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A mesocosm, an artificial tidal flat ecosystem, was constructed outdoors to simulate in situ physical and bio-
chemical environmental conditions of natural tidal flat as much as possible. During the experiment from Feb-
ruary to August 2004, the study was focused on the biogeochemical variations of superficial water and porewater afler
introduction of freshwater into the mesocosm. The mesocosm has three experimental conditions; SW-M-T: main-
taining the saline water of approximately 20 psu; FW-M-T: complete exchange of freshwater in the mesocosm with
continuous mixing of water column; FW-NM-T: complete exchange of saline water to freshwater in the mesocosm
without mixing of water column. Mass extinction of benthic macrofauna appeared due to drastic decrease of pore-
water salinity from 20 psu to less than 10 psu between the 63th and 91st day of freshwater introduction in FW-M-
T and FW-NM-T. Throughout the periods, 7/8 of bivalves and 2/3 of polychaete populations have been extinguished
in the sediment. In FW-NM-T, as temperature rises, both evident decrease of DO in water column and active release
of DIP from sediment were observed. NO3 was removed from water column into sediment throughout the periods.
Therefore extremely low NO; was found during late spring and summer. Whereas NH,™ exhibited only 1/2~1/8 of
NO; concentration. Unexpectediy even after mass extinction of benthic macrofauna, we were not able to find high
NH,". This mesocosm study suggests that when fresh water introduce to natural tidal flat, its sediment activity fume-
tions as a potential source of DIP, but a sink of NOs.
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Fig. 1. Location and basic structure of

Sea water input mesocosm.

Table 1. Different experimental conditions of the overlying water column for each experimental groups.

Experimental groups Freshwater introduction Salinity Mixing with a paddle Components
SW-M-T - Constant O Sed. + Water
SW-M-C - Constant O Water only
FW-M-T Inflow Gradual decrease O Sed. + Water
FW-M-C " O Water only

FW-NM-T " x Sed. + Water
FW-NM-C " x Water only
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Table 2. Sampling date of [FW-M-T/C] and [FW-NM-T/C] in the mesocosm.
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No. Elapsed time Sampling date Elapsed time Sampling date
(days) Introduction of new water  SW- M-T/C (days) Introduction of new water SW- M-T/C
1 0 19 Feb, 2004 23 42 10 Apr, 2004
2 - 24 Feb, 2004 24 44 12 Apr, 2004
3 - 27 Feb, 2004 25 46 14 Apr, 2004
4 - 01. Mar, 2004 26 48 16 Apr, 2004
5 7 06 Mar, 2004 27 56 24 Apr, 2004
6 9 08 Mar, 2004 28 60 28 Apr, 2004
7 11 10 Mar, 2004 29 62 30 Apr, 2004
8 13 12 Mar, 2004 30 70 08 May, 2004
9 14 13 Mar, 2004 31 79 17 May, 2004 17 May, 2004
10 16 15 Mar, 2004 32 83 21 May, 2004
i1 18 17 Mar, 2004 33 87 25 May, 2004
12 20 19 Mar, 2004 34 90 28 May, 2004
13 21 20 Mar, 2004 35 97 04 June, 2004
14 23 22 Mar, 2004 36 104 11 June, 2004 11 June, 2004
15 25 24 Mar, 2004 37 111 18 June, 2004
16 26 25 Mar, 2004 38 121 28 June, 2004
17 28 27 Mar, 2004 39 135 12 July, 2004
18 32 31 Mar, 2004 40 136 13 July, 2004
19 33 01 Apr, 2004 41 156 02 Aug, 2004
20 34 02 Apr, 2004 42 158 04 Aug, 2004
21 39 07 Apr, 2004 43 165 11 Aug, 2004
22 40 08 Apr, 2004
Sample size 12 33
*Stabilization periods : 19 Feb ~ 06 Mar, 2004.
Table 3. Sampling date of [SW-M-T/C] in the mesocosm.
No Elapsed time Sampling date Elapsed time Sampling date
’ (days) Introduction of new water  SW- M-T/C (days) Introduction of new water SW- M-T/C
1 0 19 Feb, 2004 21 46 14 Apr, 2004
2 - 24 Feb, 2004 22 48 16 Apr, 2004
3 - 27 Feb, 2004 23 56 24 Apr, 2004
4 - 01. Mar, 2004 24 62 30 Apr, 2004
5 8 07 Mar, 2004 25 63 01 May, 2004
6 9 08 Mar, 2004 26 70 08 May, 2004
7 1 10 Mar, 2004 27 79 17 May, 2004
8 13 12 Mar, 2004 28 83 21 May, 2004
9 16 15 Mar, 2004 29 87 25 May, 2004
10 18 17 Mar, 2004 30 90 28 May, 2004
11 20 19 Mar, 2004 31 97 04 June, 2004
12 23 22 Mar, 2004 32 104 11 June, 2004
13 25 24 Mar, 2004 33 108 15 June, 2004
14 26 25Mar, 2004 34 111 18 June, 2004
15 33 01 Apr, 2004 35 121 28 June, 2004
16 34 02 Apr, 2004 36 136 13 July, 2004
17 38 06 Apr, 2004 37 156 02 Aug, 2004
18 39 07 Apr, 2004 38 158 04 Aug, 2004
19 40 08 Apr, 2004 39 165 11 Aug, 2004
20 44 12 Apr, 2004
Sample size 10 29

