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Influence on the vertical distribution and germination of Alexandrivum
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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EHERICERT A4 XY P AIZX 5T, KFE5H
i, SNHAAT, BEBSEOHIIBWTHEELZ I ITLT
BEPEATH % (Persson 2000)s TN FE TN A b
DEMZEFZONWT, ZHHREEEDO A T VT
BBV F 7 ZAFZ L D VA MEEOEEDOW
e, N2 FN)T7RIANAEOFEIZL LETHOW
MEMEDS R ST & 72 (Persson 2000). Persson and
Rosenberg (2003) 1 A T —F ¥ O WA 2@
ERTLZMHELBHENCC, BWEEHO Y 2
b DGO A EBIICHET L, RIS BI 2
T O Y A D OWROENL, ZOYIERTS
RYMADEHEDENI L > THERIENLZ L%
R L7z,

FEELEIINFEFTTLFRY Y FYUTLEIANE
< 7aNY N AOBRIZOWT, BgEWAE, 1V
TIHh A (Perinereis nuntia) & ¥ X7 A (Theora
Sfragilis) D2 O~ 7 aXRY M RAEM o 7ZEN
FETHE L T& 7 (% 5 2001;Tsujino et al.
2002;Tsujino and Uchida 2004), ¥ X 27 # 4 i HA
D Alexandrium J& > A b ST EIHERT L Tw
5 &9 iEiE A2 B L (Imabayashi and Tsukuda
1984), A vV ITh A 3dlE HARBROTEIC G5H
1984) B LT3, iRRiEE, o B—fin% E
HERETLORMEL W20, TR THI A VT
A MWz ZORER, AVITHAL, VXTI
IV AMEBAEL, VA7 4B TIZEALL
VA DO—ERE WAL L T AT HEN: % 7R L 72 (Tsujino
and Uchida 2004) . ABFFEIZBWTIE~v 7BV M A
THEAVITHA LY AT FAD, WKREOY A D
SRIE DA LITTIREB L OHERRE»S DY A D%
AT 2 B & FEBRITHGT L 72,

Eat s Rasp-

PZAPMNDREDHICRIEFTAVIAAESXTHAD
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Alexandrium J& O ¥ A b8 FE DM BT 2 [T D i K
eI AMEEPEGEVWRERKREEZAIAT Y F ¥
T A X =R TR L 720 SR Z2RIZ~ 7 o
VM 2AEBL 2D HAWInm O TH S, dlE L
7ZREEBICH V2 v 7NV M AR BV
HEET. (GKET75%  Alexandrium &> A 4%
FE 67cysts/g  wet weight) #5cm, £ 0 _FIZEE
KR (EKZET789% Alexandrium & ¥ A % #2593
cysts/g  wet weight) #1lem A7214 (B%) x 10 (%t)
x8 (HX) cm OFELE OMHE Lo 3BT O,
AV IHATEX, X7 T4 FHAFX, dFBXEL,

o

AVINA, YA HTAFHEXIZL DOFRIA VT
WA, YRZIFA &BZENEN0MEANT, Kif18T
DFWAKRIZBWT, K EEEBVIELY — N T
THARETE CO0H R E L7zo 30H#IZELS5cm D I =
a7 —"T, —DOOFREPS 6 BJMHEZRIL T—4% >
ThEL, £E»SL1lemBBTA Yy PLTHEED Y
A M EGEHEHRE S L7z,

SANRFIIREFTAVIAHMES X IHADEE

ImmOfET~ 78Xy M ZAEZID Bz 83
DHEIEPR %2 FEBICH W2, 100m ¥ — 5 — % 91
MEL £Y¥—7—1ZREH20g D (FKET89
% Alexandrium & ¥ A+ % FE2306 cysts/g wet
weight) lBEZMR 720 09 B3~z a Xy |
A AN WX E L, 3fHEZ A Y IThAFEKX,
D 3ME X7 A HERE LT, #heh 1 5%
H720 3MEAKDA VT AL AT A BIPWHF L7
HE = —1290me D JEM K 2 72 L, 125C, M
14.2 4 mol photons / nf /s , 12H; O WK< 1
PHERE Lz, ZOM, 2~4 HEIZRO LEADOE
UK 2 AR 720 WY B 7zifpkid 1 %o 7 v
=TT FTREE, §HiEL7z%, 10ml IZiLEk
WA U C Alexandrium J& O % kML % 5HEL L 720 #
BFHTE, SEXORESFHIXOPRAZFILL T,
HFo YA MEEEHHOREE L7z,

ey 2 b oML, KR S RiRSg 2 Ro T
RIS L, ST 1 oM L2, 20u
mDOHEWTHi> T, fiboY A M2HgD, 74
Y v 3t U724t (Yamaguchi ef al. 1995a), #06HIA7
s (OLYMPUS IX70) FTiro7z.

