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Seasonal Variation of the Quantity and Quality of
Seston as Diet Available to Suspension-Feeders
in Gosung and Kangjin Bays of Korea
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Seasonal variation of the elemental and biochemical composition of the suspended particulate matter (SPM) was investigated in terms
of quantity and quality of diets for suspension feeders from July 1999 to August 2000 in two coastal bay systems of Gosung and
Kangjin Bays in Korea. No clear patterns in the seasonal variations of SPM concentration were found in these two bay systems.
The results indicated that the seasonal variation of SPM could not be considered the variation of food available to suspension-feeders.
The simultaneous peaks in chlorophyll a and biochemical components in summer indicated that the quantity of the particulate organic
matter primarily depended on phytoplankton productivity. However, no correlation between chlorophylli ¢ and biochemical components
[particulate protein (PPr), carbohydrate (PCHO) and lipid] were found, indicating that other processes might also contribute to
the particulate organic matter in the period when the phytoplankton biomass was low. High C:Chl ¢ and C.N, and carbohydrate
peaks during the autumn to spring period suggested that resuspension of surface sediments was a probable process to supply the
particulate organic matter. The food material, represented by summing up the total quantity of three biochemical components, was
highest in spring with minor peaks during the period from autumn to the next spring. The food index, calculated as the ratio of
food material to total SPM, did not generally exceed 6% with short peaks during the year. Therefore, nutritional quality of SPM
in the bays are relatively poor than in other more productive coastal waters in the world. Qur results confirm that the measurement
of a single chemical variable cannot describe fully the nutritive value of the seston available to suspension-feeders as previously
proposed, and the biochemical composition of SPM can provide effective information on its origin and nutritive quality.

Key words: Suspended particulate matter, Elemental and biochemical composition, Food material, Food index, Temperate
coastal bay

A E ARAEA FFH A3 24L ol §448 AANE 99
29loth & 9, HHER2Y 27 ARy HRLEE AP
APl A Y22 (seston) & FF0] BHFL YT AEF T Ho|AEoA ol4dE o] RS At TN Ho| F848

BEE XT¥EE F7 045um o3 F - F71 YAZA HoH $&71% 3 (Widdows et al, 1979; Berg and Newell, 1986).
o} (Cauwet, 1981). At &4l Mldle o7 Yz FELEL AR Ao HolzM 442 chlorophylloltt 424 f71g 4
o] YAEAE Hfslo] Bloj2 o] §Hth (Jgrgensen, 1966; Bayne (POC) &3 5o 93 JAF7IEA2 Fdde Ao Anh 4
et al. 1977). GetA YAEA 2 2L B 4T A A2 ol T84 FolE chlorophylld BAE ¥dHA gl
g zAscd oM T8 8L 0} (Foster-Smith, 1975; POCY 7% HolZ o]§d F e FEH o]§8 F gl ¥
Winter, 1978; Widdows et al., 1979; Ki¢roboe et al., 1980; Smaal Tt} (Widdows et al., 1979). ©&tA] o]® 4=99] go| F&4L&
et al, 1986; Bayne et al,, 1989, 1993; Iglesias et al., 1992; Navarro U718 F3 Hol2A Y Ao tigt Hrrt o] FojRof Fxn,
et al, 1994; Urrutia et al, 1996; Hawkins et al, 1998), B2 4 Aol A Hrke YAR7IEAY] G A AYHE B4l g
TEo 93t o] o3} JAAEANA 758 Hol2M YAER U} 231t} (Mayzaud et al., 1979; Widdows et al., 1979; Mayzaud et
4 o 714 22050 9stel G PobA) Al - FAALZ & al, 1984; Soniat et al, 1984; Berg and Newell, 1986; Poulet et al,,
W5 S ¥U9 (Berg and Newell, 1986; Navarro et al, 1993; 1986:; Navarro et al., 1993; Danovaro and Fabiano, 1997).