*Stabilization periods: 19 Feb ~ 06 Mar, 2004.
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Fig. 3. Vertical profiles of pore water salinity.
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56 Ay - HEE - AT -
2 [SW-M-T] Bt} Wik

SSe A¥ 2719 ALH s Rk AEHEol = 87mg £ ©]
ATHTable 4). ©1%- 12 F< Hls=S 528 FAIGE 63~11mg L)
sltrh o83 B9 19mg 47 22 {23 F7F AL et
Rk Berst A oA SS= Brs) ool 87mg 47! oIt o] F
BE 5 82~10mg 7' 9 dAT FEE FASIUIL oEH]
HHA 18 mg ¢ &2 {23 7S BT ol v vyt g
F AFolMe ALFE A/ H:t 62~10mg £ 9] % ¥
A5 JeMZ AW A A 717 et W glo] 9% =
Yebithone-way ANOVA, P>0.05). Z} 2827} H]wol -
E([SW-M-T]: 11 mg £, [FW-M-T]: 8.1 mg £~', [FW-NM-T]:
6.1 mg ¢ )y ASH([SW-M-T]: 19mg £, [FW-M-T}: 18 mg £,
[FW-NM-T]: 10 mg ¢7') E<te] BagtollA wdt Hde] 8§ 5
=7t ohd =A Vel

Chl-a= 34 aRF AN ALH 954 pg o' o= W&

0

B

o BEE BtK(Table 4). 3HA19F 28] 138ug " &2 F
S5 BAAAT, L BT A% LAt 441 g 47 & i}

Wi, o] F ofEH % 314 pg ¢ OB A P e B
EE By amb g9 A= Chlas A 33 v

920 pg ¢ L& FErt JYH7) o] MRE e A 20 B
o AF e R Y2 s2E Vet ol F 2Ee 9 £4 Y
(7.82ug L7} 2 o]F 9] =& 8623 pg 47 l= 2 Wl Chl-o=
)¢ R BEE BPT o|FA B FEs AEHGB34ug L)l

= ALEHAY

4

T W DIP, NO;, NH, 2| A[ZH Hs}

DIPE a5 gt AgzolA AgA Hd 043 umol £7'9] &
BATHTable 4). o] F 23 F¢to g ¥]=8 FR(RE
-, =E 037 pmol £7)E ARIBF7E & 0.73 umol
FE F71E e U (one-way ANOVA, P<0.05).
3} APzl B FY oldd AL DIP vEE
1R} 28023 umol £ )2 58020 umol 47 Pll= 2
s RS 8 F9 H 157 pmol 47
3 %718 BT vlant gedl Agola] AL
DIP F=& 1.10 pmol 7oA}, ol F & &7 247t

|

i

Y

GuagH
[t
--'}_m F-[E
é_n%:loé
f?-l L =
o ro

54
o
e
ol
ol

B §
N
P
ot
off
H

0.57 umol £7, 0.24 umol £7'9] FE2H Hz} Zish= AL
B At} (one-way ANOVA, P<0.05). 3}A|%t o &3 Fte] Ha

DIP 5%+ 3.36 umol 7 24 FZ31A Z7Fet9h

NOs 9] 55+ A 7] F, AL 5 av A (SW-
M-T), Z¥t 25 AHZFW-M-T), |28t g4 AP Z(FW-NM-
TyllA ZH2} 33.6 umol £7, 37.1 umol £7', 58.9 umol L' &2 Al A
Azl FAHCRE #9203 B X0l Bo|A] ettHTable
4)(one-way ANOVA, P>0.05). o] % ZEo] FHA s wit A
FZoM NOs ¢ X 13,1 pmol L' E 746kt o83 #
EE =2 EQ21 umol £7)0] AU SJEEH F9H(1.81 pumol L7
=% e AEE 1wl 39, 28] gslrl AsE wk
54 n| Wy sl A tolla= 23818 22 70.6 umol

3L
28 U2
07, 134 pmol £7'2 F7F3IRITE o) F ol Wk sl 4

ol - 72 -

233 - PR

AzA 17.5 umol 7', Pt g3} AE o)X= 62.8 pmol
272 iy AR, B v gaste] wit g4gl
Azt ulank gsh Aol 242 12,0 pmol £, 14.5 pmol
02 e

NH, 2 A 34 2ZRF AE2(11.2 umol £7') w8k T35}
AF7(8.19 pmol £71) Plazyt B4 AHE(10.9 pmol £71) 5]
Al A FdM AL 7L FE EXE HYUHTable 4). I )3
i 42d BRE AEE devd w59 Aol A3

Ho]x] ¢F3tt}(one-way ANOVA, P>0.05).

