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The chemical, elemental and biochemical components of the suspended particulate matter (SPM) were investigated in order to
quantify particulate organic matter (POM) and assess diet quality for suspension feeders in the southern coastal bay systems of Korea
where the marine farming of the suspension feeders are most active. The intense field observation program was carried out seasonally
in the three coastal bay systems of Chinhae, Gosung and Kangjin bays. The SPM was characterized as collective properties of organic
carbon (POC), nitrogen (PON), phosphorus (PP) and more refined collective properties of protein (PPr), carbohydrate (PCHO)
and chlorophyll a (Chl a) compound. Although the three coastal bays are regarded as phytoplankton based ecosystem, the SPM is
not composed entirely with phytoplankton cells. Due to the shallow water depth, resuspension of bottom sediment contributes
significantly to some of the regions. Therefore, concentration of SPM in the surface water did not co-vary with Chl a or PPr, PCHO.
In general, temporal variation of POC, PON and Chl a contents in seawater were closely associated with phytoplankton biomass
in the three coastal bays. However, PPr and PCHO contents in seawater were higher in Chinhae bay than in Gosung and Kangjin
bays, and Chl a : PPr-N ratio was higher in Chinhae bay than in Kosung and Kangjin bays, since Chinhae bay is more eutrophicated
than other bays. Average C: N ratios from regressions of POC and PON of SPM were 6.6, 6.6 and 5.0 in Chinhae, Gosung and
Kangjin bays, respectively. SPM in Chinhae and Gosung bays appears to be made of largely phytoplankton cells and SPM in Kangjin
bay appears to be contributed from the bacterial biomass due to the shallow water depth. N : P ratios from regressions of PON
and PP of SPM were 10.8 and 14.7 in spring, and 18.2 and 24.6 in Chinhae and Gosung bays, respectively. With respect to the
hypothetical Redfield molecule, phytoplankton appears to be limited by the lack of N and P in spring and summer, respectively, in
the two bays. In Kangjin bay, N : P ratios from regressions of PON and PP of SPM were varied from 6.3 to 12.8 throughout the
year. The low N : P ratio with resepct to the hypothetical Redfield molecule, phytoplankton growth appears to be limited by the lack
of N-nutrients.

Key words: Seston, Particulate organic matter (POM), Biochemical composition, C : N : P ratio, Eutrophication, Temperate
coastal bays

M 2 U JgFH 22 v R ZRE AARVIELY FFo §1& 7
gl A AEF FUte gt 7HE HolF HAZ FAANE
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AARZNE F43A o} 88 & ot (Hecky and Kilham, 1988;
Heckey et al, 1993; Matsuda, 1993).

=% YAR71EE A3EE 2L o5 XHde FEEY
Hol2MY A (quality) & YEIE Q& BT ok (Widdows
et al, 1979; Navarro et al, 1993) 7|ZAAAZE 943 449
Ag3} o)29 Al 4el (Antia et al, 1963; Healey, 1975; Bar-
low, 1980) 2 39 53t 48 (Dortch and Packard, 1989) &
BHg & Je 8 AR AH4E 5 Ao ol ZE &
e H% U YARIIEAY JREL AAtE 42 ERIEC
FAS B9 cared 87 z2PeA 4gg | 28y AV #
FTo| Al FAE £718 2A4S 2 e A6 79
t} (Parsons et al, 1961; Morris, 1981). wWetA dgziA A&
Aato] o3 Y YARIIED 40 2 V19 HE FH &
oA A2 NE¢ AR AR AEojHRe AF/ FF B
ARUVEY Fe AV (turnover time) ¢ LATFTA od &
ARA Y =5 ARG 238 YARIIED] HAe &
AEel el AZEEY 2 #Y A 48 e E W F
s 2 ¢+ & Aolth (Hecky and Kilham, 1988).

