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Process of eutrophication in enclosed seas recorded in dinoflagellate cyst
assemblages and sediments —the case in Nagasaki Bay, west Japan—

Kazumi Matsuoka* and Hyeung-Sin Kim**

Abstract The change of water quality in Nagasaki Bay, West Japan after reclamation of the Koyagi Channel
are reconstructed on the basis of analysis of sedimentary facies and dinoflagellate cyst assemblages in two
cores collected at the stations NGB-1 and NGB-2 (86 cm and 60 cm in length respectively).

Sedimentation rates of these cores estimated by #°Pb method were approximately 9.9 mm/year at St. NGB-
1 and 4.3 mm/vyear at St. NGB-2. The median diameter of the sediments varied from 3.9 to 7.1 ¢ at St. NGB-1,
and from 1.9 to 8.2 ¢ at St. NGB-2. The proportion of silt and clay increased upward at St. NGB-1 after recla-

‘mation of the Koyagi Channel in 1968, because larger sediment particles derived from the rivers became
unable to be transported to this point. At NGB-2, the median diameter of the sediments became 3.9 ¢ from
1.9 ¢ around the 1943 year horizon, concordant with the remarkable increase of human population in Koyagi
Town.

Dinoflagellate cysts mainly consisted of the autotrophic Gonyaulacoid Spiniferites spp., the heterotrophic
Protoperidinibid Brigantedinium spp., and the autotrophic Gymnodinioid Pheopolykrikos hartmannii. At both
stations, cyst abundance decreased approximately from 1969 to 1995, but cysts of heterotrophic species in-
creased during this period. At St. NGB-2, the abundance of heterotrophic species recorded a maximuim (ca.
6495) at the horizon deposited in about 1948. Since reproduction of heterotrophic dinoflagellate cysts is stimu-
lated by foods such as diatoms and other smaller phytoplankton, the increase of these cysts indicate that
primary production of diatoms and other phytoplanktons might have been accelerated, and that in that period
nutrients for these autotrophic micro-algae such as nitrogen and phosphates probably increased. These data
suggest that eutrophication started in around 1950 and was accelerated after reclamation of the Koyagi Chan-
nel.
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Fig. 1. Sampling locations and submarine topography of Nagasaki Bay.
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Fig. 2. Change of flow in Nagasaki Bay after artificial recalmination in the Koyagi channel estimated by
Nagasaki Marine Observatories (1964). A; Before recalmination (Map published in 1953 by Geo-
graphical Survey Institute). B; After recalmination (Map published in 1985 by Geographical Survey

Institute).
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Hic UcHEEY oER %, AOHEhIIEBEmE» 5> OB 21T

Fig. 3. Temporal distributiioin of grain size components and median diameter of NGB 1 and NGB 2 core sam-
ples. Vertical axis of the left side represents the age of sedimennts infered from the sedimentation rate

according to *°Pb measurement.

o SR OBIG IFEBITHEAD LI Uy, REBTIR
22%1C78 o fe, T - TEE FER T 1.9~
3.9¢ TH » 1PN FYESEKEBTII8.24 1T -
fo. YV NGOG RIRNELLEH TS L34,
FEMICET ThEcEmL 7o, Rtk i
%5 DD IS E - TV 2 19T04EE D S B %
BFL®, ZOEEGRIHEEDOK 6% (18784FLH,
FED» S -50cm) »LRBEWTIIREDOHS52%
wEeHimL 2 (X3).

3) RWFEEL X MEEMEMK

TR T IR & R (2 h &b
RSN, (bAIc B afl) o5 2 Snicig
NERELAZELHD, Z20BSICIH—0EYiEIc
RISt ZoDFEAMBEH SN TV S, KTl
VR MHOKLE U THAEYFINICHEE « MRS
NEBWER WS, YA MEBELZ N TV
WIEAITE, T x HIZE2 o TX il

L 7.

SRR /MR X b I3 R ETER
& L T Gonyaulacoid ¥§ @ Spiniferites & ,
Protoceratium* J& (UtA%4 Operculodinium &),
Lingulodinium* &, Tuberculodinium J&, Cal-
ciodineloid $5® Scrippsiella J&, Gymnodinioid
¥ @ Pheopolykrikos
mann) * % Cochlodinium* &, Gymnodinium* &,
(G. catenatum™ ; X 3-3, 4) % &, HERER
# & L T 13 Protoperidinioid ¥ @ Brigan-
tedinium J&, Selenopemphix J&, Stelladinium
J&, Trinovantedinium J& (X4-1), Votadinium
&, = OfMhdD Protoperidinium* & (X4-2),
Xandarodinium J& & Diplopsaloid 38 O
Diplopsalis* |&, Diplopelta J&, Dubridinium &,
Gymnodinioid i ® Polykrikos* |75 & T - 7-.

