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Seasonal Changes in Biochemical Characteristics and Vertical Transport

of Particulate Organic Matter in Hypertrophic Dokai Bay, Japan

Kenichiro Hamada, Naoko Ueda, Machiko Yamada, Kuninao Tada and Shigeru Montani

BEBAETDHZEE BV TERBICETRYEORN AT, ZOE(CENSH,»SRBLHE L. 72, A
HEHE 35 %2 Chlorophyll o Z#F8IEE L CHFRYE O ERSEROFHEMICOVWTER L. £O/R, BREll
FHNEO R Lo FREOSE R, FEBOMEIZL2EKOLETRACTE SN TS Z E0HRI N K
RIS A BB FOEELREIEY 79 > 7 b Y BIEESRAN, €74 AL b b Ty TICHEE SR TR
B B RN TSRO S AR ELIEEL L &, H35% Th o7, BHEERELEEL L UKMEFORE
BLITMRERE R BRI LA, UTO3 NNy —UFELE. (DHEERZVIEREBHOZD 75 v 7 /NS
v (BE), QOBABIEE 2 WITBEBINZD 7Ty 7 ZIFKE W (BF - KE). OERZITTEREEIN SV
BDTT 97 ALNE G (L), Fio, W T PR EREEETARTFIRMENIRE 7T v 7 A% Chlorophyll a
FIE L LCRE L7-4R, SHEICETAMY TS 7 b B EEERBOR L OMEBRTY I v 7 R3HRI D
LEZSNT.

We used biochemical characteristics to infer the origin of particulate organic matter collected every season in a hypertrophic
embayment (Dokai Bay, Japan). In addition, we evaluated seasonal changes in the vertical transport processes within the
embayment, using organic carbon and chlorophyll 4 as indices. Our findings suggest that mass flux was influenced by the
strength of density stratification and mixing of the water mass. The main source of suspended particulate matter was presumed to
have originally been phytoplankton. However, using organic carbon as an index, we determined that suspended particulate matter
accounted for only about 35% of the particulate organic matter collected by sediment traps. We compared the standing stock of
particulate organic carbon and the amount removed through sinking in the water column and found three patterns. (1) When the
water column was highly stratified in summer, the particulate flux was small, although the standing stock was high. (2) When the
water column was well mixed in spring and autumn, the particulate flux was high, although the standing stock was lower. (3)
When the water column was mixed in winter, the particulate flux was small, since the removal ratio was low. Finally, using
chlorophyll 4 as an index for the vertical flux of particulate organic matter of phytoplankton origin, we determined that this flux
was controlled by the relationship between the amount of phytoplankton and the strength of density stratification, both of which
varied seasonally.
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FRIEEREOTED DL LTEF4 AV T
TR T IRWE O T 5 v 7 A% KD BIRAD
TN b EHI%Y, HEE M, 1991V ; FARIT 0,
1994% ; P94y, 1993% ; 24 A&, 1991%), KPR & (Montani
et al., 19919), JLBE (EAZH, 1985Y) 7% & CEI
PEBEN, BEXRBLML-ANBOREEREESHS 22
%o TETW5h, LAL, BEENEONTIRYWE DR

TSRS R AL M DB AL R B S A2 L 726l

R\,

JUMACE AL E 2 @ dE 1E, &£K13km, BHIE
1.2km, BRIF0.3km, MBEBOFEKETm OME
WIBIRE L72HBTH S, o TRIFHEIRREIC VL
TEAAFETHE»SOPKICE Y (0] LIFEh 51T
EOELFERINTNETH 57225, 1970FE[0 58 A
SN GHE KRR RGO BRI X ) B
KIERZZHCEEFSEMHYRELTE/. L2 LDIN,
DIP DEFHEIZT VTN H760 uM, 5.6 uM LKL L L
T, RBREBERIISEET L BREEIREICH S
(BRJE - LU, 19977 ; #iE2r, 1998Y). #D 70 E ik
BICHET AREE2AA L CAEZzB L CHEON T
REBYPHNEEESNTWE EEZ 50D, KT
TBEEENETH 2 HEE BV TERBICNFRYE
DEP AT, Z DEALF IR R 22/ 540 5 S ke
R L7z, 72, AR FE L Chlorophyll a (LM
Chl g &BES) ZffEE LTIk TR E
DR ERME BRI BT 2 FHEOFME KA.

2. K %
2.1 EEER

MRS Fig. LISR L2 7 EfTOMESIcE
WTERE L7z, BHANE19974E 4 B2 519984E 3 1 ¥ ©F
A1ESTDO x—% (7L v 7 &F ADRIO00) # 1% H
L Tkim, 55, KFRHELHEEDOWEZREHS 1m
BICHEEImE LT T -2 RFIRWEIE, 19974
5H29H, 8 A21H, 11F18AB L T19984 2 ALLHIZ
KRS 2m BN Y FURAE (5L) 2 HW Tk
AEELTHRBLE, 72, MBEELF4 AN Ty
7 (Montani et al., 1988”) %M 3 &PT (Stn.2, St
4, Stn.6) OKE3m &AKFET7m 224K FERE L TH
BLIRFIRWE 2 LR 7-& L7z, BEHEAEY 21995
£ 8 A3IHIC KK XFRE 2 HCTHk 2 7 2 HRELL,
#E (0—1lemB) Z9HTIH L7,

EF - IUAEST - 20 B - ME %

131°E

34°N

Hibiki-Nada AL

Fig.1 Study area and location of observation stations.