e

i Mgt ChE Ayt vl

sl A Sosl AP 2ol Mg Age gz A
#7-E vad A3 52, COD, DO, S8, NHy* 52 79| fof¢
Aol Holz| B o £ H< 2ol & Hlrt. ¥, DIP
9} NO7 & BAH 02 m)¢ f2| 8 Aol & Uehith(paired t-test,
P<0.05)(Fig. 4, 5). 94 DIPY] 7¢(Fig. 4), s @zl A
23 28e Mg AP tiE AP 7 /T Aolg B
oA gkout, ZEFH AE7A vt ddTelM | w2 DIP

¥ uglch W 948 AYaolA DIPE BEE 219
E 2ERH 37 g 4PN 22 O ¥ BE

9t} vl 94 4ROl DIPE B5EpE SEH ol
B W) BT B YT Alolol] BAHCE ol
]
=%

R

i
254t A

o]& Holx| 9igkoy} EHo] HEA fefskA & xol& Byt
NO; & A A9 717+162Y) & dF-22] 7|7t sl ek A

Hrroh iz 23700 o e 5egke VeEPRITHP<0.05)Fig. 5).

ALY &g it AT Ty g Adae 4 2]

AZHH AE7A 2 dE 23lH 18 =8 EATh

o
oft 9 o

wak geesl AdFolie AgEE AN 28, =8, 95
St gz AT ¢ & FEE HIrh

XM S22 Hst

A el BE AN Y HA 58 F H-EEL o
HNFEANLEZN: Glauconome chinensis)A L, L T -
& grFsE ZAEUCHFig. 6, Table 5). E3F A F& &
Al o] B Fo] A|she vl&L oF 99%EX A AF 7|7
SAsAT webA ols Fo A & A WIS 2
2706 wet A2 AP E Aestgot. sl 2hk Aol A o]
uf o) F= ALHo) HH 929 ind/m’A BH HF 774 ind/m’E
i A F A5 s H 1,225 indm*2 F718IR Y
ey s EolM ] o) E A e FU) gk BAAL
2 F3 Aol Z e A = Ysit) tlEF= ALE Wt 286 ind/
m?, B3 BHF 320 ind/m*E 2po]7F §IL oK (P>0.05), o S
£ 7 833 indm*E 93 =712 By}

ot g B0 omlulFe @4 o)A HA 800 ind/m?
o|R 3L, Fg) o] F T & Aifshs F9t B 830 indm*E 2ol &
HolA) eggket. refut o] st A Folle A AAaHET
87 ind/m’ye H3{t}. o] w HERE o FH Y B} ol FH
250 ind/m’) o] F F & FUEF 248 ind/m’y7HAE Frolgh Ao
£ Holx] gttt SRR Brsl o] % 47l Wo] HAgk A5 A
7} Z2A) 2@ 71 indm?)ShsiTh
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6.0
SW-M W Sediment + Water
£ Water only
4.5 -
30 - p=0.24 p=035 p = 0.01 p=0.03 N
1.5 n
0.0 i . [l‘ J , | ] i . e | i . —
0 001 ~ 040 041 ~079 080 ~ 162
6.0
FW-M
o 45 - -
=
g p=042 p=0.03 p=0.05 p=0.05
=8 3.0 - =
&
=
1.5+ -
0.0 i T ‘l‘ i T  asosnsuns | ﬁ T ) wsvorsw: T ¥ o
0 001 ~ 040 041~ 079 080 ~ 162
6.0
FW-NM
4.5 - -
p=0.67 p=0.85 p=0.07 p = 0.05
3.0 - - Fig. 4. Variations of DIP in the surface
water with elapsed incubation time for
SW-M-T/C and after freshwater intro-
1.5 - - duction for FW-M-T/C and FW-NM-T/C
. }Ll (zero day: winter; 001~040 days: early spring;
041~079 days: late spring; 080~162 days:
0.0 . j . m - B summer). Error bars represent standard
0 001 ~ 040 041 ~ 079 080 ~ 162 error of the mean (n = 3) P is probabil-
0 ity and significantly different at the 0.05
Elapsed time (days) or less.

) 2k ga= Ao oluf sl Brd) o)A H 800 ind/m?o]

Atk @3l o) F & Auste B9 Hd 827 indm’E Al
¢l M3E HolA] FUTHP>0.05). AN 4ol A3 25

of ZAVE A8A BHE 379 indm’E §43 A4S BT
(P<0.05). THEFE D43} o] Bt 259 ind/m™lA g3} o
T = 2 AFeeE T B 180 indm’E T s BY
T(P<0.05) L o] F = Ald st 4Y A o]FollE Het
83 ind/m*®] E¥E H.