e g e gL o RFLY FAEF g2 A4
A Aste A& RIYHE Ao o]E oA FHE
B2 Y% A 8 HYrie) 2ol B2 AHFHY BYE L2
A=A ol £ wAA U e FHAAERA 3§
448 (Chang et al, 1984), 9 S 93 §&44 M5 (Hong et
al, 191), #8% ¥ X (Lee and Lee, 1983), 9477152 243
HE L Z2FAZAT 999 (Lee et al, 1994; Kang et al,, 1999),
uAASS HE (Lee et al, 1993) 182, AEEFIAE o445
2] (Park and Kim, 1967) % t}& 33 5°] 35 g2y
o] AFE WF L FHnE oz FFH I, T
MNE 7 98z N2 d& 54E 7IAZ YA RELsE
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Ao vl g 53, dAR7IER day A3E 24 BXE
o] §3te] 7t Qo] YA E vt o] AISA FE
FAHL e AEL £F AAR7IEDE Hol2 e 47
Aol 23 Bz F oluisfolr] A& JARIER ¥
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grlsed $28 2471 9 Rojt)
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FAE 444 S t B3 19999 887 119, 20000 2¥€ 7 594
e 37 A, 2% 2240 FH 2 AT 2478 AR A
B2E AT dARVIER B4 A% Nae & BF 23
T 4 0SmH AF AU ZRE 1.5m)olA 10L van
Dorn =715 ol&3te A4 d 3|4+E @F A Chlorophyll a
9} CHN ¥4 A&+ 25mm GF/F & #Ad|, 1 ¢ 447182
£ A 8E 47mm GFF 4HAZ st 442 9 F
-80Col A H#EHt RE FAEe WY TEEFIES A
A7l g8t JARVIER S AHd7] Ao FE 200pm ¥
(net) 2.2 BT}
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Chlorophyll a (Chl @) %% 814 S00mLE 9% ¥ 1% &
Aotadg §902 Asta AHXE 90% acetoned] Fol ¥
A B@ste] 24N ol HEAE F&, ¥BF537] (Tumer
Designs 10-AU Fluorometer) & ©]4-3}¢] Parsons et al. (1984)°l
g3 71¢® WEes EAGYT. dARIIEA (POOS Ak
(PON)E AE# Fe] wet 300~500mL H+E 550CAA 5
A7t B 92AIZ GF/F A # Ao A AA st giadsE
AAS F CHN 94247 (Perkin Elmer model 2400) & ©] %
dto] BAggh 9A ¢ (PP)9] ¥4 Menzel and Corwin
(1965)9) H¥E ol &3dd. 94x @9#3 (PP BF8E
(PCHO) ¥44 A&€ 1LY 35 550CelA A2 GF/F
A5zle) APt FH AL Folin-Ciocalten® ©}8-3te] w4
3 Lowry et al. (1959 ¥ 22 bovine serum albuming
EFgdog 3o EAsgT dde Ah #F (yg PP-N/)
e 239 992 $=E 8752 oA 7R (Packard and
Dortch, 1975). B53852 glucoseZ EFEHE ZAFI Du-
bois et al. (1956)9] phenol-sulphuric acid WP o2 EX34ct.

3. "ze SAHe

YAR71EE T2 2 E Jdelle RE AR §9Y,
48 2 24 AZE HFG Aole 3-way ANOVAE T3ty
AR89 (Sokal and Rohlf, 1981). & A&¢ HFg ¥53t
zol9) HEZE Y3 AFEAL Duncan® HFHIE (multiple
range test) & ol 83X, A HET F3 AR L ¢=0019
ez $P3A. ol Z FA B2 SPSS Version
758 o148 dAFNEA 2L FAIN A&7
AU H2A4Y (least-squared regression) 22 T3 7 FA}
ARE, 98 71&7] Aolol dF o4& ANCOVA ¥4&
S3lo AREAR, 71&7] FE Aoldl K o7t gl& o
AA Ao BE 7]1&7] (common slope)E T3 (Sokal
and Rohlf, 1981).
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Fig. 1. Maps showing the sampling stations of three bays in the southeastern coasts of Korea.

7t ol M FAEE 444 4H FolA YAFIEE FE
o 94 2 ¥ 24 AEE 3-way ANOVAR 24% FIg
Table 19] YERSIT AL AlAd] - p-REL ZE AR
2 39 24544 00120 37 BEd dRAR71EE $x9
942 2 224 E 9% NS FFAAM 2A AR wel 5A 3
02 f93% Aol& L}E}‘«‘lt}t AL & & Ak o9} {ALHA,
#HGo) @& p-gtEE PPY PPr:. PCHO H & A3 tf &9
ARF71EE 554 24 2 AR 24 5 Agd gt §9%
Aolg vt 28u F#4E dARVIER TR 8452

Table 1. F-values and degrees of freedom (df) derived by a
3-way analysis of variance (ANOVA) of POM cha-
racteristics from coastal bay waters

d Chla PPr PCHO  POC PON PP
Bay 2 35T Mg g4n I 153+ 01
Depth 1 134 30 03 0.9 10 42
Month 3 1920  45f* 54 L4 626+ 5%
df CiCila C:N CIP NIY Chla'PPeN PPriPCHO
Bay 2 133 B 33 i 14 07
Depth 1 315 0l 1294 115+ 87 VR

Monh 3 168%* et 103 63 L 60
*0,01<p<0.05, ¥*0.001<p<0.01, ***p<0.001

Chl a5 =& A3 o} FEAME Fo§ 2o} & JEhYA &
< 9 AR IIEA Z2HuEe CIN 9488 A93 g g
Eol FH A F Aleld {43 ZolE UYEAT

Adel ¢g 98 A7 29 FAE BdEE Table
20 YERNIT Chl a2 BHEEEE 032 (£0.13)~5.65 (£4.95) pg/L
WHAZ 24N 2000 290 7P Rk Aahell A 2000 S
g Mg w2 g 2o Ay BS EF Chl a FEE S
47 gdo) 1193 2490 v H2E A YeRAT 1A4wE
g€, ZAgte s¥o 4 o 2AL Yol ¥EA oA 2 F
=€ UYEUTh Chl a8 #4d mE FExaole Az 2§
Gl FREA T, ndnE FAdgME B AEL LA
7t F385A gt PPed} PCHO 3T ¥:9 ¥¥v 44 102
(£39)~455 (£130) ug/LS} 62 (£28)~472 (+363) ug/L A K
<tl, Adel & HT FE Aole Chl ad B+ FASH
Aol e 595 8¥o] v ¥ T FFL HY 9y
AN E g€ WA & & VeI o, ZFR A
€ 289 H-AF BF F RN 2AIR F 28 g &
Aol vl3te] 2 & 713t €92 POCS PONY HT ¥
e 47 115 (£22)~544 (£251) ymol/L»} 14 (£09)~8.1 (0
D mmol/L M eH, 713 & e 1WA 199913 8Yo
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Table 2. Monthly mean values and standard deviation of chlorophyll 2 (Chl a), particulate protein (PPr), particulate carbohydrate
(PCHO), particulate organic carbon (POC), particulate organic nitrogen (PON) and particulate phosphorus (PP), Pare-

