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Slll ;,J '~ Ell :41 (Enclosed Experimental Ecosystem I:: -'f'c! '~ Eil :41 "--'1-!el lj e1 AJ j') 

~q.j~'?.} "~Ell7ll~ ~O}ui <t!~A}7}- t!-7a..8..'t.!~ ,S:A}-~~oJl ?,J-Jl] S:~tl-etl "~~7'1] 

9-l ~~~ .£l-JE12J ~ T '.ll~ .AJ~o] '.llo.J 7]~ ~~~~ <?:!.ii-~~ <'.l}Lti:-t ~,,.j 

1!~ '>l ¥!:7il2-'lloJI cil~ '~Eil:41"1 \'!:ol--:HJ % %% ... 0 loJJ<1£ ~-§-£7} i>cJ. 

Nature 

~ r::::::::J _,, 
~ 

\ 
Lab. 

Experimental 

ecosystems 

-,J~oJI J-f%Si:: il!J;,J>JEll:41:: cJ%"1- {/::'. 3c'(1% 'l'i\'>J'1 6 )~q 4--;! 1,ei 

'4-"-"- 9-\'!¥!:1"1- 1cei7f >1"1°l#tnl, ,j;,J>JEilal >f'11'4-"-"- ::1 ~}91 'JEll1]7f 

¾,c].<Joj, 'l)>f'J~-'f"t 1,HJ;<f~ HJ'l;~ aJeJ \'!aJ,;J '1l°<f\'r,'IJ7f -l,'-~Sfojo) Sfuj, 

-::1~ ¾oJI ojcj 1f>l •Jaf~ ~c]tf7] l'PH "I"- >H<l;s sfoj!r. llli;,J -::l~'!!Eil•l-"l 
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'i13'c Lf % Ell 01 otoJI ':j •J ~ '7" "i ?,to 1°1 ~ ct(Lalli, 1990). 

:i,;J 1-l"i]Aj !i!.5': 0 1 it£ '/l"i]Ajc, '!!'il -;l1HI -'l%£ic: %'!! "11"11-'!1Eil7llc: 

•II'! '!iEilo>il"i •,P/·71 £19, •11'!<>11-'i 'r•J~f7) 1Jc -;l'I'!~ '1li'"i'1l "11"1i']Eilo>il 

if o]%afoj l'!'i'"i-JI 'r'lS'.'fl% ~"11 •ll'!oJIAj 'll"1Lfc: '!!'))-~ 9'i'o~ 'r ~71 

"11t-Oil >II 0J "1- if O l ;a TT 'i'. "I -'!I Ell ;,fl ;:, I'! T ~ 'il q.. Ii O l O l % 'i! tj-. ~ '1l '1! 'll-<>11 

-'i '7"sc -'f%olc: ¾'!! "11"11'!1Eilo>il(mesocosml-& -;l'l!-;l"il-'1 -'1%"1-c: ±'!! >1"11-'!I 

Eil711!i!.ct 'if'i'.7f "1-'1 -ii-\'! >I'<! '))-EiloJI 71"1¾ t!:7a% simulation ~ 'r ~cJ-. 

"11 <al A,ll Ell ,iJ "I % sl'-& -;J 'II -;i Oil -'1 Af % Sf c: ~ e1- h 'I <>I) Ai '!! 'll-<>11 1! •I ~ Lil% sl' 

"I -;l'11%1l<>1l op,1]"1"1 cJ- 0JaloJ, %7JEJ rr£<>1I n1-"1- ±'!! >1"11'!1Ei1Jil 

(microcosm), ¾ 'fl ,fl "11-'] Eil 7ll (mesocosm), Lil 'fl "11 "11 '] Ell o>il (macrocosm) % -"-"- 'i1 

1!'-~c+. ;,,fofq >1°lc: ~-"-4 'll'l!"i-"-sc lm3!i!.ct '3ft 7,1:; ±'ii llil<al-',llEilo>il, 

lm3 <>11-'1 1,000m3 "l'li< %'!! >1"11'!1'1io>il, l,000m3 !.!.ct i"' 7,1% Lil'!! llli<al-',llEilo>il 

"1- ~ct(Lalli, 1990). ± 'fl >I "11-',ll Ell o>il c: ;;a sc -l1 'II -l!"l -'I 'II t!, ~ "1-6'1, 'i"3cc % 

21-¾ -l! "II% 1] 1f >II 'it £I 9, % '!! ,fl "11-'!I Ell 'Al c: l'l 'll-<>11 1! •I~ Lil 'fl -;l '11 % 7]7f "11 

'if ,j 31, Lil '1') "11 "11 A,ll Eli ;>I) C: ,i-.g. ',j -je o) Lf .0:. T % "f .r t >I'<! A,ll Eli o>il 7} •1 'it 1" tj­

( Grice and Reeve, 1982). ±'fl >1"11-'!1'11'Alc: ,t'i'.7} '31- 0 1 'it "l%-"-sc 1!>1ofoj 

-l! 'Ii ~ T ~ C: e<J- 'lJ o) ~ .<'_ 9 , 2 'fl 3Jfl "11 A,ll '11 o>il !i!_ ct TT 'i'. 7 f i"' % 'ii 'i] "11 A,ll '11 ;>I) 4 

cJl'!! llil<al-'!IEilJJlc: 1!•1"1% 0 1 !i0 1 =-'-1- •1°JA) %7]K"tlcontainer effect)-, ½'ll 

'i' ~ c+ c: 'il 'll o] ~ c+. 

"11 "11 -'!I Ell 'Al -i! 'II <>I) 0 l % '1 c: "11 °J '!I % -& 'I 7 I 91- -',ll tr" HI uj- "1- llil "11 '!I Ell o>il e) 'it 

'i'.9} •1 °J7] ;'! 0 1 'il-"1-"I ,i] 'i! tj-(.:r ,l 1-2). <>!)., :; 61 "!Sil al 0121 'il q.. C: A] '111'! >J 

£ 3-7)"1 llli"11-'!IEIIJil 0 l'll ¾1!'-ofJI •1°J7];'!£ 'i' 'l/ 7J£'1l 's'afLf, %%¾",J-3-~ 

"I 'il4-c: "i± 11 '\l£<>1!A1 1,000 m3 Cjj£ %'.f"i llil"11-'!1Eilo>il7f 'l!.ll.ofJI tlfl 0J7] 

;'! £. "I cJl ',! 'it '\l £ "i •1 °J 7[ ;'! ~ 'l! Jl. sc "' 7111'l ct. .:r ej -"-"- -l/ 'Ii cJl -'J -'!i '11 o>il "I 

'r-'J~Oil n1-"1- "11"11-'!1'1io>il"i 37[ 'l1 •H 0J7);'!~ '\Joli= 7,joj '1j.ll.o}tj-_ 
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I . 10' 

105 ----- ----- ------- -- ---- -------
~ j- - F 11h populahons and 

: - 1- 2 10' --------- ----------, - Snloll hlh CINI h111.-t"1e1o >." ' i!F UJ 103 ---------, ' ~ Zooplankton ' 
lftCr-'ilon ' ~ 100 ' ' 

I!:... 
------, ' v, 'I I ' ' ' 10 • 'it' ' ' j I I ' ' ' ' I . ' 

10·• 10·> 10·1 10 10' 10' 101 

I VOLUME (m'l I 
I I I I s-,fm I I ... , "M , ... 1l~u , .... , ..... l•ttCU f;.,~ 

I RELATIVE YOllME I 
U.IO .... . .. , ___ 
I RELATIVE COST I 

.::i'iJ 1-2. "1! 0J•~%"1 -"-71"1- •~tt,1oi1 ttf~ ,0<11•JE11sl"1 "I'll~ %'ll' 'JI •1°J7l 

{! (Parsons. 1982) 

'd-t'- llil<11"~Eil7ll:: q-~~ \'l'r<>IJ tr%'!! ? ~cJ-. ji<ff 'll'l!"i'd '\l%"11°J-o:J­
\'l'r<>il o]-§-"1"1 •loJoi],j ',lojy-:: •J%"1-"i :,j-7Jo]y- %-,! ~,tjA;. 0J"11~f::,11 

¾Jl_~ £'r7f 't!cJ- 'i'-"1"12.,s 1J>llsi'-"1 %Ell "i-o:J- \'li'<>il t!:%'1\'l ¾"1 {1°1, 

'i!"{J~ TX, A~.£.¾ 7q~~ 7}~ %~ l!}C!.l"if "'T" '.V,.:i!, o] ,2JoJ].£ %7] ~~. ~5:, 

1!1l ¼'rt+ -¥-7]~i!l-7J91 7J.£. ~ ~il.i!.::., %e%7\¥:-~(DOM)o]i.+ ~;.qA,:Ji}7l% 

-,!(POM)"l "I~ 'JI •J,.--o:J-aj ¾Jl_AJ, •~Ei17ll"1 >l%\'l(feedback)"t%"1- 'l"c'l/31%"1 

o]aq ~ 'T*l.£~ 7q~, ,,,J~oJl ~~ .ii!.~(bioturbation), r.H7]2} tll"'T-1a~ -'ali]'aoJl 

A~Ql ~~ ~ttj!.::., ~¼-JI¾ ~;il(benthic-pelagic coupling), 'T¾£1 "'T'-31 TS., oll 

o,t,1,J~9.l ~%~-'=?- % :i .;.% ~ol:~ o}? ¼11:l-. 

% '1, sf ~ 91 -i'!: e1 t.1- 0 I % <>ii 'd i'- llil <11 •~ Ell sl 7 I tr % '<! ? ~ q-. ,; "1 -ll- "1- '1: <'c-
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·-t:,{e 1.f i., [o % 

~~::!::-Fl <5"~ ii l'l lo~~ ig.[o [k>3{-rr f.!of1{R i}.fL '~[!¥ lo~f.,,fo~ 1½~* 
-blo·/H, il<-lo lollill:af,11,[ln il,%;z[L ll.i':- ·tin; 3f}fl C:tifo ~ l,;-1,'.[i< [o-,t 

E f,, ii -If-!/, E j, IO {tr, [}_, * [lo -i, [In Iii 1" lo a ./1c L ::: Iii [l3 f, ii, [In . ti fo ~ oc-/2 j,. 

l~i1m ~lo{~ r 16.-b[Y lot=\-::!::-*~ [o1}~ '{½KL-::!::- ,!dZ lo~F.&ii.¾% '-tl~ 

~ fvlloro ~ *ll- lo..tE-&ii¾lv b~ :.[lo ·tito ~ ocl< {,[} {Lio{, C:-lrrflc'i>: 

llill:afd<dr loii\s\, -/2tn lio%-lrrflc [ojz[v C:llittaf,tt,[ln ilril< ·tin; 3~ l',f, {L 

IO 1, -lo Iii [13 f, lo tta -&- "' {< 2 a -w .\' Ii< -!, [,.- Iv fy * 2 Hv IO "' i,. lo Iii tta f, II, [In I~ lio 

~ ¾ f, ¾ -le · -t:i fo 3 c!-- -i> f, i,, Io Ile 11.- 'if 11n -i> ~ H• :e tta '" o i>-., -lo tta -&- il> 1• 2 
aofo ~ -i'i, fl{v af•fs lo3-lrr -blo%% loc!--H< ioioi,. lollittaf,11,[ln lioio-ti, 

ti fo c!-- ro ,i; if 3 la R- -is l\'.l Uo-lrr iz H• ¾ :s te t, Iii ¾ 11n -i> ~ r,­
a 1\- l L l,,2O1" ¾t'<CY !,,-to.%lo :etlittaf,11,[ln tott, f2i,, :::,; 't>t<le 2osdt 

-t1, a r. CY lo{,% ;;,. ilri-o ·tiro {Lt,1, 'a'fo ;;.g-i.c lol• ttaf,11,11< '2ale~i,-1t 

2olaocP ioll.CY %felo fvlio-w [13,"il>lr C:lio*ilc :::ro f<,[,;.feHL "i'CE {La./1c 

el, k It< tta f, fo H< t, f;> c · -t:, to Io Ile .fv ::: to ~ -i> -to -Irr :e -W ii\ lo Iii tta f, -¼- lo lio fa tr 

&ii 'l,o{.g['t.'.{½- 2itlf.i1-tr Olotr lotolo r E{.g~~ ¾iocf &~ ~:1.ra [lo~"5 

!'<CY {Ljr[ap ·-t:i-i> {rrg-t:, ~llcie> · -& lo[ln lo ¾ll.CY !,,{e%[o ifllill:af,tt,[ln 

· ti fo t,; ra ~ Iv lio I'< CY Th-% Io :. Iii tta f, II, [In Io lie ::: -t:i fa 1f ¾ 

-t°Yfo ~{.@{L% {L~~'21W: ~tr 'Et,.~~ -lt{r'¢ lo¾%[Y~ ~0-Ft -tL3~ lo{)'.'. 

[Yll l&B, •~{.!??vt?t {L{}~.g. ~ {L[LF t-'i'~[R ~{.gy-{2 (o~-t:l~KL lo~%[Y~ 

ioo"l; {L3fn to{vt-,n Po-," hltollittaf,%-lc f<,~ :.Ito ·-t:ii< {c,'c3faCY -is%% 

311n -i>'""' a% 1,::: ,, tt<-W ii\ t~ /Is I<> ''"'" lo Iii tta w, 11n ¾ ~,e lie" ¾& ¾ f, 
lo~~y,'c C:-W!,, [lo[liie>fofs jz 'Jrj.g{o{rr ¾~vtf% ial\'.l-f,- t,;([0llUOO UM0p-d0l) 

l<c'l'f•le -t,,:(1011uoo dn-wonoq)l<c'l'f.," [lo[ojy llile>fofs jz loll> lliltaf, ·-t:, 

i<%{Y ~1=:-w-tolrr S ~[,'. lolt<ll:af, ».%lo ¾(UOIW[ndnrnwmq)ll,-l<s'¾fv '11-lf, 

·-1:i to ~ lo-to-Irr ao I>. Fv -r. 
%-lo ;.l1tttaf,tt,[ln ¾R, ¾,,; lri-ofnlo iof~fs R>lafv-i1 :::kin liolliltaf, iooc¾ll, 

o 'tv=:t,;~~ !,,!•%lo 11</!slo tl<¾ ¾.fnlota fvliolt> lliltafv iooc¾ll,o %1z 'Ir 

=:t>toro lli/!slo iof,f.1\1 lo..tE-&;a¾lv [In ¾lot,; fL-Wfoll,-lc 2011,% j.oei"-1,,: 

loll,foii, ·-t:,p; ~ l%%1Y lf1:::{eto-lrr ¾% 2flc%lo fa ,'oil, loi'lc¾ll>o '11-ll>-

·-t:,p; + 11c%fv 3[f1 

C:{ef.H, ¾!:>IL C:lelvfo ¾f½fr i-of;>[o '!n[,;-§-jy [f1C:{elk~ ~% -l<.fn{Y i-olo 

lio-l,Y I',--\-; f,[o/vn '%-1<~-&- lolo{v % '-J<-&fv '~lvf, lob{r[,; ~lr-R-~%% 



>ll '11 ,g Ell ;>ii c: ~-'i '11 'if~ Lil"- '1! 'i'-<I 71 <1- 0J~ ~-'<l R '<l ~ x-'-1 "l-"i Oil '>1-~l 

x'l!sloj '2Eil'11"1 \'!'"11'- .£y,J'1j 'll 'r 'Uc: 'll'll 01 '1!"1 7]1' ot11-"i'<l 'i'!'rl!' 

'1! 0 1'-1el- -".'J-ll~ ',! ~o:l.2-'ll<>ll Lil~ •!Eillll"l \'!'"111~ % %%11- 0 )<>11-'15'. ~ 

%£11 i'i:<1-. 's-81 ~'ll<>ll 811°J >11'1i'!Eli;>il~ il*lsl1] "1111-"il 1HJ1!<>1l-'l"l 1!~ 

.!lr::l- A}'t!o\l 7}7J}ft 3::.z:io\Pi {!~~ ii" 4 Vo.{, ~~AJ 91';: {!~ 14~ ~g 

4'- 9.lc.}';: ~~oj '.llt+ . .:1~7\ uJl~o\1 u]~ EPA rio\]Ai';: tHHt~] ~~~~ ~'o~ 

>ll'1i'!Eli;>il~ 0 1%~ -l!~~ %8H ~{'c '!l"i-~ ~HPJ"i '!l'll<>ll lf%SIJ1 'l!ct. 

-'/-"1 'llT"'" ~•! 71,1]£ >J.!.f<>II -,'-"'"} -.''lJOil 7f'i-"1 °JcJ-l/% ~'1J8ljl '1! 

J1 'J4 >i8H'4 %•HOii 11-±71 -ll*l"1'1l ~'lloJl•JeJ 11~01 ~'!!-•He;! ~ 0J0ir+. 01 

Oil Lil"i'loj >li"i'JElilll~ "IIS!Sloj ~-llo/1 -::l~ISIJl "il"i 11~ ;:; ~ -',-8H i>ll"i'J 

Eil7JI -i.'% 71,>"il tjJ~ know-how~ ~sjtifc: }1°1 'l/Jl.~ }1°JcJ-. ,'- ,f,ljo/J<Jc: 

llll "1 ,g Ell lll ~ -::l '11. >ii '\ 81 oj ~ 'll Oil 1l > I 8f 2 -a- 1 I .2 'll % c;! eJ 'If ~ % >11 '11 ,g Ell ,ij 

2] ~'8% ::It<?.fit T 'U,';: ~~~ ~A]i:lt';: ?;!% &~.9...~ tl-519-. 
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~,j~f,'] ig-,o. \'!'I- ,P'i-;s "]-;f~ 'll'li' llli'1i"]Eilalc: Kiel Plankton Tower, 

Hamburg Enclosures, Den Helder Enclosures, Loch Ewe Enclosures, MERL 

Tank, CEPEX Enclosures, MEEE enclosures %0 1 11.9-. 

1. Kiel Plankton Tower 

ta' > t t t 'f..'. t t t 52i .. 
: pulleys : 

steel 
g,rder 
of 
tower 

=i;,J 2-1. Kiel ¾'ll-='~ Ef~1 

wire bridllt 

steel rings 
water 
1ive1 

'#lilight 

~--ru,bber strops 

' ' ' 10.Sm 
' 

' wire strops 

/: 
' 

~ ~~3..~ E}~~(Kiel Plankton Tower)~ ~~3.~:i!} ~~r~-.Q.] -'J-~~-§-g S:. 

A}8"1-7J !tl'&ll ~~ti] '-~-¥-~ Kiel BightoJl ~?;]~ ~o]tj-(von Bodungen et al., 

1976). -il-5'.C: 7}£ !Om, "ilia. !Om, ,c 0J 16.5m-'I 7J,ij ,''?c'll-"il "'17<1 ZmeJ 4',/ 

~g 2-Fg~ ¾~oJl~~(polyethylene).Q..£ ~~- "'ruiY 47Hii.. 0 lf"~~ 912 ~o] 

C: 11~12m0)2 %'Ir:'. Qf 30m3 
7} -\'!cJ-(=i;,J 2-1). 
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2. Hamburg llll "11 ,g Ell ;,i] 

[]£Jg, station 

i 
E 

[ 

1}-,L!'e.3' llli"11'~Eil,!i(Hamburg Enclosures):: %<°'1-11:of ~~='~"1 -\'I;,\]~ it 

~ .sl-7\ ~ ~ X.S.$1] 01 ~ POSER(Plankton Observations with Simultaneous 

Enclosures in Rosfjorden) :u:~~§.~ 'y-tjt;},7] ~off 1i?;]~ --5!2...£. ?,J7Joj 6m01 

J2 li" 0]7} 2m't! ~~u]'ff =?-5:%(.:::r,:l 2-29.J ring station)oJl ?,]78 lmoJI 1[ 01 40m 

~ ~i:.}~'2]-§-7]~ ,¥-~~}~ ~~~r+(Brockman et al., 1974). %-t!J:2 ~ 30m3o]J1 

~ 4 !cc "1 % 7 I :: 'f ,l .£- .aa. "1 '1 '.U .£-nj , '1! * ,& I 00 µ m 0,J-"l- "1 ¾ 21 oJl sl "1 -"- .aa. "1 '1 
912..°'i 11}-'{}~.g. 30µm uJ-~~ %~o}u}oJs£.(polyamide) £le>f'Ucl-. 

3. Den Helder llll "11 ,g Ell ,ii 

Den Helder lfll 11l A~ Ell 'Al(Den Helder Enclosures)~ .2.. ~ %1)_ 0 1 ~ rl 3.~oJl 0 P:1 
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::: 'll•Jg_ x>\~\7\ ~Sfa\ q\',!\']:'e..ej Den Helder•J'?-o\l -ll~H} ->l 0\ct(Kuiper, 

1977). 3.71::::= !j=- %"ff£~,':}!,': 3175 0.75m, "1! 0 1 3.5m, %rg:o] 1.5m3 6 ].ll, ~ 

112. "1'11 0.75m, '10\ 20m, %'lJ'o\ 16m"o\q, '\"oJ'-1::: '1-0]7\ 'it\'1 'l['\'-o]'jj- '?­

x,1-0il '1-'t<l"i '.l,lq(::ii/l 2-3). 0\ ,i\"11>]l'l\>il::: Brockmann et al .. (19741 °1 ~\ 

-'ltlS:\C.:! Hamburg 1111"1i'Jl'l\>i\St 'lit •H'l!!a. 'i!ai"iJlct. ,i\"1i'~l'l\7ll 'i!o\l •Hf":: 

::: 'll!f:S o\%~\oj ,ng.c+, 

flo• t. 