Smaal and Haas, 1997). A7 EAY A3 2L ol 54 7198 A& 53
g 27 Tl el getd 4 Ao (Mayzaud et al,, 1984; Pou-
* Corresponding author: pylee@nfrdi.rekr let et al., 1986; Mayzaud et al, 1989; Galois et al, 1996). 3k
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¥ig. 1. Map showing the locations of Gosung and Kangjin Bays
and the sampling ststions.
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FE EAE A% GF/F oAe 60ColA 44 B¢ 228 § H
Z3t99 ). Chlorophyll @ ¥E€ 3 500mLE o5 ¥ 1% &
g S0 Xsta AFAAE 90% acetoned] ol ¥F B
Bt 24417 ool GEAE FZ&, HF5A7] (Tumer Designs
10-AU Fluorometer) & ©]83%] Parsons et al. (1984)9] &3} 7]
£8 Pyoz 243y dARrIEgR (POC)S A4 (PON)E
ARz Y] whe} 300~500 mL 3FE 550CeAM 542§ &
270 GF/F 3 A o 2ejA A zate] gads AAS § CHN
YAEH7] (Perkin Elmer model 24000 o &3l A3
¢, grstE 2 AF 848 AEE 1LY H5E 550TAA
AA2A)Z GF/F #A ) o3stg ot ©¥aL Folin-Ciocalteu
o] &3t 2A5E Lowry et al. (1951)4 WHoE bovme serum
albuming EFEY22 o EMFAAT EFHEL glucoseE
FFEHE ZAZT Dubois et al. (1956)9 phenol-sulphuric
acid o2 £A48 gt A A9 £ chloroform™ methanol
Egdog #2332 (Bligh and Dyer, 1959), A 2 ##-& Marsh
and Weinstein (1966)9] Yo 2 ZA3 4.

F RRAAEE FolM AEO )E&E F T JHE Hele
AR AN, HAZ YAR7IER L dE @438
Ad %9 biopolymeric (simple molecules) 3 %3 heteropoly-
condensates £-& humic substances®} Z-& geopolymeric {(comp-
lex molecules) ¥ ¥ £& Eata At} (Cauwet, 1981; Saliot et
al, 1984). A Eo] AA o] &¥ £ Yt F#-& biopolymericF F
2ot} wehA, Yol 4 (food material) < B9 A, g3l 2
AR & oz YR, HolX$ (food index) = F ¥
FUAED F Yo)EAY %, & [(HoEZ/F FHAAEA)IX
100122 A oJaAct (Widdows et al,, 1979; Navarro et al, 1993).
YAF71EAE YA G D d @5sE 2 Add g 74
7 240, 175 2 395]/mge] A4S F3 AUA 43FLZ ¥
39t} (Gnaigner, 1983).

[

#& AT F 39 Abolo FA A HF
S JebdAD (Fig 2). €8 22 294 st gz 713
‘;%%lﬂ, 89l 25C W2 71 wo} AMEE FF Ao]g K
A} (Fig. 22). GE& JEHo H4ge 71239 =d 19993
de 9gd F £ EF 28 o[3t9 AFP ol @ ¥, 2000
o= 793 89 28.55~3059 WU 2 A¥g = (Fig 2b).
S ALHE B3 Aol g2 F £9 EF 33.11~3410 ¥
ellA dEH) HlF) FFoR ndo] ALHT YAtk