ntheses represent sampling number

Chl a (pg/L) PPr (ug/L) PCHO (ug/L) POC (ymol/L) PON (pmol/L) PP (ymol/L)
Surface  Bottom Surface  Bottom Surface Bottom Surface  Bottom Surface  Bottom Surface  Bottom
Chinhae Bay
August 5314447 066124  455+130 _ 356196 494206 480+183 52429 55430 0301014 _
199 (3N (34)° (36) (36)° (35)° Gne (34)b (34)¢ (36)
November 382+165 0424029  211+87 _ 112+63 409+185 3401236 49420 39416 0131008 0.05+002
199 (30 (37> (37)bd (37 (33) (32)® (33 (3 Ge)* (19
February 200£117 241176  155+86 181103  107+74 100%S51 21893 215496 25409  26%12 _ _

2000 (38)* (34)% (3*  (36)* (35)
May  565+495 3961512 2371157 21699 167488
2000 @3n¢ (36)™ ) G (37

Gosung Bay
August 3241229 3704165 275885 14719 283+74
1999 = Q= (¢ (o= (19)¢4

1874102

1762115

3n° @n? @gn: @
4094286 373+£150 52444 54123 0271003 024+022
(37 (3N a1 GDx (33 ()

5443251 489+280  81xD1 61%38 0242017 0.13%0.1
@ (@ @ () @ Qo

November 1294075 1474103 a _ 117+46 105147  168+27 300+62 25408 31£19 0294007 035+009
199 (22)* (0 @ Qo (15)* (16)° (9 g™ () (0)¢
February 0321013 037013 120426 138438 71425 62428  128+56 115422 14409 14209 _ _
2000 Qn? (18)° Qn* ™ Qn? (0 (18) Qo  (8)®
May  LIS+059 201+078 102439 10927 100430 112452 22858 242448 28406 33306 0054003 0054005

2000 @ 9* @ Q9 ag=*  ag=*

@ 9* @ 19* (@ o

Kangjin Bay
August 1524066 1202060 17373 3 165457 40172 377£152 46101 4622 031014
199 (24)° (15) (24)e (3)° (24) (15 (4= (15 (4
November 148+107 097£050  129+99 _ 91162 $B9+166 270170  36+23  29+11 0241014
1999 (4 (e Q4% (29)* (4)® (12 *  ane (24)%
February 0433037 038015 166460 18752  258+152 4724363 239172 258466 16108 18106 _
1999 (24) (15)° Q) (16 (24) 9= (16)® 3 (16)*
May 1974065 2112071 151435 142427 135453 62442 248+65 255457 26406 26108  009+004 0.10+002

2000 (24)= (19* )*  (19* (22)

(24)* (19) Qo (9¢ @) (9°

The same superscript letters following the parentheses indicate that means are not significantly different {p<0.01, Duncan test).

ZIZHAR, g8 Aol s¥ 1190 v & FE 2
EE Jehhoich 948 PP ¥F FEE 005 (£0.02)~035 (0.
09) pmol/L ¥R H, sI9¥2 POCSY PON FE9 #AHE
Ad 4% Foth YAR7IEE FEE Jehde HEEY
ARY AF FEFEL 2N ZAT s o] A K} 4|
P Qe B¥E HYH, Chl 28 Y3 ZE HEY F44
0 FxAole T3] g Ade g 98 AAF7]
24 A9 #4449 HTUE Table 39 JeEHUTH

A-Y CIChl a ¥] Hage sdd wat Jo|F WES
Aded 2T FFAMe o2 ddd usA vy e g
150 o]3t2 AMo] g WEo] £33 ¢ v, uiduty 3
At EZojNe 20009 5€ AR HF 160 (2458 Astd
hAZ 250 o]4e 2 #S FANHL 53], 20008 294 F
ool A Ztzh HaF 510 (£276) 3 959 (£545)F T E Al v
8 AdFez w& Folquch W As el YT 118 A
%9 33 ¥2 C:!Chl a HIgtol 713 o] 7|TF H - AS
Zto Wlerd) 2 ozl YeEbAD 1 9 ALY O F Y
dAe #4448 Aole FRAA gUth CIN L4y AdY ¥
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FHE 74 (£1.4)~146 (£3.6) B A=d LA TlA 19994 11
27 20003 29, ZAgA 2000 28 10 ©)3e 2 ¢S
AYE e AL 10 o3y ¥ £XE YUY C: pY
N:P f4u A-Y A ghe 2z 85 (+15)~1,587 (£2,362) 3
102 (£34)~2100 (£3506)9 & HEHAE 7AW F wjgk
A g HES BPed 2HBAA 19999 8¥ 7 2000 5
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Table 3. Monthly mean values and standard deviation of C: Chlorophyll 2 (Chl a), C: N, C:P, N: P, Chl a: PPr-N and

