEEsND,

KB WEBEICBWT, REORHIL, KEH
27.7-28.0°C DERIZHEL TWAE (HP - IUFE
1990). 77, ERBE BT AKREITEZ, 238
- 31.6°C DHEPATHEAT S (Matsuyama et al.
1996), - T, SEOFRHITZFNSICHET S
E10°C UL EBRWAKBTREL T A, F/2, #
BETIE 192E0KEFIIRFHLHEL TS
A%, ZOBOKERIZ 169-222°C &, SHILE
ETRAELAKBRICHENA Y, LI L2A
5, 4ELBETREE L-AEORE X, B
DREFHOFTLIRIJWAKRTEEL TS
D, BOTHHM LB TH o 72,

W (1995) PEEEED H. circularisquama
BEKTAVCTANLBRICLINE, REOR
FHEHHBE 2 R KR 30°C TH Y, 10°C T
BIEEACHEBETE R o7, #£>T, A
R BT AE KR O TRRIL  THRAELAZZ &
iZh2, REOWHEEIENERIIBVTR
AT 1.3 divisionday” (LU 1995) TH 5%, E
ZEORPHEBTH NI WIEFEEE %R
T ENHDL (B 1995), 40, H.
circularisquama PHEFE L CHREEZER L D>OH
LAEOBBER ITHTH LY, 2A1HO
B0 A I 026 divisionday” TH o7z, T
i3, XEOBEKMEEERED, 1/5-14 &2
BNETH -7,

A MOREOERT, AERAEFED
I 15°C 2 FEA LIFLALELET LI LA
WEIN, 19NEKFIIZBROEERETE
LA BORBOBED, KiRAT15-16°C %
THZ EMBREESERICET L2 (B
1995), fit> T, H. circularisquama FRE8I345 7% <
L4 FToOFITIE, KB 15SCLULETRAET
BrEZOND, LAL, KRN 11.8°C 25l
L7212 H 22 HOREFHIZ S, B OMEH
D 29% T SN, T2, SEloFREEK
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F1CHA »FaN—ghiIBET S, 3
ALORBEIPHERALLTLEI b DD, 4% L
ED 1EBR T TIRHEWEIE L2 S Bkl
HETAZLE#HA Lz, /o T, FEOSH
PREIELRT KRS 2 VIZEFFAT LR
ABEIZEHIBEVL D LB EINL, TR
e KR TRAMAT L2 Lid, KEOWERM
JATHATEAKENEDEETHLDOP, H
LWL FlEEANEZ FCOMARE LR Dh e &
ODEELRYBREL L 50T, 4455 125M
CRRLLEND L,

B9 WEBIIB T, H. circularisquama 2 X
L, HEOHT32.6-32.83% DEHIREEL T
Wa (HFP - AR 1990), F72, ERBIZBIT
LAMEOHRMEI, 30.5-34.1% OEHTEAT
LI EFBLMIENTVS (Matsuyama et al.
1996), S EIDILEEZBT A H. circularisquama
FRE b, 31.7-322% OFEFEATRHRELTEBY,
WROBEROESIEL, - 72,

Wt (1995) 2 X nid, Ao METES
30%0 LECRIFTC, FRIVELS LB EELL L
5o EEBRIKHNOEES ST, KB TES
H30% % THBZ EDBL { L\, 199540
LEEmSER CRRBEESRE R EFEOK
BRATMETAI—RHICh b EEBESR
%,

REIE  H. circularisquama O EE B H, DIN
BI0pMEIBREELTBY, RENEWET
Hotzo UL, DIPDEEIIDIN BT S
EARIFIZA T <, DIN/DIP I 60 % 82 TV 7z,
RBIZBIT D) Y OEEEIZE, KBNOMIK
EFELES LTS (HF 1995), 199550
k&L, FIEICRERL TEREIC o7z
O, KANEEANLGD/LEINEY Y OED
Bhol- L HBEIND,

RIED DIP DR/l EIZIhETHL N
TWhHFREHEYOHTH BNy (IO
1996), DT &iX, MOFREEY & LB T,
VU DREFLECHIHLEEEBE TR
ERBHRLTVA, 72, DIP DAL CIETHEESR
#)) » (DOP) HFATEZZ LAHL M