••• w • t.• I" 

::i 'll 2-3. Den Helder >II "11 >J 11\ Jil 
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ahleld 

-· -- ~ -

pla• t:lc 
bag 



4. Loch Ewe llil <II "~ Ell 711 

Loch Ewe illls:ll,,.~£lllll(Loch Ewe Enclosures)~ ~51~~£~ ~Ai¥- ~~oJl ~ 

;:: Loch Ewe<>ll .2.'lh!~¾ -91"11 -!l•l~ :,! 0 ict(Davies and Gamble, 1979). '?"1'--1 

::C 0J--':-o] 0.52mm'<! ½eloJl""E-i(po!yester) t!<>il "i'>i(vinyl)!e. 7J-~tl: sj,1°].:i! ½ 

ej"'°E} 0 ]s!)(polystyrene) -'/- 0 ]<>11 Sl'il rti'.l/.2.oj "l"r"il .:i!'J"'i'.l!ct. 'l'"i'-1::C "i7cl 

oJ 3 .'E::C 4.7mo].:,r 7e! 0 ];:: 17m, %".J'-& zj-zj- IOOm'"!- 300m3S] 'f ¾-li-71 9,lc}(:::r 

'll 2-4). 

• 

walkway 

steel frame 

:,:

0

:•_•_,,_----+1-E:""· ITT .. 
coun~ weight 

bag------t)H....,1 

"""""'"" / 
40 kg stHI weight 

-JO-

-- -

< .:,..~' .. 
~'--'", '; ;• -~:.· 

' ' 

B 

' . ,. 



5. MERL ~.3. 

MERL ~ .3.(MERL Tank I c: o] 'i,' Narragansett BayoJ] ~1'1 ~ MERL (Marine 

Ecosystems Research Laboratory I 9 I'! .J\-AJoJI 11 -'I 'fl 1/ ~ % "11 ~ '] '11741 °1 cf 

(Nixon et al., 1980) . .£',S 1471-<l ~3(,i: 0 ] 5.4m, '17<1 I.Sm, %ill' 13m3 1"1l 0.3m 

T7JIJ2! ~~%¾ ~o} A}~1J-E-!1S4 %,'-}t!- tJ:-7Jg lfr~~.£.o:J, E,!13. 4roJ1~ :ii!.~A] 

1/(stirrer)., Y">1 "1'1~ 0 1 'I-¾~ 'r 'l/5'.~ ~foj 1/~oJI ,\f%'1'llcf(.::i.J 2-5). 

"ii Oda<] '11 74171 * i,- \.t -'I 'I] jl-4?oJJ X. * '1 'll-½ "11 "1 ~ 711 'fr% ~1 C: ;sJ 3' ,\f ~17] -'1J ~ 

~~ {:/~o] oJ '1)-l} "il'l,"]'11~1:S 0 ]%~foj ?'!1'1'llcf. 

INFLOW 
RESERVOIR 

~ 

/ 
OUTLET 

CI '1 2 5. MERL ~ .3. 

. HEAT 
EXCHANGER 

/'._---.+- STIRRER 
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6. CEPEX >II '11 AJ El ,fl 

CEPEX(Controlled Ecosystem Populations Experiment) >Ii <Ii "J El ~l(CEPEX 

Enclosures)c: 9.~>i-'!1°1 ,!-s,3.1" ir'lloJI 0 ]>lc: 'il~J-"I ':l 0J"!'1- <'!~I¾ 3,<f-.f 

,1 ~'II ,ff'-1-r+ _t1.i!JEJ,;j ~,J•Jofoil t.1-'lll"2.'1. 7J-~~ *i!loJl'll"1 -'al11 %7];.s 

1'! >l ~ '51°19-(Menzel and Case, 1977; Grice et al., 1980). 3. 7] c: 'i' 7f "l '1. 'I:: 
>,!:: "!7il 0 1 2.4m, 7,/ 0 ) 16.lm, %"J' 0 1 68m3

, i" >,!:C "17a 9.5m, '(1°] 23.5m, %"& 
0 1 1,300m3 o]oj, {)~ -","'j"i] rrfej- -U"i~ 'r '.l/tj-(.::ri/l 2·6). 0 19+ tl,-s" >l]<li"JEI 

~IC: Zf¾ \'! ,'- E-'1.>!/ E oJI Af%"1 "i Aj Ej ~I eJ 7] 'o 'J! 9. ~ ,!-'!i <>ii rJI ~ AJ Ej ,fl ej 

'/!% %% 0 J'1!-.fc:cil <" "!~% tf'llr+. 

f!!lUME, 
68m 3 

!335m3 

SEDIMENT 
Ul·-4.. ,COllECTING j 1/0SE 
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"f<ll~l•i ,;",f3-,' \'!-i'~I •1%'<! 3lll<ll'!l'11~1::: -'11°1 Im "1 "1"1°1 "1-~ ~ 

2.},,.._~ if"l:l ~ ~ir-P]lf 22-joJ] .:i1.78A]71.ll aj7]oJ] lj!-oj~ .!jl-~8'}aj ~.H.1BoJ] ~-9-

~4. platformoJ1 .Jl1JA]~ ~~l~'.?Jtj-(:r~ 2-7). gt!},,,_~ ff'.!! lj!-~.g. 21~ ¾.£. 

s'. >1<>1'.U:::r1J, 'Z!"i'<'. 0J--"f lOOµmej i!-el~ls!'lil(polyethylenel •l{is'. "i<>l'.U2, ef 

'{{~~ 0J~ 30µm2.l %2-j 0 }c} 0 ]S(polyamide) fiH~£ £16-]~q.(Brockmann et al., 

1983). 0]rh} fiH~t ~~ rll""J,.,~~~9.l A~2-j~%oJ1 OJ~~ cp.];i;] '?€.2..~, 'T~ 

tH'T2t ~~¥}o] ~ ~6i4-oi, ~o] ~::::: fiH~9.J 7J-9- ~ f-3!}-&-o] ~:J.('T~t\l'roJl 

AiQ.J Q} 90% 7;:JS..), ~AjfiH~6]e-j- ±45}"!]7} ~-9-~. 7}:?40] tl].ii!~ AH;Jt}i:+::::: 

'll 'll o I '.U q. 

A 

Bag 
Single-bag mounting 

' Buoy 
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B 
I 
Plastic sheet 

Frame cross section 



q.g ci'iJ 2-St %le¾7J%,i(DOM)4 61%~~.3.l" si''l/"1 i'f~l'!f \'!'?-Sf7I 
'/1-,;foj TT s, !/,- Thalassiosira ~ ¾ g monoculture-afoj -l1 ~ ~ "1 "}%¥! llQ <ii >J Ell 

Jil 0 Jc}(Brockmann et al., 19741. 's '11,g. R'/!AJ-ll 0 I ;t'}oj,:j ;JiJ<il>J'11Jil 0"1 •l 

4'7} 0'/1"1.2.-" 'l!- 41°1£~ -"1"1'.ll.:il, •lllll>JEll~l"1 "i/-.!/-"11 "1lll7f '.ll"1 "1-'/--" 
.!/-Ej ~"1%~oJt.j- 'iJ 0J%~oJ :::;oj1f:s] (\f£~ -l/Jil->! ~oJq.. 5'1llj;:: ef,;t,J:::;oJ 

>11<11 •J '11 Jil 0"11 •l-ll % g 'Ii "1 ~el::: ~ % "J-"1-af::: ,,1 '!!.8.,,f4. 

~-+--,_ 

+--!----

........ 
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ti\ -'/-1i'c "1 lll\ "11 11 til 7!\ ;: ~ •J-± "1\ :O.'\l 'i! ",J til s'- ii>\ "1 "\ n,l, -\! ~ -":- '1 oJ] IIf ie\ 

R.Jt"-1 i!l\'i\'JEil7l\% 0 \%tf7\.'r. ~cj- s\-'1\"1\>j;: >f\'IAJ-Ell"1 61%lt'it3.1'c ii'sl 

.i!f lll\ "11 ,g Ell 7!\ "1- "1 61 w-l< 'it a~ ii' '1 ¾ "I ,;, tl-1 \ ~PH , Oil .Jt Oil !If cl- lll\ 'ii 'J Ell 7!\ 

7\ ll. %~\ 'i.->\- ~ -\! ~ 0 \ 'T' '!! "1 'll cj-(Brockman, 1992). 371 -"1 lll\ -'II ,g Ell 7!\ ::: 

fiberglass.£. ~ ¥- 0 1 oJl 21 ~ ~.$1 oJl =!:.JI. 2m :ff' 0 1 .Q.J ~f- 0 11f .2...£. ¥! frame 0 1 11 

>\"1<>1 '.l}q-(::1'/l 2-9). llli-'l\'gfl\7!\ej ~\;') -"l-"1-¾ 'll•l radar reflector"1- strobe 

light7\ 'lf'l-'i! ]! o\ "; 1J o\ 9-. 

bag 
E 
• 
" 

nn-weight 
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0icl~ ;,j];jj>JEll>il;s 0]%~ ot"a~ E:.sca1E::: cjg:i!f >le\. CEPEX 

(Controlled Ecosystem Population Experiments) E.£~.S.~ 0 1~ NSF(United 

States National Science Foundation) eJ >I -1-! Sf <>ii •l t.1-c\ .'!. el El 91 ~ tj "i O }(British 

Co!umbia)"l Saanich InletoJl•i 6\'!'t! 'r•~"i'.ll-"-"i of..<l"f 81] '11 1980\'!<>I] '11°J 

,i] '1J ,g TSJi >ii it "r>il .SC {l .l'Jl % ~ 7J _;J sfoj J%'ll: eJ 'l°! 'i'- ,Pt ;s "i -"--" 'l/ TISI'.<! 

r:l-. MERUMarine Ecosystems Research Laboratoiy) E..£~£:= aH 0J--"~cl]'AJ7t it 

-i,-y- :ol"'1is-4i'oJI x.½"i'.ll~ "II "1¥>11 '/!%Sf::..<] 2<fsf1] ~oil 0 1Sc t.1-el-TIAJ! 

'l!(Narragansett Bay)ic >I "ii Ai {el A] '1 '.ll cf. POSER (Plankton Observations with 

Simultaneous Enclosures in Rosfjorden) E:.s!..<il]E t X. 2 ~ 0]oJ1Ai iiJ.SlO:J~ %~% 

,i ,i ~ "'1--"' 1'e eJ i'!: '11 ;, 'il-uJ sf 1 I ~ '1 'l" •J "i '.ll cf. 

MEEE (Marine Ecosystem Enclosed Experiments) E..£..~.s..:= YijLf-c.j-2} ¾~01 

1983\'!.l/-Ei 1987\'!~f..<I 5\'!TI"il <1"1 'if%.2..sc "r•Jsf'.llc\lWong and Harrison, 

1992). ~Ttl] ';: 7ij4"tj..Q.j IDRCUnternational Development Research Center)9t ¾ 

~£.l SOA(State Oceanic Adrninistration)7t -tI-%..9...£. Aj ~ i.5~~ ti-. MEEEQ.1 ,&~ ~ 

;,J];jj "11°J>JEll>il;; 0 ]%Sfoj (:J.i/l 2-10, :J.i/l 2-11, Ji/l 2-12; Wong et al., 19921 

oJ 0J~{I <>I] Ai eHJ §IOI-%',! o] oj r<j ~ {I .sc;; 's-•J•i o] %"I uj ± 'll"i::: >J ;s oJ 81] 

of il., :J. §I<,%',! SI :,J-0, aj. ,g., 'la/ ':l •J ~ I!/ 7f aj-::: 7,/ 0 1 '.ll c\. 1983\:! o/1 ::: -lf el 

"ilslsil."-iis 'l!c' 31Jej ~~ ,i];jj•JEil>li("i{i 2.5m, ,J. 0 ] 16mlit ,Jy-cfej 

Saanich InletoJl 1!;>;],s}~ ~% %¾oJl n:J.e- ~%Ji ~~5}~9-. 19841doJ]~ ¾i?-4.r 

of -R--½.£/£t¾ u/J~ tg~J:¾ 1!~i5~'i;t..Q..vj, 19851:;io/J';:: ¾~~ Xiamen Bay ~2- ~ 

'lr"ilc\ §1 7J'l}.2..sc 'il '113120m x !Om x 5m ,l.oll;; -l!'ISIJI "il'r;s '1~1 ~1 

g ~f'.llc\. ~'11 %el"ilslsil."-.sc 'il ~1%7]("1':l 2m, ,l_o] 4m) 911;, 4.!/-iis 'l! 

:: 0<]..<),:JJ"il -\'-a/-· 1/3.l~foj 'r\'!<>il "1%1'!'2 ~~~ of~cf. 0 ) ¾ 7,JS, ~~ ,fl 

'11 >J EJ '110!1 •J','-<>I] Ai >141 tl, -'I a/% 0 1 Y-, cf 0J~ 't-£"1 is-4;'% 1j 1fsf'.ll cf. IOS"il 

•1::: 51Jej '1-el-:Jot(fiberglass)iis 'il ¾'l!: 0 1 7f';;tl, ~~%7]("17el Im, ,l_o] 2ml 

~ IOS.91 -¥-f'oJ) jl~A)5':J ~.i! sl-3:Ji-oJ)Ai ¾½£)~ 5'4f~ ~~,,._~ ~~i;}~c}. 

1986\:!oJI::: 47Jej ;,j];jj>JEJ,iJ("i{i 2m, ,l. 0 1 6m);s ¾0:-"1 Xiamen Bay"i] -l!>]sf 

.il {!%7} A]E!lJ.lloJl u];,:]~ ~is"Jg S:A}i;~~c}. 

,fl '11 •J Eli s] is tr % sf oj 'l'! 'r sf ::: 7 I 'ic <'- "I •i '.l EJ 711 eJ 'l'! 'i'- "ii £ tr % "i "1, LJI ',! 

i'+-'=-"1 ol! 'II <>Ii Ai ::: MOT!Fs(Model Tidal Flats) E:.sc "1 s7f 'r •J "i '.l/ c\lHanison, 

1992). O] ~.£~5.oJ]A~';:: 3..:il ~.g_ C;j~-3:jl'.;J i}'fi"'fr½ A}.il~ ~£.1 :J.. ~trJg 
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49..l"ii}.:i!., -f'r-:j:~cl~l91 91"0"J= %~ 5:A}ii}1tt:}. T~l~.<?..£ %-Vi-otl ~H! '"ifAJ E.i4(t:ll 

1 ~ ¾~ ~A1%%, %%~rs-3."E %91 A}t1J-~o]y- -'~%91 o]"g, ~ft:}A~~~~ '5' 

'CJlt.l- u]A~%~ tJ:%,.,J ~7}) ~ ifr"J .R.i4(~~A~AJ% ¾"~91 ~A]o]t.l- A~EJlll] ~~ 

£1 7]~)7f 3,Jf£i'l!c1-. 

Aluminum 
supports 

Foam 
flotation 
blocks 

Fibre~ 
tanks 

PMES 

-1m-

(b) 

1 
2m 

I 

.:i\'l 2-10. MEEE prgram~JA1 Af%'<'! !Jfl<li"~111~1. ±'ll-'-1.2.£ ½,,fro] 7f';tf"i oj 

21 1j£] ill]<ll>JJ11~1:a -ll>l'!f 'r '.U:::: 'l!-'ll 01 '.Ui:1-. 7f"i½c •I'll£ 'il 11-* barge 

~I fiberglass.£ 'il '\!3.;, 61l~f,<] -ll"i '!I 'r '.Ui:1-. PMES (portable multiple­

enclosure system121- 'li 'li 'l'.l.! i:1-. 0 12\ le:' ~I <II >J Ell ~I £1 "J '11:::: •J.:f 'lr1H1-l-o!I 

~111 1'!>1'<! !Jfl<ll>J'11~1£1 7]1'-aj'<) ,'¾7f '<! -,!o]q_ 
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E 
~ 

CEE SEE 
~u. (a) 

E 
~ 

.::r\'l 2-11. MEEE program~]Aj Af%.<l'.<l\'! ill];jJAJEil~l. CEPEX~ £'~-"" tj-A] t:j 

;;i.:}q__] <5}~.:c. ~~-& CEE (controlled ecosystem enclosure), .2..,g.~.g. SEE 

(sediment seawater enclosure}i\- ~ ~ tl'i'J ct. 
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I \ 
I 

I' 

• 
Catamaran 

Upper R,ng 

... 
Tubing 

Lower Ring 

Collector 

weight 

b 

- To Upp. Rong 

il '"""'"' ,f-f-- ...., .., 

41-1---- Fillll 8ag 

Low.r Ring 
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"11<11'~'11711'¾ 0 )%~ 'l!'i'::C 1970\itli-'/-Ej tr'l!t-f~l 4"'!1£1"1 -1'-j?~ "a:c! ~ •l 

-"-"'- '.Uc\. i;J] 0j "1i<il'~Eil'1l"il tll~ ~ \!!.ii -\l.l'.:<)%.°_ 1977\i c'o2½"1S"1 

Edinburgh"i)Aj 11"1"1'.d.2.oJ, 0 1 -\l.l'.>]%oj>j::C '\".s'- ;,i]<i!'JEll'1l(mesocosml"1 -\l 

'11 "ii -\'!:~ '\l.!i!.ic~ 0 ] 'r"f'i 0 1 '.d c\(Parsons, 19781. 'f \I! .ii 'lJ .l'.:<] %.0- 3\:! .f'11 

1980\:! ,jl..}cj .!!."1£191 '!f',JB)of,>J Sidney<>!] '.Uc: !OS Onstitute of Ocean 

Sciences)"il •1 'l! ,J;!.2.nj, '\".s'- -'/-%'~ Eil '11 ~ tll ',I-2.5'- ~ ;,i] <ii '8 Ell '11 "1 ~ '!!3!f<>il ell 

~ >J .!i!.ic~ 0 ] 0 1 ,:Co] :l! c]-(Grice and Reeve, 1982). 1985\:! <>I]::: i;J) 0j<>IJ >j 'ii <ii '8 Eil 

?il~ -il-%~ ~-=?-~ 7H~<5~7J ~<5~0:f SCOR(Scientific Committee on Ocean 

Researchl"il WG(working group) 0 I 'l!:'i"i:l!.2."l(Lalli, 19901, "i7J>i Manual of 

Marine Experimental Ecosystems et::: "i>I,.._ ".!c:'i '.dct(Rokeby, 19911. •11 \I! ,iJ 

{l .l'.:<J % .0- 1987\'! % Sc "1 -!Of 'ii oj >j 7j £1 "1 'll 2. 9, ilJI sfl >8 Eil 741-lt 0 1 % ~ --'/-% '8 Ell 

'11 'l! 'i'\'i''<! 0 }'-1 et >1 •1 '~ Ell 741 'l! 'i'"i '!!:ilf £ 'l/ l!."1 'll ct I Wong and Harrison, 

19921. AjAj'8Eli'1J"il t'~ 'l!'i' '!!:ilf::C :fc'(}elloj -\l~J~ '1J'1]'JEll'1l<>il-'i 'l!.°_ ,joJ 

'll ct. 
0 ]?1~ 'Z!TS!.J ~~~2..£ o],t~%oJ] S!.J~ %~21 ,t.~ ~ ~"BJl. ~%~~3-,e ~ 

'll "1 'l! o 1, ':l OJ 'll * oi1 "1 ~ o1 % ~ .,,, o1 ,, si "a 1l-, '4 ¾ -"- 'll .:: " oi1 ell ~ "1 ± "' % 

~2cl-3.~~ 'ti-%, ¾1%~~ 'it.:I~oJ) 91~ 2j1- Aj{f, %~¾'9-..3.~oJ) Qj "tJ. j,-;t} A~ 

c}e) ±"I, ell')l~'l,'3:,'"i] e)~ .l'."i'/% %~ "]'l'c~ Oll~11Eil'11"1 'i'-:fc9t 7J'; 

"IJ 't! ~ \i .0- >J !l :S ~ "1 tf 'l! cJ-. 7J 3'c 3!f;:} aj '11 \'l ,' "ii OJ % '1 \'i' uJ: of '-1 et. £1 -2-

0/J ::C • Jae EPA %"1l>jc: 'i<i!>JEllJil'¾ oJ%tfoJ ~'i/.2.'ll 0 I •l~'8Eli'11"11 °J;Jc: 

':l•J% "1-oi-,12 :i JJJ<II'¾ "1±~<,"1::: \'l'i'-71 ~w-.1 si•~"i-"- '.llcJ-. 
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{,I ~ oJI Af-§- 'i'! '111 <,I >J '11 11 % <>ii Aj '1! •H of >I 7} cl ii S'. 7f "Lil, x] Cf <>ii ." xH ~, ';c 

tj- 0Jt~ ,,,,l!Ell7ll~ R:.W~ ~.g.. 0 ]~91 ~ 2dl:l] 6 }rR~(Colurnbia University)oJ]Al ~~ 

'6l:: "Biosphere 2" o] cl-. 

