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Influence on the vertical distribution and germination of Alexandrium
spp. cysts by macrobenthic organisms [Perinereis nuntia (Polychaeta)
and Theora fragilis (Mollusca) ]

Mutsumi TSUJINO *

Abstract Influence on the vertical distribution and germination of the resting cysts of Alex-
andrium spp. by two macrobenthos, Perinereis nuntia (Polychaeta) and Theora fragilis (Mol-
lusca), was experimentally examined in culture sediments containing a high density of cysts.

The present results indicated that P. nuntia and T.fragilis transferred vertically the cysts
in the surface sediments due to ingestion, excretion and movement. However, the cyst densi-
ties in the surface sediments decreased more than expected from the vertical transfer to the
deeper layers throughout the experimental periods. The accumulative number of vegetative
cells of Alexandrium spp. that germinated from the culture sediments with P. nuntia and T.
fragilis were lower as compared with those from the control sediments without any macro-
benthos. It was considered that germination was suppressed by enclosing cysts in the fecal
pellets and digestion of cysts, as well as the vertical transfer of cysts to the deeper layers.

Therefore, it was suggested that the surface deposit feeders such as P. nuntia and T. fra-
gilis have a significant role in decreasing the abundance of Alexandrium cysts in the surface
sediments and suppressing the germination of them by the digestion, movement and enclos-
ing in the fecal pellets.

Key words: Alexandrium spp.; Resting cysts; Vertical distribution; Perinereis nuntia; Theo-
ra fragilis
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BEIZIZRBO-3em BIZL AL, FTRICRAIE

il

)1 55 T 19924E DIREBR T2 Alexandrium tamarense
WX 2D HEE 2B R ET 5 X9 10k o7z
(Yamamoto and Yamasaki 1996) . Ji BiEILEED K H
N 138020 Alexandyium J& D ¥ A b 238 % B HE

EWAT S (IWEAS 1995b), KRICHERFR LAY A T
FARIR L, RO K S 3KERGEFE OB 2 2 B
K2k > TELAENS (Anderson 1980; Anderson et
al. 1987; Perez et al. 1998), S HIZ, TNHDT A b
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FHERICERT AR4 XY P AIZX 5T, KFE5
i, SNEAAT, BFEBSEOHIIBWTHEELZ ) TLT
HEPEATH % (Persson 2000)s TN FE TEKRD T A b
DEWEZONWT, ZHHREEMEDOS A T VHT
BBV F 7 ZAFI L D VA MEEOEEDOW
W, N7 FN)T7RIANAEOFEIZL HETHOW
FEMEDS IR ST & 72 (Persson 2000). Persson and
Rosenberg (2003) (& A7 T —F ¥ O W2 @2
HERT2HHELEHEHCT, BETEEHO Y X
b DGATN DB ERRIICHET L, RSB 5
HEEHB O Y A P OWIKOE N, TOYIAERT S
XY MADOEWEDENZL > THIERI SN L%
L7z,

ZEHOIFIINFTTLIFH U PYUTLARY AN E
2 7uNy M ZADOPRIZONWT, BgRAE, 4V
T A (Perinereis nuntia) & > X 27 54 (Theora
Sfragilis) O2FE O~ 7Ry N AR5 72BN
EBCTHE L TE&7Z (&% 5 200L;Tsujino et al.
2002;Tsujino and Uchida 2004), ¥ A 7 # 4 ix H A&
R D Alexandrium J& > A DS EICHER L Tw
5 X9 diEE 24 B L (Imabayashi and Tsukuda
1984), 4 VI Hh A4 Z@EEHRDEOTEIC (FH
1984) B LT3, iREiEE» o H—f04E
HEARETL2ORML WD, B THLL VT
WA 2Tz TORRER, AV ThA, Y XTITAND
FIZVAMEREAL, YAZFTACBCTIIEALL
YA M O—EHE L L TSIk %R L7 (Tsujino
and Uchida 2004) . AHFEIZBVWTIE~¥ 7BV bR
THEAVINA LT ATHTAD, WEROT A D
SRE DA RITTEL L OHER» S DY A D3
FIIX T B R FERIIHRE L7z,