E g

Gerst AHZEW-MNM-TA % g53 & 48e F4

Zaaich W, % B4E FR T oF 419 5] A2
© 31
—_ Q

= =
AFol= B3t HAE s F3rE 10 psu ©|
R

]
|

°©

o BEHAUTHFig. 3). AEol AP vhzE 955} A
BT SN BE QR A9t A FIFINE G A%
2 S A 4B P AEo] MEs) doid AOF o

Noox 2 o o

*
1 20049 49 3L o|F & 19 o] ¢ A4 AEe] A%
oy VEREA] et AR JEAR Hoj= A7]9l ¢

¢

N

Aw7F B8R (Table 5, Fig. 6).
Zolgt sl= G& WA 318 A= AF A 20 psu, HEF
= 10~12 psu(20°C)8l Ao = &# A UTh(Pechenik er al., 2000).
FTUANEZAH1987)] o) dEkH A HEEF 71$)°) 10
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200
SW-M M Sediment + Water
1 Water only
150 -
P =0.001 =0, = =0,
100 P=10.01 P =0.05 P =0.05
0 i L1 — ]
¥ T T T
0 001 ~ 040 041 ~ 079 080 ~ 162
200
FW-M
<~ 150 - P=0.04 P =0.001 P=0.02 P =10.01 7
= L
E
S 100 - -
! o)
=)
< 50+ ﬁ 7
: . I all afl
0 001 ~ 040 041 ~ 079 080 ~ 162
200
FW-NM
P=0.12 P =0.001 P =0.001 P=0.02
150 - -
100 - Fig. 5. Variations of NO5 in the surface
water with elapsed incubation time for
SW-M-T/C and after freshwater intro-
50 - - duction for FW-M-T/C and FW-NM-T/C
(zero day: winter; 001~040 days: early
m spring; 041~079 days: late spring;
0 T : : i : 080~162 days: summer). Error bars rep-
resent standard error of the mean (n > 3)
0 001~ 040 041~ 079 080 ~ 162 P is probability and significantly differ-
Elapsed time (days) ent at the 0.05 or less.

pswol kel ARl AH =E2HUL 25, 15 el 90% ©)F
o] AR SIAT). ST oA AFINAY HAZ Yo
Bo| A o2 valA 2ash HE 9t AETFEW-M/NM-
9] 5% ANAZES] olwal 7)ol Bostz Qs A5t &
EY2E aly] gal Gl 2L Fx2 o2 o Zo| A
e, GE YA H920~34 psu)E Hold Ao M= o 23 W
Ak FRl7} wEl) A7 o 2] Fot AEo] o AR
Y Ao Bl 4, g4 APz ANAES i &5
= ol Bs Azl Bo) mhl sl Adze)a Al
Hoz v mar AWEHJATHTable 5). 0|23 zpole Tk &t
o o8 szo] 517 FUsle] Azz Y2Ech S Sof n)
Wk st APz £20 9 B4d AEQ 39 2007
49 3% Alole] 9 A 2TE uw EHAE Zo] 1-5cmst

" T

=

5~15 cmellA Z}2E 1.0 psu day”, 0.1 psu day'& Et} o)xH
v 7Rk Bl AN G A £ Y3 0E2R HAE
SHE7EA] Hee] QEkg 71X = o 2 ATke] AQ HA "t u)
A F2o] Fesyt $H 3] o] R o] T m A 717E B}k
(1~-21¥) o] B2 AX A2 AEo] 7Fe3ldd Aoz Az

G538l Agolre A5 4bslEY S ZA] 98 5
YRE 7971 HHZ B AY (EnE S 2, HA
Z W A7) ZoloA v B2 HoE e LSy AN A}
S HAHA, pers. comm.). 0|8} & o|f= B8 ol A
A AEE} B% (bioirrigation)l] 93 AAE EAZ W Z(burrow)
& 5 5o AE e 2dd o] AYES] e P
BAHOR = BN oE wFEHA e EREs d4x
= EYE RG] diEe® Bl AA= 28l Ay oj&H
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Table 5. Variations of benthic macrofauna (2 1.0 mm) in each experimental conditions.

Abundance (ind m™)

Conditions Seasons - -
Bivalvia Polychaetes etc. sum
Winter 929 258 12 1,199
i 064
SW-M-T Spring 688 373 3 1,
Summer 1,225 833 29 2,087
Mean 947 488 15 1,450
Winter 800 250 21 1,071
i 010
FW-M-T Spring 759 246 5 1,
Summer 87 71 0 158
Mean 549 189 9 747
Winter 800 258 17 1,075
FW-NM-T Spring 847 172 2 1,021
Summer 379 83 0 462
Mean 675 171 6 852

Winter: 02 February to 01 March 2004; Spring : 20 March to 28 May 2004; Summer : 29 May to 20 July 2004.

HABL wA7 sh7e] 27N olAE Aoz A A B
2 ore] SF9) TR Fo] At Ao, WS Ul
D532 A7) A B 270e] SHgE 7|7 Boto] ANAEES
o HEH 8 4L YEhhe B Fo] P40l YATH

W A25 2o FaZo) AL AEt 5D A9

!