PPr: PCHO
C:Chl a (ug/ip) C N in atoms C P in atoms NP in atoms Chl a:PPrN  PPr:PCHO (/i)
Surface Bottom Surface Bottom Surface Bottom Surface  Bottom Surface Bottom  Surface Bottom
Chinhae Bay
August 119163  3078£2409 8718 96131 140132 _ 20.8+52 _ 11207 _ 13103 _
1999 (35)2 (36) 34 (ar (35) (34)? (36 (36)®
November  135+43  1489£1205 85423 8.8%43 3184117 403+142 4341125 879+378 16205 _ 20405 _
199 (33) (3¢ (3 () (32 (14)* (32 (19)* (37 (37
February 147168 148+81 91430 87£38 _ _ _ _ 12403 L1£05 16205 19209
2000 3ne (34 BN+ 6D (38 (36)° (3 (3

May 109461  211%157 8419 85t21 169481 147471  235£104 210+104 2006 17431 14404 14408
2000 (37 (6)* G G (33 (33)° G Gy Gn: G 6Nt QD

Gosung Bay
August  265+169 207£206 77422 96159 3551342 158742362 5361453 210013506 1.0+£06 29+19 10202 09%05
1999 ()¢ (21* e  (* (19)® (19) () (20) * (19 (19)° (19)°

November 267478  287+112 10838 132+112 8515 91+17 102434 107447
1999 (15) (® (19 (16 (15)* (16)° (14)* (16)
February 510£276 4204213 112453 117469 _ B _ a 02401 02401 19406 25t11
2000 (19)= (16)* Que  (18) Qo (18 Qne (8¢
May M9 161456 83+18 T4+14 467161  951£1040 6834263 1523+1667 10402 17407  11#02  L105

2000 (22) (19)* @+ (9 (2 (19 (- (19)* (= 19 9= (18

Kangjin Bay

August 4144204 455+477  93+23 8719 146%46 _ 19.1£74 _ 08+04  _ Lix04
199 Q4 (15)* Q4 (19)° (4)* (24)* (24)* )2

November 318+93  402%117 104429 95422 162469 _ 19.1+78 B 1104 14403 _
1999 (4) (1)* @  an* (24) (0)® (24)» (24)°
February  950+545 9474388 146436 123%17 _ B _ _ 02401 02401 1008 0602
2000 (24)be (19 3 (1) {4 16y a0 (1
May 160245 157447  98+18 08+18  285+69 274464 344485  333+£97 L1202 13303 12403 37+29
2000 (4° (19)* 4 (19 (24) (19)* (19) (19)* (4)  (19)% Q9* (9!

Parentheses represent sampling number.
The same superscript letters following the parenthescs indicate that means are not significantly different (p<0.01, Duncan test).

7HH A Fg BT ope} FAld BE Zolrt HlaH Fo} 3 a2l dAFIIED FY FREEIT W 479 AR ¥
AAY FHEXE F Yed 4 Jdoe HolA 20008 5€ £F B39 X% A A% £ u 24RY FRFA H]E
PAF71EE e 249 FHUELIE HPEZ HIZgIT o F4 ¥ FEAHEF 2 £XE AT (Fig 3). Chl
(Fig. 2, Fig. 3 2 Fig. 4). a Ee MEQUAT BREGAA [5ug/l olA4Y EXd
Aol YAFVERD 59 FEEXNAN M F318 54 Hgte] $U3 FRFAGMNE (/L 032 vl Fe 2
L A AR EF % g9 o @ AEeks e BE4Y ¥XE 3% PPr¥ PCHO TEE 959 5RFYdHe ¥
A FAe] BT NRFA v QN goe Holtdh AR EF 100ug/L old2 A¥s Hydet £dd vdd 4
(Fig. 2). Chl a 28X E B ¥5+90ME S/l o132 oz e ¥X BXE BEAY C:Chi a¥le o 479 MR
Ai—‘?——?‘f!oﬂﬁ Hi} £ FSEXE HYX PPri#} PCHO 55 2 2R Ay YALIEA FE7 & £9o4 200 oFHR
dellA 2k 200 2 150 pg/L ]9 BEZ ARFo) v o by ub Sl BRI 25090 A 4009 ol2E ®

6}@1 EL FREXE Y. olg & AFe 2¥oz2 4 2wy £X& eI Chl a: PP-NZ PPr: PCHO Y&
g Ae AT POC, PON 2 PP 4% % HIXQME U4 £H3A02 53¢ BXAo|E YehlAe g1 v Aoz &
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& Thol wlEjA doiRoes H4 ¥E FYXE By,
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B A AAFNEE $YFT £XE B FAEASH
FgoA T FEF vigtd WZH L FEFHE UE
<, §AEAUH EE5He)A Chl 2 =T 20 ug/L o4
T EEYQY PPr¥ PCHOE E%F 140pug/L o102 242
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Fig. 2. Horizontal surface distribution profiles of (a) chlorophyll 2 (Chl a) (ug/L), (b) particulate protein (PPr)
(ug/L), () particulate carhohydrate (PCHO) (pg/L), (d) C: Chl a, (e) Chl a: PPr-N, (f) PPr/PCHO in

Chinhae Bay in May 2000.

of vdlN 2 FEEEINT (Fig. 4). C:Chl a Hl& FAR4
oz} BReddA 150 o152 F4R A ti ¥ AR Chl
a:PPr-N ¥ PPr:PCHOY $¥EXt TATY FAE HFE
2 533 FHURE Aol YU AE G