ZoTwad (U 199). AAR#EAYE DIP K
Te#EL, BRHEREEERLAZERICE,
DX LEBENLBEENDHLLDEERZS
ns,

H. circularisquama EFRESEY) - HBEYE DR
% H. circularisquama FREEER O 75 >~
7 M HTROEHNEC 23, SEFOME
BENEDP -/ ETHD, ILEBODEIHIC
BUIIBREOKETV—-L41F9 HEEAL, 10
AL 5 LR A ICHEEYRL LIED 5
(1T 1995), 19954ED4E, F v b TT ¥ 7 b
CVORBEPOHEETLE, BESOKET
N—2ui310 APELBEREICERLTLEI- 7
ZLEPHEIND, BEEFIWICERLLE
EARETH LA, BAKEI L Lhol70,
ANA S OFEE, ¥5i2 DIP ORI BRI
Lol EREBEL TV D LHERSN
Lo MMOFRHEER I BT, BEEYTDH
LEBROHFENRA L-#IC, 28aHES
RZDZEFHBNTY:S (Kondoetal 1990),

Uchidaetal. (1996) {2 &g, BEEEEE —#12
B3 &N 7: H. circularisquama (%, FHELASERIAL
LTEDOHEIEL (HHIShD, $72, BR
BIZBUTS 4 FEOBEKRICBNTY, H.
circularisquama LEFEOHREE L ORMIZITH
B dHErRO NS (ZEBRKERMN LV
y—/REEZR, BB, ZoXHIC, KERE
DOFEITIE, Kk, BT, KEEREE Vo PHE
fLFMLRERE DI, EEEWE L TOHERE
OEELEEES DD L) IZEZOND, 1996
ERFOL BB TIE, EERIERL-HE
2, /& DIP BETTHHMBWIESL H.
circularisquama P L, REEzRE LSO
EEZLNA,

FELERTLIEWMELTE, BTS00
by, MERE EERREFEELZEDVEZLD
NaH, WIThoRFE L S REHMF D%
ol REORHMPERBFRL, Lrdbw
ARMICRAICE LA, 2 LoEELEY
DEEECBEF 722 L bEELTVIHDL
EZbHbNb,
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2. H. circularisquama FBIC R DRERE LT
HE~NDEE

IHFBLUTLSTUHFAHAORERER H.
circularisquama \RBEINT YT F OB E,

clapping PHEREOIGHEZ 5 S I L42H5, 60
ERRADAPICBEIE L7, 25 OFEFIE, HRE
THEH L7z H. circularisquama 7REIR BT 5T
IVYATAOBEEHNELIL T A
(Matsuyama et al. 1996), A7 HF A4 H A D
4, Stn. 1 (1,000 - 3,000 cells ml™') TOHOEIEE
129.5% L&D 72b D0, HBIEREDS 3,500 -
9,000 cells ml™ & LAY = CHE# L2 Sm.3 TD
BEIEHIL 30% IR A TV (RAVEROBIEE
F)o SHIZEPFEER (10,000 cells mi™) Tid 4
AT 85% b DIEEATIE L 720 BRERIZH
L-BEI OB TH L L, 72, 85
EERREDIREA22°C L BB L Y 2 i - 72
ZEns, FEHEETHEONTHEREE—IIH
LAHZLIETERV, LAL, Sm1TRONL
LI FANTLAOBEBNEREIT, H.
circularisquama DB EE 2B B L5 &
RITHREBEECETE> T hd o722 T
HrILEZLND,

HEBCBULIBEZEIIBEVTYS, H.
circularisquama TR FEH® 1,000 — 2,000 cells ml-!
TIET AV A A DEERBIRITET SV,
4,000 — 6,000 cells mI-* |2FE % & 28 % B HYE
ZEN TS (Matsuyamaetal. 1996), IO
RIIEERT AWCERNEBRTHHEA IR T,
% (Nagaietal 1996), 5 HDILEEIZBIT 57k
BMOBGE, S 3 TERITE, MEEEIE 1,000 -
3,000 cells mI* DEFHTHERE L THH, KFHT0
#ETIE 4,000 cells ml? 22 52 Lidhdho
720 ZH LT EDL, AFHFANADEE
B, TaYH A ERERBIZ, H.
circularisquama OFRLEEEHS 4,000 - 6,000 cells
mH THELLEEZOLOND,