UESERT 

RAINFOREST 

.:1. 'el 2- l:i. "Biosphere 2" ~l ±Jl A,Jl EJl 7:l]{mcsocosm)~ T .:r: (http://www.bio2.edu) 

Biosphere 2:: ~ 1€ZcloJ1 il-cl~ uJitl]~ T-:r::%.£ u},,:1 .g.1J?:i'lJ A,Jljtj-_ t.lPf­

% ~ ,'?:- 204,000 m' oJl ~ tr} 111. i <JoJ] t:- 3H 0J ).g FH 711. * A1 1 EH ?Jl, i S?] 1-g 1 H 1~1, ,q i;ii ,\g 

EJllll. ~rR-9-~-\!lEJlll1, ~7JA1-~AJfHJll, '?!?191 7]4-A1 .<;;- 77ff9] A,JlfH7ll~ £Wt} 

.:il 91<:>J u}~] Aj.'.f-i ~±A]~ ·'l;:-t- ¾:-6}tj-(.:i'f) 2-13). o] '?]-~A,JlE-IJ?i]oJ]:= 7S07Ho11 

~6}~ 4~ -illA~~o1 ~::i:]~6-] .g._1r_, ~. ~5:., o],::l<~H1~ ';;; g <?L1,~3:j~.£ ~ 7J 
-,r;i-;--, olcl. 15"~,;tj Al~~ 011511 O].:i!.A40"' _Q__r_g_ !r=.DJ7J1l 'l-l-? .¢:. ol-;i o]<:>J:>:lo] 

r..L- Mr. 'L.t...: LC1:!2 -rJ ~ L07-= ,__..:c:..,, ll l"-r ;>(c, M---'-, '---'' -,, 

~--'f-~ ~clJJ] ~}O:j ~5:.~ S:~~ "TS- 'llcJ, tj- 0J9"1 :EZ:!oJJJ.1 A]fH7!]9j ~g g 

11~~ T 9Jt:.!-. 0 Jci~ iJ:lJ±ll1Ell7ll:: ;i;],1.g-1;:T§}- ~~l~- t.fl~ii}/J -1-ltH rH7J ~oJI 

~-J';:}-:§}B"5::7l- ~7l-~oJ1 rtj-e} 1EH71]7} ~1711 t!}-,¥161 QA] '; g oJ]~t}~t1l i}% 

t} ll] 6 ] % ¥! r::.}(http://www.bio2.edu/visitor/home_ent.htm). 

Biosphere 2 Jtl] slJ AJ Ell JI]:::::_ ¥!-fl- lll (flow -through system)9}- ~l ±H 71l(cluse<l 

system)~ 27}-A] 0Jttl.2..S. ~~g "it" T 'ili:+. 1ll]±!l7~] BJ-~~-~ ~'?l{:- ~ uJH--'- il1] 
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11i"]Ei1711 iJIS1 '1,'-7J7f Sf'\'-~I Q} 1.5% '<!OJ :ut~,.iq, 'l!-~ 'i!c-li-711 ~'11~.s' ~~ 

~ ~ uiJ;: 91'1-91 '1,'-7]71 A}"f']Eil71l.s' %'fl'<! -'I' q,1 'lltil~,P]Eil71l.s' ¥'ii 

280m'.s' !i!.ill•171Lf >1111i'JEll71191 ~f~.s' 471711 'i'!i:1-(::J.;,j 2-141. 0 1 >il.llJ>]Eil71I 

'?l~lc: Qf 170,000m'S1 til71, 1,500,0001 eJ 'i!'r, 3,800,000191 •H4', 17,000m'S1 >,_ 

OJoJ ~ q, 
0] :.i1]sllA~f.Jl~J~ 0}~:i:t.-HArizona)"T'-9.t ~.5:. 32.5' N AJ-oJl ~p:]5}£. 9J.Q.oi, ii~ 

~ 1,200m9.l .J!.A]oJ] ~*1£1~ 9Jr+. 3J1]~AJEJllll ~.Q.] %~ Lll1r!-oJ]),~ ~~g_ ~.Q..£. 

Mi !i!.'(]-'2"1- ~ ;;''j[O] 'l/oj'-f~ 'iiz/ n'l/~JA] q,J %~,joj '<)-/,'7J-~7} ,j7]'-f 

~ili:J~2i A]~~g %'3Jl ~lf-7} ~tj-(.:.L'fl 2-15). 0] ,:j]~AJqj;!J].Q.j ~~]11~ *~ 
7} "€l_Ei£1 ~wg ii~Ai ':J,q:irJ-9.j A}~1! tjj1.!~~ A}~AJ- t-Tt}:iI, .i'J-~~o\l o]% 

!i.] ::=: -W(PAR; photosynthetically-active radiation)~ o..:t 55% ~ ~} 1B ~tj- ::_ ~ o] tj._ 

o]i:1~ ~!~oJ].5:. ~'Y5}il ~ A]-=t-~'U ¥1.-1% Zl$1'3j.Q.£. 5:~5}1i:!Ai ~~~:i'.j-~ 

~ T 9J1] aJl~oll, ~~ ~-=?-A}~ 0] {1~ g 7}A)Jl 9Jtj-. 
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111111 CO2 lnjtdlt11 lffltlns 

-~ CM,&I :PAfflPl•JeoatloB 

,---PVC litlllol'I MbliN .. 
!II 

10.000 CFM TESCO tns 

G11 clliom•tr.tpll oon1Mo111 montftlll ...... 

" 

.:I'll 2-14. "Biosphere 2" jJIJ;ii>JEi1711 Wl"l ,\'7] "~£. • Jilt 7]'11.QJ •H'§l. o],:± 

s!-18'~ ¾'11 i4-AJ (http://www.bio2.edu) 
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Biosphere 2 Water cycle in terrestrial 
wilderness areas 

Surf.Ice w.1ter 
recycles 
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----+ 

Air h,11ndltrs 

tVtr.H 

osmosis 



Biosphere 2"1 "i1°J"gfli7j]<>il '11~'12-.ss 11"1'<1 ,U:<:i ,g'1j,i]::: o]J:,<>l]Aj 'l)<>j 

c.1-::: '1--of"i, >J%0J-"i '/l~"l 5'.<,!~ c;l'i,'0}7]<>11 o]'))-"1'1) A]c',\lo]q, o] ',)~•g 

'11 ;,i] "1 '; 'll ."- it 5'.7} .3.'1 'J%.,"i -1'\-'li-'J 0 1 1l: 5'.Af"1 'l1 q::: {l 0 ] 9-. -"I\'! 'Jfli 

o\]•1::: 71"1 *,f,;c~ 1i'll¾ 0 1'11~ -"l<cl'gf11,iJ.2J- 7f<l¾ ~1<>11<1 •Jfll;,il"ii qJ•J 

~ 0 1*1::: .ll.'11~ '1Hl-'l2-.ss cic'ist::: 1i'li("il4'"1 :&~. 7]'11"1 .ii!~, 'll"J'll"l 

~£., o]{!-~lf!±9..j ~~ %% ~~)% ~tlj A~£ll7-J]7l- ~~"5}~ }I g ~A]ii}Jl '.U 

Biosphere 2"1 •l 0J>J'1j;,i]::: 9}"1" "11"1 U:<:i;a A]1,-~l 0 1-,!~ .3.7] 35m x 

20m9..J 7~tj-ic! ~3.£ 7}AJ- "r{JoJ jj_~ ,¥~ 7mO].ll {l;i:} T~o] i.;to};,;J:=:: ~~ 

o]q o] "11<111l'11al::: -'/-cl<>ll clJ>J 0 1 7J~ !,~]'11~16 6',!.ss "J::S'>l:llcJ-. '11::S 'II 

-¥-~ g liJ-A]til-2 '5".4r 01 %¼£!~ ~g ~7] ~fsH Jl~oJl epoxy resing ~¾~ lfll 

'1)§.'l)~ Of'l/9-. %".l' 260'<! l "1 %7]<>1]::: 35%"1 1'JU:o:, 25%"1 "1-ll-, 30%"1 

3fl.:i:, HXY6' 0 ] \:!~ .!j'-~-'}%-% 6 ] ~ol'.Ut:\-. 0 ] 'i!tf ·'-§El!7-l]~ -~H:!i5[ ~]~5'j5:f.2.. 

nJ, 'r~tl'f::: 'ital 'J%::;o\J~l "1°1:s '?-"I ~2 ']fli;,il cll"l 'll*f'gc,-"l"l 'ii-~ 
AjoJ] 9..]~t}, 1?:jo]oJ-g ~~ ~7.i!ii}.1i.~ ii}~tj-. <?.1.:g.{}~3':: A~EJ\7-]]7} ~~ ~<'J',':l_ 
0 1 "1lsil'Jfli;,iJ7f -\'l>]<>f'1 '.Uc: -\'15o7f 32.5' N2-.ss U'°'i7f -"f'1l"JeJiojJAj >jcjOf 

~ ~ £ !,!. tj- jl ~ .1i. O] Jl, iij] sJl A] Ell 7-ll ~ l_i4 jl 1J. ~ fr cl ;ij- A] A] -i1- S: % °11 9..] on A~ A} 

'1l ',}ell"! 'ii-"& .'l9- "it'll-"I '<!, 4pJ ~ 'lPl ,g U ?j-'f qj 0J'll %'r% :0 -"l'1l 'Jeli <>II ,1 

"1 .k-'f i"' >foJ1f Y--"I ~'ltcJ-::: 1i'll 'e/-'l-71 L/~r:J-. 0 J '1)"1,' i1Jll/l'JeJi;,iJojJAj "i' 

,~ ¾"1 •J 0J,g%::;oJ ,lJ ';'lo] \J.S'.'s- 'lf"- '.l/cJ-::: ,!."- 0 J llll<ii'geJi,iJ7f -"l'i]Sl 

<'joJuJ<>IJ "1"11 ¾-"1"1"- '.l/cJ-::: 'i,';,J 0 ]q, :of.£ 'it>g7J'4 Q:'_ 7J;,i]"i "'"*]7f ;>1]<11 

,'.g~7fl t.HoflA1 Bil"T' ~ {f~AJ~ ;:fr?J_?}~~ i}A}~ tr1 g ~~ 2 '.Ur}. f 7».91 

~.ii!.~~:;,:l~ 6~T.Q.J T-€:-¾ .:E~tt~r~ A}-§-'f.!c}. j~goi]~ ~:i!l-~*1~ 1l*lt}~ 

-"-'-1, "1l<li"~Eil~I cllo\]<i ':l 0J'?l"1 °1,?~o] I ~<>jy- 7]11"1'1! "i-'l"'°'l7f cj o] 

-ll- -'/1.ll.tf,J f,°7/J 51"19-. ':l"J'?l"l 'if£::: 'llrJI U:o:" •!Qj<>IJJ.i '1c T' V::: 0f'? 

~.g. ~ £ ~ ¾Al ~tsa q. 
0 1 '1!-/i' "'-°'--""~Eil~J::: CaCOs"l _it_~1f U'°'i ''IFJ<>il <>Jtti~ qj•J: u]>l::: 

sj 3l}"-)-of:::rJJ oJ%'<1cJ-. '11-"l' rJl7J ¾.QJ oj"'~\')-50.Qj 'a-5'.7f ]\'!~I]% "'I 'i,'7}~ 

c}:il -o}lB, CaCO3.Q.J .£:§1. ?~0 1 20% 1ll% ~±tt.:il -:8:~~.Q.J ~ '-j ~ 204Q~o] 5:J 

1r! 40% 78:S.:.. {}±'if ?A.Q.~ oJl~ti}~cl-. ~7].Q.j Z!.,Z.oJ]Ai:= {!-~~ ~'-jo] T.g.oJ] 

9.JB"Q ~~.g ~'.:t:-l.:il 1!~¾ i.R~.Q.L}, 1995\:Pf'EI T8~~ ~~~i!l-!i .!i!.~ 18:{!­

~9.J ~:§:}~£7} {!-§.3:. ~-'-JoJl ¾-8..~ _8_~o] 5:JE..£., rJl7l 'F.Q.J o]{!-:§1.~±9.J ~ 

~5'. "':0:-" ·~~ ¾rJI~ 'll9: "ii ,!"14::: -~ojj 5'.~~-q 
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(http://www.bio2.edu/Research/ facilities.htm). 012f '>f :'. {,! '!I :'. "i 'i'-& 1±:ol-"1 'll 

al~ -i'Hl"l tl1-l)-o] "12 ~;:: 1i"l'r"1 ~73.,_>il~ '11'l!Sf;::c~ ll\]fllAgEJ\;>1]7f ~% 

"12 ~;:: ~:'. 01]71 '<!cf. 

½ .s'. a] cf 'll-"1 Ag %-ll--& 'r 'I! "l "l 71 'lf .s'. '11 '11 "l \:! 10"1 ~ % '11 -if 'I Sf ~l 'I! '11 

c!J: cf. 'll 11- "1 ¾ 7} 'J.l -'/-'ll 0J :oJ-7} o] "1 ~ 'I! >f "1 ~ '11 °] 4 2 "i .!if "1 ~ "i '11, {,! >ii .s'. 

'll 11-4 'lJ 0J'll "1 '/!~7f 0] '11 "l "1 ,!-"J-3.<' ic{i "ii oj tL] ~ 'll •J ~ u] >];:: "I <>ii -\'! 

3\1 ~c=j{} A}li';:: -=t-5] ,¥-~"t}'.i'.lc+. :rc~o.£_ o]cH} ~~21 7}~~ o]B!l"o}.i!. 15'j-1-

,g El\ :>ii "1 'I! >I- ;a "ii~ af 7] '/1 '11 ll\l fll ,g El\ 711 ;a O I % ~ {,! '!I 4 'll- 7] 2i'.l--l •l 'lJ E-.s'. "i 

§. ~ T '!I Sf '<I cf. 0 I {,! '!I "1 ¾ Jl. ~ .!if aj ,': 'll 11-4 'll 0J 'll "1 'I! :ol-7} % .s'. a] cf '11<>1I 

Aj -'l Sf;:: % . -'l %lt",f ='<'"1 ¾ x'a 'Si 71 -'II 4'"11 <>l tLj ~ 'll •,}% u] >I ;:: "i {,! '!I aj 

2...£. .D}~ii} ';:: ~ 0 19J ct. ~.l,r! .8.z-t-.W-(Acartia tonsa2l- Paracalanus crassirostris)!if. 

%<>l >i<>l"l -\l-'li<:i't 'a"J-i,£ 01%"1 ~'ll~ af'<!cf. {!'!I;. '11•1 %'lJ 0I 2.3m3 

'11 l,:aj"i],i;;ll ll\]fli'Jell711 ojaj 7H:S '9!-"f<>II -'/-"!-Sfoj '!!'ll-<>11 ii>]Sf',lcf. >lifli'J 

El\ 7j];:: "173 o] lm, l'l o] 7} 4m'1l {,! \'! cj .5'. 0Jo] ~ cf. 

')11,' 'o'£7f % · "'1%1'",l-3.,""l ¾xAJ:,j- 4'.'r.<>11 °1>];:: 'lj•J;s af"j-Sf7] '/1'11 

~~ 23ppt, ?\!! '8Jl'T°~ %~~ ~~ *£, 42ppt % 37}A]2j ~~ ~£ 3::Z:!ii}ol] 

>i {!'!1% sf',lcf {!'!I~ A]"f~ <a->l Zl-¾ ~"s"='<'~ >l'c! -ll-El\"1 'r.'r.91- '>f~I 

iJll1J11.~EJJ~l 'U-oJl ~<.:d,.Q..uj, ~~.g. ~'ff-'T"~ ~7}~}~4. ?1;!! -all'T"~C-t c~ 't:1~ 0 1 

l'i: :'. % ~ 1l 7f sf •i x 'ii "I'll cf. ~ "J-=' <' 0 I 'll-'i "° 'ti 'll 1l' 'I! >!-<>II ti1 ~ .,_ .s ,11 .,_ 

~ ""0]71 '/1'11 '!IE..s'. 'r'I! '114'~ 4' >]{]:"ii s!'l 'iJ'lJSI "1%"1 '1ifli'JE!\7ll~ 

.i~ ~ c}(Clarke and Bollens; http://www.aoml.noaa.gov/ocd/sferpm/clarke/clarke. 

html I. 

~ '1l zizt "1 ll\] fll Ag ell :>ii "ii s! ~ 'll 4 '11 ~ 'll ~ 1l 7 I Sf oj 'll 0J 'll "1 'a' .'r. '/! >} <>II uJ 

l'c 'll~~ x>fsf',lcf 3-%Jjs<>IJ>i 3~ ¾rnf"l"1 {!'!171'1: ¾<>Ile: 01"1 %%::'rs­

.3.~:i't ~~~~ ~{J"t}9;l.J1, ~1Jl'?J_t;l_.£_';:: ~{E-, ~OJ'iJ, 'T.g.~ ~7g"t}'.i1c}, {l 

'!l¾K >]<>ii;:: "173 50cm, 0J--"f l!Oµm"l %%::'"s-3.1" tj]§.~ '1)"} o!l 0J-Sfoj ll\]fll 

Ag ell :>II '11: .21 .5'. c' >i >l<>l .2J- % % ::' ",J- 3. <' ~ •1 'll sf ',I~ oj, "J ')I~ I'll ;a ll\ ei-s111 '/1 

'11 &t!:¾ sf',lcf. 01 E-.s'."i§.;:: '!!•H 1,''1°1 ~'!1¾ 0]uj, <>1l"i1l''1 :,l:,J-<>11 uj.s\'! 

>]sfoj;:: ')l1,'o] 7f"J- J,,:,0, ll\]fll<gEJ\~l<>ll>i Ag;,;% 01 7}')} l'i:~~uj, ~'J%%~"s" 
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3.~o] Oi-ff"il ¾£.~ ~OJ~.Q...£. 'lf~~tj-. --9-~¾ £.Zf-ff" %%~icg"3.~~ 

Oithona spp., Parvocalanus (Paracalanus) crassirostris, Acartia tonsa, Eutrepina 

acutifrons 0 1'1/t:f. 'lj;,. cfc-ll 'l! '11"1 "lg 5'll %'1! 5cc' cfc<:!-oi-oJIAI Parvocalanus 

.ei +x::: ¾1,~ 'fr\'! Oithonnc: 7<l-±•f'.l!t:f. '1<11°g'11sl '1!"1 'll-'l-±::: :Jc<:!<>11 

Ilti'.t ¾ii "'J ~ 'c ;(}o] ~ & ~ tj-(Clarke and Bollens;http://www.aoml.noaa.gov/ 

ocd/sferpm/clarke/clarke98.html). 

'fl<li'!'1isl;e o].§-ofoj ~'l)-.3.~ s,'{lo] 'ij 0J'll<>ll "1'11 "i't! 'ij•J¾ 'l)cc::<I 'll, 

7 I -'1l t!: 'l! '11 .@- * * 'II Oil A] 5'. ~~ .. I 's! 1 "1 '1l cf. :<f \'! -;} '11 ei "I %-!!- 'll-.3. ~ SI' {l 

¾ .l!c~t!: 'l<l!"g'1!sloJI -.!'l!'ll4 '1!-l!'ll ~ 37f:<l cfe "1¾(16:5, 16:1, 16:02)£ 

~ ~ g nJl '<l ,a!lc:f:-¥Hcoccolithophorid)oJl ~ti}~ Emiliania huxleyi7} <>i 11 ~l ell~ 

']~ •fc::<I :JcAft!: ,a,f7f ~cf(Egge and Heimdal, 1994). 4-!! 22'll'/·El 5-%1 29'll 

~1"1 + •] B 'l! '11 7J n ¾ 'll "J''ll ~ 1J 7f t!: ,i 'ii ,g '11 sHI ,1 -o1 % ~ 'll- .3.e sr 1l ei 11 
0\~: sil-iBYS:ff'-TTc:f:'fi"-~'r!YS:."ff21 tr'.Q...£. ~6i';q.Q..tf "-Jqf~';'J 1<1J£T'c N:P 

"i¾oJI a:f4 t:1 2 ~1 LJ-Efl±t:f. itcfc-ll-c: 'll 0J'll¾ 1J1ft!: l>ll'il~'11sl '1!"1 N:P "i 
7f Z7H! uJ1 7<,cl:,iif'.l/t:f. "'7HJ All.l!c+7f 0.09 x !09 cells· m 301'1 E. huxleyi7f 

N:P,j uJ 7f ztzt 16:1 .i!f 16:0.2 'll uJI 20 x 109 cells · m 3 "I 37 x 109 cells · m ·1 

£ ¾7f•f'.llt:f. -'el~i!--& 0 1910!]5'. +-&, •1°J 7]{!, 'lr'lf %<>II .Qjtj>].Sc. 'lj•j~ 'l)c 

'.ll:4. N:PQJ "i 7} 16:5 'll ;;I~ E. huxleyic: £/ til 5 x !09 cells m 3~1"1 Z 7f•f'.l! 

cf. Pl<Jeocystis sp."1 £/til >JI£+::: N:P "]7f ';!¾ uJI 'i/{/-"]'1/cf. o] ,a.i!f.£ E. 

huxleyi'c '<l{r~il i;'".£71- '5.tg nJl "'J~JoJ f-~i5}.i?.., ~<?..'I= 4-.g.oJ 10° C o]"c}-o]Jl 

J£ ¾ 'ii- 'lf OI 20 mol · m- 2 
• day 1 0 ]-;} 'll "I ::: Pl<Jeocystis sp . .!i. cj 7el '] Oil •I ¾ 

el6i-t:1-~ ~ 01 ~a/Jic:f. 1!.!-~ Pfneocystis sp. ~ '?.l~~zj ~.£7~ li~ *¾ -tl~ 
•I '.l! cf. 

