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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-
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BRI R T 24 XY P RIZE T, KPS
A, SRR, BFEHEOHICBWTEEE )T LT
HEPEATH % (Persson 2000)s T FE TEKDO T A b
DEMEEZOWT, ZHHRKERDO S A4 7 VT
HBNVISTF 7 2L D YA MEEDORBEDOEE
PR, NI FYTRTANAEDEEIZ X BEFOW
FEMEDS IR ST & 72 (Persson 2000). Persson and
Rosenberg (2003) & A7 = —F ¥ OV #5122
ERTL2HMHELERHEHCC, BBEEEO Y X
b DGATD B FEERIICHGT L, RSB 5
WEHHEDO Y A POBEOENZ, TOWRICAERT S
NV M ADEWEDENICL > THERZI SN L%
R L7z,

FZELEIINFETTLFH Y FY TR AL
X7uaxXY M AOHBRICOWT, Bg#AgL, 4V
T 4 (Perinereis nuntia) & > X 27 54 (Theora
fragilis) O2MWEDO< 70Xy A ZMio BN
FEECTHE L TE&72 (% 5 2001;Tsujino et al.
2002;Tsujino and Uchida 2004), ¥ A 27 # A4 I HA
R D Alexandrium J& > A N S BEEICHERE L Tw
5 &9 & A B L (Imabayashi and Tsukuda
1984), 4V I A4 IZ#lEHOARBROTEIC (FH
1984) B L T35, ifREEE» O 04 E
HARETL2ORMEL W0, #EETHLL VT
NA W2, ZORNE, AV ITHA, TAXTHAN
HICVAMERERL, A7 TACBWTIIERALL
VA O—EEFHILL T AT EEM: % 7R L 72 (Tsujino
and Uchida 2004) . ABZEICBVTiIZ~vZ7axXY k2
THHEIA VT LT ATTAD, KDY A D
AT BT T BB L MK RED» S5 DY A b DJg
FIIXTT B A FERIITHRE L7z,

Eat S Rapsp:

SAMNOHREAFICRIEFETAVIACESXIHAD
=7

Alexandrium J& O ¥ A b % FEEDME BT 2 HH D i i
LA MNBEEPBRERKREAIAY Yy F ¥
ZAX =R TR L 720 ML 2R IE~ 7B X
Y M AZRBRELZZOHAWIMm O THB W, L
REEBRICH W2, v 7axy b A% BRWIzi%
MR (GKET75%  Alexandrium &> A N5
FE 67cysts/g wet weight) %5cm, o _LICRE R
KR (EKHT789% Alexandrium & ¥ A #2593
cysts/g  wet weight) #1lem A#L7214 (%) x 10 (#E)
x8 (FHE) cm OFHE IMAE Lz 35T D,
AV ITHATEFX, YA HTAFHEFX, WHEXEL,

AVIHA, PAIHTAFEXIZL DOEGHIIA VT
AA, Y R7HA BENEFN20EANT, Kinl8C
DRHKRIZBNT, K E#HzE BWEGY — - Thi-o
THARETECO0H R E L7zo 30H#:12%1.5cm I =
a7 =T, —OOFEHEPD 6 BJMHEEZRIL T—4% >
TrEL, £E2PL1lem MW TH Yy PLTHED Y
A MEGHERRE L L7z,

SANEFIZRIFTAVIADSAES XV HADEE

Imm OfFT~Y 27Xy M AZERD vz E
DR FEEBICH W, 100m ¥ — F — % 9 1f
AEL KE—7—ICBEH20g D (& K789
% Alexandrium i& ¥ A b % F£2306 cysts/g  wet
weight) BZIMZ 72 209 B3~ a x> b
AR ANBZOIBXE L, 3MHEA4 v THh A4 HEFX,
B 3ME YA AAFHBFEXE LT, Theh 1 5%
H720 3MEEDAL Y THA LT X7 A 2N L7
# ¥ — A —1290me D JEMIEAK 272 L, 125C, BB
14.2 4 mol photons / nf /s , 12EF[ O WG EEI < 1
PHIEFE L7z 2O/, 2 ~4 HEICRO LEADE
JEBHEAK 2 AR R 720 WY BRV72iEKIE 1 % o 7 v
F— V7T FTREE, #iEL7% 10ml ik
WedE L C Alexandrium J& O W% ML % 515 L 720
BT, SEHEXORESHXOPRAZBILL T, I8
HFoY A MREFHAORE L L7z,

ey 2 b oML, KA S RiRSg 2 Ro T
WOEWEAICERE L, BEE T oML 721, 20 u
mOHAEWTHi>C, i kO A M2HED, 7Y A
V) vt 72 (Yamaguchi et al. 1995a), Ht6HIN
PMSE (OLYMPUS IX70) FTiro 72,