2. & ERYUXEE, chlorophyll a, YRFIIEILS EHA

% B5AAEA chlorophyll @ 2 UAF7e A Ao 49
TE EEE AT E R HL %Eﬂ 24 ZAdl vlste
2T ZAAAN A & RIAT F E/FUYAEIH chloro-
phyll ¢ %= HAE F sGelA F§ Aol YA &
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Fig. 2. Seasonal variations of water temperature (a) and sali-
nity (b). Vertical bars represent +SD.
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Bt R oz, 9 WE 42 T ;Yo fAksttE A
vehdd (Fig 3). & FH9AEd 5 £Xc ZATIA 46
(20000 7€)~206 (20004 5¥) mg/L, 2R A 55 (2000
19)~185 (19999 11¥9) mgLyed, 7 9 25 4% w5
7189 2 WY £ ¥5 & /IS
Chlorophyll a 5 T #YoA AFHd v2Y & v
£ Jehe F33 A3 d1% F3E 299 (Fig 3b). 4%
oﬂH chlorophyll @ ¥£9 F8& peakt 199 84 (3.68 ug/L),
2000 49 (455 pg/L) F 78 (249 pg/L) o, AT M E 1999
99 (7.50 pg/L) = 2000 7€ (4.60 pg/L) ol 71E2H A, 2T
A 200083 4281 B8 £ peakE ANFHE 19993 11€%H
2000 59 Afol9] 7S HANAM EH o2& J FdddE F
9 BF 15pg/L o3t vud ¥ v £EE YT
AR f7leas} s Fr9 AEHFE WAZ chlorophyll a
FEo FARE BE F3E vdEo 22 vxE o4E8E H4EE
Z3E bloom7|o} FZHAUT (Fig 3c). webA A8 4 4
4 s5e 2ATAA 19993 983 20009 49 2 7€) 747
445, 348 2 302 uy/LY 1, A= 1999 993 2000 7€l
77} 5963 597 pg/LRT A5E B2 TEE U 3o 4R
e FEE AA 248 4wl Ae 200003 1€ 195 pg/L,
AT 200048 32 216 pg/LE 7P W2 e EAT YR
ALY & FEE YAFIIEAY FES AV 2N
7zt 66, 62 L 55 pug/L, AR TANA 424 9337 86 ug/Le HAT
C:Chl o Wlgel AA H% 94 F oA FASA ebyt
t} (Fig. 4a). Chlorophyll a9} & =7} UEUE Al7]o] ¥&
C:Chl g B2 YE ute 20009 48 T FHe)A ghe
AYsd T AGolN FLoly B o2k sl D =
S HZES HYTh CIN B2 19999 887 1199 A el A
12 94 B2 Fg VIEIAeY 9 oz vny dAHF
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Fig. 3. Seasonal variations of suspended particulate matter
(SPM) (a), chlorophyll @ (Chl a) {b), particulate or-
ganic .carbon (POC) (c) and nitrogen (PON). Verti-
cal bars represent +SD.

222 YEAY (Fig 4b).

3. AXRIIBE & Ho|EE (food material) =4
g @A Fxe T oA fAE AE 1ES YES
% (Fig. 5a). §#F 52 Fougo) Ugue A7 chloro-
phyll e} dAEgor, T= HAs TATAM 65~219 pg/L,
AT A 70~329 pg/L

4z gratEe ¥ FE7F YEuE A7l §A] chlorophyll

a 59 X9y A 19999 1297 20009 282
Ogd &8 FES0 #FHAY (Fig. Sb). 3k BT A
A 12~271 pg/L, ZF e A 18~189 ug/LE E S

TATAN A AE FEE 1999 99 (82 ug/L)F 20001 5
2 (60pg/L) 2 89 (2p/L) B2 2 Uehligloy Yy
A 2AYANE dAZ 50 pg/L °)3 FEE B (Fig So).
ZAT™AA QA AF FEE 21~78 py/L HAE YA,
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Fig. 5. Seasonal variations of particulate protein (PPr) (a),

carbohydrate (PCHO) (b) and lipid (c). Vertical bars
represent +SD.
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1999'd 997 20001 8¥oll A7 7834 T3pg/LE THE A
Ha ddHoz Filo] ¥ g& Bt

4 TOIZID FolxH
9o)2Ae) U8 WF PP olF 4T JEE Fray

ANE A g3 A4 HE53 &4 Fig 6o Yk =
A gde HolBd 9 YA FFAtolof FAe 48 WHF
o] YEIYT olE9 2 FrE dHHE chlorophyll aol Al
e w7 dehde Al7le ZIE A =5 199999 A1 §
=71 200089 H1 FxET oa w24 Jebgd 9AR71EE
ZF Qo] B4 Fre nATY FATAA 2000 38 A7 134
9 164 pg/LE 7HF wroka, 19993 9@ Zhzt 5729} 596 ug/LE
74g BA Jebdt (Fig 6a). WetA, dAR718d F Holgd
o oA e mAwst FAutelAM 20009 38l 44 3449
416J/LE 74 W%k, 19999 9ol 42 8229} 859J/LE 7H
=4 Jegtd (Fig 6b). F F 7o o] FrAtole FEEHA
&3kt (p>0.05).

