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Dinoflagellate cysts as a bio-signal for eutrophication

KazuMI MATSUOKA*

Institute for East China Sea Research, Nagasaki University, 1551-7 Taira-machi, Nagasaki 851-2213, Japan

* Corresponding author. E-mail: kazu-mtk@nagasaki-u.ac.jp

Abstract Dinoflagellate cysts, which are hypnozygotes produced during their sexual life cycle, have been
mainly utilized as index fossils in biostratigraphy. In addition, some of these cysts have been regarded as
seeds for forthcoming harmful algal blooms in marine environmental sciences. Recently these dinoflagellate
cysts have been used for understanding paleoenvironmental changes, particularly eutrophication process due
to both natural conditions and anthropogenic activities. Two major signals for eutrophication are recogniz-
able by looking at dinoflagellate cysts; the Oslafjord signal and the Heterotroph signal. The Oslofjord signal
is characterized by a remarkable increase in total cyst densities accompanied by increases in a single species
such as the autotrophic Lingulodinium machaerophorum in the case of Oslofjord, Norway. The Heterotroph
signal is indicated by dominance of heterotrophic species such as the cysts of Polykrikos kofoidii/schwartzii,
cysts of Protoperidinium spp. and/or cysts of the diplopsalid in Tokyo Bay and Apponagansett Bay in
Massachusetts, U.S.A., because these dinoflagellates can consume autotrophic and heterotrophic micro-
planktonic organisms. The relationship between eutrophication (enrichment of nutrients) and increases of
both autotrophic and heterotrophic dinoflagellate cysts involving the Oslofjord and Heterotroph signals can
be explained as in Fig. 4. However, in order to employ these signals for understanding other environmentally
different areas more adequate data of such as species-specific relationships and their correlations with
nutrient limitation levels is needed.
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EZbh, EHEREY 2 PEELH O REHERIASTON

TBHETE 3G E My N EEEESE (Harmful Algal Bloom; HAB)
BB EELFRETH Y, TOEYDKRIEHI (v 2 h) A
Tt A % f 2 7o ARIRAIIE O IREE T AEY S RE A& L, Kl
whEORE (5 %) & LTHEET 2AIcER s (BRI Pfie-
ster & Andesrson 1987). % Dfss» o EXBHRYTOEE
TSR~ 2 b OTERREA O RS, R RERA ORI
CORENSHEINTE . ZO—HT, AHEE Y2 M IH
FLEERE, a3 )Y 7x Yy FEEEERRCHILGE LTS
WZERAETH 0, HIFERLOME ORI JTEREFRITT
72 & bICEBRECE RS, dAEBAHRASER L. &
W, HUBRER TEEEFRKBOLR L, Zhick > TKEROE
KBEDBETLOooH D, BHEREY R b bHLRPNER
HERL LIz D@L ENRINATVS BRI
Gooday et al. 2009). #BHERBEFENIRMA 53 HAB, Rk
EIFEAEOIERIZKIBOERBHPBRREERE L TERETH S &

&I o, EHEBEY R b IBET B LIS A AR Y
2B THRENTLAZ &0 b, BXREEE LI LIFHE
4 2 AR EEE ORI MO S EBILE L D bR, 0
&0 RIBMEEORKEAER L o0, EXRE(LEREFRIHICEET
BIFRE T T OEYIENIR M & AR 2 &S E T
ERTBHIENMBETH S, NRTI, ERELBREOMIAI,
BHEREYZ bBEDL S IKFIHINTED», TOEME
BEIBDOD, SHROPFFHELECNT TLED & 5 RFREPKS
NTVBEDhEES.

2. BREWEEL X POBE

TEHIER IEEERER I B W TR EAE S Y T 5 v
P ELTEERMBEA LD S, Db, IREETIREELS
EHICEESEY TS vy b TH B, HET B biREE
B3I TN ET 1555 @B SN TH Y (Gomez 2005), £ D
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fiokERXE L5 b0E DY S & 2,000 LI LT 2
(Taylor 1987). & /ci#iEm b & L TR « =B LIE
124,000 RD FEAEEY2 N E2ED) B SshTsk
(Fensome & Williams 2004). #4942 KEHOBHIEHEKE
i AT H D, AN RIC L - THET 2%, —i
OFEFEWAEEITS. RETFESIC X D EHEROE) M
BTZEERL, KOTZOHENHEAL GEBENEZLY, IF
BB ENGL, 54/ 28 v THRES N RIREES T~
LA B (Fig. 1), RIRMHCI3KRA 7R L CREERRICIE
L, —EDRIRMIREICFEF U OESMMRE R 72 5.