~'1! '1<11']'11110!1 -.!tl'l.14 '1!tl'll ~ 1J7ft!: ~°I'! 7]i'} ¾<>Ii E. huxleyi7f til 

~"'8g 8'f~j2, 0/ uf/ .S.zt-W- Calanusfinmarchicus¾ ~t%7)o/) '4o-J o/~oj) ~~ 

¾161~:i't ~ 01 {!~g ~7] ~~ ~~g i5}$1.Cl-(Nejstgaard, 1994). "~~'1.t~ TTX 

ff"sil- 37\ 3.5µm o]-'c}- !i:J:: .2}-~YS;.-ff"7} W"S'J:A11i! :ilr:ll 10 X 103 cells•mr 1il All 

.£T"~ ~~ E huxleyi7}- "r~.Q..£.:: 7}-~ -9-~t."}-~tj-. .3.7) 35µm ojAJ ~:: 9}~ 

5'.cfc-lJ-::: All£+ 1f 39 cells · ml 1 oJ '<1- 2.!is -31 s:l cf. llll <11 ,g Eli 11 1.Jl !l1 -ll £ ¾-ll-::: •l 

°J &7loJl:: 3.8 indvs·m.1 1 
£ ';!-S'J:.Q..oi, 6l%¾icg".3.~gj rll~"~ ¾oJl:: 7'11~ ~ 

~ii}S';lcJ-. .8.Z}-'ff C fimnarchicus~ ~.£.¾-W-.2}- 35 /JJfl 0 )1} £1:: ~.Jl!YS:-W-~ ~ 

"€lj~.Q..£ ~C;J.Q..oj, ol~ 0J Illl±ll"'~E-llAl ~ii "aY¾'fl- ~:i::~ .£i!ll~}51.li'.! 3!.Q..£ 

~~£19]9-. .::Z.~){.l't!- ,tS.¾7} A~~i'g'oJ 7]-AJ W"S'J:7] uJl~oJl £.zt"ff" ~o]21 7]-AJ 
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~,g.. -¥-~¾ ~}.:i:JiS}~t:l-. E. lu.aleyi9} Plneocystis cf. pouchetii'c. Azt"*J} ~o}iS} 

::: Qjo]1f ofy~E-1+, til'lt']"1 ~7]oJI Phaeocystis71 \ll"'.l)::, "1]::: o];;.'ic Qjo]~ 

.£.£ ¾.ft~}~t:l-. 

1992\'I 0 1-SC EPA(Environmental Protection Agency)oJI "1'11 11. 'll-<! MEERC 

(Multiscale Experimental Ecosystem Research Center)oJl-'1::: 'l! {!Oil "1 {f "i T~ 

1 ~~~ '?1-Y-6}.R '.V,'c.tt ~5] «lT -';5'7}7} ~E.~i~ c;:!<tl~oJ]Ai {!~, ~~{!­

Dll 'r' "1 ¾ 'll Oil "1 '11 '114'"1 'r' '1 °1 "l ~'il 2. £ "I "I-"] "i ::: ZJ-% .2. 'll 11- >ii :, "J- "i sf 
7] ~~ i"i% 7J%o].:il :Uc\. 'lc{f •lc\"t ~"17\ 0Jt+::: z{!til -\lEi171loJl-'1-\'-r1 

\'!'1!.<J ll.¾ 'al °'1-'1 "JEil7lioJI 0 ] 2 7]'1f7'] ,gEil711 £•~% 0 ]%-Sfoj 't!Zl:"1 \'l•JoJI 

"1 ~ ,g Ell 711 '/! ~ if oil ~ -sf .:i1 '.U c\. 
0 1 -fil£1-"1 ?'2 \'!'r "f.ll::: ilfl<li-\JEll71l"t Qt -'il~ -\JEll711:S ~%-sfoj ZJ-% 

.2. 'll ~ Oil til ~ ,g Ell 711 .QJ 'l!% % 'i'. "i -'iJ ~ sf .:i1 ci ,,_ "i-if ;,f \'! "~ Eil 711 Oil 'l % sf ::: 

}!o]r:1,. oj~~ ,&~% ~~ ~{1 T¾~ qjA}~-§-4 AJ{±AJ, .::l~jl 7~~1'2- T¾~ 

%Ell "lo\;;~ ";'lJ~c\. ~'1:! A]· 'i/Zl:"12-£ >f\'!"~Ei171l.!1.c\ -i]''i'.7} Sl.:il, "t'll­

'a('ll0J'il:71l"i "r, ':l 0J'il711 41"1 % "r. ':l 0J'll '"€~"1 7,l.'a., -'1-"i>l c\ 0J'a)\'l"il 

-'1 £ "' \'l ,g sJI 711 .!I. c\ ~ .le '8 iJfl "11 ,g Ell 711 Oil -'i "i ~ 7J "- "I :, >f \'l 1l Ell 711 Oil Sl % sf 
7] ~•1-'i::: -il'Y"i ~±Oil rr},o 'll•J:, 'l!c .!l.7;J-Sfoj 0 ) SfE.£ o]~oJJ t!{f 'l:!7"£ 
0 f % •1 'r' '!J SI .:i1 '.U c\. 

\'! '1! "I ,g Ell 711 \'! T' 1 I O I -fil El "i ? '8 -' l 'll O I '8 ~ -& , '11 'tl Oil 't! 11 {f 1-' "1 'l! 

T' 1 I -ir Zl "I ':a <>I 1+ .:i1 '.U 2. "1 , \'! '1! "I ,g Ell 711 7\ 'c! TI-Ir% Oil .<! •1-'i \'I 7,l--s\ ~I ':l •J 

:, '1!2-"1, 0 1 ;l!E}7f 1!~1"1<>1 '.U::: O!J'lis'!E.?"i >!JJ.fllj3 '/}(Chesapeake Bayi 0 1 

'T"~ tll.£A1£-¥-Ei DflTJt *~~>c. ~1~~~ ~,..Jg 7};i;Jj]_ 'U.£.ul, 11e~ <r1<tl 

~ .:@-7,HfAJA}~.£..£. ~3~ s-.g.. ?:}_li.7} ~~£!~ ,UJ1, 't.!~ n\l'@~~ tll~ 

(University of Maryland).2.l CEES(Center for Ecosystem and Estuarine Studies)~] 

% 11-~ 'l:! T' 't! "I O l '.U 1 I "1111- 0 l c\. 
0 1*0 1 .!1.%-s\.:il '.U::: Dli<li'~Eil7ll::: >f\'! "JEil,!JoJ]-'1 'l!<>l'-t.:il :U::: £:C <J,!­

<j- "' , % "1 . §:f ., "' .i!f ,jj % 'I! 'll -a/ 7 I oj) ::: -it£ 7 f C3j- c\. Cl 'II ;<] 'I]- JJjJ "11 ,g '11 '11 ¾ -if% 

s\::: :efsjo] >}\'!'1 ';1] A~Eil'1];, Clrli.'a. •H~frf::: ~o] of'-1"1-, o];,- -!<%'11<1 

21.!/-"il-'i 7}sj{! q 0J~ .B.'t!oJI '1'11 "~Ei17117} <>1'¥~1 \'!~sf:::>l:S "1-"l-s\.:il, ;,f 
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'c' Ag'1J71l<>1I ojrr1~ \'!~71 %"1 ofl";,.;f::: '<-'i'.£. <f%i;f::: -5! 0171 "illt-<>11, iJ-5'.;s 

~cl,~ 'll 0Jofl Eil~ >HUI ~'1£1\'! l1/}jjJAg'1J7119l ~%£::: ~¾ J,tof'!) 4' 'lle1-. 

~clo.£. 'cl~ 'l!~g ,r]-e}i;f7] '1J'11A1::: l1/}jjJAJ'1J7ll7f >f\'!g 5'.Af~ 'c\'t'-AgEillli 01 

2, 21491 illl"1lAJ'1J711::: 1c11~<1. ~ ')l~g '11'11 "1i±ilAJEi17jj¾ il>ISf'.llg 'ir-'I 

~ ~?a ~Ajoj] fl.l?iff ~J~g ~g 4- ,Uc}';: 1!~ i'-{!&J'?.1 AJ)t!-, .:Iej.i!. A}<t!A]l:li 

71].!il..tj- ~i}-AJo] ~~A].i!. 1l~g ~~ '?.1.$l~'t} ~7Jit!:§} %oJl al-4 ~"!"Jg ~g 

"T" ~tj-';: ~i oJiH"3"\-';: ~o\ ¾.8.°i5)-tj-_ 

MEERC::: 1992\o il 'll 1'! + 1996\1 ~I "i 1c % 71 511 %'1!& l1/} jjJ AJ Eli ;,ii Bl il 711, 

>IP! 'al AJ ~¾°a, l1/} "1l AJ '117119J ~clo-t! -it 5'..£. 'cl~ °a •J "1-eJ-, l1/} jjJ Ag Eil 711-!f ol % 

i;foj 4'•J ~ {! ~ 711 "I, ,fl "1l Ag '11711 "1 'll 11 :,!ii}:, 0l%tl: Ag '11711£ '<! 71'/!<>1I 'T''i!'ll 

g ~~c}. :J. qg 12-~]£ 1997\!1\!-£1 1998\:ill}A]';: AJclj7J]£l ~;gJ.jo] ~J1- ~?J 

Jl.'c\o] \'!~ "ii A]i'.J-<>11 "1-4 A]'1J71l<>1I oJrr1tJ: 'l! 0J% ol>]:::,J, cE~ ')/>I]£ 'cli'.l-

91 "el 0J 0I Ag'1J7ll<>il ojrrjtJ: "el•J~ 0 1>1:::<lofl 1'11:S ~-9'oj -'f'l:l:S -9'~tf'.l1C1-. 

0121~ 'll1'.'. .</-e.l 'c''i'clo"i]Ai ,i1jjJA]'1J7ll::S 01%~ \'!'j';s ~AJ;}~ "ii 1}:,,.~ 

uJ~ A}~J-o] ~ 7>io]tj-, 

1/ '11 'ef A,j ', "l 'c' -i' "1 'll -l:f 2. £ -11- 7J '\- AJ % -\11 °1 ifJI jjJ ,g Ell lll '1]:"11 Aj oj 'fl ~I \'I "I 

'11 1f:::>I 3,Jfi;f1] '11•1A1 MEERC ""-::r'i'l<>ll'-1::: £'<!:S 7j'lftl91C1-. 11',J- i'.J-'i! 

~ .2..~.g. tTI4- "FoJl %,e!rl<>J '.il';: ¾7]-&.Aj %~cl ~cllcl 0}, % . ~%~i:'J=1~ 

i!f {cc: AJ%'il, ::re.J:,,. "1"!-!1: 0 1<-/ iJJl1/l•JEll7ll£1 "li!f {£<>/ -'i'"J..-'il"il 'll::: 'j)3'J-

0J "ii% Ell ;; * "i Sf Ci! 'll q::: ')I-~ il 1 <>ii Aj 'r 'll £1 '.d q. 0 I 5'. ',[ :'. 3fl jjJ ,g 111 71I 41 

~ 't!-S: ½(carbon pool)!il t;!!~oJl 1:l]?iTI %7]-&Aj%~21 '(!~7} llll}i'' Cl-';: 7}78 t,}oJ1 

4' 'll 51 '.<I c/. !i'. "1 1tt 'II-£1 -"l- o1,g. l1/I "11 'ii '11 JJI 41 £1 ii' ~ 0 I .2. 'll % ,i <>11 x ½ 51 '.<I ~ 

"ii oJ'l/,1 \'!~~"I "il~"I::: 'j)<>]'.</C1-. 0 1 4>11::: ~,, "1"!1'i" 0 iuJ .2.'il 01 ~,,1,1 

'<! Potapsco 7J- sf 'i' £ \'! '?- 'll ~ ¾ ~ Eil sf '.l1 .2. uJ, ~ ~ 'i1 °J 'i! 711 <>I] <1 'll oJ 4 ::: "1 

¾'i/'1JJJl-.lf¾A~'1J7ll£1 'i'!71l(benthic-pelagic coupling) ~fa];; 'll'?- cJl')l-oJI .l':~tf 

'.ll q 

MEERC<>i1>1 "11"1l'!Eil7ll;s 0 1%-tfoj sHJsf::: %'1! ";1sf::: 71,'- •J'i-2.£c 

%..£, "r-&, ~~' %~{!;::::, ~oJ~ ~£. ~~5: 75"£ ~6}2 ~~'t]- ~~~ ~~ 

oJl>i::: 'i1°J'll %4'%, 'lcl"i %g -"f11~C1-. ~"'"11<1 ";11£1::: 7J,'->f.\l.::: >1% 

~ .2...£. .::1 ell E...£. .::1 2=l ~ ~ ~ 7] Z!-% 'li MEERC Q.] A} li website Oil % c=l A] u ~ ~ ~ 

oJl %oJ<5}:= Y-:: ~-=r,.<r:},g. ~A]{!- A}li~ o]%~ 4- ,UiL, E..~~EQj ~'{J.A}~ 

sf .\l. ,.._ 'cl .se. sf oj 1i' >ii 11 :S 'le 'ti. "I 71 4, -ll 11 "1 ~ 01 ~ {I -'I ~ 4' 9J cJ-. cE ~ >I .\l. ::: 

'il E-j t.J! "go!] %~ ~ ~'ll ~ £ ~ Y 'V. tl-(http://kabir.cbl.cees.edu/MEERC). o] c~ ~ 
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\'! 7' .ilf ;<1] 91 ¾ 'll •J 'ii % .'r. 'll ,;-f 01 tr % ,;-f \'! ~ e1 .'r. St~ .ss 1L ~ "1 ~ .ss \'! 7' i'l: e1 :s 

~ "T" 91¾ ~o]tj-. 

MEERC'i]J-i::: "1JjjJAJ'11'1l;s 0 ]%,;-foj 6>filll<>ll '1'1 oje] ,'- 0 )"1 'l),'7f;; 0 ] 

qoJ~ -ll'!I% ,;-f'l)~t>J, •J'1- "1JjjJAJEli;,J]:s o]%~ -ll'!I" '11'1~ "II £%0] ,aj.'r. 

,,_ 0 ]j,''i]J-i '7"'.l"l'l!li -ll'!l:S ~7l~ct. 6>1~1"1 -ll'!I<' 1994'.:! 4-%1 21'll - 5-%1 

25'll (BPOI), 1994'.:! 7-%1 6'll - 8-%/ 25'll (BP02), 1994\1 10-%1 19'll - 12-%1 2'll 

(BP03), 1995\1 7-%1 24'll - 8-%1 22'll (BP05), 1996\1 1-%1 31 'll - 3-%1 15'll 

(BP06), 1996'.:! 8-%1 4'll - 9-'ll 15'll(BP07)<>11 {l'.J"i~ct. 

"11 jjj ,g Ell ,iJ ;:; 0 I % ~ -ll '!I el 'l! I'! "ii '/' ,iJ ::: ""11 jjj ,g Ell '11 '1! el % e1 "1 '1! :i!\ 11 " 

Ol1 qj~ ~o]q._ ~lE:= Sf.¾if. .2}-fyoJ] 2l~ T¾$>.J ~~,': ~.ii!~, ~A}2] -¥-%4 

~-'J-, ~%~rJ"3.~2l ,._J~, ¾S:"'J$>.J ~ol, l!j~7.}-~~A}gJ 3,171]. r.87]2} 15J1'T°1;11 

,"}o]Qj 7]~1 .ii!.~, T¾:i!t ~¾~ £1-31% A}oJQJ '2J 0J'iJ 4'-A] ~4 ~,': A~f.)j'§:}~ 

~l ll! i!l- 1 oJl '21 ~J: ~ i:rp,;J £.£. ~Ht$>.J 7.J-£4 TT'£~ 4-1 iii- :i!. T?;l £ ~ ~ 1?l ~-:: 

~o]l::}_ 

'f. \!!,ff 'r;<J]::: ""1Jjjj'/leJl'119] -,J-'i'.<>I] afl" "!1'11'1191 'fr%" 0 it:f. 'r.fl_ -ll1J -'\Ji 

::: %,re] \'!.ol-Oil u\e 'll'lf. -'1.ss cte -ij-'i'.9] lll]jjj"Jl'ilsl "i<>IIJ-1 -'/-'I-"!%% ,11 

"1 "I 'l! :. "1191 'll •J "i- -" "l ,1 so 11 11 £ 7f 11-'il' =1 e a' 'll <>11 • p1 ::: 'll •J :s '4"< af 

::: '>! 0 1 "I, llll jjj ,g Ell sl -it £<>11,,_1 'll "1 {I ,l .ilf :S ,f\'! 'ii Ell '11 <>ii "l %•I ,1::: •J'il :S 

~of'1j 2,f af'l) t:f. 

llll jjJ ,g Ell ;>1] "1 "I <>ii 'I- 'I- af::: ,g % -& ail ;jJ ,g Ell '11 '1! 91 'll 0J 'll "i- <>ii '-1 ,1 'r >HI 

s" 'll'J" • J>l::: '>!~.ss Lfe1-,lct. BP06 -ll'!l1lZf %'1!<>11::: 'll'll'Oil cil~ 1L"i-:'s 
!i'.7] ~•1 5,191 'it£ scz!<>il,,_i -ll'!I% ,;-f'l!ct. -ll'!leJ .!i\"l.". Pl "fc!(production 

vs. irradience)$>.J ~1 ~ 31}<?.fii}.i!., A]TI 0] 13!J-i5}1B_Ai PI ~{1°] 6-]~Jll tl}~A] 3l} 

",Sfol, 0 1.ss '1!•1 ~'l)e] ,';'c7f "1"/1,1 \'!.o},;-f::::,J, 'E~ 'll 0J'll"1 'f-£7f t:f~ 

"11 ,g Eli ,i]7f 'if 'lf \'! .of <>ii o] '-1 ,I "l % Sf::: :<] :S scJ-f Sf::: ',I O I ~ t:f. 

"11 jjj ,g Ell '11 91 "I <>ii 'I- 'I-~ ,g % "1 ~ •J :S !i'. 1 I ~ Sil Ai 'll '/' 'll <>ii 'i- I'! "'I "I g 

11 Jc~ "11 <II ,g Ell ~19/ "1 <>ii -'/-'I-"!% a''ll 0 1 'l/'ittf £-'\- •J~l ~ iJII <II ,g Ell '11 ztzt 3 
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,n:s "ifil•f~4. •1711"1 :>1."'I {:!~o11A1::: Ai"'i"i'f \J¾'"r" :>1."'!"1:s .ui~ T 'll 
::: ,cg -J.' 0 ] W- 0 f;,J:::;,J, J.j"'i;,J7f ¾.Q.\'! .1'."'lfi"f7f Ci ,j;,J:::;,J;s ~'l!•f~4. 

o] {,! ~ 2_ 7-1,I ~'i?.!/-Ej 6',a{):oj :,j;,J o]-',-oj~.Q.oj, ~ 'lf3.1" "'!Af'l! \!l"l;, "H 0J 

2'r ~ .!/- "1 'l! £;, 'it 21 tf oj llll "ii 'll rl Jil 'ii 4'-'ll •l"l, \!l c>l 71 :l:! ::: llll "ii "] rJI ii "1-"i 

"]ill~ -\l->11 '1."'l;,f.2) 'IJ•Jg -"1"1-•1~4. '"r~. 'll,'-, PAR(photo- synthetically 

active radiation), ~~± a, .::z.'cl.:i1 %~~~.3.,e~ 2~ Z}?;j.Q..£ ~:i:J-t}~cl- . .::z.21 

jl l:!ffll~6}.Aj ~i'ef.3_~ ~ q}A~%~~i'g°3.~,<:>_ 3~ {!?cj.2_£, °a•J~2j ~£:: 7 

'll i'!Zi£.iis ~711•1~4. %,r -'i,!~ '14 oil~~ '"r 'll*0 1 llll~"]rJIJil '1!"1 'llc>I 

"]-l!t %,r 0 ] ¾7ftf\'!J.i ¾7ftf~4 

llli~"]eliil"i '-ll"loJI .!/-'l-'i! "]%g >1171~ ?J~"i- >1171•1"1 ~'ll:g ?J~ 'll"f 
"]-l!, 'll"f"J-l!"f .>e'3-.2/ "i(NPP/R), "rtoJIAj.2) 'il'lf'll 'li'.'ic.oJ]J.j ,' ;>fo];, .!1. 0 ] 

"i ~'ll:4. ::i.'l/"1'1! 'll>f'°' a, %%%'lf-"'<""i 1J~l'"r, ¾3c"J %2. llli~"]eliil"i 

'-ll"loJI .!/->!-~ "]%g >il7l•f~g "II 'l's!~ >1°1:S .!1.~cJ <>11"1 1"-"'17.l"4°17l::: 

tf'-1 "I" ~'li-3<' ic'll"i 'i'-3'::: ':J•Jg 'l!ciel-£ llli~"arlsl 'l:!~1:s '!1- "II 'll>f 

"a " 0 1 '-I 'il 0J 'll ,1 "":!I % 4 ~ .o- ,a e11 ., 'l .u1 'a t JIil "" "] rJ1 111 "I '-ll "l o11 'I- ., ~ 

A~~-6:-{loJ] 2j~ C °ai"iJg ~A]';: l'i"'.U-t:l-. ~-6Jo] ~~3.~ ~{loJ] oj.?;]';: °a-o-J:.g_ 

~~%-o]tj-_ 

<ii \'l,ff 'r>il::: "J1'1--ll-"i ,J~l'"r, \'!'a 'i'-3'.2/ il"'ii!:" 0 14. 0 1 ~P/-4>11.2/ & 

l:C: 31J~A]tl!7ll ~2l A.Zr* 1B:\ll~. Z!i!J T~2l- ij~~g_j 1-,!!~~ sr}q_}<S}.:i:!. A}Z! 