MEBIHEH LA THh L1, BHIShTnwb
AV Ih A ZEALTHEELZ01g (BE) mkoOw
EHW, YA HTARBIEEEOER? S| 72
0.8cm Hi 2 DA EZ H 72,
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PAMNOHREFFICRETAVIAAESZTTHAD
HE

FHMGHR3OHH E60HHDOA Y Ih A, ¥ X797
AERB L OB ORPIZBIT 5 Alexandrium
&> A b OS2 Fig IR L7z,

SOHEDA v Ih A FERTIE, 0-lem DY
VA NEBEINBXRBOT2% & o l2hs, AREkE
Tl %ho7 L2L, O-lemBL ) FEOETO
JEICBWTHBRRLY D VA MEEIRL o7z (t
WE  p<005)e SHUTK LTY A7 F A FHEIRTIE,
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FKIGO-1lem B D ¥ X M EEEIIFT B D27% T TR
L (»<002), 1-2cmB@TIX, ¥ A MNEEOHNA
BN (p<000l)s L2L, 2em LD FEICH
WT YA MREOHBERMINEEED S kh o7z,
60HHDA Y IH A fAFRTIE, 0-lcmfEo
A MEEIZNRIED25% £ T T L7z (p <0.001)
1-2cm JED ¥ A MNEEEIIT IR E L b 5 o 7278,
OHBOY A MEE LD AT L2 (p<000D),
2-3em JHDO ¥ A MEEIEH RO Y A MR L
THEIZEP-72 (0<01) 2, ZLLh TFREIZBV
TIEIHERO Y A NEEICN L THERZZIRD S
Nihirolze 60HHDY X7 74 fHFRTIE, 0-lem
oY A NEEIINBRO2I% KT LE (<
0.001)s 1-2cm J& TIIXFHEIR > A N BFEE D57 % F T
TLADPEELRBY TR o7s 2-3cm BD ¥ A
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MNEEIIHRRO Y A VEEOH 6L, AR
Eholr (p <001, NI FREIZBWTIZAIER
DYANEEIZHN L TCHELRERROON o7,

PAMREFIIRIFTAVIAAMED X VAL DRE
WP, 1V ITAABLOT A7 TALHFRICE
A B JRE LR D Alexandrivm J& b 5O B 8 o
RLA L ®E Fig. 2138 L7z, stiaRA 5583 LTl L
AR HE R & M7z e vkl B o B 0%, A 7 B
G725 3 HH FTIX0.7 cells/day, 3~6 HH F Tlx
1.3 cells/day & 72> 72%%, 6 ~9 HH X TlZ80 cells/
day, 11, 13, 15, 17H HTIi% 6 ~11.5 cells/day Hif%
LR, FRUBBAL L. L, 4V TH
A fFF RO ME LK ICHERE S 7z icilie 8O Ik w
A%<, SHHETIRIMEN o7z, ZOH
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Fig. 1. Vertical distribution of Alexandrium spp. resting cysts
in the culture sediment with Perinereis nuntia and Theora

Sfragilis.
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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 L723» T, YA MKIKTORRKIE, #E
12 & BHALRL I IREDINOER O REEAH D, &
R AR ThH S (KH 1972) 4V TH 41T
FEEINEPIHEE SN2 X M, w4V A5
OWAEY DOBAGAZ X > T T 2 W ReED D 5 95,
DR OMETDSLETH % (Persson 2000) o
AVIHABLOY A7 WA MFRELKFD
Alexandrium J& O BAFE XML UL, RIS L
THEIZBY Lze 202 ens, £ VIThA, VR
I HADVKEICERT LI LICE-T, YA MO
WEHIE NG Z EHEE SN,
RYEBETREOAL Y TH A FBFRPOY A NG
BEW, RIRRICH L TERERZEE o720 Lzdo
T, AV IHAFERD?OORFFETORMKIZ,
T X MDA TIERL, AV TH A 0EE, HEk
W& Y EAIZHAT B YA M OEEHHIN L (Tsujino
and Uchida 2004), #FEHICWFENIREDO T R M,
g7 BB (0.28 umol photons / i /s) TIXFEIED
wHlEhs (L8 B ZolEIO5NhE, &5
2, XY PRIZE BV A DOSREGAOEALE Tz
FEERERP ORI EIND LI, 4V ITH A OIFE)IC
XoT, FFETHEL VA MNP TFRBIGER SN2 &8
VA MOREFEIHL T LIRS DH 5,
RHEBETREO Y X7 T4 SERFDO Y A NEE
&, FHRRICH L TARBEIMKT L7z (Table 1), F&
ST L2y X7 ALk B v A MERAFERT
1%, ¥ X7 H A 135%cysts/individual/day @ # & T
VA MEHALT ARRSZ b, T OHLEEIE Y
ARRYATTADEEIL>TEDLEEZOND
A, REFFETOFEBO-1cm @ ¥ A M EEEH30H T
WID27T% ICEF TR T L2 &I, REHEMYAES
ThbIY A7 A OEE, HtoRrREEZLN, L
72080 C, REMBYWEETHLI AT TL4I2L-T,
FKBORFREZL VA MPEAESINEAD L7122 LA
BiRE KT oOEKMBEKTO—FEEZZ N5,
T/, AWIRICBOWTIEEBEL TV AW, YA ME
FOMRAER, VA MEPOBERNZRDL THA2) L4 b
EEZONDRTDOZEY A b OFHAS, SHRLELE
bbb,

Alexandrium J& D X ) W75 » 27 b v A b
DR T B i ERIER O E I EE S O
B LD —BHDPERT 50 RIFFEORE RN
BAVITHARY A0 N A ORBHBWERL, ¥ A
MHABIZMZ T, FERN~O WL R R S HERE L
2V A NOTREIA~OERNIC L > T, ¥ A MO
BIRCH IR R EZFFOZ LAVREN T2,

&!n

&
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DX 7R PRI FE T S5 5 3 50 e P P e bt V2D AL A
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