8, ¥AFESm 1 BLU Sm.3DVTh
DHEIZBNTDL, 2bIFFAVAE2RELL L
mAEEFELELER L 72c TOHRPL, vHF
B7avr 4R FA404LHERTIDKE
B D H. circularisquama TEHTH LS 2 5,

SEOFERPOMET L L, H circularisquama
DML B AT 1000 — 3000 cells mI! T H ¥ 0
SEELRBIDME D LB IN, SHRENE
BRC_ M B DEIL L H. circularisquama FLEE
EOBBRERAL TITCLEDNS 5,

b, REHEG, BEREOCHIERITLR
o rzhs, “HRUAONY P ABEIIECR
FRBROON Lol e ERERT DL L,
WL EBBERBIEIREL TWidolobD L
HEINT,

IHFBLULSYF A1 DEKEICRIEFT
B8 H circularisquama DFIBLEE HT 700 cells
ml" (BT AT FORAKERIE, FREXD 8%
FCT L7, 700 cells m1-' \2BWT D,
clapping % £ DEFE REGLAFED o iz, A
FGHFATAo0Th, EKEIX 1% £ T
TFTl7. BEkEH-ERIILLE, TFF
1% 20 cells m1™* LLEDOMIBRERE T (L, RFE
#) , LTHFA AL 50cells mI OHERLERRE
T (Matsuayma et al. 1997) JE/KEAHSHE EIZHD
Ligd b, ZD &I, H circularisquama D5
&, BESEILLZWEEECTH o TH, WA
HE L A BEEICE TS, o T, BGICE
WTh, EAEDETIE 20 - 50 cells ml-' i
PoiEEsEEZOND, BRKEVKTIZES
BARCHEOHELZELIHEYTLOT, £H
REICEFEBLYRIEITIENFEZLNS,

I LR, LTS DL, 11 A2
TAIZHT TEBED H. circularisquama 7812
LBBRARNIAFRLTHFAHAT
b, MIEFEEAT20-50cellsml % FES &9
o7z 12 P E Tk, AREHEIREEE OB
DRANFFITITb T, HEREHIKEL
faoTwZzdbntEZON, ERIZHF 2L
OB, KREREHE (12 BRELE) b s
Bl L7zh, FADPEEL ZWHER
MR B NI,

3, [GEBICBIFD H. circularisquama TREIDE
ERAERUONEE

H. circularisquama OFRENE, THET (1996
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£ 10 BBAE) MR ENTWAATT, £ETI19
EEAELTV5%% #F (10 ALK ICBEL
0, SHLEDT2HOAT, TEALH
EFOEKBHICREL TWE, ERERTI
AEIIEKE - SES THEENERETHY, K
RmA%15°C LA L, 3855905 25%0 AT I 7% 5 & HE5E
REHIGECRS (U0 1996), 2D L9 iTHk
FEREOBERYIZ, BE0BERRE LT,

PR AR S S HMT L TEFOTRMEIRDS -

/1A

SBIDO%E, FREIT H circularisquama D Y458
B KIRO FERAECHAE L7z KIBATHEHE
TE5TREMETH>TH, HAZHEIEL
CEVIEIRT, L2 IESRWIRENRE,
TR ERET AN T PO DE
BEMEVIKE R &, KESY L L5
WL CHREE R T A UEEND 5, 19954
KEOKBFEE OMBRIE, 295 L &t050m
ST/ bDeEZOLNE, 29 LI2RKiI%E
ZET 5 &, H circularisquama DFRFEIIEF %
FNCEET 00, HEERAOKE T L — 4
Lo EEOKETH, SBUIBEME T 5T
REMEVwEEZ bR,

4% H. circularisquama DS REIICHIIR L 7
BE, FOMBEEIISEI) LIRS R
BLEZOND, Mo, ERCHALLEHE
&, KEFEEA LA O A B BT 2
HBehREErERTLIWERTFIZEZON
bo (EoT, £ZF ) v 7 RBEERIE, 40
FREOFEDNR SN o 1D IL BB HER T
BILCHELTRETH S,