Eat S Rap: 3

PANOMEAFICRIETAVIDAESZXIHAD
7%

Alexandrium J& O ¥ A b % FEEDME BT 2 T D if i
LA MNBEEPEBRERKREAIAY Y F ¥
A X —RRHE TR L 72, FRBL7ZRIE~ 7 ax
VAL 2O HAEWIMm O THA S, L
7ol E EBICH Wz, v 7 XY P AxERWI%
MR (EKET75%  Alexandrium &> A N5
FE 67cysts/g wet weight) %5cm, o _LICHRE R
IR (BIKHT789% Alexandrium & ¥ A #2593
cysts/g  wet weight) #1lem A#L7214 (%) x 10 (#E)
x8 (BHE) cm OFR#mx IMHE Lz, 3587 D,
AVITHAFEFX, VX7 TAHFX, WHEXEL,

o

AVITNnA, YA TAABFEXIE T DOREGIIA VT
A, YA HAL BENZEN20MEANT, Kiil18C
DOFARIZBWT, K EEE B GELY — N CTi-
TIEAREE CO0H I L72o 30H 2 15em @ I =
a7 =T, —DOOFEEPD 6 BJMEZRIL T—Y% >
TuEL, £EPL1lem MW TH Yy PLTHED Y
A MEGHERRE L L7z,

SAMBRFICREFTAVIHNAES X IHADEE

Imm OETIZ7aNY b ZAZRY B EE
DR E FEEBICH W2, 100m ¥ —F — % 91
AEL KE—7—CBEH20g D (& K789
% Alexandrium J& > A b % 2306 cysts/g  wet
weight) BZ Mz 720 209 H 3fliE~ 27 TV b
A ANGWRIRXE L, 3z 4 Y ITHA4MEFIKX,
B 3ME X AAHEFEXE LT, Theh 1 5%
H720 SMEEDAL VTHh AL X7 L BPNE L7z
H ¥ — 7 —1290me DI 2 7z L, 125C, BB
14.2 4 mol photons / nf /s , 12EF[E O HL < 1
PHERE L, ZOM, 2~4 HEIZRO LEADOE
UK 2 ANE R 720 WY BRwn7zifpkid 1 %o 7 v
F =TT FCHIE, #E L%, 10ml 123
WA U C Alexandrium J& O W% kML % 5HE L 720
BT, SHAEXONRENEXOJREBILL T, &
Ho YA MEEEHHORE L L7,

ey 2 b oML, KR S RiRSg 2R - T
WIS L, BEE T oMU L 72, 20u
mDHEWTHi> T, fibov A bz, 7Y L4
U U3t U724t (Yamaguchi ef al. 1995a), d06HI7
s (OLYMPUS IX70) FTiro7z,

MFEEBICHH L 724 VT AL, BEhTWwD
AV IThAZBEALTHELZ01g (BE) gitzow
EHWe Y X7 HAREEBORA SR 72
0.8cm Hi 2 DA E Hv 72,

#w R

SAMDMEAMICRIETAVIHAESXIHAD
#e

FABRBHIOOH E0HBDOA Y ITh A, A7 H
A FHEXB L OB OPRFIZBT D Alexandrium
B A N OFRE S & Fig iR L7z,

0HHDA Y I Ah A FHERTI, 0-lcm g DFY
VA NEERNBXIRDOT2% & o t20s, AELRE
Tl %ro7 LA2L, OFlem B X D FlgOETO
BIZBWTHRIRBLID L A MNEENEL kol (t
B p<005), THITK LTI A2 A1 filFR T,
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FKIGO-1lem B D ¥ X M EEEIIFT BB D27% F TR
L (»<002), 1-2cm@TIE, ¥ A2 MNEEOHNA
MH BN (p<0001)s L2L, 2em LD FEICH
WT YA MREOHBELRMINGEED Sk h o7z,

60HHDA Y IH A fAFRTIE, 0-lcm o
A MBI RIED25% £ T T L7z (p <0.001)
1-2cm JE D ¥ A MEREITHIRIE & b S %o 7298,
JOHBED Y A MEELD LT L7 (p<0001),
2-3em JEDO Y A MEEIEH RO YA MR L
THBECE?»-72 (p<01) 25, ThIDTEIIBW
TR O YA MREICH L THEREITRD S
Nhirolze 60HHDY X7 74 fHFiRTIE, 0-lem
Jgd Y 2 FEEIRFNRBIEO2T% KT L <
0.001)o 1-2cm J& TIEX IR A N EEEDST % F T
TLEPEEZRBYTIE o7 2-3cm BD ¥ A