(O : Station with moored sediment traps.
@ : Station without moored sediment traps.
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SRR T, T 0450 C T 3 Be SR EALTR | g e
%2 L7 Whattman GF/F 7 4 V¥ — %W T —F#
DMK EZABL, 74NV 5— IR 72T % 7 4
W — L =20CTHMRF L7z, I hadiiFiziRng,
WL RO oEs 2 BB TEEE L. &
TAXY PPy AL DEESI NIRRT, b
Z v TEE, BHICERZICELRD, #E LB
EERREL, BiRORREN & O FE TR
FE=Z ROLFERNFRLEL L7,

K RE R OBERERS - BROTHTIE, Bilo X
INHFREE IR L 729 > 7 V% CHN 2 — % (MK MT
—3) TEELZ. &Y VITEREEELIE L 72 T
REEEES U Y L2 L) 5 (Menzel
19659) L7:#%, €Y 75 ¥ 7))V —k (Murphy and Riley
1962Y) T@lEL7z. 5H-8A-11A-2HDCH a
Gl HAREE % A8 L7 Whattman GE/F 7 1 V% —
% N, N-Dimethylformamide % Fi\> T L 727 (Suzuki
and Ishimaru, 1997%), Lorenzen (1967)® M 5L Y
% L TR 72, Phaco-pigments (Ll T Phaeo & B§3)
DEEIZET 4 X M MT v I Y IEE I N Th R
TN DWW T DM Lorenzen (1967) P D JFiEIIHE » CTHlE
L7z, Chl aiFE L AKHDENTREIERWHIESEO N
72 (5H, r=0.86; 8 A, r=0.96; 117, r=0.84; 2
H, r=0.95) oT, #nb4oRFiE, 5 8H-11
A - 2 A® Chl a B L BEHE O RYRGHT 247055
nrzilEtRE (5 A, 0.27; 8 A, 0.31; 114, 0.19;
21, 0.20) #FHWTHEEHBITHLMEE Chl a EEIC
wE 7.

and Cowin,
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T2y TN R, IRERILVE ATV RIEIR * A%, CHN

=5 (MAMT—3) TE=RLZ. ARUENFS VI
MY D) VAR ORTILEE, SEERLY YT
1Z10% Mg(NOs): & ¥R, ZEZEEE L 2% 12Kk
(500°C, 28:[H) L7z, Z0f%, 1N-HCI THiH LAY
YT NEEY T F TV — i (Murphy
1962y THlE L7,

and Riley,

DEALARFY & ShE SRR O FERL
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3.1 YIEIRIE

BO (Sm.2), B (Sm.4),
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BT
a DiF
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Fig.2 Scasonal changes in vertical profiles of (a)salinity, (b)temperature, (c)density and (d)chlorophyll 4 (Chl a)

at Stations 2, 4 and 6 in Dokai Bay.
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TEHE—RR - LA

ELl o Tz, ZOMEMIIHER OBETESHKL %
H8RIZELPo7. 6 135.1~26.0T, oML %
550756 8 BITERD HERER IO CRERE
RO LN, EFNLANOFEIHEMIZI—FETDH o
7. TOROFMEEDOWFELEE, BEFzH.0 L L2
BHlE 2N DS DOBRENC T OB EEZ N
HHAFHO Chl a2 B E nd.~146 ug LIC, 8 ik
NEBDERE 2m LLEZIZB W T30 ug LTELE & & < il
KRPFRIGEIEE L TB ) RERETH 7. F72, 5
RBL2A0FRBTH10ug L EO M S AR S iz
ZEh, BERBLTCH a iBEDOEVI EXbho
7z.
3.2 BN TFOREMTREEENTFER
R OB TR ER (FYHE) &, AREKR
#18.0~107mg g~ (64.8mg g V), AHERELE F1.45~
11.7mg ¢! (5.84mgg™), & ~0.11~2.50mg g !
(0.89mg g7!) THo/z (Tablel). W T 27 b~
HERDBEEIIOWTADS L Chl a & & Phaco &
(F9fE) 1&2n#10.01~0.54mg g™* (0.12mg g~'),
0.021~1.73mg g7 (0.3%mg g™!) Thor. BEY
TEREREDOFHEIC DOV TS RTHEIC LB 2 KA
W) YEREEIRONE, o &Y O EIL
5H0.93mg g7}, 8 31.49mg g ' T11H0.58 mg g~'%°
2H0.54mg gt P 2B EEWELRR L7, Chl

Table 1 ~Chemical composition of sinking particles.
Date Sm, DePth _ C N__ P C:N _Chla Phaso
(m) (mgg™) (mol ratio) (mgg™)

2 3 617 63 180 114 0509 1.73
495 52 068 112 0114 0268

May 4 749 65 102 134 0272 1.60
1997 61.4 5.9 032  12.1 0.051 0313
6 107 89 114 140  0.108 0.563