FEOFRGFIZLIBERELH LT L2012
X, FOHBEETELFZITREVEIZEZHL,
HEEZBELLHIEPERETH S, £DOLDHIZY
H. circularisquama OHIRIEE © KB E % KED
EEZS—TFTHUEND L, REIIEEERL
HEILIBMIC L o TIER{LEREI LZY, Bk
REEERTLE)IDT, ZALDBMEEIZH
WhHIZ ENTER Y, RRFETHVAHER,
5-10umBEORTH A X 5FEOT4NVF —
WL ABRBBERE FOBROBEEELAA
BEbEbDTHE, COFERHCIE, &
HITHYHEN Y A — TPz b0,

Tl AR E R TERTH-TH, FEALY
H—BRTIL OB ML IZBIE L7,

4[RO H. circularisquama FEREFIZEBIZ S 7-
MREEIX, ChECTHROBRTRESLALL
NS IUEE TR o 72, BREBTORE
BE L BT NE, SHOLEEOREIHH
EEEOREL VIS, BEBIIBWTIE, X
OB AT 5,000 — 10,000 cells ml™ % # 2
52 0BLEL, BETE87,420 cellsml” %
gL L HB (B0 1995), ERE L
B L CGREBOBBEI NS oIl S
T, SEEEREIKES R oDIE, KD
BHICRAZZ LR ROBERTHL EEZD
hb, BidO L) ICHELRERP BT 7120
FREBRELOH 0 HHEAL Tr6Th o7,
SHABORBIPFNERERET LN ED
PRELSRETH LY, ZHEOBEITH
circularisquama ORRAFEE A TEIT 512 2oR,
BT EIZEINT 5 EEIZH 5 (Nagai et al.
1996), EAEBLRT EBH, 10,000 cells mI!
AL LT HFIT2-3 HET100% i < $55E
TLHDEEZ LMD, E-T, b LAHOK
Br LEAFRBSRET L ERNE, BREICE
LM S HICE LY, BRHFES 2BICEL
HEEZLND,

= #

1. H. circularisquama TRADFEERIR

199546 11 A6 12 BiChiF T, BB TH
circularisquama OFREPFE L7z, REORE
FEERETREELZORZIAPINDTTH-
2o ZOFRBT, THFRLTHIIZIME2500 5
M OWEEREIE L, REERITKEES
BRSNS, TORRIE I OMFEDEKIR
PELIBEWEDTHLEEZ LN, 7,
AEFEFARIEEICKEO -2 m DRE ZHL
(0 T PR QU YA

2. FREEECHROGE

H. circularisquama WIRKIEIZ 11.3 -17.8°C,
TR DKIRIT 14.7 - 17.8°C O#EFHICH 5 72,
KA 15°C % Flal 5 & Mg R IdmA L7ze L
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L, SEBOMIIZ 11.8°C IIBWTHEE X
Nizo BEKRED Ao 270551 31.8-32.2
DL FHOICERL T, AT AHEE
BEOWME TS 7 by, B VIIEEEYIR
FEEMPEVWEECHER L,

3. H. circularisquama FE4E(C KD “HWREFED
ES:

R X T10-90%, L% FAH
1T 10-30% DEEFEVSBE S 7z, WBHL L
BRI CHBAEEN S, o R T RITIE, B
HEIEIHTFTI0-30%, LATHFAH4TH
10% T& o720 H. circularisquama ORI A
BV DS VR IHEVWATOMEEIET &
BRI E D>z, 72, 10,000 - 11,200 cells
ml~ @ H. circularisquama % F\ TELER*
FolER, v HXE2-3HMT, 454FA1
AAE4 BETIZE ALEILL 7,

| i3

BRELITOCHILY, FRETHH 28
LIEBEAKERBSEO KN REL, REEHEL
B LUHEHFRIK, KBFIRBON LEEK%
L LT HE0M, EERRBREEROEW,
LB AREREBEOEMIZOr HBRH#T D,
7z, FEORERRLPEEDORRIZONVTH
L ERETRARVCEERAEBAESGED
EBREZRZ I LY, KEREHRFME,
iR EAS, WHRERRME, LET#
(WMAME, FREERERFAGOMERENE
frizBLe2 B LTS, H circularisquama D
HERBICOWT, BREORATMREIC ZHOR
WHBRBRHBOFARERRZIILD LT
AEMICEHLEZRLET S, £/, REH
TE KD T & R & B\ - EXOK
B EREEEROAREFEL, ikl
K, EOECH L, #EBRRKOEMICE#T
%o PSP & DSP O4#TIE, FHEHMiREHER
BHUMEEORAHFELORDIZL S,
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