Tsui, 2002). H2H9] S, NH,” B2 <18 473 Aol 24 &
T 7857 umol N 7' (pH 7~8Y ), H,SE g A7 Aol b
A FE 1.250 umol S 4790 o2 delx] JuhE A, 2000).
w3 e T wEolg IREE g YR gl At
FejolA] o] AT AE AFT AESAA g8 AEE =
AL 7120 dEA dthel 5, 1997). 1A B8 Al 2
54 A%S A58 B9, 3359 F#0] 10 psu olFE Holx
2004 59 199 AXMAEEIMAF, thEF)o] 7F Bel X
3 de HA4F 1 79§55 W 1,89 Ha st &4 2
uk A7l 0.48 umol S ¢, WX D4Rt AEZNA 0.89 pmol
S g7, Pyt gst AgelA 090 umol S 4715 HYL BN (A,
2005), 314 SART H@rsle 304 HSE % AE 93
9] 7FgAdol 24 A& wUH ASE FHHAU. ol g S
22X 59 2989 FA} AFoM H.89 B4 JEE Ukg Ao
Bole AMMEES F3E AAS 227 BEHUT. F HA)
2 2o 4TS HY, B3 Ado] Avisige weh Ao
= B9k 25 H3le s dssided 5€ & HERE
E W 22 200C WY& 7IRIAA 59 skeAdle 9F 20~25°C
o] 25 e} olF E3] 7¢ skeiE 8Y TR Hz
HE Y g Bete) 428 HT 28~30°CY HY ol oj2, =3
AE A e 571 29°C o3kl olnjHF(Foe and Knight,
1986)s}, L Hte] tpE XA AE9] AFz TEF AEH AR
23198 Flolt) ol B9 2 F4EdE 119) o5 =
o} Aobdel gld B sl4/715E AA AYES] A H¢

< g% s A AATE FAH8] AaAZ] AHE JERSE
& 4 ItH(Table 4).

+=F W SS ¥ Chl-a BZ 4
SSE= AE z7)ol Al HF Z3A4 BEE zlol7t gle 2o
LRt CHone-way ANOVA P>0.05). 31X 3t 2 o] % 2 E-H5E]
B7HX9] SS BEE Blws HE AR 5L wtdhe 37
(SW-M-T, FW-M-T)*1A] B} & SS =2 BT} o]A-2 1999
~2003'd7kR] FAHAERY 7)ol B F5(2.6 misec) ARE 2
AR $£2& F8H12~13 rev/min)3 7 VFE A2 Ho
=3
A EZHAE ] YA ZFE e Chl-oo] tis) 34 met
F(SW-M-T)oI = AEHo] 954 ug 4702 o ¢ =& L
Ueldtt, 25 0% A&z oz 7hidle] ool 314 ug 4
2 ¢ e FEE HYrKTable 4). 0|9} 2-& da= 79T
g% g9 FEEYAE, AX T8 93 229 F FA o}
2 &Hol M {58 4= gk 241 Rendell ef al (19971 = 733}
Toh 2L At FelMe FF T 2L =7 100mg 7o)
el of, FEI} $40] 20 cm 0|3t ZrAEHA H AL ofof wE} 4
EZHIEY F oj&=rt EAEUL STh 8y o) wz
FZE 5 U 8S vEE ALARH B o948 U 1§ 22
T BEXE B3] Wi, gt guZ Q% A EEYAEY A
} A g dlElR] ok Ae g HAathR &, 2000). F HA)
2 3¢ AF LA AEZSHAEL] L ARG 22 F9f &
W& DINDIP B (£)8} E4% HEd 7FEAE Utk &, $3d
£ DIPS] %<k A FHDIN/DIP=48)2 2 Chl-a7} @A Xk A
22 BH(Table 4). AR SolgAln o2& AZF o= =
B3t F 9 Feot AFEE A7, 16 ¢ 1o]8Rs 22 9] DIN :
DIP H|-8-2 B S9% Chl-oE 22 ¥58 BE3tE Holgh. 2
oA A= sl i ATl o]AE Chl-ort B3 o 2
A (bloom) g glo] F&T PAE B FH olf& WRF &
o 93 AEEFAE] 7} FX(Aston, 1978; Eisma, 1986)7F
, TEEHIAE 2 HAE U 3 AEY oA R
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60 e - AT - ANEF - oFY - A - A - R
1600 — 1600
SW-M-T £Z=2 Bivalvia SW-M-T Polychaetes
"E 1200 [ 4 1200+ -
=
2
g 800 I - 800 - S -
=
3
=
2 400 4 400 N -
0 0 e
Winter Spring Summer Winter Spring Summer
1600 1600
. FW-M-T == Bivalvia FW-M-T Polychaetes
E 1200 1200 =
s -
£
s I
g 800 - —— - 800 F -
B oy s
= - e
= L /' // e _ | _
g 400 o / 400
0 ’ T rZz1 0 @ % e
Winter Spring  Summer Winter Spring  Summer
1600 1600
FW-NM-T ==z Bivalvia FW-NM-T Z=z3 Polychactes
"B 1200 - 4 1200 .
K]
5’ 800 I ] 4 sk 2 Fig. 6. Variation of benthic organisms
5 e / under seawater(SW-M-T) and freshwa-
E 7 ter conditions (FW-M-T, FW-NM-T) in
- 400 - > T 400 - b mesocosm. Winter: 02 February to 01
E§§§ m March 2004; Spring: 20 March to 28
0 0 ‘ v May 2004; Summer: 29 May to 20 July
Winter Spring  Summer Winter Spring  Summer 2004. Vertical bars denote mean + stan-
Season Season dard error.
(Glauconome chinensis)?} TFEF (Polychaetes) 5] A4l(Alpine 387} A3 H7] o]ARH T 4¥ 27 Ru Juzoz e
and Cloern 1992; Peperzak, 2003y %3l &V HEAL 7Fsge]l FEE YeRLh oo} 22 ofw A, i 3743 g 35
) oY FAlo) e zyb Sl B U HEEY  AY 530l FAHo] glons NEEYAE A Ao @
AT Aol Ak = ool thal Alpine and Cloern(1992)  &A740.3~1.7 m/day: = &, 1995)°] W=7 dojuvpz, =gk Ay
£ A7\ 7] Al FA7E o olufjalFe] F4]9(grazing pressure) = SSol FEEo] AZo g ik A3E HtHAlpine and
7P 4 a0l AHE vt glrk. 53] opdl WlxFAZ A Cloem, 1992). ©1F 2&9) @8 7IZK7.82 ug 477 21 ©1F9]
oAM= a4 Wit APFolA olufsiFel /ATt B BE =2 5623 pg )= 45 W Chios ¢ & EEZE B
688 ind/m’NA A& FF 1,225 indm’2 FF3] FrFeld, 1 AL, o)A R FEE AFHB 34 pg 07 0= ASHUT F
Bgt 7Fe S Bs SIS )ti(Table 5). A ol f =N AEEE A fae] 9F wHEeR Helth &
2k gegl AEFME £ U Chl-od] 74 A3 sl w2t Aol el 2ol FHde 19 gk ATHDIN/
I AP EAM % 2R Qo) ol BEt IFSHE § DIP 2271)08 g3l A2 AZDINDIP-6) 23] 28-S
b QB o) de Frel BHsety 7 Wa 24 slF  ZEe] o] AV WYY AT FZETHTable 4).
T SEEHAES AX A 58S AFNHE AolER o]
E AEC] XAt o8k Chl-a®] AA &3he 28] A HolA] & HUn chstEl &2 =Fo| 43 20 ofst 3 HEl
ok, A 2R @t Agae] 5 il Chl-aZt 9 o= Fig. 7~10& £3 HH 2 A4 d@zolM 4 = 54
YA 02 550 EF Ago) o) HBEYAEC] AAAR/] @ gl D ANA U R 4G L g2 W =
m#el Aoz wolth(Aston, 1978; Eisma, 1986). T3+ Bl o]& Yehd Zo=z, A9 45 W DO, DIP, NO5, NH,' 59 #
9le] P AFHDIN/DIP=230)C & A EHLE A4 AZKDIN/  Eof thet B EFHE(<25cm)e] FAZ A F3FE =319t
DIP=12)cll faf HEEFAE] 4] AR Aow Hln (&, DIPS NOj o] Aol 7 g2 2F §AHR 9
(Table 4). g alo]E HY), T Q.2 F yRoA 0 7RO + ghe
mant Best APl Chl-as 2719 920ug 7' S22 & AH R As@E7hatAv BE S FEore F5& LE