NEEIINIRRED Y X MEEOM 6 5L 2D, AR
Fholz (p<00l)o TRXY TRIZHWTIIHHIRYE
DY A MEEISN L THERETRD LN d o7,

DARNRFIIRIFTAVIAHDAES X IHA DEE
R, AV ITNABIOT A7 HAHFRICE
A B JE _EAR O Alexandrinm J& b HiGH g 8 o
WHE L% Fig. 218 L. MR HFFE L CiE L
ARAIHERE & N7zl e B o B BE 1, fH B
A5 3 HHFTIX07 cells/day, 3~6 HH T TlZ
1.3 cells/day & 7> 72%%, 6 ~9 HH FTIZ80 cells/
day, 11, 13, 15, 17HHTIix 6 ~11.5 cells/day mift
Ebh, FRUBRD L, 2Rl 41 VT
A FBEROME FARHICHERR S 7z ikl e B0 Ik
A%<, SHEF TR EIN o7z, DM
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Fig. 1. Vertical distribution of Alexandrium spp. resting cysts
in the culture sediment with Perinereis nuntia and Theora

fragilis.
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Fig.2. The fluctuation on the accumulated number of
vegetative cells of Alexandrium spp. in the supernatant water
of sediment cultured with Perinereis nuntia and Theora

Sfragilis.
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Table 1. Comparison of the number of cysts in the
sediment at the start and the finish (30 days later) of the

germination experiment

Number of cysts Two-sample
(ind. / beaker ) Hest

Start

Finish  Control sediment

Sediment with P. nuntia

Sediment with T. fragilis

57,734 = 6,017

54,775 = 2,700  ns p>0.1
50,316 = 1,914  ns p>0.1
39,375 = 2,199  p<0.002

ns:not significant

HEEIX 3 HHMEDBK L, 24HH £ TiX 03~1 cells/
day, 24~28H HZl3cells/day & %olze ¥ X7 HA
fBERTIX 3 HH F ClEmiilausm s hy, 61
H U INEE X170 B ¥ T0.3~3cells/day & %
), 20~28H H % Tli34.3~5.6cells/day & 7% > 720 %
BRI BT % FE . _FKH O BRER GG R R0 B
25129 = 11cells, £V I A FHF IR TIZ21 = 6cells,
VA7 HAFFRTIZT8 £ 15cells TH - 72

FEBGEEL L OFHBERTRICBIT 2, KEFTXO
BHFYANEEPSFHELZEY A % Table 112
AL7zo MR O Y A MU, S BIGRE & FE R
THTRAELRZZIRDON Lo AV ITHAH
BRICOWTIE, EBKTHREO Y A MU RTED87
% F TR L722S, AT EE LR ETE Rd o7,
A7 HAFHEFRIZOWTIX, EEBRETEEOY R b
BT BED68% % THEHWICHERICEA L (<
0.002) o

£z ¥

KBHERWEBETHL 2HHONRY X, AV ITH
AL R0 A4 OEREEN, MEERBORKNT S
V2 N TH A Alexandrium &> A N DHFEIRHIC
B 8BS B L KR LS DT A FOFEFIIK
T HE R ERIICKRE Lz ZOo0OFEBTRELL
AVITHAABLIV X B A OEE (1200~1600 1#
R/ ) X, BEETHLIHP, TNENLEH K
HEOHELTLE, REECBVWTERNIZL->T
ROLNLEETHY, REBEOZKHOKEG LY
A7 HATHDH (EHS 2001),