S TER LY X FOBRIZIEEALREL
TdH - 1203, Kic#H D Protoperidinium *spp. (4

hartmannii (Zimmer-
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4. NGB-127 (40-41 cm depth) #ABH SEH U ZEHEERE Y 2 b,

Fig. 4. Dinoflagellate cysts found in sample of 40-41 cm dpepth in NGB-1. 1. Trinovantedinium

capitatum Reid (heterotrophic), 2.

Protoperidinium sp. indet.

(heterotrophic), 3.

Gymnodinium catenatum Graham (autotrophic; reticulate surface), 4. Gymnodinium cate-
natum Graham (autotrophic; chasmic archeopyle); scale bar is 20 ¢ m.

FART, 1998 ;X 6) d ¥ X b NGB-1» 5 pEH
L, NGB-2HiG TR EH L&D - .
THETE#E ~ 2 b 3013 NGB-1H#l 55 T 13400~
1350 cells/cm?® DHiFHIZ H v, ¥ T925 cells
/cm?, NGB-2H#l)5 T13255~755 cells/cm?® T,
S4B £ 588 cells/cm® T - fo. FEFEETIE
NGB-1H#if5T1320~27F, NGB-2HiA <1318
~23FETH - 72. NGB-1H15H 1Z NGB-2Hh 50 I
NTYRMIOEFESBAREP -7, By X MK
E g & & HRREVE R ES A S RIS mg kb
U7zh3, % DOf[a]id NGB-1TBE T - 72.
NGB-1 Hi 5 T3 19054E > 5 19654 & ¢
&, Spiniferites & % Lingulodinium machae-
rophorum 15 & QWM KEFEEE > R b DBILFE L 12
196BAELHL MR IEIR £ TR IR R ERERE ~ X b
DEG D EE 2R LizDicst LT, REEsesE

fE @ Brigantedinium spp. ® U R EFE O
Pheopolykrikos hartmannii 75 & 388N L #-.
NGB-2 Hifi i3, 18554EH A 5 19364FELE
TORBHNL B TERE >~ X+ D Spiniferites J& 5%
ZRE LIS, 194648z —EaRm L. o

JRIZIOTHAEEHICH O R I L 72238, £ 0%k
JEEBIC I THOWRD U, #1940/ 5 5

196048 £ T DEd Brigantedinium J&75 & O it
JERERERE Y X P OEIGHHENL, RESEOKN
64%Ic £ T L7z, 19134 I i3 R 214
Zeal U C v 2 M IR KE D 255 cells/cm® & T
WD Lichs, 0T & Brigantedinium J& 715 & D
WERRBFE > 2 b OF&IEH47% 1T F TN
L7z,
Mg E & v 2 b B 19824 I U 7.

F OISR v X b D Spiniferites J& & /b
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L7eh, [E UM A E T D Pheopolykrikos
hartmannii (3L, NGB-1#i5 T¢#27%,
NGB-2455 TIi3#20% 0 E[& AR L1z (X5).

z =

19455 | O B FENT T O 23 7 Ao &
WEOKEICEZ 32 Th 5 5 A HAIcHEE L
repliziswv. —7, RSB OB/ T
THKERBEICGZ 580 Bi L CIdIROHRFTT
b5, DEBEEIRE (1964) &, #HN
TREDL TORENIZ LA BN ORER~
EREMTHMERESHML 1D, & oIy T
LK TR ZNMGEL 0B T Lic kb, Ailgs
DUFIKAZ WD DS LB EFRILE (K2). 2)
HHIEH (1968, 1969) ©pEIEFH (1969,