HERIES olgd o) Py 3 A W) 61

W2, - e =48 Some] AUl AAEE FAN 2
(EE ¥EF, 4Ud 27 delaT

>

T2, DOY s}l 1o e DIP F71: EHAE A9 5
(overlying water column)®} si57} B2 HEHE = FW-M/NM-T)
Fgolx DO WslE Fig. 79 BAISHATE E3F 2+2 A)7] §)

e A9 szEo] HE AR ot &% Al wet 2 )
A5zt 718k % kst 71 Ad & 1g R~ 4

T ANATA = F Hrh(Rodina, 1963). A= B|AE9] 744
& 7R HE %‘:?‘514 &5 Z719} 9 AT UFoR 4R

& APESW-M-TINA ] F2zhz viwalgich, o) A%, 2% W 2204 Bk} s Aol
HYES XS F8A400A DOE 2Edte B2 wsone H&%Zﬂoi e (Fig. 7). sl St A @A = -0.96~0.49
F7182) 3717 Eefot AEEQ TF #H 5ol Atk oje® mg o] Wl YA =g By} 53], wy @35 4
A3} REEAOE Ak AR o)FA=E oA Al 4k & HME @E A Fd R EHaEL 489 9
2 59 5~10% (Hargreaves, 1998)2 ¥ 3 L& vl&ol| s Fo7 Hol=A(H, unpubl. data), 1% A4 YEL A=A
Ho}, g &gl vls) g==3ly) A" AgZolM DO & A(1/8 ol 7 Table 5) 2 o]F B3 A o] B o] A
B ol 7P B2 FES AAskE AL deE e H A 27 S90S Jloloh ST 2™ (Fig. 7)lA9} o) Aka
APR QI ARE AGE FrIAAE) Ak WholRle AR F TRE AT WA 043~2 88 mg £7) el FIFS FAlst
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£ #HE T ASEH 7Y 4S5 UNEAL, 7] T HEZ, #7148 2P0ME 919 £F0] $AMETD dEA At
A B E ERAA 750 2T FAEUA 53] AS 52 (Bates and Neafus, 1980). 2211} Hargreaves(1998)c 714 &
2 ARG PANRAG ANH A2 Aol WASAT A B HOIME AT G9IE DAL AL BT 5 drke
T 2R £& AT FEEACE 24 ¢ Aok vant g S A bl ok ol AR A 717 B, o) EEelA B
+ 3] AEHINRAE DO =5 7|EoR 3 Fibkah AEl(< 2mg