AJ- rJ1 "1- "i :a, •1 "I. llll ~ "a rJ1 ,1 "I 3. 11 '-I 'i'. 0J oJ "I •H "1 '>' 711 'il •J g 'l!::: "1 ~, •1 ::: 
?.:! o] 9-. 

J1'1--ll-::: llli~"Jeli711 -'i,!~oJl-'1 ¾Jl~ '°'"],f 0 1.:il, -1l"a%<foJ'-f "'1%~'lf3.1" 

~ {[-€:- -3f~ ~~3.~~ fr°aA~~ A}o]Qj ~o]oJg '?'!7.f~~T';: ~~i 5}29,lc.f-. 

Ai£ 4<'- 37] 'J1 'i'. 0J.2) llli~"]rJIA]oJ]Aj o]:C,.2/ •]%(cl];, :';o] ',ao)','ojo]%, 'r 
0 loJ "1-<'- il"i"i ,a"i ~%. "1°1;, ~71'-I '1."'l-"l>'-.!/-ol >IJJJ•f::: ']% -;1g 3c 

Af tf '.ll 4. •] %.2/ \'l af::: •f~ ':l 0JI± JI] "1- -)/~ ':l 0JI± JI] 'i'. '¥-oil 'iJ •Jg u] "I ::: ',l £. 

iis '-IEf\tcJ-. ;.J i'!oJI u:f<'- J1'1--li-"i ,n ~l7"2f -"''I 'i'-3'.2/ \'l.-f::: OPC(optical 

plankton counter) :S Af-§-~oj llf"}-sf~.:il. 0 1 sf ls.::: 'J ?ri>"i'f Af 0J~ ~I "oil J.f% 

"1'.(14. "H 0J ~ J'rnfs]::: J1'1--li-"i 7J'i]','7f ¾7ftl'l!4. ojl,-;, 'iJ7f-sf~g "1 

t:J-~ ¥._~_Q_.£ 'tl~ Jl.~.W-21 {}~~ fil~t1-. .::r~iLt e>i-R-.Q.J ~7t.£ 'tl~ ~~g 
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lli-"J- of ;: -ll '!I ¾ 11- Ail'll .2..>'- 'lt AJ ~ >,! ,g. "11 <,I AJ Eil :>!I '-II'/- o/] l!! 2} "1 -,! ¾ 'lt =11" 0 I 

'll"§-afoj .8.zj--i,- 1H>i1?91 \'!%¾ ll]-"}Of7] '!l:S'll.2."1, -ll'!I ¾<>ii JJil;,jAJEil7ll '-11 

-¥-oJl ig-.g_.. ~21 9-.£-W- -¥-¾-'8 ¾AJo] ½~'8"}-0:j ~~¾i@-a-eo]Y- !i:l 1%~, :1:::::: 

.ftZ}-fi-~ S..~~~6 ¾"~½ .¥...6l~ ~o]'.:{ltj., 

0 1•1~ "i]~Ofc<] 'ie~ \'!?it ;>1±o:oj-Of7] '11"1 -'/-%AJEll;,jl;s rJl-jJ-.2..>'- -ll'!I g 

~ "11 ;: "11 "1 AJ Ell 7ll '-11-'l-o/l "1 al -!o-¾ 'ti "1 (l!- :il, rJI 'll '!'! 2l- "1 -l! ¾ 'll-=1 ~ g >1]7H! 

~ 'l!'!I¾ of;: 7,)oj •1'11--"l ~ >,Jo]tj-. oleJ~ %'1191 -ll'!ioJIAj;: .!/-'l,}%-!,- y 

"IA91 ,;,:sf7f ,U;,]AJEJl;,j]oftj- >fo]7f \t "r '.l\.2.E..>'- "i];,jAJEil:>ll;.; ¾'t(replicate) 

.2..sl -jj>]Ofoj {!!'!IOf7]7f 'ii~ "r '.l)q 

Lj] \1!'11 'r>!J;: ",U<,IA0£117ll 'll:91 oj.jf-7f -l,%'=1~ ic'llo/1 01>1::: ,1~J50,i"0 1 

'1-. o] -'ll-'l-lli-Al]21 efli:C "1¾91 !1."1°1 'i1°J 0J'-} 7J0f'J'91 l,'lf3'1" 0J'-} -'\APO 

-!,- ic'l/"il ojt<j~ 'IJ'i)g 01>];::s] ,Y7fof::: ?a61c\-. 11'!-:>lloJIAi;: AO-!,-"i]'-1'1'< 

(bioenergetics) £,!!¾ 0 1-§-ofoj "1'li =17191 "1¾;; oj'l, '/1£.sl ,jj;J/AOEil:>ll 'l!o/1 

1=t% 0!~A] ~~'5}';: '}! 0 ] ~lf.'i'.lX-, 21i:r]J]oJl'-i Q;j~g €- ~,': !1flfllA~EJl7l]~ 3. 

7], 3':.6jA}-5!1 3.7] ~ XA}, :J.i:.]Jl ¾'W- %0]'.:dc.l-. 

11'!-:>llo/l-'1 ~•I i'¾(Anchoa mitchilli)o/1 eilOII 1R'1/'1'l AO-!,-o/Jcic<lo:/- £,'/g 0 1 

-§-ofoj {!!'l'Jo/1 Af%'i! '<!>191 =17]2) ,;,,1;; -1!'\!0f'l/tj-. oJ 'l!'!lo/]Ai::: "i],ijAJEil 

7il!a.-'I-E1 rJl'!I !1."l:<l::S -'1171•171'-I 'i)7f~ +21 AJEil:>ll l'!:o"l-::S 50AfOf'l/tj-. ~"I 

<Y}-&J&~(top-down control) 0}Lt trophic cascade 7}-~ ~ ~¾t}-71 .'fl'b\!Ai::::: ,J;}-~ 

AOEil:>l];.; ~±,~ ,U<,IAOEil:>ll;.; 0 J%Ofc:<11, 0 1 "11 eil'll Y<-1>1-it B]:ii'aj of,g. ,JEJI 

:>!I "ii '4 .2. '1! oj a] 7 I -'I -ll 'ii 1-¾ 7 I 'It AJ ~ ? '.U tj- 0 I •i ~ 1- -i,- ;.; "1 ±o :o1-of 5'. 'r 

•171 'll•H tj-;: 37], ::iej]2 9-e '/1£21 "1¾ .l!.<-lc<f7f >l),ijAJEil~I '1!"1 %%l!­

%'3~ i[''l)oj] oj'j/~] 'IJ•Jg o]~:<] "i]~~ ",' '.l):C A0-!,-o/]Lj7]0, £,!!% 7ij'![~f 

'l!:il, tj- 0J~ 'llEil2J £ 0Jej >l);,],JEil71J1'f 0 ]%~foj oj.jf- .l!.<-j~f91 '>l'l! ... .ilf AfuJ 

.,.g '°;o)Sf'.l/tj-. ~~)i,- o]%~ 1,'eOJ]Aj:C Zf2f %"efo] 61,442. 6751'1) {ft .'i'. 
0J 91 ( 31 "el rJI l't O I ej •I 71 " g ) "11 "1 AJ Ell 711 ::; 0 I % Of 'l! tj-. %-!o- l!- %' 3. ¥ t zJ- zJ- ej 

i>ll 111 ,g Ell 7ll oll -'1 I e 1'I '!l .,, ;; 0 I % af oj -!,- g oj .ilf A] "l -;! '!I 71 'i:!% '1) uij 'll '" 'll of 

'.ttj!, %1:i ~ 'Al"r~ ii}-~tj.. ~~~ a~ o]~oJl ~,S-3] ~7clt}~.J1. ¾ %,e~S:;. 

o+ ~.'i'.'-1°f::: zJ-zJ-91 1111 £712) 'llc1Jo/J ~'ll•l'.l19-. 
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cJ'>l '/:!a<IJ '1'"11::: "lll1"1i'SEil,iJ '<!"1 1!14"1"1 ¾'l/-3.~-"1 •S%.i!f '!"'-!l:"0 JcJ. 

0 I <ii 'I- .i!f >ii "1 ~ ll.::: llll '11 ,g Ell Jjj % 0 I % ~ -:, 11 oJI Aj llil '11 ,g Ell Jjj "1 3. 7] "I ",HJ 

-'! 'l! ti -'I "'1 1'! i!J- s! {I % % :, 'fl 3. ~ i K % 'I .2.5'. 0 1 %-of::: •J 'll % 71 'lt of::: ".-! 0 I 

'll cJ. "ii "i 11 11 <>II -'i ::: >ii "ii ,g Ell ,i1 .eJ 3. 71, .l"-6J ,1 "1 3. 71 '1- 1R 'ii"°, %-l'f 'l- .£ -6J % 

% oJI :<c -ll i 'lt 9- 'ct cJ. 1l! i!J- "1 '!! :, 'fl 3. ~ 2. ,ij 11 '1 .2. ss 'l'! 't! ',iJ Ell ,ij oJI Eil "ii ½ 'il •I 

uJ, 01,c >]ejJ;,jj.eJ oJJLi>l-.ll-oJl-'i -.1•J£,!g 'if<l ']eJIJjloJI ~ °il'J-½ P]-l! "r 

'Vt+. ::I%'<! lllJ"1J',IJEil7ll-l!f Af%~ 'i/~<>IJ 1'/a}'i!'l/ %%-/f'[/-3.~0I 0!%-"151"1'1!, 

llil"1i'JEil,il 'l}oJl-'i 1!!2l-'i!-ll %%~'lr3.~.QJ •]% 'l: "1~oJI Eil~ "1-& 'le 'l!"i:<1 

V "I ?.t r+. 
of "!;s"JEoJl-'l::: "'1"11'!•1;,jl 't!oJl-'l ola;"1 ¾':J'if'l, •]%, .l'.cJ%, •J~% 

%~ ~l:iii}9tt:.l-. ~g .ii!~Al~ -y~ ~fa:]7} -¥-~~ 100Q -§-~9.J }Jj]slj-\ljEJlll] ~ 

Cl] ~6i1lia ~1 ~ 4cm Aj£ .5:J~ ~ill-~ C. quinquecirrfn9-l ~'T7} 48A]Z} LJl 

"ii ?l -., ~I "1"1 ;; ',J 2 ?;I O I i'!- -l! eJ 9;! .2. '+, 'I 2 'ii -"f tJ £1 ::J ~ oJI ::: 3. ~I ':J ~J ~ 

'l!"i::: ?.t'.llr:J-. >J!-i!•lllftl(Ctenophoresl"l ;;J~oJl5o .ii'\'1-•J>loJI "1•1 ':J,;,g 'll--'I 

\';l'</tf. >J!-i!•l!!fel Mnemiopsis leidyi71 'll'J~ <>11::: 0 1:S"l Rztlt"II Ei1'1> Ye) 

% ~ "; >J •I 5:! r+. R zt st "1 7H >ii 'r ::: >J! 1! •1 !If el % •IPIJ ,g Ell ,i1 oJI '>' 1 I "I 5'. -li .i!f, 

72 '-I ;;! % 't! £1 -:, ~ 7] ;;!% 't!' "'el 02 >J! ¥ •1 !If el% "11 "11 ,g Ell Jjj oJI Aj -'II 71 •I 02 I± '¥­

>I <I 0 i'l! >l'll-.fo\ "c'll"l'ctt+. 

O:j')! ~~ 'T"~l~ "il1]~A]EJll1\ '<l-5!.J -fi- • .!f7\ ~5:9.J ~~"o]tj.. ~5:: ~~9.l °3 
0J 'l! -il-21- -'-I *:, 'i)-.3. ~ "1 'll >I ,gs! "/.21 ti :>II ::: ':J 0J'l! * 71 ,g Ell ,i1 oJI ¾ ',) Si <j g <>II 

'&Ei17117f oiw,11 'l!¾<fc 71 IIl-°"•f:::,11 7/"' 71,'- 01 -tltf. ::Ia-jE.ss 01 ;JJ.','-"1'11 

"1 'c'R &l!.::: -'i-'-1>1"1 .3.7l"f 'll 0J'i!711"1 ',-',}>j 0 1 :,',J-3.~ i.!"',loJI "1~ "1.Jc 

5!.J ¾4"-2-l- 'ic"~oJl np:J';: °J"O"J, ii-•~71 ~~oi1 ttrc ~~~.g.3.~g..J ¼T-i- ;i:}ol 

!§-g .I!}Q}~1-:::: ~o)r:J-. 

o]~ $1~ ~%~~3.~oJl ~~ ¼<r-&- 1!~. ~~¾~3.~21 mass balance~ 

11. ¥~ ,1,191 -'a'!! -:-J'1l % <ii 1f,l"1 -l!~ 0 1 {!•&>l'l!t+. -'H,-~'f/.3.1'coJI .21~ 

-¥,7) ~2!4 *7)~2~ i-~%,g ~1:}"o}7) ~~ 15N ~~Ap~g o)%"ot~Cr. V!-lB 

~%~'i;t3.,e.12} ~El]~o}oJl ~H! ft-71 1t±Ql ~~-&g ~AJ<5}7\ ~%ff Aff.£.. 7ff~.!fi 
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~ '!I ".'a.!'-(fluorescent probe)~ "}%S}'.ll t:f. 
0 1 1,l ~Plf '!l '!I S}oj %% "'lf 3.1"-oJI "1 ~ 'lf .5'. 'ic4 q-,11°Hurea)SI >ii>]{!% .Sc 

¾7gi5}~tj-. 15N£ J!.7:]~ ~5:.13"g ~7}"8"f-j]_ 2'T~ %'i! f ¾-W-21 6J%~rJ"3..~ 

3.7) -5:-{J, %%~2J'.3.,e, %~ '{f£'ff, ~{!~, -§-,e %7]~± ¾(J:XX)l) %g .ZA}"6} 

'.llt:f. ola,J~ 1,l'iJ:'. lll]Jll>]EJl:>11"1 3.7l2f .5'. 0JoJ] o:\ilf <>juj~ •\ol7f 'U'.:::c<l;s 'l1 

o\.ll71 .!/Pil 3.712f .5'. 0Jo] t:f:' ;Jfli!i>gEJl71!oJl"l 1!'!1"1'UcJ. -'l.'a. t:f{c 'ilEll"l 

,!~7} :(!;:' <g'!,-il,oJ] ')!~% Pl'i/ 51:'. ~1,lSfi..f, ft,g. 'll'iloJi"l -'i'-"l"i'Ut:f. 0 1 

1,l'iloJl-'1:C 'l)-.5'.'ic, q-ell 0 l, 0 1°lx-l!'4 '>!:'. t:f 0J~ 1'!~~ 0 1 {)7f"]'U.:il, .,,,J-3. 

J"-"1 ')I OJAJEJI, ;,''l] ej % ~ Aj, Ail ;g {!% %01 J2'l1 %'1!: ~ Ojj "i 'Ur+. 

'l/~ \ll<I! 'r~l:C ">IPI\AgEJl:>1I '1!:"1 ')! 0J'll"1 >]:<l§J-"1" 0 1cJ. >jAj.!J-;;joJ]Aj >ii'] 

"le: ')!oJ'll:i't olAJI >l-'J"g'!,-oJ] SJ~ 'l)s\>]{!,g. s\'lj>JEJl"l 7JSI'/- ']Eil:>11"1 ')! 0J 

'll 4 Oil cj "I 'r'"i Oil -'l % .ll. ~ "I ~ ~ ~ cJ-. i cl"- .'a. Ail -\'-4 ~I "1 -'f ll.::: ;,fl ill '! Ell 

:>ii '1!:"1 ')! 0J'll .,sj,..2} 0 1>11 >1-'1>J%oJI "1~ 'l)sf>J{!, '1-'l~7cloJl<1"1 {!~ a, 
i'tj!:::.~ ~78<5}~ lclJ-~g 7~~5}j]_, o]c-H:!- 't}-~o] T¾2J ~o]. iJl]~AlEl]:zl]2j t:1}~ 

\'!'1 cJl % %ill'"] Bl"] ~'r'.'a."1 'l!'fl ,gEJ171!2f <J{!"loJI 01'l:C 'l!•J% 11J7f-S\c: 

~o]q-, o]~ ~tH Ai¼oJlAi.<'.!1 °a 0J~(NOJ, NH4, PQ4) ~~!:::.2.l- ~~AJg ~;.:Ji5l~ 

8. 1Elilll :478 ¾ benthic-pelagic coupling2J %el~~. A]%'§:r.3:l Tf:£. 

oj ,;I \11 <ii 'r ~I C: ",g Ell :>ii :i't'll % benthic-pelagic coupling "1 % el "1 '1, ,g % "I 

~ TT.£."O]tj-. ~~~6jA}~ o]ufliiJl,W-~ T{J 6J ~_g. 'Z!~1El!7l]oJ]Al 

benthic-pelagic couplingoJl A] t:!l~ °a ~J: g o] t! Cl-. 01 ~ ~ T¾oJl s:l := ~ x} 

(seston)i.f .2..~%~g Al'-·P~%oJl711 ~lfrilT~. o,,J 0J~ AH,,.~{} j!\-7goJ1 9')"d'Jg 11] 

t!tj-, %21 tr;';.£ o]ufl11JHf"oJ]J!l ~A}~ '8:-~1 9-~t-} .H.*4 Ai¾Z!-~ ~ 0J~ ~ 

sjc'ooJ] ':J~J% o]~cJ. 'll'l!"loJIAj '1!"1%-'l:<f',) 0 ]ol\lli!%7f \::!"i:<1\'! "r.Sc7f ';7f 

<5}~ 5::1 "l-~i~% 7H~J'r7} ½o-J~~. ~~5::,,..Jl:.l\(hypoxia)£. ~u]~ 0 } '{;£.ff ;.~ 

Aj{}o] ~~5..J::= ~i!j-7} ~).~iil-~. ~~ -=?-3:7} tl}¥]Jl] ~ ~o]tj- . .:ieL~ .. £. A1]¥4 

AJ]QJ ~R::= ~~%~A}'t.! o]uHJfJl"ff"~ Bj-~ ~?i];(BBL; benthic boundary layer) 

oJ] '4~ oJ~oj "'JW~cJ-3..~5!] ,,_~~~4 ~ 0J~ ';r~oJ1 op:]:: ~'3Jg i1}'4i5}:: 
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-51 o] 9-. 

-=?-~~.2...£.';: tj- 0J:~ 1:1)-~ 7J~l¼ 3::Z!oJ] u}-E- o]uHilJlff'~ ij~ g l:l].:iiLii}jl, JJll 

<11"~111711"1 £9134 .3.7)71 °Juff.i].;pf benthic-pelagic couplingoJJ aJ>Jc: :i!.:i!}oJI 
0 1>1::C ':j~g nf"<'iof:il, %"1 .-;;34 "J%"i-'1(biodepositioni 0 ] ':j 0J'll"1 sjA~~oJI 

11]J:.l:: ~~J:~ .1l}C?.f8loJ, 0]uH~¾7l- benthic-pelagic couplingg ~~A]~.2...£.M! ~ 

,i-.3.1" ,'{lej T~Sf 'll 0J"l'l-"1 1'!7floJ] a)c>Jc: oiwg '!J7f .. lc: ;! 0 JcJ-. 

o]aj.i]fj-ej A~Eil'i-"1'11 7]';;oJI '\'!~ 7]e"1 \'!'re: ~7i1% ~'l:[.-f7] ~,.,_ {,!~ 

{,! {l~g -',-Oil ",'',ilsj'.l)tj-. .::i.e]L} sjl,;,l sre.i(feedback loop)7f 'Uc: 0<f\'! "Jl1i 

7f1Sfc: ;,Je.171 \'1, a,,'!- "1°14 ~.°. {:ltj%7]oJl>l 'T'•~-<! {:1~"1 i1!31f;a >l\'! -ll-

111"1 1l Ell 71loJI "1 %>I ,17] oJI::: \:it,'!- ll-"11 'll 0 1 a:flecJ-. ::i.",l 7J "illl-oJI %"1 .- ;; g 

%'ll-w "r 'Uc: "J->]71 'Uc: %711..} T)-£71 <" ,i]<1JAJ1117floJl},l {:I~ g ",'•~•Jo, ~ 

cJ-. "l"l 7il7fl¾oJI>] 'll 0J'lloJy- 'lJ0<fej ~'16~ -"l.'r.'f 0<f~VJ-l11Sf 7f'{J-~I •171 

.'t-J8H '=;~~ 3Jll~,,.]Ell7-ll(mesocosm-flume system)~ ~~oj ~~~ <5}519-. 

oft- \'la<M ? .. J::: "%i'e%7l1,-~(DOMl"1 7]tl31f '1!~" 0 ]cJ-. •l 0JoJI e,1.-1::: 

Cil .!/-ii'-"1 DOM ,e. 7] -ld O l '-t ii'- ,<f "1 '; AJ ' POM 31f "1 '\'! 711 ;; ilf "< .. , 71 c] ,l 9-. Ail.!/­

il)-;<JJ ej ?Jl &R::: 7J.-l'rY- '1!'11 "JEil7floJJ e,i.-1::: ooMei O}of-'1 's"J g ~•l 

:: ~o]tj . .::;i~~.2...£.';: 7J%~ ¾'110]4 '€{-5:., ~%~~3.~21 A~%eJ'o]Y- J.~{!-~ 

%'4 i/,°_ ll-e.l<:f-'1, 'Jl1i"r"'I Jl.'1)',;ej '1!.<foJI "1•1•] DOM"1 ~AJoJ AJ • -/1{!"1 

2-£ cJ'll~I "1-l'icJ 7fc:0<I ~,1.-1sr, -"1%~'ll-.3.1"oJ "J>,J-af2. CIJ'l)->joJ {!',11-"l'<l 

tj- S:~£1:: .ij-7Jol] o]~oJl ~8H ~ti]¥! DOM£1 A,:j~o] 1¥--'?;!~?:l, !ft} u],>,~% jl 

e.l(microbial loop)~ -',-Oil 711-ll "'12-£ DOM"1 -'Jii'- 0 11..} "J 0 1 c]'cc 11£>1"1 '/!SI 

::: O<J, 7J-,l'r'-t '1! 'l! A~ 11171loJI "''" ,1::: DOM"1 c] 'cc 11£71 ~-'JoJ] >] %'11~ ;! 