Number of cysts/cm3

o (@] (@] o
S o Q Q
o wn [«
o v = —- «
L 1 1 1 ) NGB-1
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1990 1 g i
1985 1 | 1 E:: o) l'l:
1980 1 TR
19751 - (-a\-nolmphic)
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§ 19651 - :::’“P N
o) _: ggg 1 [m group ::I. "
o 1 ] Calciodineloid R pmre
£ 1950 1 b R
< Gymnodinioid [ 2 2
£ 1945 saejatanetelene’
"5 19401 s R
u"_]’ -J {heterotrophic)
1935 & Protoperidinioid [x ol
1930 1 1 group et
1925 A {7 Diplopsaliid )
1920 s - e
Gymnodinioid spepegen
19151 1Egroup atataee &
1910 - | I i s S
0 20 40 60 80
%
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1970, 1971) &, B OFDUIDICXK - T
N CHIHER O #gK DO FTRNDEL 130, »ofF
RIS AT THNC TP EESEFR I NS T &I
& o TR « BTGRP EEMT 22 &5, TOD
MBI D KB TG 3 s T B EHERIL 72,
TOX D ISHEFTFRIE, O THE T LTH
SIFIESOEIFEREBLABHAELD X S ICFEMT
XB5DTHAD W, MO THRONEEREZE(E,
A[a[EREL U 7o HERG ) ORI EERE R O i iR 4 & % b
HRICEDLIIIKMENTWVWEDTH A D .
T 7, HREREI2E» S Y 2 & SHIk BB
BOZAOERIIEDLHIZEDTH A S .

1) MEEE
20Ph JIGEICT & » TR D 7o P HERS 3 1%

Number of cysts/cm3

Q o £
. 3888
L1 T T _ NGB-2
19957 R ' %
1985 o 4
: SN th
1975] Ry i
R E:E:E;
19657 2 ot (]
e e
1955 ot g i ana
0 ageanaey oie)
l.l O
19451
19351
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19151 =
1905; g :E-“"-"-
100 R
18951 T earieas
QL) et
18851 e i
t e
1875 o : .i:-::: Tensisneeaniy
o, T :: SeTaa s s
18651 : : e
e genaeness e, l.l::.::lll -
1855 PPt LA
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%

X 5. NGB-1% XU NGB-22 7B OJHMIERE ~ 2 b B L OBEMKROZAL. HHhE 2Pb AT Ic L » T

B 7o G HERDERE 2 BT U - HER O R &R T

Fig. 5. Temporal change of dinoflagellate cysts’ number and their assmblages in NGB-1 and NGB-2
core samples. Vertical axis represents the age of sediments infered from the sedimentation rate

according to #°Pb measurment.
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NGB- 1 #1/59.9 mm/year, NGB-2H#li5 4.3
mm/year T&H - 7z, KIFE O AL T O HE
FE A (3 AR TRl A & B T 0 2.1~2.7 mm
/year (&« FARE, 1998) K4 5 & A=W,
KA DR HHRARE 12320 Km?, &HAR1Z160
i m?/H (fRE - Hik, 1985) TH B DI L
T, RIEEOKRHEEHRmREIE17.1 Km?, #JIKD
WIRARIZ44)] m3/HTH % (BIFE, 1997).
F2 75 T ONGHERE R E SR Z VWO BRI A
- I AHEREYRESEEIE IR L TEv T i
ERI2EEZOND. T2 NGB-2TOYIgHE
ROEEAS NGB-1& b b/h&WnWT &iF, & 2T
AT B HED/NEEET, A S 02 HEREY R /D
W EFEKNMNH 5.

2) hIEEHERK

NGB-1& NGB-20fijii i c & @M 2B W 7ok
Rkl edr@ L <, Bk idl12~88%TdH
D, KFHETOREYDOEGHI0% T TH 3
(4 « FARE, 1998) T & LT 2 &0 ERK
Thb., TNEARD X S ICKNE L D RIGBED
77 D3RI RE 1< LE T2 & ORBIRARDZE WD
T &, FAARHRENIE S IICEN - /22 &I
KXBHDTH 5.

NGB-1 Hy5 T OES O E & 13 KB EB1c [) F
TR Uz, BRIT19684EE D & v v b R E
BackmL, WS EED LR CD. it
DI CLARNC B/ BEME S 28 L Tt TV BN
A & A & DHFIRASEDS D . Tz & » TR L
20, RIGERIE~OHKAHTRERSZELL foi
DTHBHEEZ OGNS, oF b, HALHOILMIZK
Wehinngg< 8o, HNigL OIKRDRZEHIDIS <
18 o e te DITBEROMID SHA S 15 IR
X ISRIR OHEREYIHS NGB- 1S & cEii s n s
<130, NGB-1HIS T v v b ORISR
LXK EHERENG., k- TRk
R & 19444FH (KEH» 5 —50cm JEH#E) 13
3.9¢ TH - 7z DISFHBENIF D HNT LI SR I
BALL, 19694EEHICIZ6.83¢ 10, EEHTIFT.1
PITTL - 71z,