952 65 064 172 0072 0321
2 630 96 250 77 0108 0427

273 35 080 92 0044 0.093

Aug 4 663 109 225 7.1 0135 0.554
1997 S1.8 48 081 126  0.044 0.194

91.9 1.7 1.73 9.2 0.132 0.658
80.2 7.2 0.82 12.9 0.046 0.269
593 5.1 0.39 13.5 0.090 0.205
33.7 3.1 0.29 12.8 0.040 0.111

Nov 4 820 86 151 111 0541 1.03
1997 180 15 021 145  0.058 0.187
6 828 66 080 146  0.160 0.369

687 40 030 200 0069 0230

2 534 42 104 147  0.048 0.105

471 28 031 196  0.020 0.032

Feb 4 673 47 048 166  0.075 0.081
1998 592 3.1 011 223  0.012 0.021

76.4 4.9 0.92 18.1 0.032  0.050
77.9 4.6 0.38 19.9 0.030 0.044

[\
N N0 W N W W W N W W W N W W W

BT - IIHEHT - £Z8 #Hw - Mg %

a GEROMAFEOTEEL BT 5 EER Sn. 6 (0.08
mg g }) (IO 2 MEOFHME (Sn.2 50.12mg g7},
Stn.4 ;0.15mg g7!) ICHRTEWERTH -7z, FBE
BOCh a GROFHMERLESH (0.19mg g™) %
11H (0.17mg g™) @RS E L T b8 A (0.09
mg g ) KDEWEZRL. Phaco =DM SEDF
PIER T 5 L B3 Stn. 4 (0.497mg g7!) 2o 2
HELDED>72. Phaco EEDEFHEOFELMHEIZ2 A
(0.055mg g 1) <114 (0.355mg g )= 8 A (0.366
mg g )<5H (0.79mg g!) DIEIZKEL o7,
TR T (CEME) 1312.5~297 ¢ m™? day ! (70.6
gm?day’!) Tho/ (Table2). @FAELML T, K
w3m I Tm TRONZEERN S ROAIFIKREDP -
72, FEBOWREN TRESEL B L2 ZA, 8A
(35.4g m ? day ) I3IMBOZFEHI (5 A 5 63.8g m™2 day ™},
11H ;89.8¢gm 2 day™, 2H;93.4gm ?day™?) IZlk
Aoz 72, REMSAFEOLER T HROTFEHE
W5 LEOSN 2 (42.3gm 2 day DIXE R (105
gm ?day™!) REHE (64.1g m?day ™) X Y@M
Thotz. FHEYTLEEEPORKDIT T v 7 A%
b EHRERERE T S v 2 2 (FE) 130.77~17.6 g m 2
day™* (4.25g m 2 day™"), HHBBER 7 T v 7 2130.08
~0.94gm2day! (0.33gm?day™®), &Y 75 v
7 A 130.016~0.065 g m™2 day ! (0.037 g m~? day )

Table 2  Sinking fluxes of particulate mass, organic carbon, organic
nitrogen, total phosphorus, chlorophyll @ (Chl a), phaeopig-
ment (phaeo) and the rate of Chl a (%) compared to the total
of Chl a and phaeo.

Mass

Date Stn Depth  flux C N P Chla Phaco Chla
(m) (gm*d") (mgm?d’) (%)

2 3 125 0.77 0.08 0.022 64 216 228

7 379 1.88 020 0.026 43 102 299

May 4 3 31,0 232 020 0.032 84 495 145
1997 7 160 9.80 0.94  0.051 8.1 500 14.0
6 3 56.7  6.07 0.50  0.065 6.1 319 16.1

7 85.1  8.11 0.55 0.054 6.1 273 183

2 3 7.1 1.08 0.16 0.043 19 73 202

7 57.8  1.58 020 0.046 2.5 54 322

Aug 4 3 169 112 0.18  0.038 23 94 19.6
1997 7 475 246 023  0.038 2.1 92 185
6 3 255 234 030 0.044 34 168 167

7 473 379 034  0.039 22 127 146

2 3 472 2.80 024 0.018 42 9.7 304

7 89.4  3.01 027 0.026 35 99 262

Nov 4 3 411 337 0.35  0.062 222 424 344
1997 7 181 325 026 0.038 104 338 235
6 3 463  3.83 031 0.037 74 17.1 302

7 134 921 0.54  0.040 93 309 23.1

2 3 241 129 0.10  0.025 12 25 315

7 52.7 248 0.15  0.016 1.1 17 386

Feb 4 3 69.2  4.65 033 0.033 52 5.6 48.1
1998 7 297 17.6 0.92  0.032 35 62 364
6 3 352 269 0.17  0.033 1.1 1.8 389

7 824 642 0.38 0.031 25 36 405
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WREAE (RE) K81 R RWE O AR L SRE#R X AR OFHEL