MEBRICHH L7224 VT A3, BEENTWD
AV IHAZWALTHEEL7201g (RE) HEOW
W, YA HARIRBEBEOKIRY» HERIL 72
0.8cm Hif& DEMZE 72,

w R

PZAMNOREAFICRIETAVIAAESXIHAD
e

B MIEHIOHH L0HEBDOA VI h A, A7
A FERXEB X OHBXORAICBIT 5 Alexandrium
&> A b oSl % Fig iR L7z,

SOHEDA Y IHh A MERTIE, 0-lem DY
VA NEBEIBXRBOT2% & o 72hs, HEkE
Tlxhho7 L2L, O-lemBLX ) FREROETH
FBIZBWTHIRIBLY LA VEBENIEL o7 (t
BoE  p<005)o ZHIIH LT A7 F A fFIRTI,



RTANRY FARY A MIRITTHE

FEO-lem O ¥ A M B EII A RIED27% F THT
L (»<002), 1-2cm@TIE, ¥ 2 MNEEOHNA
oM (p<0001)s LA2L, 2em LD FREICH
WT YA MNEEOFBEEIMEIRD SNk do Tz,

OHHDODA Y ITAAHEBERTIE, 0-1lcm @D ¥
A NI D25% F T T L2 (p <0.001)s
1-2cm D > A MEREITIRIE & b & e o 7298,
SOHBEDO Y A MEELD LT L7 (p<0001),
2-3cm JED ¥ A MEBEEIIMNIRRBO T A NEEIIH L
THECE?»-72 (p<01) 25, ThIDTEIIBW
TRHAMRO Y A FEEICH L THERERETREDS
Nhhrorze 60HHDY X7 4 fiFJRTIE, 0-lem
DY A NEEEIHBRO27T% K TLE (<
0.001)o 1-2cm J& TIEX IR A M EEEDST% T T
TLEPEELRBYTIE o7 2-3cm BD ¥ A

19

MEEIIHHREOS A MVEEORK 6 5L 2D, AR
FBholz (p<001). LD TFRIZBW TR
DY ANEBEIIN L THEELREIRDONL 72,

PAMREFICRIEFTAVIIAESZIHADEE
AR, £V TNABIOT A7 HAHFRICE
A B TE _EART O Alexandrivm J& it i 8 o
B Z Fig 218 Lze MRS SIFE L THE L
AKHICHERR S N7zl ol T B o SR L, fE B
G55 3 HH % Tix0.7 cells/day, 3~6 HHF T
1.3 cells/day & 7> 724%, 6 ~9 HH F TlZ80 cells/
day, 11, 13, 15, 17HH Tl& 6 ~115 cells/day Hifk
e, FNPBRBA L, ENRERL, AV TR
A FEROME LK IZHERE S 7z o fe 20 Ik %
A%<, 3HEF TR EN o7z, ZOHN
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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 ) ftest

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
39,3756 = 2,199  p<0.002

ns:not significant

HEEIX 3 HHMEDBEK L, 24HH F TiX 03~1 cells/
day, 24~28H HZl3cells/day & %olze ¥ X7 HA
fHEJRTIE 3 HE I C#ERMBEERIE ST, 6H
H LB IN®EE X170 B % T0.3~3cells/day & %
D, 20~28H H ¥ Tl34.3~56¢cells/day & % - 720 %
FEBRIBIZ BT 5 BH E LK o A o 1300 B
JA8129 = 11cells, £V I A FIF IR TIZ21 = 6cells,
VA7 A BB TIZT8 £ 15c¢ells TH o 720

FERGERED L OHERTRICB IS, KAFXD
BHIVAINEEPSEIELZEY A M% Table 112
RLU7zo SRR O Y X ML, FIE BRI & SH %
THTRIAELREIROON ol 4V T A6
FiRICOWTIX, EBRTEO Y A MR D87
% F TWA L7120, MEHICIIA R L ETIE e h o 7,
VA HAFBRICOWTIX, EERETRO YA b
BT BRD68% % THEMWICAERICEA L (<
0.002) o

£z ¥

KR EE TH 2 2HEORY PR, 4V T
AT X7 A4 OERIEED, MEERBEORKNT 7
VI N TH D Alexandrium J& > A - OEEJRHIC
B BESA B L BERE»OO YA FOFFITK
ET B A ERIICHRET Lze Zo0FEBRTHRE L
AVTHABLOTY X7 B4 O%E (1200~1600 1#
R/ ni) ¥, BBETHLY, ThZhELEH K
HEOBRELTH L, JREBBICBVWTRIHICL - T
ROONLEETHY, LEEDOHEORTH LY
A2 A4 THDH LS 2001),