RIGE TR EREOEIG R W IE E/KEBEE
BIEED—> L1585 COD W& 1 5 (EIFEK

11

PERRERIS, 1971). ChicfiEd> &, NGB-1Hi5
TII 19684 H S HERRYITh D S E S U 72
ZEMDL, CODMBEL -7 EEZ SN B.
NGB-24i T b HARE K 2k %2 8 U Tk
DEG FERBI RS TR U, o B BT O
AL5524,000 ALL BT U 72 19434F B I iD R 49
RO L, ekt idEmlz. colEn
5, Rt (REE/KERRS, 1971 OX i,
Z ORI /K BTGB O EIT Lz T & 482 s
Z 5. X5 NGB-1HIA & [ERkIZ, 19684FLH >
SRR F R L, BTk aksr idgm L 72,
INEFEFHFOHY I TILX->T, BHRNTOM
WAEAL U 7 hER, MR O a3 72 { 18 -
lellickdb0ThHAS. 18T84FEHITIZ1.9 ¢
ThH - T h I FREAS19434F 12 133.9 ¢ 1275 D,
BEEH A DS 3 T 5 N 72 19684F LI R & T
3829 I »TWAB T LITHEHNTV B,
PlEic~ic 2 &in s, HEEEEERYE %
THEBEEE ON TH DL TH5% T L 2 19684F
ERZEIRIC LT, RIFEOHKBEIRERNANE
U7, e S EEREB ORI A TH 5
NGB-1#55 5 NGB-2[ O W& HsElr & 1172 <
itk ->T, BAD S OHEREYIERREEE & KX <
ZALL, FERE LTRSS 2L 91
185t & E RN DL S A S T & DS
TX 5.

3) BEEED X MEESEHEMK

FIRE O 2 #pl TERALL 72 HREUVE 2 & FEH
L7 Es sy X~ L O 13 Matsuoka
(1984), /MRIEH (1986), 4« #AR (1998)
IZ &K - THES S N ANB R RIFE S EXTRER
BonEEREHEY > SERT I DEIEEA
ERUCTH -2, 78 1 FLERTLIE O Xt E b
FRMBIERHER IR ES N TV 3 IRHIESEY X D
FERERY, (Matsuoka, 1994) & &¥EIT 5 &H
5, HEREYIH < Ot ER AR TEDSRIR & 75 -
THEARMBAZEE U 7o vTfg i 1R W,
MR~ X b OEEMEEE I NGB-1H#I4 T
925 cells/cm?®, NGB-2H#i5 588 cells/cm® T,
Mg 2 RAHE (4« AR, 1998) TREEHL 7«2
e v R EfE$1046~1835 cells/cm?® (T Hr
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% LISV, RGOSR SRR E LD
FLAREVWT ERLS, TOFEVEIHIIIDSHA
L2 BOMBEYICE - Ty 2 FEBHREINT
WwWaTlickdEEbnB, X 5ic, NGB-1H#l
A3 NGB-245 (1913 ZRWVWT) 1Tk~ T
v 2 M MEERE D B 5400 cells/cm?® 2 & & &
1350 cells/cm® & THAE L, ZHIESKE L.
Z N3 NGB-1#Sos el i) 1 i s <, B R
S s T ZHEERYEOMBIc LD v 2 R
BERINBEEICLBEELONS, WA &
I T & RGN ~ 2 b EEE R B
7%, HEERERER Y 2 b OES B EIMER Z 7R
L7, PEBREVERNIER > R ~ O & R
Jokan, 470 bERBMET S ORMICEZEIT
D & 5 1S HRESE B DS B b, WK DR
AR U2 75 v 7 b v OBERE Iz —R I
FRO LS IR B EFHIN VD, £7, K
B ORI L7208 » OLARREE I R &
TR L bEVEREBSM L, > W THE
BEOKMT S v 7 b YRl S SIS 0BT
HEERMAERRI LT Ny 7Y 7058 T 5 (5
F, 1996). TN EME - THEEC N 7Y
T8 E AR Y A IR KBRS HE T 5
(Gaines and Taylor, 1984; Jacobson and An-
derson, 1986; Lessard and Swift, 1985; Hansen,
1991; Jeong and Latz, 1994; Neuer and Cowles,
1995) (0 6). Lichs - CHEREY D CIREE AR S
VERRMIEHE ~ 2 s HENd B T & id, —IRAEEESE
ELTOHEBEEEEOBEARML T8, OV
TIIESHORIE 22 U 7o RG] (B V)
OYEINAERE D ERBLOMITTZRRL TV 5.
NGB-1 #1533 A BEMT B . TH D 19694
tHic ix, Brigantedinium J& < Diplopsalid #H 73
BN 572 &, REBREREN Y X~ 0BG
A3%lcF TN L 2. U LE UReic, Jhor
XEBEREE v X b O Spiniferites J& *° Lingulo-
dinium machaerophorum 15 E 3R Ute. &
W DAL THE 1% SELASBRNS = v NGB-
1f}3E @ COD i3 5 4 1F & Oic 2.5 ppm & TE
B o8, 2ppm Bt THER L L8 SR 4 1T/h
X<y, 19954E i l4ppm K78 » TV 5
(BT R ER IR 23R, 1995). MMt
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Fig. 6. Relationship between increase of nutrient,
and autotrophic and heterotrophic dino-
flagellates.