AVIIABINT A TAFABRICBIT S
Alexandrium J& > A+ OB AiE, 30H HIZ1-2cm
BOYA NEEOFEREREMARBDONT, 72, A

VIAAFAERTE2cm B TEOY X NEED
FALZe ZOZEDNL, AVIIABIVT XTI
1 OEE, P, BEFOWEHICL-T, YA MIEK
BabTREB~NEIND Z L, /2, ZoEEkEEEA
VIAADKERREL, FVRIBEVRBETIA MY
BIINBEEZDONZ. LAL, 60HBIZBIT MW
BFROEEO-lem O X PEER, tHRIED25% A
DETETLZZI2 DS T, 1-2em BOEEIX
B0HH X WL &Y, Zh XY FRIZBWTDH, 30H
HOY A MEEV IR b %do7, L7255 T,
AVIHA, YXTHADEEIZL > TEEDOY R b
ETFRB~EIEN 525, #hDEiC, £E0-2cm © ¥
A M ATEPOBERIZE > TS L7z EZ DN,
VA HTAABRICBT L VA MEoORAIE, =
NEF T T FEBRIIBVWTHROOLNBHETH
D, IHMOAEBTTLROONIZZ Ehd, REHR
WEETHDY A2 H A (Imabayashi and Tsukuda
1984) 3T APEEATLHILICED, ZO—EHIH
fb&hsn #2517z (Tsujino and Uchida 2004) o
L7zHoT, Y X7 KA DEHHY A MIRITTH
i, B PEECRENC X AMERERE D b, BA-
HALIC X 2 EBAMEH O R RE W LRI NI,
AV ITHhAFERICBT B Alexandrium & > A
MEOBAIZ, CHETOEBRTRIERINTES
T, IOHMOMABE CTRARLEZIRDON o7
(Tsujino and Uchida 2004), ARBFFEIZEBNTH, A
VIHAFEROHHO Y A MRIIHNERO Y A MK
WL, FEAEIRDOLNT (p<01), 60HHE D
FBFEBRIZBWTHOT, A VITIAHAFRPO TR
FIETHARD SNz VX MEFEBRIIBITS, 1
YV I A B ROFAFE LB ORI EIE, *E
REVIEBA LD oI N, 4V THAL DI
BOPBETREMEESIN, VA MRS LI LI3E
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ZIZ v L7223 > T, YA MIKTORKIE, #E
12 & BHALRL P IREDIN O ER O REEAH D, &
MR AT ThH L (KH 1972) 4V TH 41
HENFERHEES N2V A M DS, BT A VA%
DAY OG- X o TWAT 2 Rtk H % 95,
MO EHOMETDLETH % (Persson 2000) o

AVIHABLEY X7 T4 MERE LKTO
Alexandrium & O RFE MR EL, RIS L
THBEIEY L, 202 e, fVIThA, VX
IHADVREICERTAZEICE 5T, YA PO
DR S NG 2 EPHEINT,

RFEBRRTEEDOAL ) THh A FMBFRFOY A M
FEL, oIS LTHBEREZT B o7z Lzhto
T, AV ITHAFERD S OFFRIETOHPMIL, 8
FY X MO TIERL, AV TH AL oEL HEk
W& Y FPIHAT B YA POFEEHHIN L (Tsujino
and Uchida 2004), #ECWFNLIREDO T R M,
g7z B (0.28 xmol photons / i /s) TIXFEIEDS
s (L% AP oeZErons, 256
12, NV FRIZE B YA D OSRE G OEAL & 7z
EEFERDP SRR END L 9T, 4V ThA DIFEHIZ
$oT, BFWRLEIA M TRISERS N -2 &R
A MOFEFEIH L TV BN D B

FFFBETRED S X7 A A G RO > A N BEE
&, MRS L CHRICIET L7z (Table 1), #H
LWBICHME LV A WAL BT A MERIFERT
X, ¥ X7 H A 135%cysts/individual/day @ 3% T
VA NEHALT AREREDSZ DN T OMLHEEIE Y
ANRY AT A DEEILL>TEDLLEEZLNS
2%, ARWZECHOEREO-1lcm @ ¥ A FEEAZB0H [T
SIRD27% 12 F TIF LA L, REHRpaEs
ThHhbT A7 A OEE, HILOHREEZ LR, L
72035 C, KEMRBEYWEETHLI A7 HTA4I2L-T,
ERORFIRER VA M EES WD L7122 L
BiRE LB oOERMBEIETO—-HEEZEZ 5N b,
F72, RWFRICBWTIREL TV RwnDs, Y X Mg
EOMHER, VA MRPOBERNZEHEL TR0 ) &b
EEZOLNDRBDZEY X NOFHED, SHBLELR
bbb,

Alexandrium l& D X 5 Wiy 75 » 7 b v A b
DIEEE BN A S B IR O R EI I EE S S D
ZEFERREOZHMANERT 50 AWFFEORRD
LAVINAR VAT T4 ORGHREWEEZ, VA
MEABIZIMZ T, BRI O LR 2R (I HERG L
72V A MO TREEHANOERIC L 5T, ¥ A MO
BRI R Z FO 2 LAVRE NIz,

=

AWTRICER L, FialE 2\ wiziwne, - Wi
DX AT 2 T S5 75 A 0 45 A T o i L2 I AL
LEFEd,
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