THhotz (Table2). F7z, Chl a 77 v 7 AF1.07~
22.2mg m~? day™! (5.2mg m~? day™!), Phaco 7 T v
7 A 131.7~50.0mg m™? day™' (17.3 mg m~2 day™")
Tholz. %77y 7 AOREHBEEOVIEL BT
LHEBOSM2OEMERFZE T T v 7 A (1.86g m™?
day™) CHEBEZEEZET7I v 27 R (0.17gm 2 day™?) &
ERSM4PERSN 6DMELILTHI/ 2T T
hHotlr. BEBOLZET T Y 7 ADFHER BT S &,
SADOEWERET7 I v 7 X (2.06g m % day) &, il
DEW (4.25~5.86g m2day) O 1/2LFTHh o
72. Chl a 79 v 7 AFHELHABIHETHE8A
(2.38mg m 2 day) W EAREDSHAEL TW2IZd hb
573, 50 (6.58mg m™?day™!) %117 (9.51 mg m~2
day™") X D& o7z, Phaeo 7T v 7 AZD\WTC & Chl
a7y ALAKEDOMER THo7z. Chl a 7T v 7R
& Phaeo 77 v 7 ADEFHIESD L Chl a 75 v 7 AD
HEERLE, FHEIEIH28%TH o745, 5H(19%)
=8H (20%)<11A (28%)<2 A (39%) DIET, %
TR E L % HMEADHER SN2 (Table2 ). 72, Chl
a7F v AL Phaeo 7T v 7 ADERIEE VLA
57z (r=0.75, p<0.01).
3.3 BEBNTOHEYTRESE
AP ICEO N BRBH TOREY TEEES
Table 3 |Z/R L7z, BRERT-E (L& SPM &WET) 132.6
~59.2mg LI TH o7z, FEHED SPM FHEZ LET
5E11H (15.6mgL™) #mdEL, HDE, o722
A (7.6mg L) Iclb#2fERKE»-7. LaL, 50
mg LU EOBWERROSNA5H Sn.2 D 8m, 10m
ZBRITHERAKRBEIZ L B0 MIEMIZR O L h o
o, BMERNTHROBEY TREE L, AREBRESE
(Lt POC L §5) 10.9~29mg g™!, FIREEZERS
2 (UEPON ET5) 1.4~48.1mgg !, &V v&=
(PP E95) 0.25~24.3mg g7 ' TH - 7z. POC,

Table 3 Chemical composition of suspended particulate matter
(SPM) in Dokai Bay.
Abbreviations : POC- particulate organic carbon ; PON-
particulate organic nitrogen ; PP- particulate total phosphorus.

Date SPM Chla POC PON PP C:N
(mgL")  (ugLh) (mgg!) (mol ratio)

May 92118 95%67 969+473 160+90 421+291 7418
1997 (3.5~59.2) (n.d~30.4) (10.9~259) (2.1 ~48.1) (0.25~17.0) (5.9~14.9)

31

Aug 11.0£2.0 42.7+40.8 102+556 198+122 868+647 63+08

1997 (73~153) (48~146) (384~224) (5.5~478) (1.77~243) (4.8-82) -

Nov 15690 3620 399%139 59+%24 1.13+£0.69 8112

1997 (5.3~41.6) (09~89) (11.1~65) (1.9~12.6) (0.35~3.78) (5.9~10.7) 33

Feb 7.6+43 75+38 T71.7+£20.1 11.8+x4.6 2.92+1.08 7517

1998 (2.6~212) (1.7~19.6) (313~ 114) 49~236) (115~550) (53~112) >

Upper line : Values are mean = SD.
Lower line : Values in parentheses are approximate ranges ( min ~ max ).

PON, PP & b IZEOR HERIZAL > TRELRY,
KR CTEWEMEPH SN2, FEEOFYELY LT 5
&, 8 ®POC, PON, PPiI # 1L ¥ N102mg g™},
19.8mg g™}, 8.7mgg ' CHROIBWVHETRLZ. BE
KO Chl o BEIZEAELZEB U TH L, FEHEOFY
Ex LT 5 &, 8 H1342.7ug L' CTHEOFFH I
EOEWEL/RL7Z. 7, POC, PON, PP & Chl 4
DERESANE =T HEES R o7,
3.4 BEHEBEVOREYTERE=E

BEMBYRE (0 — 1cn @) OBRAMTEERN,
H B RE jk £9.5~89.1mg g7, B #% & & $0.2~3.7
mggl, &Y 0.21~1.26mg g7 ' TH o7 (Tabled ).
FEHGSEBBEBOAPLBRIZE»P > TEH Z>THEY,
Stn. 6 THIERERE, AHEER, 2V rLdbZnth
89.1mgg!l, 3.7mgg !, 1.26mg g 'O\ EME TR L
7z,

Table4  Organic matter content of sediment.
St C N P C:P N:P C:N
. (mgg™ ~ (mol ratio)
1 95 05 036 68 3.1 222
2 42 02 021 51 25 203
3 122 06 041 77 32 237
4 171 0.8 0.67 66 26 2409
S 535 22 092 150 53 284
6 891 37 126 183 6.5 28.1
7 676 26 1.07 163 54 303
4, & &=