A% A dUE FAARZA YRR
% g o] &3 AE} a
Ju g 5 L£E257]
g vAA de 9N EJM&
4719 999y 4% S Ae °ai°¥@l°ll*1c Table 4
o A e vhe} o] ZAMA A o] whet & Fo2 WIE I gl
o] 4371 oY} whetA F2 YARVIEZY CIN:IP U4HT}
F45tA ol82 & Utk 2y AR YARIIELE /14
A YA (non-living detritus) & £FE & g7 B& o] {714
Azte] A9g Ay AEEHAEY YYY o8 BHE
AYRHE older] Aste & G4l AN E Tk 2 7]
$7]2 o]4387]% 3} (Copin-Montegut and Copin-Montegut,
1983; Hecky et al, 1993). ZA7h =38 370 W9 §A-#7]
E49 C4 N, C4 P 2L NI P Ao] A¥AAZRE dojxl 3
AP AAE od CINIP daue dogd mel Axdez &
WES YehAdtt (Table 5). C4 N FEAo] HAZHELS 1|

O

=& ABAF (correlation coefficient) & WEMR A=, o]

SIANE Ato)9] ANCOVA tests 58 §94 2% e U

w93 Aoj7t Avke RE& JeElAD (F=530, p<0.001).
gtz a4 SAYE AboldlAe ANCOVA B4 ZA# F9&
Aol & el A grol (F=1.11, p>0.05) C=6.6N+89 (r=0930,
n=233)¢ Y¥AS A& & AND ¥ F3e] ANCOVA 3
A A3 C=50N+104 (+=0923, n=78)9 YukAlS Lof s
3 AT CIN 94 BBHE 6622 Redfield?] & (6.6)F
g uhgd whd ARl 50224 ol F e v gt
HEA i de e ¢

é_ﬁF

+ 9tk
CS P FEAlolY] JAAS B Aol E vy &
ARAFE RYoy nA4Ty FARgNE i B2 AsuE
Vet Az, mAvke] 19999 1193 AR 19999 §€9 A

ol FrAlolde od FEAAAE
Agg ¢ p 94 HEHE 20003 5%& 9122 ¢ 19993 8¥ 7
1190 Redfield®] 2T 84 £& 1347 1677H4 @3d o
o3 & 4 i5S g 24w C9Jr P sx9 ¥E AN
o]¢] ANCOVAd % #94 23 Z23 74 AL F9%
Zol7k vehA o} (F=1.18, p>0.05), C=91P+18 (r=0.624,
n=59)9 Yurd g F& § QAych AT C:Pp 4 HWEHE
1999 1193} 2000 s¥l 47 1007 121 o AT 91
3 A g YAFIIEAANN AYHo 2 UdEhE Redfield

vhebubA] skt (Table 5).
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Fig. 3. Horizontal surface distribution profiles of (a) chlorophyll a (Chl a) (ug/L), (b) particulate protein (PPr)
(ug/L), (c) particulate carbohydrate (PCHO) (ug/L), (d) C: Chl a, (e) Chl a: PPr-N, (f) PPr/PCHO in

Kosung Bay in May 2000

B gt (106)°] 717HE ¥ ES By

N# P $XAto] A3 AL s do)] wpet PR o}F E3
HE F4E Ul (Table 5). AWM NP 94 B
B 20008 S€9) 14722 2¥ 1999'd 11€9) 20674 W&,
2Tl A= 19999 1193 2000 599 1027 10822 E 1999
d 899 24674 H2A E HEZ S HP FAWN NP
B2 HFHE 6394 128712 AAH O Z Redfield®) & (16)
Bo g2e gES By

i =Y

a2

g AXIRISE HE EA
b ZAIE F RSl 23 g Vel ¥ - A
T8l Chl 2 % AolE AY3}H, P8 n% g
7184 94 2 ALY B A2F T FERo)= £33
FE UEA gt a2y AdFozEe daz ¥
2000 5EH 19999 84l 7heT ALA By HzF
& YRS 2ASFEELS QAZ Hag e 7 W)
hil2 FUHes & o) EAEA Yol $HRRE
7IEd T3 7ldse ofgn
ZIAE C:Chl 28] &2 5, ¥ 2 9949 ¥ 5 84
M G Wol Al - FHHoE Z WES HolAgk

o
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of® a g C:Chl atl §o] 100 o3t ¥ W POCE F2 A&
THAE 714S Jehlle Ho g2 253 $oh (Berg and Newell,
1986). L2\t Eppley (1968) = A EZZAE wjFz Ao a2} o
Blgtol 10914 230714 M ¢ Qz AAE A f - To o
A 3233 989 B #E vehdoe AL wEd ¢4 HF
HEEZIE CIN 948 3 394 974A 8 ¥ 4 91T (Par-
sons et al, 1961). B ZAZIZF F A& EE 5N JAR7)E
A C:Chl a¥] BT 150 o|3t2 A 1At} ZAnte] v|5o
HluF ge & JEE, CIN 948 HFgL 91 93 S
e ojgt & Z2AEL o] Y JARIIEA] F2 A2
EFIAEY 719E F2 ge AL YEdd 24N C:
Chl a¥] #& ALAe) 500 o]¢9) I3 ¥ @& AYstne
A2 270 e HE@E JELIIE CIN €4 gx 23
o EHe 83 ol YARVEA T L B 5 H 4
EEFIEY 58 719 E AT, AR o9 22 FAHEL A
i 2T YARVIEA T2 AENE AT N5 Zayg
E