AolA4 (food index)E 20003 8ol HATAN 58%E g
A AL At 9% 5% 8 2AA E}t (Fig. 6c). HolA
#9] B ¥% 94 chlorophyll a% 2 XA 19999 128
oA 20008 289 Ale] AEEH F o)A A chh &
FEE 71589
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Fig. 6. Seasonal variations of food materials (food Mat.) (a)

and energy content of food materials (b) and food in-
dex (c) based on [(Food material/total SPM) X 100].
Vertical bars represent +SD.
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Table 1. Pearson product-moment correlation coefficient for water temperature (WT), salinity (S), suspended particulate matter
(SPM), chlorophyll a (CHL), particulate organic carbon (POC), nitrogen (PON), protein (PPr), carbohydrate (PCHO),
lipid, food material (Food) and energy content (E). *0.01<p<0.05, **0.001<p<0.01, ***p<0.001

WT S SPM CHL POC PON PPr PCHO  Lipid Food E
Gosung Bay
WwT ~0.497 0.192  0.816*** 0408 0.496 0234 0.277 0.091 0.331 0323
S -0.586* 0201 -0511  -0.726** -0578* -0.615* -0539* -0328 -0.653* -0.651*
SPM 0.151  -0.075 -0020  -0.037 -0203 -0335 0.005 0441  -0055  -0.005 o
CHL 2 0.845% -0704** 0274 0.614* 0.717**  0.509 0.422 -0.106  0.526 0.493 3
-POC ::D 0.743** -0.752** -0.045  0.889*** 0.652*  0.666%*  0.864*** 0202  0.845*** 0.804** g
PON 5 0583 -0711** 0187  0:861*** 0912%** 0.684**  0.577*  -0085  0676** 0642** B8
PPr g 0402 -0616* 0069 0515 0.648* 0.578* 0.505 0277  0834*** (860%** &
PCHO 0064  -0.716** 0335 0410 0428 0.565*  0.547* 0174  0.859*** 0.779**
Lipid 0.694** -0.597* 0.102 0645  0.636* 0517 0.595*  0.093 0.406 0.524
Food 0366  -0.739** 0184  0.567*  0.662**  0.647*  0960*** 0.748**  0.546* 0.985%**
E 0419  -0732**  0.163  0.585*  0.682**  0.645*  0976*** 0.671**  0.635*  0.992***
Kangjin Bay

23 chlorophyll a Atolell +oj& ¢ A#dA (p<0.001)E
ekl B, dES F FRAAEAE AT A 2AEES o
g 2o A#AA (p<005)E EAY F #Y oyeME F £
FUAER FET YAFVEE F L2 ASs AR F od
AEHe o9 484 UehdiA gtk Chlorophylt a9t ¢
Af71ga 2 Ak Atolde f% 4BAAI F AGAX
b Al gE (A% p<0.0S, ZFT p<0.001), chlorophyll a& 7
Awrel A AL AYdne F AGY YA wAy g3
B 9 aA4ve A §o3 FHRAE BolA Gk dAH
7B F Ho)Ed# duA #Fe T 9 BT QA vid
2 EFER 129 FoF o 4T #A (p<000DE EH
I, 44 Adze ZAveA g FAEA (p<005)E V1S3
Aok 2y, dA ¢ BeEE 9 XA 5o AsE JEE
Abojel 7t foA& A st