'l1 \'la<M ?,.I::: ">11<11"~111711 '11"1 ~'lt.3.~ 0 1 .2.'ll%~oJI x½£J'.l)g aJJ 'l!c: 

'li'J"oJcJ-. .'l.')ll,-~oJ '~11171JoJI c] 0.:! 'll•Jg • J>Jc:0<J ilf"l-,171 ~'i1•1c: ~1"11'\ll 

Ell ~I~ 01 %~ {:I~ '1!34::; 0<}'1! >J Ell 711 ~I ~Cil "1 %•J 0e~tj- ::I2] 0 £ >1J.!/-i!]-,.J "1 

>f.lEc: _2_'lJ%,loJI -'/-%"J% 0 J x½-"1"1g '11 >11<11'~111~1"1 .3.7]Sf 'll 0J'i!~l"1 -\} 
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{}JJ Oil ttf"1- <>] «HI: 'iJ 'if~ '/):: ;<), "E ~ 1'. '1i 1'. "i) Ai ej •• % ¾<11 ± 'T'IJ -jj- 7) 

.5'. 'll-l.- '!! (HOCs; hydrophobic organic contaminants)oj A) {!<>I) ttf"1-, ::i. cl .:c. ,g % ill' 

<>I) ttf"1- :S",l-3:1,'"i) "1'1 "1¥~1 ¼4'51.:c., "1°) 0J-% ¾•1 '§-!.-'a'~ 51::,) clcAH< 

tf:: ;! oj cJ-. 0 ] ;a ~ <11 're) 2} PCBs• Af%'1 1'. '11 ~ -of'l! cJ-. 

7Je"1 'l!'i'"il ttf.s\'! "i%lt"el-="1"<>1l ei~ ±+'a -ll-71 .5'.'ll%'!!"1 ¼+:: ,g 

%'1foJ] 21~ ~~J:~ ~E..!9, ~%~i@'a.~9l kfl:¥.'T7l- W,~ aft~ oJ~oJ ~1:1]"5}';: 

%~%7]%~(dissolved organic compounds)4 {'l-7-1]71- 9Jc}. 0H! ~31}';: 'i!-~ ,¥-~ 

~7f ~•§51\'! -'J~'il 0J,r~)"1 >§-!.->!ll.\1<>11 ±'T''J %7] .5'.'ll%1)o] ci \Y- 0 1 '1,'~'ll 

'T 9)::::: 7}'oAa ~ &etl¾9-. 1l~oJl';: 7J-iiFfoll Ai~~';: ~%~i@-3.,e Isochrysis 

gulbana"l 'l/5'.i\' ',tc)<l Af%•1'llcJ-. -li.'11"1 ,,,:,i.:: 7]i,; ,l,:i'J-2}:: cJ-.s~I Lj-~.2. 

!9 ~ ~~% ~~•5}.32 9.l.9-. 
±4'/J -11-~ .5'.'ll•• 9 ,J/~11'114• <>!%ft -l!l"il 4%@ 

PCBs(polychlorinated biphenyls):: 4'1" '1!c"il 0 Pllz-\i- I. gu/bana"i) "1<11 10-90% 

7}- ¼'T£19J.E..~, 'T A]Z} ~oil ~7}-~..Q...£.. ¼'T~9:t9-. ~%~~3.~ Ail.£ <tloJl ~ 

<>l'.ll:: PCBs"l '1;'5'.:: i½ 24~48A]{! 'foJI:: '1"1 '1!:<1-tf;,I ?£ 0 1, 'li':J-'1'1'11<>11 

£',!tl'l!cJ-. 0 1 .'?c-\i- "113'::: •J;,,. -![,O, 'l,'5'.<>il'i -![,"_ AIZf%'1Jc i½51<>i '.U'.ll"i~ 

>;t,O, 'l/5'."i]Aj ci lig, PCB:. 'l,'~tf.:;,_ '.1!9:lcJ-. ~ "1%~ ",1-31,'"il PCBs71 -'o'~ 

'1 :: 5l g, -!r ,"_ -'o' x <>ii '° ½ '19:l % "11 "i % ~ "el-a: 1" "1 1 • ill' :i'J- 'l! •l <ii ti:: 5l .2..'i'. 

Lj-Ej ,/; :il, >§ %'5';;, .5'. ~ oJI ttf E. \'! -'/-')/ 0J ~ 7f -'J ft f, "i) Ai %% ~ ",j- 3' ~:i'j- <>j 'fi' 7f 

ci al,"_ 0J"1 PCBs;s -'o'"i'tl:: ;!.2..'i'. 0!]~'19:lcJ-. 

~ ~ Jtl~~ ~A\]';: "iJllil\'\9"Ell'Al 'T"*l.£.~£1 ~~"-J, ~~1PJ, ~~AJ"o]tj-. 'T 
"i.5'.~"1 7.e!:i'J-• ,J/~'§1'11'11-i'f 0 1%~ -l!l"il'i '</,"_ •lil.2f •l"'- · o;J¾tl:: :,1,g, 

9 iLtfcJ-. ::i.el.<e.s'. Al].!/-:i'J-;<i]ej -'l-.l!.:: 7] 7l'll'<! .l!.¾/"l¾(Pelagic/Benthic) +c,J 

.5'. ~ "ii ,jj ~ ,g 1'11711 "1 a: 7] "ii ttf ,s Jt "Ii\' 'il 7f ti .:c., ,jj ill ,g 1'11 >II "1 Aj s'. q. :' • cl' 

~J~~~ ~{toJJAi ol ?;i:).£~.9./ ttl~"-J-&- 31,17}-15}-;:: ~olc.J-. lf.¾/A~¼ ~~).2.~S!l 

'il~"-J3!} ~~~AJ,& ~tfr~_Q_.£. .£~£1 ~~AJ:i!} ~~~AJg ~7}-~ 4- '1J.~ JI.§_ 

::i.,;J',! PRISM"! 'l!>litfoj 'f171'19:lcJ-. 'r'il"i.2.5'. ¾-'\ llil~'JE1i>ll<>il'1 'l)g, ,fli 

£-,,.EJ .5'.,!!"1 oJ7!\ll4'"1 *~Ml'a¾ '1J7}0f:il, ,JJ"ll>,ll'11>11~ 0]%tfoj ',l,"_ ,l,:i'j­

~ A}-~AJEJloJl £1~3}-0:j ~%3}-7] ~~ A.%~~ %~¾ 7~~8}::: ~ 61 ¾.a.~~ 
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12. Cybernetic Experiment 

',1 '¥- '1!'11"1 'r>ilc: "Cybernetic Experiment"0Jt:J-. <JEIJ-'llc: ;,f~l'1.2..sl. 2~ 

~? 5:1::: ';;"JoJ 5:lt:J-. -'/-¾>JEIJ;,jJoJl-'-1£ oJ'<i "i~i/1 7J"}.g. 'l'-'l!tl-711 '-1-Eft.J-;,IJ 

!t!.Ll-. ol]~ ~~ 0J:~ ~~'f:l(positive feedback) 7]~~ 61%~~.=1.,e~ Aj~g ~ 

~<5}.JI, ~6]A}S1 ~~ 0 14 ~ 0J~21 2:Q- %~ g~ ~%~(negative feedback) 7] 

4 .2..sl. 4%~t:J-. 01 eHl "1 %'II 7Ja}1'- •~ Eil-'11;, '.l-"J -&-f::: <11 ¾.a~ "l ~¾ sf ~I 

'i! t:J-. .::r al .<e..sl. 0 1 Ail 'l-'1->11 "1 .!Cf .ll::: "1 -'1P1 "1 "1 ~'II 2 21 (feedback loop)-!; ,g Ell 

-'!Joli £ 'll sf 'll % Uil O I 7 I 4 <>II "1 •l ,g Ell :>II 7 f 'if ::: ':l •J g 2 "I sf ::: -ll oJJ "' 'll O I 
'JI '} oj ,j 5:l tj-

"1 % 'il 7J'f% '/!'i'-Sf7J ¥J•H-'i '¥- 7f;,J 7Ji1'1,''ljoJ <1%"15:lt:J-. ')l '1!•1::: ,fl 

;,J1JEll-'11 '1!"1 ¾Jl.~ 'i'-'J~g >IPHJ-.2.<a."1, •JEll-'11 '1!"11 '/!oJ-71 'li"1t+\'! 0 1.sl. 

-¥-E~ .::r~Q:.J Q=j"4£g IfJ7}<5}~ -5!0]2, T iti.a,tjj:: {!o!!~ ~Aij"i5~.AJ ?;11:t:! Aij.£¾ 

'i'"J~g ~7fSfoj 'JEil-'1171 'l!ofsf::: ;,lg i;j;,fsf::: 7,JoJtj- 'll~oJlc: 501 %%' 

"1 {;I "1c1 5'- 0J"1 311 <II '!lEll-'1171 -'-1%>15:lt:J-. 01 J!IJ,iJ ,g Eil-'11::: {;I~ 'll oJJ '\Pl sJ 5:/.2. 

nJ 1,-£,>f '1/,r 3cS'! 0J 7f';;Sf2, %7Jej tlf"foJI::: .il\l!-'i,;i<>i Sejoj5:loj ~~oJJ<j 

eJ ,>f-i,-;a 5'--'1<>15:!t:J-. ~>inf;,] {t,,i., "l"f 'lf0I 0JS;- EPA<>ll<i '}'()-&-12 5:lc: 

'lf <I ~ "11 "ii •~ Ell -'II 1-J ~ :'. ~ .f -9- 21 oJI ~I £ W :'. £ % 0 I 'l! 7,/ .2. <a. •~ zt 'i! t:J-. 

I. PCBs 

6'j 0J ..2.£ ¾ '?J £1 :-: .Q.. ~% ~ ¾o/l Ai PCBs(Polychlorinated Biphenyls)~ .:Q- 2 

.A]4f"'d 4y7].2..~%~(Persistent Organic Pollutants: POPs),g. &AJo] o],¥- tr.JI ~ 

•171 ',! "1-'I ?,{7J U11..-oi1 'i1°J~7iloJI -it'll"i\'!? -\l \:! %'1! -,l-1,-Sf~I "lo\ ,g-,1-
-'cf~?./}?7]. -'r~ t.ijA/ "r{l~oj) o).S7/ rr/Jfl:-of/ ~ii) ri)i'J~x/i!}.£ ii}%- -%- • 6JW21 

,g~J '1!"11 "'"1"1"1 '1'<-1'- "jo]uJ-g '<-'ii '1H!:oJl~lnf7I '11:S upJ~I 'i!t:J-. 0101 

A]{!-~ A}%o] "5"A]t\ PCBs~ .2..~£7} 1"i*l- 7tf:±:<5}.J1.~ 9J.A]1tl- o}3J ~{tii}~ 

PCBs oJJ -"l •! ,g Ell ,i) 71 ':l ~ g 'if 2 :U t:J-. .::r 2J i.+ 's-'-ll oJJ -'-1 ::: 0 f "I oJ :<J 4/''a ,;- 7) 

.2.'ll,1-'l)o] •J 0J>JEIJ,iJ'-l)"1l-'1 "jo] 0J-¾ '.!''ii "11~1 oJ%'1c::<I :,J-"1 'll:"1~ ]lo] 
~';::: ~AJo]"Ct. 
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1988\'! ~-ll-'!l ,l-1HeJ 60%~1 ,tof:: 20,000°1"1"1 %7l(harbour sea])7f ~Oll~I 

A7 Al 0J-'1! Al-<J 0 1 '1f'J'1! ?;!~ 1!!'¥·.>'-, '!iel:>E'-1°1-"l efctAl;<l~l>il"1 l'i:c'. '1£~-!l: 
0 ] '1)->Joj-'.ll,JI, ><l¾Oll-"l ½-'l-"1%J1'1i(striped dolphin):: 1990~1992\'!:U: "1"''1! 

l,()()()ufeJ71 Af 0J-¾ ~)'.lj.2.nj, '11'1!.§. .s'-,'l67J- •l'i'-"l ~%'2'1i(beluga whale).£ 

uJ\'! 15-20 ufeJ71 Af'lJ-Of'.l!ct. 'E'1! o],:c tiJA1°J \'!'l!-"l '/loi%2'1l(bottlenose 

dolphin).£ 1987-1988\'!TI "1"''1! 750 ufej7f Af 0J-o\-:: % "il7ll -JHcoli"1 'l,oj\:[ 

o) 'II %%-"l "i '11:: aj o] 0J-¾ '8'0il -t'-e\>-'e PCBs %:ilf .!:~ "1-"i''il -ll- 71 .2. ~ %-.! 01 

01:; ']%-"l \'!"1-'11711~ e}~Al,j 'l,oj\:[ ~,;)-.2..s'- -'i"11"1o1 Lil\!!\'!c'., ~-ll-ll " 

7 I a: ' ,1 '-1-ct' 0 I " % ~I Ai :: 0 I 21- 't! '1 -,! '1'! 'i' 7 I ~ '1l- •I 'c! •» -"l 2 '.ll ct. ::1 •1 '-1- °' 
Lj ~I Ai :: % 7 I .2. ~ '!,- ',I ~I tiJ '1! A] % -t'-e\> oil tiJ '1! \'! T 7 f 0H 4- 'l! "f '1! 1, 11 ° I ct. 

1992\'! 6-!, el4-~-"l~l"1 >H"'i-<l ej,i] 21(Agenda 21)-"J "111911 '-11-0ll~'l-%-.!-"l 

-i!:'a 'l .2..s'- -<! <) '1! ;;'!el 'ej 'i' -'11 'l '1! 0] •~ 711 "i -'r' ,l ~ '11 sf "I % 'li! -i!: 'a ;,j] "I (UNEP; 

United Nations Environmental Program) ?.£t}ol] ~~..2..~-'t!oJl '4~ ~ 0J..2..~ ~ 
><I :S '11 '1! '1l ><1 'i''l -l! t!7ll "i (Global Programme of Action) 0I 1995\'! 11-!. 0 1 ,:Cej 

~Pd'<J D.C.oli"i 'l!i/1 >J-\'-TI ~-"l~l"i >l"'i-"l'i:lct. % -l!t!7ll"i~I:: "1•1 -'t'J-71'1! 

•1°J .2.~-1!¾~1"1 4--;!'l.2..s'- ,]4f"J -;1-71.2.~%',loll i:Jloj-oj 2005\'!nf<l <!'11~1'1 

.2..s'- 01;:; :>E%~1:: -'11%"1- "1l50-l/11-"l <!\'! til-'11:S -s''1! il-"1171 :>E%"1o1 '.l/ct. 

% -l!t!7ll"i-"l il-"11 "l'1!01 2005\1.2..>'- "1¾ 1'"J-'ll 14- "'zt_;,_, >1%>1, -ll1i•l1I 

7f6:: %;" ,]4fAJ -)l-7].2.~%>!-"l .5'.:': '1l-•»-1!~1 til'1! il-"1171 1,Al"1o1 'ac<il~% 

{1 ~oJ] li!-t\l t!- E-1-Z:l 0 ] -9--?:J ~ jl '.xl, ';: rt % c-& ~7J 7.11 ~ 0 ] ~ -9--{i ~ ..2...£ Tf ~l ii} .:i! z} 

t}';: z]4,:J..J *7].2..~~~~ DDT, ~£~(Aldrin), c.]~E..'H(Dieldrin), ~E..~ 

(Endrin), ~ £..S t!-(Chlordane), ~ E.j.~ .?..(Heptachlor), ~A}~.£.£ 1tl! 1!l (Hexachloro 

benzene), u] ~6(Mirex), ~,l.}~{Toxaphene), -i~ ~.?.. ~ 1.i] 0 1 E-1 S 1:1] .if!]'"€! 

(Polychlorinated Biphenyls), 9- 0 1 ~~ (Dioxins), if ~(Furans) % % 7] ~ ± ~l ~ 'ff 
D£old <!! e ---r. 

UNEP2t IFCS(Intergovernmental Forum on Chemical Safety}:: ~ 7] ¥!- ~% 2... 

.£.. 1998 \:! Jj!- Ei 1:1] 1:114-Z!-~ AJ ~ ~~ ~ Ontergovernmental Negotiation Committee, 

INC) :; 'i'- "J ~I "I PO Ps ~I ti! ~ 'll "l 'i'- -"i' <'I O I '.ll :: ~I .5c. :; u I \:l S' I .>'- 7.l 11 ~ ct 'E '1! 

UNEP/IFCS:: '97\'! 7~ ztot-"l IFCS National Focal Point-"l- UNEP POPs Focal 

PointoJl A]4;=,.lg %7].2.~%~21 trJ~ 47}~ ~~ -W~ "Persistent Organic 

Pollutants: Criteria and Procedure for Identifying Further Candidates for 

International Action" g l=lJ¾ '6} ~ A} .fi. T {l g -'tl- li. <5} Jl ~ £ 1t! ~1 oJ] 9J c}. 
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2. TBT 

TBT(tributyltinJ;; "I*~ %7I 'r'1§J-iJ-%,O. -;!"1-oJI 1sf%S1::: 'l-'r"J% 'lf"I% 

>1l'1l!s(antifouling paint), -\!¾ · -\!ir>il, PVC '1Hl>il, ~el-6"1 'Jl7l>il, -U'll% "' 

uff, l,f;<JJ .!l.i'°>il %.2..s'. ,le.I 0 l%'1JI '.Uc+. oJl'li<>II::: 'l-'l-"8% "J"I% >11'1!!'.o!I 

-u §f >11! '?-el ( 0 I -u §1-% )71 '1-'r •J ;<) >il .s'. 'r .s'. 2051.2.4, 1970\1 <11 'I-Ei ::: '11 <>1 'd 'I- 'I 

"J"i .fi.4 "1111-oJI TBT7f ll! 0 I 1sf%'1<>1 ~ct. TBT::: -\1"1-\'l''l!c ofy2} •1°J'j'-~ 

%0 14 <>1°J, <>l'r %oil '1-'l-"8% 0 1 'i!"-i-11:"I *'f£;a; 1sf%51<>1 ~.2.4 ::i ".-'J 

~~oJl ~.g. ~7}~ ,'.: ~;(H A}%¾ ~.A]ii}Jl 919-. %7]~~~~~.Q.j ,&"-J.g. ¾7] 

:r{f(organic group).Q.j 7H"r ~ 'l:i~i4 ~;i]7} 3.1:}-. ~8"] ¾7].:1~ 0 1 Ai] 7R 

(triorganotin) 'll "11 &'2°1 3.9 :i. %o!JJsi£ TBT (tributyltin)7f 7HJ- &-'J 0 I 7d­

•lc+. -'J;,J<>il <11~ %71?'1 §J-IJ-%.eJ "c-'J{,!1JoJl1sj£ TBT71 &-'J 0 I 7f'lf <c -,l.2. 

.s'. 4 El 'd "I '.U ct ( ~~ 'ii 0J \'! 'r clc, 19971. 

{:J "1- .eJ 'l! \'! oJI 'I- 'I -'J 1l- :; 0 I ¾ 711 '1 \'! -\l 'ii .li \'! 0 I "1 '!! <>1 "i 9 , -\l 'ii .li \'! 0 I 

0.01 mm :,J '!! <>1 ,! "11 °1 ct \'! Kclc.'i'.::: 0.3 ~ 1 %1'1 ~ 7f Of 711 1'! c+. <11 'cl -\l "< eJ 7.l q. 