#y 2 b EIAR S 19704E I 108 cells/cm?® T
FCHEIL 7ctk, RBEH D 1995412 130.5X10°
cells/cm?® ICE TR LTWAS, ORISR
B SEEI D A OB BN T & foalgElEZ R
WTwa EdEZoN3M, FO—THIERE
TR AR I [hD - THEIMEEIC D 5 DT, K&
EHORMNDIEL 8> 1D EI PIRHAFTE
W, —7, NGB-2 HifTid, 194040 519
604ELE D[S, Spiniferites J& % Pheopolykrikos
hartmannii 15 EWMNTRBRERE v 2 R L .
i 1 Brigantedinium J& % Diplopsalid ¥i78 & @
WBEER Y X F A 1948 EHIT 364K I F T
L, o8I IE, NGB-2#&A-H DA
O & 2/KEEBROETERM L TW5E &F
Z o5, T8bH 19434 ICHEENT O ALDH
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3
—— [ HE 3
(NGB-1)
—a— K EEh
(NGB-2)
05 FH———————
0 ||||||||||||||||||||||||
3 T f 2 E R ¥ 8 8 5 g8 98 F
S 22 2 2 a 2 2 2 a3 3 g 9
X 7. BIFZCET 358D COD 0t (RIGTH R EEENEERLE 1995). KHT

EEEREE ICE W T NGB-1 S I3 iEE TR ORI Ic, NGB-2i3AKEEH ORI I
HEHLTVWADT, 2NFNOBMNEEE5H L.

Fig.7. Temporal change of COD in Nagasaki Bay after Environment Concervation
Section in Devision of Public Health and Environment of Nagasaki City (1995).

23,000 ARl i 7s - 7o (FFJEHT, - 1982) T &1,
IR KBoMINE 725 L, A TR,
S DIEBIKFRA & - T & LSO =B
REESN/-aREED T & Th 5. & SO X
1T, A CRelihic HEREYI D O RPES 3D L, K
FEEASEEII L T WA T &, EIREKEEE R
(1971) 2SR d 2 & 5 iz, COD o iFK
LTwaEEZoN3. hsoBERHE, AMD
SIS X B AAWEOER NS EIT LI &
BOBbE s, £D—5T, NGB-2Hi{ T
FREW T HD N T OEEIINGB-1 S 3 & L
RWEEdotck>Tcdhs (7). NGB-2 Hi
1T ® COD OHEINIZHLD N THE % TR <
19904FLIMRICAE U, # N b il Tl AR I
H 5 (KilETHREBREEMEREERAM, 1995).
MIEM v 2 N AEEDS, B THID 19654E
RPN T 360D FNLBETREDLTHS
T &R, BTN R ERER SN L T
BT EIEENLABE, NGB-2HIEATIREXE
LTI ->TVBEES5THSE, DT EF
TR TBASR IR 5 SUMTS AL, HBE Y

VLTI & » THBESET LT 2 RIS, 5 O
KIS NGB-2HSA~BE LB -2 &, &5
WKBERENOR DA EDOFhRSES L T
NTETVWBIEEREBLTWL S,

W

IR # ¢ 13 NGB-2H 5 D 19404485 5 1960
SERDORENC B AR BRI HITER ~ 2 + ogn
ELTRREIN TV S XD, NEEBOBSRICk
K4 5 A TN & - THRIFHIKPEE
BERMBBEML, ZO#RE L TERBILMHEITL
fo. S 5IC1960ERPEO BEEHIF O HW AL T
W& - THIRRICE{L L &, NGB-1#5 1T
WIINFEKDOTRAT BEGDIEL B -1, =0
Wk - DI TIbfll (NGB-1#14) & sEMl
(NGB-2) M TH/KOWRES/DISL 30, fik:
R OB OMEE S Nz, & -3 CHbicfE
FHIP TIEBER I NI EILE-T, 205
DIGFHE/KBEML, EXBAEEI . Z0
DN T NGB-1T 3L TEE D 19654FE L I
RS Y R MMEARKSEIM L E b, &
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