4.1 EENFROFHELLE TOER

AR OFAETH O Nz LER FH (12.5~297 g m™?
day™) OfEIX, RHE (1.2~18.6gm?day!; A
1372», 1994%), KBRiE (1.0~61.8 g m 2 day ' ; Montani
et al., 1991%), Dabob Bay (1.3~16.0gm ?day!;
Hedges ef al ., 1988'Y), Potmac Estuary (3.0~47.3g m
day™!; Sigleo and Suchultz, 1993'%) & L8 L C&fREY
WCEWERDSE bz, F72, MNORBETEE,L D
AR TR S R HAE L T 5 EFOR RN
TEREPMOFTEH IR TRNWZ EPHFHITH o 72, &
CTREFEOLRAFHRIER LT, FHRLOERIC
DWTHRE ZHKA L. BEFEEKEDOD T v T&E
AR IR SRR T TR E L DB 25,
Taguchi (1982)®1Z/\7 4 O 4 7 7 & Kaneohe Bay THE
M L7REERSS, Iy TERERMA24RF DT
HITHEDEEOR L5 BT THRRICKIZTTE
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EHER - EHOET - ILHEST - ZB S - g K

FIFEAEENERRT WA, 7, Montani et al.
(1988) NI EZFOFEEM O b T v TiEY o5 HRER
ATV, WPIRARERESCERORI TN L%
AR L TWE IS, EFOMRWILEN RIIHE
MDOGR LR TIIENEEZ SN RITEA4KIE
7> (1999)17 % Tsutsumi et al.(2006) % A5 A it FEhL
TEROEEHER L L TRBET2BERE L iLRER 1RO
BRICOWTHET L7z, TEEERERICIE 340 2 #&i)ll
AIAL TV A 72, [HHE - HBE (2004) 91 #E T
TR S N A BERBIZES DRV TWwb e LTwd, K
PRETHES EEEOREAZE( (Fig.2) 2A 5L, B
FAPLNMCEB OIS OETIC L ) HERE FE K &
N, BrSn2 XYER SN 6 Tl %n I &AEH S
NTn5b, BERBOEEIIRME (1985)200 %+ %
ZIZLT, #B (0m) £ Foy FHREKE (3m R
Tm) OBEEE*FBEREBOMRS UTLdo k3 5)
ELTRD. AEHEGD A 0,13 —0.7~13. 4D i
Thotz. FHEOFEEME(PLME) ZILET5L 8 A0
A0:136.9(5.9) ¢, 55 :1.7(0.9), 118 :0.0(0.0),
2H 1.0 (0.8) X Kk&EL{, BBz hb I & ot
HENT. AEMETO A o DTFHHEIZ Sm. 2 1 0.7<
Stn.4 :1.7<Stn.6 (4. 7EBOPSMIOTRAT 53
Bzl TKREL Bor. KEFEOTFHEIZ3m:
2.1, Tm:2.7CHEHPLMTICHTEAI NS Do
72, Fig. 3k FRE A DR ERLE. 2h
FRBE A0 HRE BRI R T RIS
PURS 2 MEm DA S N7z, KRR < 7 5 8 A
DRIEART, 2O %5 EIRERTE 5.
COMERIE, BERBOMIBICL VRBEEIOT H~

300 (2]
~ 250 | Stn2 Stn4 Stné
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Fig.3 Relationship between mass flux and stratification intensity (A
o), defined as the difference between o: at the surface and
water depth of moored sediment traps. Values in symbols
indicate the month.

OWPBEEEVHIRTELZEZ2ERLTBY, IR EE
Bt LHBOR#MO—2 &z 5N,
4.2 MFRPDEOELFEREE

KRG OBAEYTTE TR T- O H R B OEIE
ERTIEDPHONTWS, 22T, BB T ILE
WFOBEYTHERIZT OV TR 21T 72.

RBRATOHEYITEIL C N I125.3~14. 9D & [
T, C.NFIOMLEA B L9745 A0 EE (2K
) RO8E2 ADSm.6 D 2m LE (43#¥) 2®< L
FHAH T KR L AR EVIZR S e o7,
EEHOCINDTIHEIZ8 AH6.3L W EEZRL A
A, BOFEH (7.4~8.1) LI_TEIZE,L-7. Th
LOMEIZL Y N7 14—V FILD C:N=6.6 (Redfield et
al., 1963) LSRPILTW2Z s, B ICHFERET
LRENTOEERIE, FAELBECTEMY T 70
FTHLERESN, FIT, MHTIT 0D
fRETH 5 Chl a BELHAEYILE (C, N, P) O
RPN FOFER, Chl a 2 X PON LU PP I3fE4E
275> THERICHBESRD 517255, POCIE8 R &
HALDPABEETRD? -7 (Table5). LAL, AR L7Z
C:NZI0LL EDMEE BFIE, Chl a & & POC OHE
BAEERZZEEERLTWS (50, r=0.587, p<
0.01; 2 B, r=0.408, p<0.05). LLEX v, BHEEH
FOEEBINY 7S 7 b T, AEHARKEL
Lo TITHEE LR RIS R A R S — I
HEEFRIZTLTWAEEZ LN,

LRER T OBAEY TR C I NIET. 1~22.30 #i B
T, REWRETFEO C I NOFHEERD S LEO (12.5)
<@ (13.7)<BHE (15.7) OETKE { & 5 @EADS
Ao/ (Tablel). F72, FEHEO C N OFEHEI
8H (0.8)< 58 (13.2)<11A (14.4)<2 A (18.5)
DETKEL o7z, BADCIN=9.8IFL v F7 4
=)V FI®D C I N=6.6 (Redficld et al., 196327) & Mg
LTETEWETIED 25, MOFEICHEHEY 75
YU MURBRETAMTVEEBEL WA LSS
N/, L2 L, Chl e igELitRTICB I 234EWT

Table 5 Coefficients of correlation between concentration of Chl a

and concentrations of POC, PON and PP in all samples

from each season. Abbreviations as in Table 3 .