AR E sl5Felr B5g EFasoze) 2449 A
o7} FZEAIL(Z, unpubl. data), 53] 3% A L] tF 7
Atghel mEt Bl HlF] of ol A G A olslE 7had)
Hh(Table 5). °1AL 353 A1719) 6% 3k ~ 8¥l DOY &
A AR o2 YENTHFig. 7). ¥ AFelM BEo] vl
Bh @3} Agolx DO FE7F HEoMe I FJEHE &
X AR = (Table 4) HAESY AZF 3+ Jaz-gol
o3t DO AR T £XE A 29 4u s Jepio.

durzlo g 7|14 2AAM HHE £07 Qo] F(uptake)

0x¢™) e 714 4L #A3R Rt o1 ol % 9 3§}
UEA F714 7ol WA E JFsAde] 2 9EE A171¢ DO
7 740l UF ZoJF TE 18 F 31F 2) d714 &
S AR Balw Aoz BRIt SO Z Hu ef al(2001)
A4 d7(1.0~15mg P/m*day, 200008 T3, 282
Chau(2002y= 84 2% (38 mg P/m>day, 20°C)S £3], 52
57174 Zde(24.0mg O, £ )M T 742} DIPY] §-&0] w4 gt
A& T vt Aok

fr o e
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et gte] 22ES FiEl 2 o, oW dlzag ATelA
DIP §&& FE8 7MY & e &= 45 e f7l= &
& F7HH-E A2 HHEY. Pastuszak et al.(2005)0] WEH
BFEH HEZHAEC] AF3lY AR 8 7|8 718 (eg,
particulate organic phosphorus)&°] 453 I Aejolr B&
gatstA sl DIPY AE §&S ZHEsga st ¢
H AFAME 57)4 Aol 18]l §220] oF 25°CE 53t
= 549 A FH 5 | DIP v=7t FA SV Re
2 UERGAL § Jg= 30°C 77ke] S o Ad DIP &
%= (DIP summer maximum)& UEFITHFig. 8).

ol AFolAM Al AdELe] A 759 42 BF 717} 50 em
o E#Fct. AT, v Rt F3t APl e west Ho)
45d =& 7Y 27 FH (0.4 psu)F AF(1.0 psu)
Atojelliz dAH o R 3 JEAZo] A AT FAE
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7R £ 5435 7FsPd (Meyer-Reil and Késter, 2000) A]7H0]
AEgPE HESLE AL B kA = WA e A
o]th(Taguchi and Nakata, 1998).
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NA - ghe ZhS BATHFig. 9). 53] wHt @53 AdET}
vt 2t ddFoA] 2Ee gest A4 F 25 Wl NOy
o] E71ek ol E= AM 7Y T ol NOyo| Le=E x5
Hol = A3 v, F HAZA s AN gAY
Lo FAT ¥ W3 FAE 53, FUEE S (uptake)dt
= AEZYAE] dgFor dE o2 Ho|(H, unpubl. data)
sl Hel Q02 NOs 8| 217} EoE H14 181 A
B Zotf . AMe] 254 NOs ¢
.@%@”EHE%J%ﬂ%EQ-
%ﬁgﬁ%ﬂﬁéiilﬂfﬂ%%%%%ﬁ%
gof o 05 AA T "R
749& —’F—%‘%E} ]-Z]”} 7\;_& Holz o]d d43 2, A=
SHIE F YT SESHISC HAH $FolA Asdst
Al H32, R] e A o2 AU 7FeAd ol At €]
Z317] 98] z+ dgFFlA 24d
bo 25 E 2 AgFer A 3 W AxA velyitt, v
-T], [FW-NM-T]®| & AF XM= AF 7|3
yl NOj o] ¢ OHH AAEE 22 Y th(Fig. 9). ©l9F 7
2 ol EAE9 dAFQ] A% 715 (sink) = HAHEH vE
2o ot ekl 28] AxE BRI thJenkins and Kemp,

Qo u

ae sl

1984 Hargreaves, 1998). 3HH &l wrk A@FolA NOs-& A
FE ZE7H] 5004 AAE A E Helthrt & B3 o
—E—’"é"ﬂ‘: FTEAAL BEE o1FE FAoR UET
NH," F5+5= NO; o] v]3)] A HFoZ 1/2~1/84)] o) e
= EXE BtKTable 4). B0 ] HAS 28 A} §718
o] F3, 21 &) 95k 45 F, 28] 3 3 (volatilization)