A, AV & AHLSHAE 300 o) ¥EF 2L
C:!Chl a¥ #EE HYX A & CINY @ BEX 9,
ojdez vuy A Uey o Y YALIEF UF e
F1HAAA (non-living detritus) ] 7145 Jehl g, Chl a

(W8]
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Fig. 4. Horizontal surface distribution profiles of (a) chlorophyll 2 (Chl a) (ug/L), (b) particulate protein (PPr)
(ug/L), (c) particulate carbohydrate (PCHO) (ug/L), (d) C: Chl a, (e) Chl a: PPr-N, (f) PPr/PCHO

in Kangjin Bay in May 2000.

Table 4. Mean dissolved inorganic nitrogen and phosphate
(DIN : DIP) ratio in the southern coastal bay sys-
tems

Mean DIN - DIP ratio

System Layer

August  November  February May

1999 1999 2000 2000
Chinhae Ba Surface 160011982 257+137 6281431 31774410
Y Bottom 1795£1266 4174150  S79+476 202541749

Surface 23361126 1592£1135 5281246 14361922

Gosung Bay

Bottom 188242524 17214727  415+206 114241242
Kangi By STACC 1LAEST 1346250 2824153 9054934
SN B potom  1458+590 1118350 2774130 145541397

National Fisheries Research & Development Institute, unpubli-
shed data.

27l M =0d B 20009 5€e YARIIEA HEE
FEE AR g g Add vdd Pz vA Jebd
e, o9 e AREL AARAAM AAFIIEL Fre A
gholu} mAdwtHE g 899 o3 & 2L us Ae
AAE 0. A& 7S g2 S vde 24 ¥& Chl
a $&o) B3ty AdHoz & £%¢ POCH PON ¥E%

dudez ¥ ££< PPr  PCHO =< ] &9 4A:7]
4 o g P43 53 22 biopolymer HThE ¢
T84 geopolymers Bl &0l ®rhe A& JEHAT (Cauwet, 1981;
Saliot et al, 1984). dwtE o2 dE &4 12 B4 EYolu}
HAE oA & §FE HolL gon HZF F4o] @e
BRATAN A Hel] g s Fo] HF FRol R, Wfo] e
Zd Adg sHATe AL e 1 o)s 2 AT ¢
AR71BATEY 24 W BFN ¥ Fr1Foz Y9
G s v AS 2 22 REH ARFE HHEY 9o
& & Uthe AL AARs

o
i
fo

2. YxtRrIEEe A7t vl
PAF7IER HEEY v $XIE Ay o4E7 7122
A% Chl a T2& YT 22 TN dAZ A&l
Fx7t Ao #AgGlol nATtely ARt vEAM BluAy ¥
= Aol Duncan dFH oM & Vegc} (Table 3). 9&
2l 1999 8ol AT YAF7IER R EY Tt BAW

o ga BA JERAT ge 2478
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Table 5. Correlations and regression lines for particulate C, N
and P in the southern coastal bay systems

1 2

System/Month Regression line r n

Chinhae Bay
August 1999
November 1999
February 2000
May 2000

Gosung Bay
August 1999
November 1999
February 2000

C=69N+ 173 0954 34
C=76N+ 42 0.832 33
C=8.IN+ 20 0.828 36
C=64N+ 16 0.974 37

C=59N+138 0.852 24
C=64Nt+128 0.883 22
C=9.IN+ 85 0.741 23

May 2000 C=80N+ 44 0.803 24
Kangjin Bay

August 1999 C=4.IN+212 0.873 22

November 1999 C=42N+ 59 0914 14

February 2000 C=49N+ 6.1 0.819 20

May 2000 C=63N+ 53 0.685 22

ANCOVA F8,210:5.30, p<0001

Chinhae Bay
August 1999
November 1999
May 2000

Gosung Bay
August 1999
November 1999
May 2000

Kangjin Bay
August 1999
November 1999
May 2000

C=134P+ 33 0919 34
C=167P+173 0.745 31
C=91P+1 77 0.844 34

C=118P+260 0.805 21
not existed - -
C=133P+154 0.620 21

not existed - -
C=100P+ 96 0.730 23
C=121P+136 0.517 23

ANCOVA Fsv2|5:6.68, p<0001

Chinhae Bay
August 1999
November 1999
May 2000

Gosung Bay
August 1999
November 1999
May 2000

Kangjin Bay
August 1999
November 1999
May 2000

N=182P-02 0.903 34
N=20.6P+20 0.815 32
N=147P+14 0.888 34

N=246P+22 0.789 22
N=102P-02 0.776 14
N=108P+22 0.460 22

N= 63P+26 0.569 24
N=128P+0.5 0722 21
N=117P+1.5 0477 24

ANCOVA Fs20=5.30, p<0.001

Concentrations are umol/L.
'r, Correlation coefficient
n, Number of samples

(11~32 pug/L PPr, 30~39 yg/L PCHO) S| W3t tjds] & %
TolAw (Handa and Yanagi, 1969; Siezen and Mague, 1978),
19993 8ol A A9 3] B FEE AJAFUY £459
ojuf AdtaigeA AtHo R ZAHE T U (4~140 yg/L
PPr, 50~150 yg/L PCHO) &} fAHE =& H YT (Packard and