~lil:l]7} 1l_lif~~l:l].Q.j 7-j~ 5()%JJ}A] j:}A]8-}o~ 1l_~ ~~.Q.j 1f-~"'~% ~~]';: ~ 

{!- {Pl~ =:,! 0] 0}'-it:l-. TBT~ W¾~JI 9.l.';: ¥~,,,J~ HJA]% llfl~E~ ~~ 7a 

q.. -¥-4AJ% ~l~.Q.J 'S7-1~%g 11 "r cil,Jl, 't!lil:l]~ ~Q.}~ "r 9)';: ~{lo] '.Ue>i 

%~1-!o]Y, :§}~1!4 ~~ rf'lj1l_~~~ TBT A}%~ ~~<5}';: 7atrJo] 919:P=l-. 

-!j!-~A~% l:IJ-Al% :ifll~EoJ]';: TBT.Q.J A4~ ~~A]7]7] ~tH 

TPhT(triphenyltinl 0 I ~'Ill 1sf%1'!ct. '1-'r"J"l,iJ.s'. 1sf%'1::: TBT::: >IJ'11Eo!J ~ 

0,'31.2..s'. ,l~"l<>J '.l)q7f ?~<>ii "-I'll Jsj>jOJ %½'1\'!>i 'l-'r"]%a; 0 J -\1"1-eJ .li 

\'! <>ii '1-'l-•I::: Jl ~ "l ,iJ ~ct. >ii '1).§.oJI <i 1i' "-I "I <>1 cf .2.::: TBT::: '1-'l->8% \'l''l!c 
0 }Y4 ~{!% -'8--811 2;;:~oJl 9]';: l:l]Jf.~.1.~%(non-targeting organism)oJl 4@- °a 

•J ~ 0 Pl 711 '1 <>1 '8 % '1-'r "l ,iJ 1i. S!f O I OJ o!I £ '8 Ell 711 <>ii '11 ~ 'I '11 \'! :<I- ;; ct 211 sf 711 

1'!9-. "Ii~ :S<>l ,t 0J-ol'l}"-I '8-U" :,J-±::: >HR 'l-'t!<>ll•i "i*"i:::,11, ::i 0 J¾7f 

',! '1! til "I eJ TBT .2. ':l "11 li'- '11 ;l .2. 'a. ',I- aj "1 9.l q. ~,,_ I ,l ,f ~ el cf cl- 'it 'ii '1! S!f 

'3J--=r1-, 6i '6J-, s:. {}~ 'T ~ %-oJP•i £ 0 1 9t {f 2. TBT .2.. ~ 0 1 '-+Et Y- JI 'V. tj-( if '£1 T{!­

¥, 1996). 

TBT.'a. '1ltl: '8Eil7ll "'"~AJ,O. 19801:lcJI ct ':lS:-4 "'!i-AoJllsj %,c 

(Crassostreo gigas)"-1 ,Jzj- 1J'c!S!f 1l"ilc""-1 ,J-±~ -s-•l >1 g .!l.:i!"i'lli:J-. !'.•JA 

~ 0}7}% 11JoJ]Ai:: ~n 15,000 -E-9.J ~ AJ{!-i'g=o] :a±<5l:: -'fHJg ~~~ itoJl .9.. 

E 781a!,tA1 ~ S:.{1.i::.oJ]Ai il-°d.£1:: TBT7} i ~<?.}~ 01 '¾f~A]7].£ ~Lt. E..i!J-.:::.:::= 
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~"I"- 1982\o-\'-£1 si-'i17.! 0 i 25m 0 ]~"1 '"''ilsi"roJI til~ TBT Al%% il->11~ ,Pl 

T lo '-1JoJI 0 171'8''1!"1 TBT 'o'£71 "'"'i;l~~9 ;it AJ~'l,£ .§F\}"1'.l/9-. \':!O],"_ 

-Sj-',j-;!~% -\<-'11A1 TBT71 ,tQj >J.c<J-',j>i]2J- lil]Z,7]'iJ~ 'l)~7]Jl(Stephenson, 

1991), >ilill"1 >J~oJI£ 'll.-J% o]>i"i(Lawler and Aldrich, 1987), ~~"1 '8~4i£ 

~ ~~A]7].:V..(Stephenson et al., 1986), t-~ %Aj.9l ~,€:- ,i..}0J-~~ %5:."~!-tj-~ ~ 

0 1 \11-t1:l!C1-(Beaumont and Budd, 1984). 'E~ ~~¾oJI 'll-.l'."'16~ 'll~7]c: ;;! 0 1 

\!f01'-l\'!A1 'lr.l'."'i6c: TBT 9-'ll"l ¾%~ AJ'!,-:<]Ji.s'-A1 -lf%"1J1 'l/9-. 

~.£~~(iinposex)~ ~~ft-91 ~~oJl 'r~ .1.J~7}7} A]l=t4~ ta.%% 'Q~tj. 

'lr .l'. "'] 6 cc 1969\'! 'll -S:-"1 Plymoutho\l Aj -"I t;I cc Jl % dogwelk(Nucel/a /api/lus) 

'lJ-',!oJ]A1 >1 g '!!'1'1'.l/9- '!l-'r2t >!o] S'!"r-lf%o] ~'If~ "]"loJ]Aj 'lr.l"."'i,-7f 

¾7l-<'>t9, o]*.Q...£.1,!-E~ 7-]cl7} ~<>i~T~ ~~¾o] ~~~q-::: ,'-}1Jo] 1iti>J{! o] 

-f, r,-,O. '1-:-<f;__; o] {i"r-lf%o] 1Jt,O. -Jcoj]Aj 'lr.l"."'16"1 '!!~%0] l,:9-c: .'l.i'7f ,U 

'.l/cj-(Bryan et al., 1986; Horiguchi et al., 1994; Ten Hallers-Tjabbes, 1994). ¾71 

?'J ~~%% AJ-'l]'-11<>11 "Jo]y- %~ 1<-•l 'r'll~ 7i]q., TBT71 71~ 'lr'lc"']6;s 

'lt ¾'!!~% .'l.~Jl(Bryan et al., 1988) •l'\' 'll-oJI 1 ng · ! 1 o]t;IQj TBT 'o'£oJI 

•1 'lr.l'."'1671 ¾'!!"1'.l/9-(Bryan et al., 1986). 'll.l'."'16 '!!'it"1 ¾3/'1-'i \':!'?'"ii 

Jtj-g~ T~ ,,.j~7] ~y,,,._~ ~,._J~ YJJJl 'r1f!(vas deferens) 01 ~AJ£j.:v.. ~{!<5] 

'ii>J-'i'! -foJI£ :ilftil >J'l}%foj 7.i.-S:- g11:(vulva)~ "/0 1 'lf"1 •J-½ 0 1 "i~l'll~>'-"1 

'l}',!oJI '1-'ll- 01 ¾'!!"161 7H-'llir 0I ;;J's,t;f;,JI .:,Jq(Gibbs and Bryan, 19861. '11~ .'i'. 

'-1 £1'\I oJI l!f .s \'! .;) "'e] -\'-'I ,g % •J-"I % lli] 'l.! E oJJ e] '11 .2. 'll 't! :<J "l <>ii Aj "''ll 'lr 

',! 0 1 ii 0 1 i'!~P1 '.l/Jl(Bailey and Davies, 1989), TBT"1 -\'-'l"J:-<l ~J_s!_Aj Af% 0 1 it 

>!J't! -f ,ij.llJ,i'ej :<1~ 0 1 .'l.'1.sl'.l/9- (Evan et al., 1991). TBT7f ,te] ¾AJoJI oj 

>le: 'lj•J,O. uij4- 7jAj •l'i'*eJ '1;-£71 0.05 ppbuJ- .sJ<>j£ ejo] '\l'i"loJI O]'l)-o] >J 

7j !O'l/ -fl'! >1<}71 'l)<>jy-Jl 1 ppboJ]Ajc: \>l'!l't! %"Jo] 'il"J"i\'!'1 S'l/ 'l]-oJI 'i'. 

-¥- ~!,qt~:: ~.Q...£. ~et~ 'Uct. 
oJ",/'i: ,1-7]9-'ll%'lJ,O. •J 0J<J'11AloJI oje] 717] c:J•J% oj;J7] "1111:oJI, ,i,11",! 

'1!;sJ;s o]%Sfoj !/-¾>J'1!AJS] ejo]uJ '?'¾~ Jif~i;IJl 9-'ll'!l-',!o] o]%~C: ,:J'a. 

"I 'Ii~~ ~ Ji/ ~tt :: '1! 'r eJ -l<"a ~ 7f '/1.R i;f ci-. 
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-f9-

. t, lo j.e I~ FY ~ 3 lo t;, i'r 2 

o** -s ltlfo ~ ~iA¾ 2-l¥~¾ ·~o~ ~.fa 20PnsE1ct pa:.>JoJu!aJ ssEI~Jaqq 

ldHd) ~Y{2ii "W-fL.g..~t?% Q{D:1~ {}-if '-b1,'$-l.@l'z'.'.t°ft ~t'L =:_t-5~~ ·kltl 

~ lio¾!ln ~ls hio%% lo-s,[lo {ol',ln i,-/,- i>. 20-1', C:lioif [l1 tde lol~lt,R, 

ltrll< ·tilol•ltd, ~31•".{L {L-s,le !,lo liofo-s, fo~j,', :°;./c¾He -s,[lo {2{2 liol,', 

le {dale 1@15 [L[oi¾ :°;[~½ % lo½lti In il-¾1-o~ 201"-'o' co- ll>rv ~l~lt,R, 

l\Clil' l< 2o]i)Tuliol2¾ -;,:t;,r ·t,!ol• ¾.fLA idtdHr l% klio-!o{e -l?ln a ti,/e 

~fo 20R: {Sl?AUB:l)y{Ri¼ ~{-'?.~ \L{.g[z.:% ~:S"fL =:.(!i[13.f.,,[fr[ltr B. 20~EY 

lo~.fo wrlg '-bfl\v[¥% ~foO f}.t~t6" 20~lf'tii ~{.gf~t:£" llo1J!·K %-k to~R, 

o~-ik ~ ·~olb{~ ¾.f'Lfl l-o~ ~t:2e 1½ 2~v v~~Ioll-3.Y lkitr &l-o~ WJQSI 

fdiolale -lzc-!ole !<>I.els ld•l~% afo., ;;.,.-1r 1"~l< ti!ol•l~f\- ,;3{•1• 

fe a PL ::: {L fo ~ 20 {& I~ [13 R,t1, Ill' {L-s, lo -/rlo [lo lo lio 3 {Ir 1-o Tu fo t<-t?-lr lio\it 

t~ %½ 1012¾ 2ls ~::!,~ =:_WJQZ -kK '-blorlli9'£ ir&% '~lofoO ~%Th" lo 

WJOZS ji[o'I; ·wooz1 [ol',[i; io;,d, [Y[iol-S 11,r ;;t,c./1- lo1"-/r[L% ll,rv ·t,p, 

~j,', 20 auaJAlj]OAJOd i>. {L[l<ra l•oc~ :::1,111Rd,[\;! 1"ltrll< 'o,:P,~j,', 20(01 

ap~i\Jod '99 ap!ureAJod '9 ap~AJod =:.1!Fs- lo{YR. ':>µqe; uori\u iuaurumouow 

::: h fl; ) la E c;, 11oq;;N R {L ¾ ( 1/S-V d tz ./1- )-i't fn lo IID1S ::: I• [13 f, [l;o U, 1" [le U, ie 

·tiiol.e%{Y lioll> rv lelio lo!.el,cl~ "" :°; 

[lt'[tlf.,,[trllfi lo-M-~ "5" 2n0fb lt1=:_{.g~~L ~[l'i'.~"t::Ri ~%{t ~lo -tf~ ~{.g~~L 

:al~ltifvltrli< {Lh1• [[1-'g-{L Jf-i't lol~tcc lo ·t,i>.%{Y 2½ In ~els, ~% -1"1<> 

lo/lc;<' ..tE-&ii kliof;,-l,: 1"{Y% -lol~lt,fv lolti19v i,,js tiforo lkl•l<l< lo% ij: 

"i!!: lo[~ [L 'F% i't .f?:.-& ~fo~ ~3½2,q~ i"R½ ~-\z'.'"§ •~\5%-lY 2½ [lo% -\Y~ 

1"it ld.e{Lf\; ¾f:-Rd•ro ;.1o lio..tE-&-!i¾l,; [In alol•{Lil; ¾ilofoil, 't,lof•ilo 

:::-rs In a!olo¾>i lio&¾iloo [k :a {L[li[l3Rvfolio :::,~R ·-t:,n; {L[lilt,fvl\Cli< R 

{L ~T,c l\Cll<-il> 'i,".{L iofo¾ lo-s,I• 11,½ ~{L ~%.fn j,f,ro -lo[li[l3Rvl\Cli< "' 

{L :°;T./c i>.ll<rn l•R~ -1?-ln l~r,-i't loll>rv C;[li[llfd,U, :::lo%h fdlofoff• 

-I,: [fr j'& [rt !i\, [o ( mso:iosem )lr,:: k3. ~ [t-f [l<K jl I 



Polyethylene bag 
or 5um mesh 

Rope 

130cm 

cm 
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E 
C 

0 
~ -

Catamaran(FRP) 

1/VY¼ 
111 

Buoy 

41 Ring 

• Ring 

Weight 



210cm 
Bolt Jomt 

0 
0 

00 

00 

0 
00 

40cm 
0 

I 2.'"8-,l'i!! § 8JH (Cfie!OI £15:..l 
2 ~~. ':r:E!~ S:~ 
3 2 § 12! g OH -2: O+JII A12.1 
4 !::lfQJ:i?!!§ ::'.:::fJ£@ ~~ * V.E :::;i.gi 2JH~ 
S Q;'c!!Qs!: UJ.,,,.OJ ~l'iH ~!JI/'* V.5:~ 

0 

¢ "-130cm 

0 0 E 
0 

0 
~ 

210cm 

i 'll 3 · 2. ,iJ J,i '~ Ell 711 "1 .!/-¾ -ll- '/!: "1 'i' ~- -)} '/!: c: FRP-"'. ~I 'l "1 ~ 2- oj , ic '/! 0 I % 
0 ]'5"}5=..~ 27B9.J -¥-~2...?.. ~~.S:l~ 9Jc}. ztzt.9.J .!j!-~,& ~fll~c!1~ :,;TI~.9.J ~E2} 

LiE.£. j]_AJA]~ 5'.~1} ~ '.V_tj-. 
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Mesocosm buoy 

20cm 2cm 

0 0 0 0 

2,1ei 11-"1-<l >1H'- cp\;s 0 1%•19 11~1 .ce,H!- 'r '.l\~9 . .i<'ll 0 1 '8 :q:21 .5'. 

'l/'.'. ::r,l 3-2oJ]J,j _li!_',-o] 5'.,f '!1'11:S ~12 '.lit+. ll: 01 20cm '1! Ai]£ 'l:!'.'. "t5'.£ 

'1! •1 •l 'r 7f ¾ 0J Sci cc ;! % "J- ,] "1-"1, llil 111 "~ '11 11 :S £" t.\ '1 ±I (shackle)~ 0 1 % tf 

~ ,¥-~if 'T ~£~ -'J-t±-.2..5..-¥-E~ 2cm 5}1f.o\1 A]~ 15mm9.\ ToJg W<>l~~q, 
>10] 40cm '1) 7f£ \'f'.'_ {!\joJ] Af-§-~ 7]'/';, ,£ej'f77t.) {!\jx}7f ,£<}7f-<j 3/ 

~% W 'T 9,l,.1i.~ ~]~5}-9:l,c}. 0 ] ~% "2}-~t t.jj?J 0 ] 130cm 0 ]2, S<l~o] 210cm 

ojl:f. ::Ii/J 3-3oJ]Aj .'l_*O] .!/-¾ 'l}'froJI CC -8-'iJ' ]80 ! "1 6E\O]£% .l/-O] 47j{j; 'i, 

o} ,¥.~g .:?:~<5}S!:{Cr. 4-oJ~ ¥-% 11-W~ 0 ~e/l ~~! ~PJ<Sl-uf, £.ll~ 0 )-§-a}al 

'I- '1- t I '.ll i::1-. 
"11"1~ iJll'1!AJEJ11cc KOMES(KORDI Mesocosm21 <}zf)Z} 'lJ'lliif'lJ:il, 3112] 

.\'-¾ •J,&,& x.i'+"/ '1J'1!sc;'s {itf'.l/2, z,zj- KOMES I, KOMES II, KOMES III 

,,_ 'll 7 I "1- '11 q. 01 llil <IVJ '111 cc 'l! '<! oj ~ "- {! ~ "11 '-I % Sci cc 'l '.'. % 'll' "1 l>Jl '11 A~ 
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rJI ~I oil >i llf •! w 4' x '.U::: "'1 '!I -2->Hi al rJI ~ ½'l! 4' '.U::: % ill'% 11"1 "- '.U "l. 
{J_~ ~:ill-~ ~£!"a%- ~~ .:;=. 1lt:J-. ~ll! _Q_~A}jl ~A,fo]t.l- ~~ ii!~% Zlir~ 

-ll-'ff<>il ,;i4,-.1 rJ1>1-.l"l, 'll-;J- 3'"171 'l!R'll :;,o11,1 3c;;J • -ll•l~ -.1oJ "'1'!1 ~ w 
"'T' 'llcf-~ ~11¾ A]Y.Jl '.Utj-. 

,fl,IJ;JrJl,i](KOMES I, 11, rm::: 1999\:l 7-%1 28'l!<>IPi 30'll•l"I >lt:oil '1>1 

'l}--":- 1/-±"i] 3c'IJ 'l! -lJ>151'l!cJ-. -ll>1'8 .f KOMES I ,I 11.<l ~11\'!:o'i-:s eJ.ii!-.f 

1] ~<5}af ~~¾rJ,=1,e ~ ~%~?J3.~% ~ T~ o}tj- ill1J3"}5::l::c., .:;=..g_i!} ~~ 

.::Ii:.lJl %-E{!-.±.~ ~1"5}~tj. %Aloi] T'l! ~.:;=.ol]Ai.£ %%~~3.~% j~11<5}Jl, 

4'-&, 'll11-, %~,;]-±~ "Hl-tl'l!cJ-. ,j1J',l;,f::: 8-%1 !3'l!, 8-%1 2l'll, 9-%1 2'll, 9-%1 9 

'll .:i "1 "- 9-%1 16 'll sa., ¾ cJ-'>l 'ti oi] ,I >I 4' '/J £1 'l! cJ. "I % ~ 'll' 3 ,s "1 'll ;,. ± 'ii' £ 

::: 8-%1 13'll.!/-El ¾ 5:§i"il '1>1 ";'lJ"i'l!Jl, 'll'll'11-'1% .!/1~ "]Kc: 8~ 2l'll.!/-El 

>111 'l! ~'ll51'l!cJ . .:22}J2 4'-&'4 'll1/-,'c 8-!l 2l'll.!/-El 9~ !6'll•l"1 ¾ 4:§1<>1I 

,I >I duplicatessa. "; 11 "1 'l! 9-. %~,;]-±::: 8-!l 21 'll .!/-!e] 9-!l 9'i) ,;,f c<J ¾ 3-'l <>11 ,I 

>I duplicates 'a. ~ 11 -.f 'l! cl-. 

4'-:0'4 'll11- .:22}J2 %~,;J-±c: 'R'rJI% ~'jj7](Multiline P4, WTW, Germany) 

;a 0 ]%-.l"l ~'lJ-.l'l!cJ-. "i%~'lf31',-9j 'll's-±a~11~ .!/1,H KOMES IOI 11"1 

•14':, 47mm GF/F oj'4c<]<>IJ ,le-I\!! 'i1 'e.2}o]of 0 i-'-<>I] 'li-li ,ll'\1-.foj "'1'1:i~sa. ~ 

~"5}$::ltj-. 1J~~oJ]Ai O:j3lf.A]~ 20mi glass vialso/1 ~Jl 13m££l 90% acetoneg ~ 

"l 4C:"1 'lJ>JAJrJlsa. 24A]{):-lf'l! 4½-.f'l!cJ. 4½~ A]ilcc: 0.2µm syringe filter;s 
0 ]¾<5}0:] ~~~ 11A-}~ ~17-l~ ~. Turner fluorometer (Turner designs model 10) 

sa. ~'jj-.f'.11 t:J-. OJ 'If~'\! '11% 0 1 %-.foj 'll's-± a;s 'f! 7J .!/1 'ii cf'\/ ~"I ,17J ',1 '4 

.f A]il."1 "J'!I-<!% 'f!'l!t:J-. 5% (v/v) HCl 2"J-%~ A]llcoj 'r'lJ-.foj A]ilc~ ,;}'\I 

">"f'l!.£."i, 'r'll'll 'i1 <f JO.as 'i]oj <!~ i1'l!cJ-. 0 1 <!~ Fluorometric "J'll 

(Parsons et al., ]984),; 0 J¾'ll il-:1% %tfaj \:I_,,.± a.s'. 'll'<f-'iof'<lt:J-. 

"I%~ 'lf.3:~ej 'll 'll'll-'1 :'. •14' 500m!:S ,j4'-.foj %"1oil 'ii "1 '!loll 'if"- .l'..s 

'l[\':!.£.!a. "-11-.f'l!t:J-. ~1!1/<>i]>l 11',i']S'i *~"l'U qg 'ii'~'<! A]ilc~ 100-'I 0 1 

1} :t: ~ o1 ii~ ~ ~ £ ~ ~ ~ -t, 1 m~ ~ Sedgewick-Rafter counting chamberoJl 

'>"1 100-200•1"1 •1%sa. '/f;:f~u]7<!(Zeiss light microscope).£.£ ~]'i"tf'l!t:J-. 