E 9|
TR AT E B4AAEAL Aol §AE FE B
T2 539 4UNE 348 deiA gt deld 3 249
A84 FE 952 o A5 N R5EAR olva
59 ol ¢ WFoE AANIE g 2o AL
F olilaly Holdoz 442 ol8Y 4 Y& Yo|BAL w
we] 2 2o BIIALAA e FEU YA F g
2% 42 Ho] Fao ¥& FES HolE A2 AEANS LBy

olgt 22 AA WF 5L g2 g3 uiv g A
{Lee et al,, 1994; Kang et al, 1999) o)1} #4F— A% (Lee et al,
1991; Choi et al, 1997)ANMNE #Z5 o] o} 2} o] e
g gy B hgE ¥ YAFVIEE F2E U
We R Uin, 200048 o2 2oy YgFgolA F33
M dd Yehde JEEFIE gFA ) dHE YAR71EA
7 @4 ge 2 FFoE WA A ol T 9

A

A deE d83de g2
B a9 98 ¥
Park et al, 2001).
£ d79A e & EFYAEIR YARVIER 59 9
Ay A 24 £33 FE B9 AAA AdgdA #35Ho]
€ = WA gojuA e FFOIUTD (Widdows et al,
1979; Anderson and Meyer, 1986; Berg and Newell, 1986; Nava-
ro et al, 1993). 3%, AR7IEH =4 JEEY FEE T
g8 o E i S E vudtd £yt Asutd v
AHFoR we FEoAoY 1 9 & e 5T fA
& FE02 el (Kang et al, 1999). )& ZAIHEL ©
iy e e Uwdes 53 Zprld §A2REH Ad-
H Y §& T2 YAEEY 9FE A L& F UE Fol,
FEE TR 2A4LF Y3t 52 HuF wE Hojd.
et AEEFIE LAY 710 H71E ol Fdol 4%
E] FHAFF o2 RE {F7I4HAYAY Kol UE F U2
F2 FAd 71Q08e vtdo] g AMele HAE AFFo o
?} PR WS F US Ao d44E (CIChla FIFLE Fof
A =93). o) AL B Aol chlorophyll a9 YAHF-71E3
o] A3 AEE oW ABBAE Holx deve A4
(Table Dl 95A 82 F & A 2ok 284 dA{7E
A9 Aa A8% 24 429 ¥ FE7 dede A
chlorophyll a% & ?47"]5’}‘31 AEEZIE Aol dARIEA
o 388 2AAGE 22 elut
D4R AL BF o B HBEFAE
v A& 244 TARAA 490 JEld AF
gt o2 2u A AFelA dojvs A8
2 A9ol 75T A 2t oA Ik e
A dojuts AEEFIAE UF4L AFAoR H97Iq o]
A& tEe JUYLS FHE St FUHLEA vt
Agstse A5 £ F7H o2 £F AT St #{A

Hol B vrv YAAFY Ao
4 91 ZAojtt (Kang et al, 2000;
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o]\t Kang et al. (1999)8} Hilof
@‘4 2 d7lA YEhd chlorophyll
AAS 423 Atojol vehd 9]
’“J&J&ﬁ]i ojg} e }"a% AeAEe Rog B 4=
4 A ARIIEE ZA FEALolo Ve S ARBAE
FHUT o] AddlEHe JgF AEEYIE FIE 0
ﬁhl itk (Table 1).

UARNED F & A2 dE JEd i Hge 2 &
7154 Hol2M9 AL ved # I )AL YA/IE
o 99 24 Zolo} 7|Ad o] HgEL X3 YAFIIEAE
719¢ Aud £5 gtk CIChl a HE YAF7IEA 243
o2 Vel ey #&3A o] &€t} (Zeitzschel, 1970; Berg and
Newell, 1986). 100 ©]3t9] Hlghe YaAf7Idae] dixdo] 4%
EZ3gd F2 frdste Aoz 1AHL, & ¢YFE /71
A49A (non-living detritus) 8] Hf&ol olde A& Ye
Hoh, dFa oA dAfr1ehe A4 see JEEFIEY
F& Tt vdgve Al719 & dAg gdetA chlorophyll a
9 & X7t dehde A7l ¢ C:Chla lek-?: 100 W49