dE B AduT AARIIEAY A - T A% 54 65

Dortch, 1975; Hitchcock, 1977). #¥E AL FAA JA7712
Ao £4& &3 POCH PON & o&s $ta PProjy
PCHO ¥ PP ¥x=° t¥ 4437}t A9 EAetA &} POC
TE AREA IVE G g2 £93 £ 2AFLYET 94
7182 =8 vnsdc 242 PpoCY AT Chl 2k
te 8la3 o] POC7} Chl aith 71 713 B4t 71244
Agzgle AL 28T 9 POC FE7t 71ZAAHY A2 A
6% F4&8 Aolth (Charpy et al, 1997). 3 %4 POCET
HEge 43 gAY 2 Ygdy ox FHYEUL £
o, nARG AR N Q- AAT (HF 355 ymol/L) o1
Gl AR g S0 (FE 309 pmol/L) B FAME FEE o
et (Kang et al, 1999). o]9} 2& TE& dPdiA SHE
Azt (24 umol/LYETF %31 (Copin-Montegut and Copin-Monte-
gut, 1983), etz gl S FAd) M AAE B F= HY (105~
186 mol/L)ETE 4 £& FEE Yebd (Jin, 2000).

YA F7184 Chl a: PPr-NulE 3 BEF i3 4572
E AEFY AdFQ ARZA HLFFH JFHE Yehle
AANAZ o]88 4 d (Dortch and Packard, 1989). o9 Z&
Brte FEFANGAA NAFHGEG 22 HEELIAE 48
Fg /HAge A 2AE T2 e, 999 A de &
T8 AEEFIE THAA o] HlgE 288 ug Chl a/umol PPr-
Nell olay] wgo] Fddsiools WgFsidoz d4E o
H e A3 we FS BolA € AT YAd ¢y & 79
F3E oA o] Hghe FF 2159 cl2AT Fdy Uy
drdode F 042707 wobAlth (Dortch and Packard,
1989). & ZA} &Gl A Chl a: PPr-NY] g2 Adist E&40A
AdF 11 (£0.5~20 (£06)9] M2 nATH FAgeA Bt
Had & BYXE Ho A8 & F9%3 AL 2 i
e £ 3t 2AMY EE4Y £ PProl Wid JEEFIE
(living phytoplankton) 7|92 & ¢4 HEEFIAE WU &
dZo] o bloomAlel YERE o] HIg (288)& o] 43td H
Mg o, A YAF7IEAS F PPr F A EEFAE PPro|
FAse v&e& AR wal 35~72%0) ol2x whd vy
AT A o) H &L TZ §~36% % 8~39% WAE BT E
& zAEY £549 F PCHOY Wd 4EE%H3E 71498
17: 19 PCHO : Chl a¥] (Parsons et al., 1961) & o] &3t #
A o, A TelA YRR71ED9 £ PCHO FoA A&
ZFaE 7Y B5gEo AAde v &o] AA wi Hd
5~58% A ol2AT nATFH AAANE #% §~20% R
3~28%) WEZ ZATH ZRATNA PCHOY BE F#9
F719497 (detritus)$} bacteria £ §4023H 4"
fF7189 7198 09 AL € F U g o9 £ 2
FEL Aol F3dA £ YARVEE 27 UdE &
qo] Hste FdAoZ & JEEFIAE 7o gde R
€ Ve Aoz 7 A WOAT YARVIEL v
Aoz YR ZRH YAFIED FFEUE 1L HYy AF
ol M AEEZFAE FH g3 A 4%E L1 Jde
AL A A g
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o AXRIIEH o Ex §4
HHEH o] FEI v AL AF YPgdAn A
9 Z AR EA FRAA A AolE veld 4 g
T A Fd oy AH T A~ AA A o)n] ZAMR wl 3]
o} (Lee et al, 1994; Choi et al, 1997). 371 ZA}slE 2% why
qA FFHe2 JAF7IER FE L FY9EL 924 &
AL wrgE Eoloh, Aswte = w9 At HA
IADANE AEF 24 55 £9 a1 ZRw

of AT GAAAA 2 DA 7 e AR

T oolgh o] YARIVIEAD FEIF & EeA C:Chl avle
FYEA POCT HEEHAE V)
o7t AZ 7MY & A% ¢ 5 Utk Chl a:PPr-N¥| gtel
SHEXE DTN F£9HE zjol7} 74 FaE ey U
F718A FE7F B& BF5F A o] H|gho] 24 o)}z 1Y
%3 FEo] MY e Rg vedch dE, nAve ARy
94 Chl a:PPr-NH| Aojghe Jsjute] wajA s} ¥ 4
FEEAME F8E 3FE Ye A€ ¥ PPri PCHOY|
A ZAE Y EFA F3E $HEE EE HolA &,