May 1997 Aug 1997 Nov 1997 Feb 1998

POC  0.177 0.865"  0.400 0.310
PON 0596 0.849" 0.669" 0.580""
PP 05777 0818  0.540" 0.503"
** p<0.01

* p<0.05
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WRENE (B 1281 2R TR E O L MHRFEL L SR %R E O FH 21t

# (C, N, P) &2OHRIZDOWTIZHENED bk
o7z,

RICK T IR EOBEY TR C P LN POMK
o KR TFOENFIRFRE 2 LBRE L7z, Fig.d4 X
DIWBERFOC P &N PIRBENTICENTRER
EL o TWAI ENFbRL, F070, HBEDILE
WFORER, BENFTERE LT FZE0T TR
BLTw2b00H 505, BBRTITHRINZPOH
EANCERE L CTHESINLZT TR, HBETE 2 VWRF
DT o TV AT REESH V. TRENOR IR
ZEOC.PENPOMBERIECHETH o2 (BEBIE
o F r=0.80, n=132, p<0.01; LR F : r=0.95,
n=24, p<0.01; # &Y :r=0.99, n=7, p<0.01).
MUREROMEE (HIEHERE) LCINTERL, BERE
KF8.2 (£0.35) <jkfEti 22 (£1.5) <HefEM34 (&
1.9) DIETKREL LB EDS, REHTFOA{LERN
BsRELAZEIHE, 7, BBERN T EHRTR
L7zLy F74 =V IFHEOEECIN=6.6LEUL T
WrZ ks, W TSI vy bR ERE T IR
MoK TIRME 2N, —7, tBERTOC:
N 222C, BEN T LHBEYOFHMPZMETH 72, 2
DIERPS, bT v T THESNIHFE, EBP»LHIL
Be L 72 C 0 N O FEREAFE R OR T & 5D HE A
W C N RO BRI OBBREN TR E NS
TEEIRLTWVABEEZ LN,

1400 A

1200 -

Sink-P

y=219x- 125
1000 | Sed. 2= 091
a 800 f
© 600 r
400 y=82x-7.7
200 ¢ ] .
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CN=66
0 = L L 1
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Fig.4 Relationship between N : P and C: P ratios (mol: mol) of
surface sediments (Sed), sinking particles (Sink-P) and

suspended particles (Sus-P) in Dokai Bay.

4.3 KEBENFEERT 5 KEHhOBEHN T BEHER
YEBREHOINEOHE

LT AV NNy STHESN BN TOLER
HSRICOWTHE L7z & 25, KEPOBER T- & B
BLmERED P OB E N TwE EEZ LN, £
T, MR TOAEMERECHREBEZEEIINHD S
BBR T L BB LR O & OHE A
72, RELEBEOFEFDE—LIRET A% S, LHkF
HOTEEGELXLY FAUN—L L THRELERITR
DZDODORELTERTI LN TES.

Cuap =& Cous + B Ciea N =0 Nas T B N
72720, Cup* Nuwp FEBER FHORE - ZFREE,
Cos "N TBEBEH THORE - BEETE, Cua ' Nu
HRMBY ORE - BEFG=, o IBREBRRE, B
LIREHEDREE T 5. BUOICERO kR H
ToalBERDT, WENTFOBENTHED LD
BB LR kOB A REE L. B,
Rk LR BEEEII N Y THREBEEE LD 2
mRERF6m DEEZFERHL 7.

Fig. 512 b F v 7 CRE SN TIRE O A HERE R
F - EBREEILLHOLEEY LB ORISR R L.
EB, Ty S THE SRR TFRYE O —ERI:—ER
BEOMOMEATTWE L EZ 5NDBH, MEORTIEZD
BIEIEFE L v, BEYEIIHBED I TR
MWEARLT VI EEZEET L, Fig b 3HBEHOFS
RRKIZ, BEDOFG ARG L HEREERS
N5, FORE, ARERERF LB RIS FHETH
35%, HEREEHEFREWI RS THI65% L g SNz, —
T, BREREEE RITEEYE TR TH60%, R O
F40% AR HERE ISk L E 2 b7z, KEEICR B
BV HFROHERERFEOMBE G 3mEOFIED
41%, TmEOFHMEA30% TH > 7275, FHESEE
X 3mfE T TFIHMEH67%, TmE D F¥EIE54%T
Hotr. R, BEERFEIZBAEHEEOFHEL
#RDHE, BEFRIBEYHRIFE THE% L &Eh o7
S, AFIITIHTHIO LKL kofz. BREEZOE
BEIEDFEHEICONTDH, BEYWHROEGIIES
IR TRIBLI & <, AFF B THI3A% LKL
AHEMERL. ZOKEPD, BEFIEIBEIRED 7
O HREEHEREY) O B RE O REAVN S WS, ERLSDF
Hild, TERICHEARD ETRADIESRII R B 2R
B OEENKEL DI ERZRBLTWAEEEZ LN
7o F70, TRRERIFERA297 g mi day LB EVER
RL722 A0 S 4, 7mBIEAEEKE T OBEHER
MOE|AIZB%TCINL22.3LEP o722 eh 5 b

EHEREY O BREP LTI EEBORE VI LV DD L.
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Fig.5 The proportions of organic carbon and nitrogen in sinking particles originating from suspended particulate matter

(Sus-P) and resuspended surface sediment (Sed) in Dokai Bay.