Y ol ol FFollA ZasbAY A AH th(Hargreaves, 1998).
Rysgaard et al.(1999y= 0, 10, 20, 30 psu¢] FHEZo| W& =3
] NH9 /g 2 £& 80 ois) A7 v ek o A
0 psucllAl NH,"9] B4 dzpe]l tigt F&o] 71 7FstaL ofof
uebx £& 8 Fg A4S YERLOT, 10, 20, 30 psud] G
of ME §&E oA frelgh Apolrt floks AME S BB
t} ol & AdE B4 fY o] 0~10 psu EEE UER ©]
H H2IAE £ 2 355 F734A4 NH, 357t 2A A&
PR 221 9 s we¥ ok AE HAE A% fU1E
F7tet B3l gol B2 o5& DIPY ¥& F7ie 38
e WM, NH 2 AETE 571 $AIZ LR ojwe F71 &
A% Holx| gkokt). Wgk NH,'9) oF Wake o257 93 zt
ik A ollM th2+ 3 U] a=he Wl Adjelx daE F
& glo] %%% HEEdle 2o g vEh(Fig. 10) 919 o8 74
A g3 Slthe A& AARIIH.
2] s £ S0 Fev B 2,649 mgkg!
(34.32 psu 7I1E)0lt}. o] AL T2 §EG FoA Al HAZE ER
g w24, FA5] At HAE W cm Hole] P 2
o 4Fal= SOi ©] T o] Utk (Borowski ef al., 1999). ©]&]
gk Ak Aol B4 BN B BEOE v QlE @S
ox z7]el o€ 5 v F Fhte] dAE HSe wAd A
ojt}, ol sl AP w9 W2 F& Helel7l slAT
= Wl H.S7t B30l v AEH 2~3u7EA] Skt
235 AU, 2005).

29 - 714 - 79 - W

b

B FUE 2 ojv] RYYslE T FFoME BEH
=Z(algal bloom)e] A, Mo, &Y T9f P& AXIL, Fol

of HAE EZo AT o] frlEEC] B3l AL AX ]E‘)ﬂ
1) A E-(sulfate reducing bacteria)2] SOF E-lo)l 28] H,S7t 5

2 §&dAH(Kleeberg and Dudel, 1997; Hadas et al., 2001).
H.S+= ZHIES )| &E3} 8] 3loF 5o XA =4S

[o2n BREE
717 EdolEz, o7l BAL E3] Ak A M) A=
ZAE AT T4 YA B4E $Ho AEHe 27 @
Aol Be gole 4o 4 otk

] O
@4 AQFZFW-M/NM-T) 4 DIP ¥=¢] 348 Z7} -&°1

HE2IES ol &3 AdYA ¢ et 243 ddr B

AN 2FH A7)0 £F DIPY FE7} Zrske Aoz 1445]—%
o, 53] @ nat Al DIP w27t F43 Z718
= AL® Yehdtt

D3} A 2ol BRsl) 2820044 3¢ 6, 79 AhE
o]lF ZAF AIVIE 7|Eo=E 79YU(5E 17¢)0] 7446‘ w714 <=
=9 D = A9 AR Skti(Table 5, Fig. 9). 34 o]
o} AL vlzzgk Al7lo] Wyt Gg Afse] pFellE A A
d 717 & 7P B A EEaEe] BAEH(195%10° cells/ml)yS
AT T2 A7)0 HlE)] w& AE
ZHaE WAYE63x10° cells/myS YEPATHA, pers. comm.).
SRR 22 8E o 353(18Y)7 AHE 97d(6E 4U )l it
3 Bloomo] 78] &EHUTh T3 HAE W AHPEEL 632
(5% 1) 919(5¥ 29¢) 7= dF= Aloldl] dlFF #Alrt WAy
’3}0:’13}(Fig 6, Table 5).

%9 kA "} o] %, 1~2714E 59 0|9} L2 RHAMA
BE9 48L HHE ﬁ%# el thake] f7184 (detritusye
SEIHRE Aolrt. o]F 5Y skeolvt 68 2RE EAAOE A
AR G5 7% 24 §718e] BeEga e 2= F
73] FrhtE AR FAET, 2o g @libﬁ DO F&=&
5 Bloom3} A A& HAL Al7] o] 591 104U(6E 11Y)
& 713o 2 FA3] Fasr] AlFele 121%(@ 28Y) A
& DO =9 Hd 49 JHE EAH(Fig. 7).

FZolv H4E WX DOzt *H]ﬂ“ AR F oy Hx=
F AfoM e gz Q) sl YEEC] AN o|F, o]E
% & F3alof dasgh 4siA| Tﬁa} ko] shd & 4 a9l

o2 A43HE Ao Bt} o] AA | UlF A= F7)
E B3 229l DIPY w% Z7kE JERTHFig. 8). AAE 1]
bkl e *aii oflA 121€(6Y 28%) 7 A4E 71Fe=m &
= AT 71 4 B0, 1584(8Y 49)
A Hd B Cu}: 1 9.97 umol £7'-& Yepit}.

vyt 253t AYZFW-NM-T) ) DOS] ) &% A]7]9}
DIP At Fx Al7] 7t A7t HA}(time lag) 891 F4: v)@nt
923} AF 7oA DOY 4H7F 7Y 8ok w121 A+, 649
282)9} DIPY] At 52 19 A171(158Y 2, 8Y 4Y) Alo]
oAl 19 ©]4(379)9] Az A2t 9ASith(Table 2, Fig. 8). 7%
DIPS] 33Ul HAE W HF AXMEEL] AA7E E8l = A
ARE o] gFALEE A9 FFE £E290Y JHES o,
715 32 AAE DIPZE HAE o 841 s5HUEA 5=
718717} ol B=7pAL AR A =9 (Eckert et al,, 1997; A 5,
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