3, 2o AtdiAd WstgdA dR{71EE w2t Be 9
2 dA=Z Zoly Az FAFe] AT FEZ o] FASAA
w2 AARIIEA FEE FAAE 3 e o] EFL uy
g Zach AX RHEAA oduFe HolA g¥ ¥ FF
(water columm)W] A EZFAE A ZF] nAE JFS Katte-
gat?] Laholm % (Loo and Rosenberg, 1989), San Francisco %
(Cloern, 1982; Nichols, 1985) 2 North Carolina 379& (Offi-
cer et al, 1982)91A & U&= gt 2AHGEY AP 3
A-AATY B4 59 HAA %A ZE| H+E 1247 U
A Gt o Fo) AR e ¥l Fo| o] T F 54 o35
%o, ols} T <} Fo L oFFHd 3 AFITFHAE
H&Ho] dA3] ot #} (Yoo et al, 1980; Choi et al,
1997). &5 ¥ YAF7IBE v2v F 459 443
Hgh 9 A AYele & %S 0 4 ooz HAY g9
=9 §A7 223 A2 0220 (Kang et al, 2000).

4. UXIF7ISZof ofst HMet el Hot

PPr: PCHOHE Y E&3F3E A4S 43 449 AT &
22 971gd £ e Ay AANAEA F887 o) &2 & YeH,
2 ugho] 12 o4 W AEZHIAE AP FUYY Aol §

= A& JER 07 o132 ¥ o AF 99Yg ZEE Jg
At o (Healey, 1975). AAZ 9N g3 A
7baled o] HIZE o] &% dole JAFIERE F714HAA
o EFEZ ulAE ¢ Qofok ded (Pick, 1987), bacteriatt &
EZ293E 92 4714495 d438n ¢4 JEEFIE
< 47] 93 € plankton netd F3te HFE AFHs = HH o
0]43 4 UL Aolth (Barlow, 1980). ¥ ZAtelA veld PPr
PPCHOH| Hage d7l 1.0% 2oste A 2A G 72§
qrd Ae e Z2ade Jdov E ZadA pProlu

PCHO® GF/F 9#AZ oaslo] S vhe AollA o oA
=2l AANY cheke] K71 AHE WAL o Feh

s FolA AARIIERL g 7HA 71499 /U182 EF3
2 Q7] g AEEFIAETS FE3 UVt odd 28X
Table 29 39 & 94 2 HE2EY Fx9 244 FEL 47
AE YA (detritus) ] FFE A 3tA 2}, g2kA Chl a9t C,
N % P94 Apol9] 3 AAE 731 o] 2]e HHOZNH Y
B39H C,N R P ¥xd v & §714494 714 & 7317
T A HA2 YA CIChl a (F& N & P:Chl a)
He 999, 3 27, 2%, F 74 § 99 7HA 29 g
Hgo] a7] gid F7AAYA 71 E Hrtsrle 4A g
238 AT FHER o] {78 T LI} AEEFIE A
Aol 93] A AFE e HEAN CCNE P F 92 B
Atold] AFHAAE T3 2 7]E7]eA ol P4 W
2RE AEEYIAE 43 GE J¥E F9 2 A9 4H
g & 4 9lth (Hecky et al, 1993; Hecky and Kilham, 1988).
oj® & i g JU4d Aol e AGA YAFIER
A28 £ Redfield ¥l (CIN:IP=106:16: D& FAHAT, 3
F FolA od gdgdel A o HEEHFAEY A4S
vlE £ Ut (Redfield, 1958; Perry, 1976, Myklestad, 1977, Rhee,
1978, Hecky et al, 1993). WetA A ZEFAE 2 FAHL T80
AAAL g9 RIS AT £ U= AXNAZA oF =
4= 31} (Healey and Hendzel, 1980; Hecky et al, 1993).

£ ZAA Aea agvtelA Yed 669 CIN 94 W
gk Redfield ¥l 9X3ke FoZ o JAdM YAFIE
Aol 4EEFAEY stz dde Ae & wgd¥d I,
ZRATelA o] ¥lghe 5002 Redfield BT thd ¥A eyt
= oJRL ol o] F YA bacterioplankton (53] Hi
AAE)Y Z7HE 48L& wYdEs %30 (Goldman et al, 1987;
Fagerbakke et al, 1996). J3wolA of 53 71&Hq Jeld
134~167¢] £& C: P ¥EH= o] 7It F A4l o3 A
Z dedie Aoz Bd, A9 A 44d FH3& N:pH
Fuloll AFA b FHEA HYE 8 R B 99E A
o] gle AGdA YAR7IEH NP 928 16 (Redfield
8 vehlA Sed, A8 gt &4 1829 2469
EE NIP HFHE QAYo] o s9EY HEEFIAE AR
AT £+ gle 2o YehgAt B3 1087 1479 ¥ v
288 AiA JYEd o3 S AAST FH AT
oM N:P HEBHE 63~1282 ZAI 25 AaA 9%Fo
g JFgdoz FEote AE AT £ 7oA 23
gholl 4] o9} o] AAA FFFo] AT YFFez Fidte o
Ao gt AL LWy o B A7/ Ba¥ Ao
AZdd, oy Asfuty Aol M Ad FFE AR o
& zole A Fid-AA TN oju] BEA uls} Zo] B
Ao AaA JEga g% AFe 45 A5 48
o] A4A 9UE fYeE BUa JEHdE A4 Ag
JIgez 43 £ AL Aoz BIY (Lee et al, 1994; Kang
et al, 1999),

rlo
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