4.4 WFRYEDORET S v 7 ZOHKE

B BITLRETT v 7 AORAEDE I, BEF
DERAEFEBRRICESZ2H T2 DOTUTO 3 AW
PehoTwd, ORF (7—-9R) WHET LRI
FHOEFEEER (1802 Cm™2day ™) D65% 124 4
$5Z & (Tada et al., 20012), @QEFFHED 75 ~
N ERBRIBILRET T v 2 AT —REE,S
KAEFENOEERNEA28% L&Ay VB 7S~ 27 b
CUREMT Ty My oEEEL LTEELRI L (Uye
et al., 1998%), QMBBEDOERERET T v 7 AWK

Wz, ARK=FDT 4 —HANRLy MRET T v
JADFGPELS AL EMIEA, 2008%) 554k
BERTWa,

RIRERER BB, LN TOEREBKREY T v 2
A LHRMEPDOIREEERRERFE (M2 STS-POC
EYD) BT 5L, BEFEUSOFECIRAKE OB
HFEDEOEBERE TS v 7 AL ERIE TV
(Table 6 ). Z DFEFIL, 4.3THR L7 EIEHERY O
BRI HE SN T L EEESRLERIZS (2008)20 5%
B LA RFICEAZERY S B S B SN
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BFEENE (REE) 12817 2R FRYE 0L LFr R & hE ks OFE L

TWAHILERTODEEDNL., o, REZIE
B LTSHRET 7 v 7 ADFEHEL 2 RET 5124, &
L ESBREYOLELEVIBIZ OV THFRWE
FRBBICX LR T A LENH B LR L., 22
T, R4 3TRO7BENTHREREREZO 7 T v
7 A (LFRIZSPM-CF & §5) OAEZRFTONGE L
7z. SPM-CF I Chl a %38 L LW 7727 v H
frFETI v 7 A (LI Phyt-CF &£ §5) & SPM-CF
75 Phyt-CF B\ 720k ) OB #HEEREZE 7T v 7 2 (D
BIZRCE LT %) O 22K L TRl % 3 & 7.
Phyt-CF D 58 1213, 19964 O B FHR A& (BH T2,
2008%) THRD SN Chl a »SHEHTT 7~V HE
KEANOBREZE (C: Chla=36) FMEBLA. WY
F 7 b HROBHRERTE L Phaco SEOMATT 5 2
T Y IERERFFMATRE & 2 4%, LBk 1Bt oks
FIRYE O Phaco & % AT W WO TARFZE TIlIM
HoRE Loz, FO720, Phyt-CF i3/ GRAM
2 ADT, T2 THR2% Phyt-CFIdR/NMEL 2B, *
72, Phyt-CF % [\ 72 R-CF |\, @ 1cdH 5 AL
BEHRA Y R e & B S B E D SRR S
N5 ERETS.

FUOIC, AREBRELZFREL LTI v 7ORREK
L% D STS-POC #* 5, SPM-CF & L CitMkE S h
TWAEIEZ RO ZFT 72 (Table6). MTF v &
BIEE Tm ¥ TOSTS-POC x L& T 5 &, EFDOFY

Table 6  Standing stock of POC (STS-POC) and the carbon flux
originating from suspended particulate organic matter (SPM-
CF), that originating from phytoplankton (Phyt-CF) and the
remaining organic matter (R-CF). The value of SPM-CF was

taken from Figure 5 .

STS SPM  Phyt SPM-CF Phyt-CF  R-CF

Date S, PP Cflux " o0 .CF___-CF R-CF  STS-POCSPM-CF SPM-CF
(m) (gm™d7) @m?) @m?d") %)