HBEYIE Y=
gA FEd F
ast F&Ael g

iod

W e B 4EEFAE 797 v R ‘%EM%IX]"J,
7heollA £ Atolol AAH 22 300 o]} ¥& @tol ve
e, 53] AgHde 800 o4 I3 &S %kg_ Yehfol o

12 YAFIIEAR dd 22 HU144YA 9E AL
Zo}. CINH| 94 Y7784 F H7194940 §47149 ¢
249l 71642 vebdtt (Menzel and Ryther, 1964; Pocklington
and Leonard, 1979). ¥¥rd o2 7 oj4¢] C:N HlgL 4AH7]
B4 ge R frdddzEE RE yea 17)115}
S ge 52 AR JI9E Y, gukdoez AEE
AYHA CINHIEL 6~72 €A Ut £ °4:r1°ﬂ*1 C:N
e 33 dR VIS AYIHE 7 o4y w2 @E B 4
AR71EE 4T FEo F7IHAYRAR o] FAA ASS Ve
i gl

oju i F A BFo] Furdt AT HHP 2L Gl AE
vl 4% (biodeposits)o] WH3] ¥oe Ag 1T o YA
Zoly} o) AES g i HEHAHZS A He EHQAE
9 F718 249 & °é“*° oj3 5= 91& ZAo|th Anderson
and Meyer (1986)& AFF€ HAE dAEL 99 A FFol
g3l Eo] W3 "JCHZ“’E g ole) wel AL Boin
Byt £ d7olA dz 9l Az @43 ¥ ¥27)
UElgE Al7IE chlorophyll a9t & GABAT =& 71-&3 A
SAHNE 53] d@5aE FEAAM U AAd Jehd ?2'?_ FE
o 4%de #E9 th 22 F-Eo| Yeyed, oA 7HE
o AEd BEFHAEY AEFE A £F o) 2e AR
fre o 7 vEhde £ CIN HIgd N E F28E &
At

wpA], o] Aol A AHE AFREL AT FAUGA YRF
71ZAY 9% 548 o Fdd dojute (Ao A 499 YA
e FEE TE3A) AEEFAE tF Ao g3 A 2HH
NNE A o} A HEEFAE JEFo] F-E A7ld §

fl

fo
A2

=
?

78 9 = A a+ S 2@ 77t dge A
e, oo 8 A5 adoRiE PN 18T 4 2
o 724 olF 79 @gon 1 & 942 AL x4

EEF3E d3F g7 UrFJr"}t ] E9 ZA (Navarro
and Thompson, 1995; Danovaro and Fabiano, 1997), &3l
g QEZ vy AdFez & vAE 7149 (Galois et
al, 1996), YA AE vjdE B SH02HEH £9 5o UL F
At

E d7gde HolEA 2 IRAEY YR g ¢ 7]'2
2E BAAo)d tA g& TR/ BREPAAW A &
= d&dd et o)A& d¥ Funka Bayt 45 Lynher
estuary°l A} A& Aol 1 3= /M ¥31 4EHA M dge
A#E (Maita and Yanada, 1978; Widdows et al, 1979)3& #
3 & Aol A T v 2 Galveston Bay (Texas)Y Tred Avon
River 37 (Maryland) 914 &2 7M1 & $&& 290
(Soniat et al, 1984)= A% & YA g}

AT YA HolAFE YAZ 625 YA & FF0IUTh o
Agghs 2 $F9EH HuE o B 97 Y YgAR7IERE 9
Fgelel QoM AAer ta we A (quality) S YEE
Row %‘7]'%5} R , 14 Logy Bay (Newfoundland)
ol A o] A% 745@"“ 6”/ o)3tR oA AT AEEHAEY
bloom®] dolute EHH 4R 7| Ad 55%71A] =Tt
(Navarro and Thompson, 1995). Galvestone Bayol A o] A4
11% ©l32 el (Soniat et al, 1984), Lynher estuary©l
He 82 HolEd v& HEIdT oz ALH 6% &
Fo)A ¢ -l 25% 744 ol F X/ YAEAY F7}
= B8 F71s A fU1E RAE vpALdE Aol 9 4
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