AVIIABELETVR I TAFAFRIIBIT S
Alexandrium J&> A + OERELSAIE, 30H HIZ1-2cm
@D A VEEOFRERMMSRO b 72, 4

VIAAFAFERTE2ecmBIY TREOY X NEED
FAL ZOZENL, AVITHIABLIOVAIH
4 0L, P, BESEOWHEHL-T, YA MIE
b TE~NEIND Z L, /2, ZoEEkEEEA
VIWNADHEBPREL, LVRIBEVEETY R MAS
BIINBEEZONZ, LAL, 60HBIZBIT 5
BROEBO-lem O ¥ A MHEEIL, wHHEIRD25% 4
DETETLZIIZL22D ST, 1-2cm BOEEIX
IHAH XV RD, ZRE D TRIZBWTY, 30H
HOY A VEEMULEIZZ RO hd ol Lzho T,
AVIHhA, YXTHTADEHIZL o TEEDOY R b
ETFRB~NEIEN 525, #nDEic, £E0-2cm © ¥
A D ATEPOERICE > TRA LI EEZ SR,
VA HAAERICBIT LA MO,
NE T EBRICBWTHLRAD LN TH
D, I0HMOFEETHEOLNZ 2D, KEMMKE
WEETHDY A2 H A4 (Imabayashi and Tsukuda
1984) BNV A M REETLIEICELD, ZO—EHH
bxhn &z 5Nn7 (Tsujino and Uchida 2004) o
L72hoT, YRAZ A4 DIEBH T A MKITTHE
X, BA, PEERBENC X A EMERE Y D, BA-
HALIC X 2 EENERO PR E VLR INIZ,
4V TH A FERIEBT D Alexandrium )& ¥ A
FROBAIE CHNFEFTOERTIIERINTED
T, IOHM OB CTRABRLEZIRDON o7
(Tsujino and Uchida 2004), ABFFEIZBVWTH, 4
VIHAFEROEHO Y A MR Y A MK
L, AEAEEROONT (p<01), 60HMHD
FBEBRIIBWTHADT, A VITHAFAFRPDOT A
MR T ARED SNz VA MRFEERICBIT S, 4
YV I A FEROFAFE LB ORI L, *E
REIVDEBI Ao/l b, 4V THAL D
BOMBETRIEMEESIN, VA MRS LI L I3E



RIUNRY P ARV A MRIET 21

AW W, LT, YA MUERTOENIZ, B
2 & AR B IFRAE DI O ER O RENEDH ), %
MR AT TH S (GKH 1972) 4V TH 41T
FEINFEPCHEE SN 2 M A, MR T AV A%
DAEY OG5 X - TR T 2 MDD 5 h 5,
WO ERDOME DB ULETH S (Persson 2000) o
AVIHABLOY X7 H A FFREEKTD
Alexandrium & O RFE MR AEEIE, RIS L
THBEWZEBY L 2OZ e, fVIhA, VX
IHADEEIELRTAZEIZE ST, YA MORF
DHIR S NG Z EPHEINT,
WHEBRKTHOAL VY I HAFFRPOY X VE
FEE, SHRRICH L CHEBELRER Rh o7 Lizho
T, AV IHAFERISORFERKTORREIZ, &
HY A MROBATIERL, 41V THhA0EAE, Pt
WX D ERIHAT S YA P OEEHBENL (Tsujino
and Uchida 2004), #EHICLEFNIRED S X M,
ES 7B (0.28 £ mol photons / nf /s) TIXFEHED
s (L8 BT 2oiEFErons, €56
12, RYPRIZE DTV R DOSEGAOEL % T2
EBH RO ORI EINE X HIZ, 4V ITh A OIFHI
XoT, BHETMEL YA M TRBIGER SN2 228
YA NDORFERIHL T B REEND B

B FEBRTHED Y X7 A fH RN DY A R
&, SRS L CTHEICIK T L7z (Table 1) %
SABICHE LY X7 HAI2L B v A M EASEERT
&, ¥ X7 H A 135%cysts/individual/day @ 3£ T
VA MNEHALT AR ONT T OMELHEEIE Y
ARNRYVRAITADEEIZL o TEDLLEEZLNS
B, AR TOEEO-Icm ¥ A M EEDZ0H KT
HID21% ICF TR T LA 81X, REHRDAES
ThHhbI A7 A OEE, HILOHKREZEZ LR, L
72035 C, RERBEYWEETHLI X7 HTA4I2L-T,
RKIGOFRFRER ¥ A P EE I L7 2 LA
BiRE L ARPOEGMBIK TO—~KNEEZ LN D,
F72, ARICBVWTIEEL T wDs, Y X Mg
FORER, VA MBPOBENEZEL TN D
EEZOLNDRPDZEY X NOFHED, SHBLELR
bbb,

Alexandrium BD X 5 W75 > 27 b A b
AR B I RIEHE O R E I EE S D
LR E MO M HDPERT 50 AFZEOREE)
SAVTHARY A7 A OFRBHRWEZ L, VA
MHALICZ T, FRANO U R ITHERE L
=V A PO TREIADERRICE T, ¥ A2 MO
BRI R 2 RO Z LR E N,

#OO

AT L, HialF 2\ wizZiwne, #H Wik
DX R BRI FE T S5 55 4 e 0 P P s | 2D AL A
LEFEd.

X |
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