2 3 0.77 2.06 025 023 0.03 12.4 90.0 10.0

7 1.88 4.26 0.65 0.6 0.50 15.4 23.8 76.2

May 4 3 232 1.98 072 030 042 36.4 42.1 579

1997 7 9.80 4.57 408 029 379 89.3 72 9.8

6 3 6.07 1.91 232 022 210 122 9.5 90.5

7 8.11 3.76 3.16 022 294 84.1 7.0 93.0

2 3 1.08 3.84 080 007 074 20.9 8.3 91.7

7 1.58 6.80 069 009 060 10.2 132 86.8

Aug 4 3 112 5.66 084 008 076 14.8 9.8 90.2

1997 7 2.46 9.68 0.88 0.08 0.80 9.0 8.6 91.4

6 3 2.34 497 135 012 123 273 8.9 91.1

7 3.79 8.24 153 008 145 18.5 5.1 94.9

2 3 2.80 0.93 100 015 084 107 15.3 84.7

7 3.01 2.11 123 013 LIO 582 10.3 89.7

Nov 4 3 3.37 134 170 080 090 127 47.1 52.9

1997 7 325 3.00 113 037 075 37.5 332 66.8

6 3 3.83 2.13 124 027 097 582 215 78.5

7 921 4.99 174 033 140 34.8 192 80.8

2 3 1.29 0.92 0.18 004 0.14 20.0 22.8 772

7 2.48 2.16 0.04 004 0.01 2.1 87.0 13.0

Feb 4 3 4.65 1.58 071 019 0.3 452 26.1 73.9

1998 7176 3.50 091 013 078 25.9 14.0 86.0

6 3 2.69 2.51 0.86 004 081 34.1 47 953

7 6.42 6.90 163 009 154 23.6 5.4 94.6

B138.24 g m > CTHuD T Ei D F I 4H3.37~4.20 g m 22
HARTE D o 72, STS-POC O #h s O E % i $
%5 & Sn2 (3.83gm ) <Stn.4 (5.19g m™?) <Stn. 6
(5.97¢g m ?) DNEIEHBTREL ZBBERFR LN
7z. STS-POC %°5 SPM-CF & L TP LKREEN S
HEEXFHBEOFHMETHET 5 &, 100% % 27—
MoK 2B IE8] 17%) <27 (25%)<11H
(47%) - 5 A (48%) DIEICKE L %Y, BB & 18
BRI CHRERNPRL L LD o7, 20720, AH%EE
RELRIEE L ORET O S & iLREREE BT L
23, DTFO337 =gy ohd, (WBERR
SOHRBHID 72075 v 7 AN EW (EF). (25
TERELGVITERAO-D 75y 7 23 KE W (F
FKEFE). CIERMIEPLERERINE WD 7
Sy AbNEV (&F), T, BREFII0%ZBR
LD, HRYO BB TR EEIOE
WREREIEALRTOEEZNLZAHERT D EEL
L7z, KIZ, SPM-CF I 5 & % Phyt-CF & R-CF D &
BEOEAIZDOWTHET L7 (Table6). “F39$ 5 & Phyt
-CF 1£23%, R-CF377% % &5 & TV 72, Phyt-CF D&

Table 7 Comparison of chlorophyll 4 flux and standing stock.

Standin, Flux

Date Stn. Depth th( g Stockg Stock
(m) (mgm ) (mg m> ) (%)

2 3 6.36 57.5 11.1
7 4.32 107.9 4.0

May 4 3 8.43 322 26.2
1997 7 8.14 81.3 10.0
6 3 6.12 25.9 23.6

7 6.13 314 19.5

2 3 1.85 229 0.8

7 2.54 344 0.7

Aug 4 3 2.28 284 0.8
1997 7 2.09 435 0.5
6 3 3.37 192 1.8

7 2.18 246 0.9

2 3 423 3.9 107

7 3.53 9.2 38.4

Nov 4 3 22.2 194 115
1997 7 10.4 30.5 34.0
6 3 7.40 17.7 41.8

7 9.29 344 27.0

2 3 1.17 17.1 6.8

7 1.07 35.1 3.0

Feb 4 3 5.17 46.1 11.2
1998 7 3.52 87.6 4.0
6 3 1.12 243 4.6

7 2.46 58.3 4.2
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BEHEH - EH BT - IWHESTF - $H S - e K

®EEEICIET S L 8 11X 9 % THOFEH D25~30%
N0/ T/, AEBEFEOEHMEIIER

(Stn. 6 ; 10%)<i@EH (Stn.4 ;24%)<iE (Stn.2 ;
34%) DIEICKEL ofz, TNODORERNS, A
EDSERTE B 25 B I T3 RS E DRI
ERINL I ERTFHEEINT,

FZT, Chl a 2$5BL LTHYW TSI > 2+ OHTfF
BELHBE 7T v 7 AOBFRIZO W THE L7 (Table
7). NIy THREERE TMm TTOCH o HEEDOFY
i % h# 9 % &, 11H (24.7mgm <2 A (67.2
mgm)<5H (73.5mgm™)<8H (342mgm2) O
JECERIIRKE R >/, MAHOTFES LET S
k, & Stn. 6 2%92.5mg m™2T fit @& H FH124~159
mg m AR TETRCMEIRTH o 72, KAEF D Chl a
HHEBECINa 79y 27 AL LTSy SIS h:
EEOFEZ LT 58 H (0.9%)<2H (5.7%)
<58 (15.7%) <117 (60.5%) DIEIZKE < o7,
ZOFERIE, BB L7z STS-POC 2° 5 SPM-CF & L Cilb
REEEINIEGOFHENMLEEANTH-7-. LXK
DM T 720 PR TOBERE L 7T v 7 ADFE
Hizfbx i T 2 &, PEBIMKE<LATIERTKES
DIETKREL AN, 7T v 7 AILAB=EZIEEL
KEDNETRE K 2 ) FHWEMIE—F L v, —F, &
KOBEIERT 5 L EFRIBERBEIE S NEER
LE) X ITERL 0205, MOFEHIRERPO 0K E
TEHINERE LD, FOLOWYTT 7 b v HFRR
FOKET T v 7 AIKEFTORER L EBKOLETRE

Spring Summer Autumn Winter

Chl a
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O : Suspended particulate organic maiter of phytoplankton origin.
3/ : Settling particulate organic matter of phytoplankton origin.
Fig. 6 Representation of seasonal changes in the vertical flux of
particulate organic matter originating as phytoplankton in Dokai
Bay.
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