Fig. 1. Life cycle of dinoflagellates.
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C OIS IRE A ZL B E OREMIBICR 5. (RIRVEREST
TERkBIA-FE 1345 100 A %% 5 (Matsuoka & Fukuyo 2000).
RIRMESFI3 v 2 b & BIEEN S,

v b EREIEHE, 8], BEOEN ISR EMY TEbN
BT ENDHY, HuTiF %ﬂ%%ﬁ%%ﬁ%@%&&méﬁﬁ
Pz O ERM S 2H#E b b 5 (Fig. 2). [LARHEERR
LA EMKIRHES T Th D, KEMIEETERED R TR -
TWVB I ENS, MEOMIEEHRZRS M 5 HIYTHA ~
Z b ORIFIEBRFBRO D TREBTHASTTDh TS (BIX
FEIFZ TlE Wall & Dale 1968, %% Tl Matsuoka et al.
2006). FHHEREYIH S 1369 150 @ v 2 M HIAHEIS 1% (Dale
1983) A3, WEIKAAE & ORGSR TdH 2 O 5% L 5.
T 0 R BRI ST R B, EEREES L RS
FKEWAH D, WIFND YA FITh YR MERESHSNS.

3. BEEREVIIMER
3-1 HR=EH

HERE VIR OIS v R b ORI, YR & L
TRk E v 2 MEBICBED 2 YIRS 0 B, T
EEYZ FOREEIF20~100um TH 5T Eh 5, fkiidbnr
LY EHAXTHB. Lichi-TKPTERS Lk, Hih
Tk - THEREIS A8 5. F7, VX MEBGEIESICE
MATREERE, EEARENE, BARBHEATONS. tE
B Gz REN: SRS KRB 2 50 TR B A
EBETHBHIEMD, O REEOBENE S LT
W3, 51T, HEERKEEREEREOEIE I —EEETH HHH
W75 v b v EEUMOMNEY OERICEIR 2T 5. B
S DRV NIE O & 5 I HERY) O REREER B D ra v
LIATIE, 2OV R MIEREBEANTIERT 2L EATX

IRENRERRAT

Fig. 2. Modern dinoflagellate cysts. 1 Spiniferites bulloideus (Deflandre et Cookson) Sarjenat=Cyst of Gonyaulax
scrippsae Kofoid (autotrophic), a dominant species in Korean eutrophicated coastal sediments. 2 Lingulodinium
machaerophorum (Deflandre et Cookson)=Cyst of Lingulodinium polyedrum (Stein) (autotrophic), indicator of
eutrophication in Oslofjord. 3 Cyst of Polykrikos kofoidii Chatton (Heterotrophic), dominant species in hyper trophic
water in Tokyo Bay, 4 Dubridinium cavatum Reid=Cyst of diplopsalids (heterotrophic), dominant species in
Apponagansett Bay. Scale bars=20 um.
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WV, LS T, IR BT O v 2t 2fEER
PHEOEIZ, EVNREICERT 2LELoN05E. TOX
3 I RE IC B X R v R DB OELIMERERERDE
LKL TV 5 & OBSD SKERE, FICKRBEEFHOE
LIz > W T ORENSHER L T E 1.

3-1-1 Oslofjord TDOEH|

Dale et al. (1999) (& / V% = — « A 21 7 1 3V K DIKE
100~200 m DHFED 5 500 RN DRSS % 508% L 72 30~60
cm BED 4 AORRGE 2 HRINL, RS 2 b BHERTE
o7, #DFER, 1900 4ELEHIT, 1) Y2 MK 2 fZi1272 0,
2) Y& kE Lingulodinium polyedrum Dodge MSEIRTEIE L
tz T EABSHIT LI (Fig. 8). @E T O TIEIKREENE
SEOHEBEOMIEIC X > THBS B ICHEET 5. LHL,
L. polyedrum 3HEEICZ L VB EICHETES 5 & s 5 (Dale
et al. 1999, Paasche & Erga 1988) T &» 5 Z OB L.
polyedrum DEFEIZBARKE TIIE L, ABRICEMI NI
BEICXZoN TV EEER LT

3-1-2 EFETOEH

Matsuoka (1999, 2001) (FH A « R TRILS N/ 145
~150 cm £ T 100 FH DFLFEEK T 2 RKOARHERY)H O
MRS Y 2 NEREABIT L2, o oFETIE 1950 £
DIBg I fERREMETE v 2+ M RICEINT 5 & & bIT,
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Fig. 3. Oslofjord Signal in the sediment collected
from Oslofjord. After figure 3 of Dale et al. (1999).
Numbers 1-4 showing each phase differentiating from

dinoflagellate cyst assemblages and A-C showing
three distinct pulses of increase in cyst concentration.

1970 FELIgIC 2 v X MAFE ML L 2SI L
7z, Th oDz kid 1970~1980 FEROEFZETD COD (b
FHREERE) OMNE#zE—Icd 500, BHERE Y
2 EEOZLII N, P 15 & OKEE O AANISIEIN-ARNE
FEERBL TV EEZT.

3-1-3 KHFHETODEH
FEILINARATE T 1 1980~1981 FFICHRELE W HEREYI X8

#H2 cm OFHEERE Y 2 P EEI/IMAS (1986) Itk - THS
MicEniz, D%, 1998 FITi3/MAS (1986) & [E—HIST
PR.e AR (2001) REHEREYI T ORIEESE Y 2 P HELRE
L7z, X SIfhH (2007) (& 2004 & 5 2006 Fic i TR
BT 3EHLLIZRBHERBY T OREESR Y X M HROFE
ZERML, #25FRBOZAEHS I L (Fig. 4). KNE
SEHIHERERE 1369 0.3 cm/EETH 5 T L 5, HEREMIFRE 2

m i3 6~7 ERICIERE L cBHlERE Y X PRI TV S
TEITE B, DIFERTRBRER EKBORKETRBEE
25 FERIC COD A ER T 2 & & bic, &V R MAKE, HEEXR
BWREY 2 MEAKREE bIT 2~4 FITENL TV A T &ML
WSS - T, BRYITEE OHMEITICRE > THRHEER: » 2 b RSN
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Fig. 4 Increase of total and heterotrophic
dinoflagellate cysts in Omura Bay, West Japan, over
the last thirty years. After figure 7 of Nakada (2007
MS) with modifications. Horizontal axis showing the
age, left vertical axis showing cyst density and right
vertical axis showing COD represented by line graphs.
Simple bar graphs showing the total cyst density with
individual species and bar graphs with arrows
showing the number of autotrophic and heterotrophic
dinoflagellate cysts. Ps; Polykrikos schwartzii, PK;
Polykrikos kofoidii, Po; Protoperidinium oblongum; Ohs;
other heterotrophic species, Prs; Pyrophacus stenii, Ss;
Scrippsiella spp.; Oas; other autrotrophic species.
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Fig. 5. Schematic diagram showing the relationship
between increases in nutrients and a low-level
ecosystem in terms of the Oslofjord and Heterotroph
Signals. After Matsuoka & Shin (2010) with
modifications.
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Dale (2009) (3 [7H#EEEE > X b PERBLOERICTO S
2h] OB LTARE 7 1 3 FPHGETOWEE
FlicEo&, ITO 2 Sz ORMEEEZHTHEI &%
Bl TV 3.

—REE Y2 MERESEML, = 5icE-EsEnT 2.
Dale (2009) iZ 24 2o 7 4 3NV FTONEZERICHILA
Oslofjord signal &FEA 7, ZDIEHLE 12 - 72 &KHZ Dale et
al. (1999) 3T - 7z Oslofjord DHEIRFAKIFEH» SB/ SN TH
D, ZITIPLESEY X F 2502 Y 2 MMERKOEMCS
B LR L polyedrum TH - 1-. fho—HiF EBIRELETE
V2 b OEEIT/RE N, Heterotroph signal &FEA S, 0
Thorsen & Dale (1997) 25/ V7 = — « N4 ViEfED 7 4 3
VR TERELL 7230E T v 2 MEEDED T B DIiTxd L T Proto-
peridinium conicum (Gran) ¥ R + AN F 3 | Mat-
suoka (1999, 2001) 23 5 5T L WA TD Polykrikos ko-
foidii Chatton, P. schwartzii Biitschli Round brown & FEE
1% Protoperidinium spp. 75 &E DREBRBEWBEERE Y 2 b

$568% FH1%5 (2011)

DIEXHIEINERITdH - 1.

Matsuoka (1999), Matsuoka & Shin (2010) (& Fid 2 > D &
73V EREEORM (EXREBL) BESE, H—HIcHA
THHSRAERR L. Iho2EiENIcEET 25, 1)
HERTE (¥ 2 ) OHEIERBEEMBEDIEAK (Fig. 5-]) %,
2) EEAKBMERE (Y2 b)) OEMEZH S DR L5 267
5 vy b O (Fig. 5-1) 2R¥425E L, ERELTOLS
NOBGE GRBEDOHMERM L TV 5 &EZ /2 (Fig. b).
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Thorsen & Dale (1997), Dale et al. (1999), Matsuoka (1999)
VI, ZHioinER T Oslofjord signal +° Heterotroph signal
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mEsITThbh TE/ (FlZ 3 Pospelova et al. 2002, FAR
2004, Matsuoka & Shin 2010, Shin et al. 2010). Pospelova
et al. (2002) iFLKEHE < F 2 —+ v ¥ D Apponagansett
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edrum DEIMHBERE(LERERS 5 & 5 Oslofjord HFH &
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FTERLTWVEW, LAL, Pospelova et al. (2002) D&
RERB(LITEES B—FEOEINIZ L. polyedrum &\ > HE1s
BOACENEDTIREL, OOV THZOHEEEMA B
LETIHEEHENS. %72, Heterotroph signal T& Nt 25
WS Polykrikos kofoidii & schwartzii, Protoperidinium spp.,
Dubridinium spp., I minutum 75 EMEEIck - TR -TL
5. TODX9SIT Oslofjord signal % Heterotroph signal D5
BRLBBEDZRIEICOVWTORTRIATHTHS. ThiR
M BIchHl - T, BBHOKERL ~NVOREELE 2T
J& U 7o iRdEERE >~ 2 b B OB N SBEICTL 5.
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