%%~'lf3~,'c Zf ,fl~•!rJl11(KOMES I, III '1!<>11>1 °J'i' "'17<! 45 cm, 0Jli\-
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300 µm'l] .l!.i?LJ]si!f 0 ]%tf"i •l"!-Oil>f\!-El J!.¾nf"i %- 2.7m;a <>ll'l!s\-"i ,j{i"i 

'll q. 'r' \'! 'ii 'T' Oil Aj sc. lll1 "11 AJ Ell J!l 'l]-Oil Aj ,1 {I ~ 51 -"I % 'll ~ 'lf 'll .2.ia. ,1 {I Sf 'l! 

9-. ,1{1 4,5'.c: 0.8 ~l m · sec 1 '\15'.;a *"ISl"i %'!!--!!-~='~21 5'.-"l •»%Oil 21 

~ .2.>ll<- ½01 .'r. >;- s\-'l!i!., ,j {I~ 'ii ,11 s'f llj ~ " '\'21 :;/ -'II "11 'l s\-"i A] .a ljJ 

oi1 %7l 'ii'.'. ct. 'ii 1roi1 ,1 "'Ai ai ¾'s' .<r.71 4%71 £1 sc.'s- %'a .l'."'- •,H!.2."" "'-'ll 
Sf'l!9-. ,11'i! A].ac: oll-'i'-'ii 0 17,J(O!ympus Zoom Stereomicroscope)¾ 0 ]%Sl"i 

~*~ ~.£. %~~ ~3.,eE.} 7ff~4-~ ~1~}-5!19-. 

¾71 .2. 'll % ~ TBT 21 •~ ;,-,i1 '-II 21 *""¾ 'll: 0 1 _1;_,1 'ii~ 1,1 ~ -& ~H, 'll '1 'i! 
KOMES IIIOil >jAj>J;,-¾ 'el-'.'. cage-It '""'-• TBTi!f 144 ng · l 10] £1711 ~ ~ 

'T' •J 51 'll q. Ei1 -'J- AJ ;,-.g. • I ,1 "r 2. ia. '1-'l! .2. oj , TBT Oil x ½ 'i! ~ el 1 'r' 'll Z! "I .2. 

ia. <lli'r, cage 'll-21 .sj'j;,-,j- •JAJ%;,- '11'-1121 TBT 's'.'r.:S "s''lJSl'l!9-. "l~l~ 1,1 

1Pl-'ll-& 31121 4. ¾7]"i-'a%~ 1,!~0il 7]-,ttf'l!9-. ~'/l '1£1'- ¾'llcSlc: 'i-'ll-"­

S:{i-(Prorocentrum minimum)oJl tHtt ~!r..¾-W-(Strombidinopsis sp.)9-.J 1j~oJl t! 
~ {-1~5'. 'i"'»"i'll9-(31l21 5. -"J-',j;<f-.l'.-',j;<f 1:!t %£). 

-l! 'II 7] Z! ¼21 •l'r 'i".0--& 8~ 21 'll 28.41:, 9-%1 2'll 25.81:. 9~ 9'll 27.TC. 9 

~ 16'll 23.TC 'l!9-(::J.i/l 3-4). llt-& 7l{!Oil l\lir 'i".O-o] 4.71:'ljsc. >1°171 >JC{! ;;l 

::_ ~~ ~i:;.7}- 'i!-9..J .Q..,¥0].ll 'T"{Jo] 15to} tff"i=-9..J Jf¼ 'T".?:-o] J:\l7]2j .g-£.oll 9-j 

•l '!l•J .. '/!'.lJ:7] "1¥-'l! 7,/.2.ia. AJZJ-'i!c1-. %i!.'l.2.ia. 7l-'J-11 :<fll.(7JAJ--ij& 8~ 

'al 9-%1)0il 21 51\'! 8~ 2l'll 71>1121 l\lir ,1.g..g. 24.4"C("ii!. 26.81:. ;,J<l 2251:). 9 

~ 2'll21 l\lir 7],0.-& 22.51:("1i!. 26.81:. "1>1 18.51:), 9~ 9'll21 l\lir 71,0.'.'. 

24.71:l"ii!. 28.71:, "l-'l 20.41:). 9~ 16'll21 l\Jir7l.0-'.'. 24.l"C("1i!. 26.6°C, ;,J,j 

21.7 "C) £ 9-%1 2'll 21 •I ill al "''.ll: 'i! '"'r '°' 5'. C: st '.ll:'i! 71 .0-0il 7] 'l! Sf t' ')! .2.ia. \'! 

\'!'i! cj-_ 

9' \'! 'il'r 21 'r .0--"I ~ 'll-Oil -:el >i ~ Zj- '11 'I >J Ell Ai 'll-21 'r.0- >} 0 1 ::: 0.1 ~0.81: 

'll'ilia. >1°171 >121 \rt'l/9-(J!: 3-1). ~'/l 5µm 0J&.2.ia. >ii'\~ llll,i]AJEIIJ!J AI0] 

(KOMES 1-"I ll)21 'i".0- ;fo]::: cj* al<>! 0.1 ~0.61: ;fo] ~-I-Oil::: '--1->I ~'.ll:9-. 'i! 

'lJS] 'llllll"i<>l 'll::: KOMES III"l 1-'/-5'. 8-%1 21'li 'i".0- 0 1 28.61:5'.lll. 3-2) 
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KOMES I, ll2t 'T'-&4 >1°1::: :l,! 9;! t1-. rrJ-"1--'1 ,0 <11 ,g Eli 711 :a ~ "'"1 -ll >I ,toj ,lJ ~ 

~ 7aq.. T.g_ ~}o]oJ] .Q.]~ ,.,~Elllil Jr!~';:: .J¥,A]ii}~5:. ~ ?,-!o]tj., 

~~9..J 7sq.. ~~ 7]{!- ¾ T1t! -8ff"r21 '€1~.g.. 8-%1 21~o!l';:: 25.0 %o, 9%1 2~<>ll 

;: 25.l %o, 9-1, 9'lloJI;: 23.7 %,, 9-%/ !6'lloJI;: 26.8 %,-"' Bl.ic'i '#~t1-. 0 1;: 93\' 

s:,q~ ;;,:J-~~~ Y1t! ~~£1 7-ll1l~~ 1t!§}~ 12.~ 3, 6, 12~o!l';:: t:Jl~l£ 32-33 

%021 tl]ii!.~ E",': T¾g 12.014 8l7ll 7J-'f'-7]7} A]\! g~oj]';:: 25 %0 AJ.£.Q.] ~~ 

~~ ~¥..~ .!i!.~ ?,-!{"~~tff 0J~T±, 1994)4 f}A}~ ~g 12.~tj-. ~i5] 'ilfl1JlAJElj 

~I :a 1! •I •Is:!'<! 7-1!! 'll:"1::: 29'll oJI 7J-+'ll'ol 387.5mm, 30'll oJI::: 248.0mm % ~ t 
Bl7f 41,l.'il {)~71'(! ¾"1 8-%1oJI£ 2'll 41.5mm, 3'll 177.0mm, 21'll 64.0mm, 26°d 

69.0mm, 30'll 77.0mm, 31'll 133.0mm % &+7f 0 1"1:ll.'il, 9-%1oJI£ 5'll 109.5mm, 

7'll 35.5mm, IO'll 26.5mm % ~t B]7f '-li,ltj-(:J.\'l 3-5; 7l'IJ-'il, 1999). 'rl'! "11 

'r't ,n<,J ',JIEIJ1l "1:"1 'lH1--l\- Bl.ic•f'.'!, 5µm 0,l-e\-2.£ '8 KOMES !-'I II"l 'll.'cl'c 

3'7loJI::: 'rl'! 'll1"4 714 >f 0 11f :l,!';Jtj- oQ;s a,oj 8-%1 Zl'lloJI::: 'rl'! •l'T'2t 

0.1~0.2 %, >f 0 ]7f 'ix.'il, 9-%1 Z'lloJI;: 0.1~1.4 %,, 9-1!! 9'lloJI;: 0.1~0.5 %o >1°]71 

,! t1-. :i. <l 4 9-1!! 16 'll oJI ::: llll <al ,g Ell 11 "1: "1 'll 1" 0 1 'r I'! '114' 4 'll 1" .l;!_ t1- 1.9 ~ 3.2 

%, '1!£ ',!-~I y.E]-'i):tj-(:J.\'l 3-41. 0 ];: '1]<,J>JEIJ~l:S -ll•l•f:;, -']'t!: 0 1 .-;.4''1- ,n 

<,J>JEIJ~l"l "l\'!oJI .2.i'">J% 0 ] -'1-'l•f.<e.se., 21.!/-21- •14' .ic~O] ,!c o]foj>];q ~ 

:;, , "I 1 I % UiJ llll <11 ,g Eil 711 "1: 2. se. 'it 4' 1 I a: oJ 7c! ;;! 0 I -1l "1 2.-"' ',ii zt '<! t1-. o p,1 ~ 
>1°1::: ~sl •I 'll llll '<! ½el oJI 'l! ifil %71 se. '<! KOMES lll"l 7il + r, ¾ ¥-'J! 9.'lcJ-. <>!I 

;. :,;oj 8-1, 21'll KOMES lll-'I 'll.'ct 16.4 se. 'rl'! '114'!1.'1- 8.6 %, '#~I 4Et'ix 

ct. 7J-Trg' 0] Pl~ uiloJl:: KOMES III.Q.J .K¾oll ~5:.7} ':,!-,': 'a"T9..J *01 ?§AjS:j~ 

ct. 
:J.c]!e.£ •,}~ lllJ<,J>JEIJlll~ 0 1%~ -']~ ~ W 7.l+ 0,J-e\-oJ '.U::: hSI\'!2.£ '8 

llll <al ,g Eil lll ::: \:! 7J 7c! 21 -lJ ~ oiJ ti-% ~ -o\ .'il, 11-1J 7c! "1 "ii ~ 'll 7il + -lJ ~ ¾ oJI .!/- 'I 
~%g ~]~ti}';:: 8J-~g .ll'tlii}~oF ~ ~o]tj-. ~5(1 llflfilA~Ell7.119..J '1J-7oJ] ti]~~ 

% T ~';:: AJ_j:l~ ~;,;1~}~ ~,9--7} % «1l ~%0] iJllfllA~Eljl-l] 'tl.Q..£ ~i)£1A] ~ 

£>f ~I::: ;;lo] ~Jl•lt1-. o];s ~'11 ~~I '.J!OI ¾:ilf~f::: of.3..,J~ o]-§-~1"1 ,i]<,J 

<grj"l;s ,;!'° "J-'11~ Af%•14, 0 1 UIJ lllJ<,J>JEil~l"i-4 >foloJI ¾,'~ i'-7c!~ %>I 

it~ ,};lo] ~.B..ti}tj-. ~{! ~ 0J:~~ ~"d'jg :il}9.fi>t~ ~~g ~ ~-9--. o]e~~ ~7~ 

::: •l :SC( /iij,ia; 1"1 l1- "I %Oil 21 •l lllJ J11 sg Eil ~I "1: "1 '11 'r"l 'il 0J 'll 'le£ 7f l,: 0 fzl ::: 

j~ lclJ"A]iil::: ~:i!l-5=. 9Jtj-. 
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J!. 3-1. {,!~7]{1 ¾ KOMES I ,II 21- 'r\'! •l'\'91 '\'-&(t:I, 'll1"(%,1, -li-i"~cl-4 

(mg. 111 

First Second Third AVG. 

8-!,! 21 'l/ K0MES I Temp. 28.6 28.6 28.60 
Sal. 25.2 25.2 25.20 
D.O. 6.9 6.9 6.00 

K0MES Il Temp. 28.4 28.5 28.45 
Sal. 25.2 25.! 25.15 
D.0. 7.3 6,6 7.00 

Environment Temp. 28.4 28.4 28.40 
Sal. 25.0 25.0 25.00 
0.0. 5.9 5.8 5.8.5 

First Second Third AVG. 

9-!,l 2'l/ K0MES I Temp. 26.3 25.6 25.7 25.86 
Sal. 23.7 23.7 23.7 23.70 
D.0. 8.3 8.6 8.8 8.56 

K0MES Il Temp. 25.7 25.4 25.7 25.60 
Sal. 24.9 25.0 25.l 25.00 
D.0. 9.8 9.8 9.5 9.70 

Environment Temp. 25.8 25.7 25.8 25.76 
Sal. 25.2 25.! 25.1 25.13 
0.0. 5.9 6.1 6.0 6.00 

First Second Third AVG. 

9-!,l 9'l/ K0MES I Temp. 26.9 26.9 26.90 
Sal. 23.8 23.8 23.80 
0.0. 9.2 9.2 9.20 

K0MES Il Temp. 27.0 26.7 26.8.5 
Sal. 24.2 24.2 24.20 
0.0. I 1.0 I0.5 10.75 

Environment Temp. 28.0 27.3 27.65 
Sal. 23.5 23.8 23.65 
D.0. 9.8 9.8 9.80 

First Second Third AVG. 

9-!,! 16'll K0MES I Temp. 24.2 24.5 24.35 
Sal. 23.6 23.6 23.60 
D.0. 

K0MES Il Temp. 23.8 ?J.7 23.75 

Sal. 24.4 24.9 24.65 
D.0. 

Environment Temp. 23.7 ?J.6 23.65 
Sal. 26.5 27.0 26.75 
0.0. 
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Temperature 

30 

u 28 
,__, 
e 26 
~ 
[ 24 ----- -
E : --+- KOMES I 
~ 22 

I 
l--e- KOMES II 

20 
-t,-en~~n~t 

st21'1:l 9-%i 2~ 9~97,) 9~ 1611 
o,te 

Salinity 7 
30 

28 

I 26 ~~«:;_-~ -
:e 24 

" ~ --+-KOMESI 

22 ------- --e-KOMES 11 

20 -tr-cnvtronmcnt I I 

854!21~ 9%1 2~ 9-il9'll 9%1 167sl 
Date 

----------

Dissolved oxygen 

12 

10 ---

i g 
8 -- - -

g 
--+- KOMES I 

6 
--a- KOMES II 

4 
-tr-cnvtronmcnt 

s-%121~ 9~ 2~ 9i9il. 

' l -
D,te 

_:i'lJ 3-4. -;!~7]{1- is' KOMES I, 1121- ?'t' •1'r-9J 'r,&("C), ~1!'-(%,J, %~~"° 
rJ-'(mg . J I} 
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?c}9;,} 

450 
387.5 

400 -

~ 350 ~ -
~ 300 --·-
" 248 0 250 -.,, 

177 {! 200 -

133 .e. 150 ·-
u 81.5 69 77 09.5 a 100 'ii 

-
50 I • 

• ·-· • -.-.-
0 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
,.._ a:, O> O - N M v ~ CO ,-.. a:, m ~ a:, - N M V ~ CO ,-.. m O - ~ CO ,-. 0 CO 
NNNM<'> --"'NNNNNNNMM --..... ~~~f~~~~---·········~~~-~ .................... a:,a:,a:,o:,a:,a:,a,o:,c::,a:,a:,a:, 0,0, 

Date 

::r'll 3-5. -;!~71{! % 71'115'.el 7J-'\'sr 'll'l! l'!§f(7VJ->s, 1999 >f.isoJI e17l•l"1 
01-'al 

Date Temp('C) Sal(%,) Dissolved Oxygen(mg • r 1 ) 

depth first second saturation(%) 

8-%! 21 'll 28.6 16.4 Om 6.4 6.5 83.6 

2.7m 5.1 5.8 73.8 

-l! 11 7 I Z! % llil 111 'J ell ~I ;; -ll ~1 •I '.l1 I'! 'lf ~ii-± 'r I'! 'ii -'\' el % ;,o -l! ± sr ,o_ 8-%! 

21'll 5.9 mg· I', 9-%! 2'll 6.0 mg· I'. 9-%! 9'll 9.8 mg· I' 0 15:lcf. 'J-~11-± 'rl'! 

oJl,j 92\:! 9-%! ~'li~ ilk-& 6.4 mg· I'. 93\:! 9-%/oJI:: 7.1 mg· I ' 0 15:/2.9. cf:: ~I 

'lloJI "1"1'1! (Oil;; ~"1 3-%!"11:: 10.1 mg· I', 6-%!"11:: 9.9 mg· I'. 12-!loJI:: 12.4 

mg• I') {!~7]{!~ 9-%!"11:: "ljil_'l ,t,"_ st¾ !.L'.llcf(~o(-'il 0J'1!'r±, 1994). {11) 

71{! % 'rl'! '11-'\'"1 -§-;,o-l]:±,Jc l'l§f½ !iL'1! 8-%1 21'lloJl,j 9-%! 9'l15" 7f'1!,j ~7f 

•l:: 1 •J ~ !iL'.ll cf(:r 'll 3-4). llil 1111l ell ~I '1lcel %;,o~± sl'.i!f 'r \'l •l-'\'el %;,o~ 

± ,Jc :S "I ji1_ •I '1! t1I '11 " llil 111 -'J ell ~I '1lc "1 % e ~ ± '1' 0 I J-c ,o_ ~ 2." '-1- El- \J cf. 8-!I 
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2l'll'il::: ,0,;JAJE!l711 '11:'il-"i.sJ %s"{!C:::,l' 0 J 'r\'! '11?"1 %s"{!C:::,l'.!l.cf 1.0~1.l 

mg· I' >J£ \l>'.ll:.:i!. 9~ 2'll0il::: 2.6~3.7 mg· I', 9~ 9'llo!I::: KOMES I-& 0.6 

mg· 1'71 ';!'.l):\'! ~\'! KOMES II::: 1.0 mg· 1'71 l,:'.lJ:cf. 9~ 9'll KOMES IIo!l Ai 

¾s"{! C::: ,l' 0 I \l> ~I 1+ Ei-tl 31 ," 0 I ll\l <;I AJ Ell ~I Oil '11 ~ sJ 2. 5a. .2J-l/l 5'-± ft :S 'll 7f-of 

~ o]~~ A1].¥.'T7} E~..i!., o]~~ ..g-~Aj_Q_.£.. ~~ {!-_±~A~oJ ~HJo]~li:! :,!.2.. 

5' 'l!:1±1'! cf. 

~ 'l:! 'l! llil 1'! KO MES III "1 7a ~ llil <;I >J Ell ~I '1! "1 'T' ¾ ,I O I Oil !If~ % <" {! C::: 'll' 

.sJ 11-.¥.::: JE¾o!l-"i 6.5 mg· l ', ',"{I 2.7mo!l-"i "ilil' 5.5 mg· l ';s t+Ei-li!cf(JE 

3-2). 1993\:! >J-a} 'r'/!Oi]-"i 'T'•J~ ~I'll\'! •J 0Jt\':J3'cAf :{i,j-(~o;•J 0J\'!'?-C:::, 

]994)'il !If.s's'! 'T'¾.sJ ;>.~ 0 1 -1,\l!~ 3, 6, 12~oJI::: JE¾,J- <i¾ -"1°1"1 %s"{!C::: 

',loll," •foJ7f \rt'l!2.'-t, 'J¾ 0 1 'll'J"i::: 9~0!]::: JE¾,J- >i¾ -"1°1.sJ ¾s"{!C::: 

'll'Oil <" •1°1;, .!l. 91 cf 

±-"l7J{!o] 'J¾o] 'll'>J"i::: -"]7]'.lJ,7] "1111-0il 'r\'! •1?"1 %~{!:C:::",l ',"{l\l! 

~:£:if- 'C ~lo]7} 'alSig ~_Q_£. AJz.]-~A]1tl, 'T¾ ,qoJoJ] ~~o] ~ oJ~~:i:l::=: 

lll~oJl ~~g 't}- 7<1-9--oJl~ ~~5] ~JJll-'t! JJj]{flA]f.!l'Al 't}-~ ,,,j¾ ~Ajg ll.}A]~ 4'­

'U::: .ii!~-"1-ll %"1 -ll•l7f 'llJl~ c,i 0 icf. 

Si! '?l-'il-"i 9~ "'"l"i llil ;;J A~ Ell ~I~ il ,1-.191 \'! ~•HcC:::"1 '/--'¥-Oil::: cf 0J~ 'ir 

.J::it2t :if->.f1£:'t:*7l- ½~<5}'x!9-. ¾~~ TT.J::-¥1-9.l ~~ C!netoceros, 

Coscinodiscus, Cylindrotheca, Dictyocha, Gyrosigma, Licmophora, Synedra, 

Navicula, Nitzschia % 0]~..Q..~, 01 7}ftr~] Navicula.:4f-4 Cylindrotheca4f-~ lT:t: 

*7l 7}?{ 4-~i5l519-. o] TT.J::ff"~i1:- !lfl1JjA~El\7l] ~~ %~ 'T~ 15~-'ro\]J,i,.£ -71~ 

7]{!%'1! ½~sf'.ll2.1+, S~'?l-Oi]-"1 9~"'" 7f\'!Ai Navicula::: Ail.'1'.'T"71 {l-C:::•I::: 

7c)'5"J% .!i!.~9- (JI 3-3). ½~tl~'ct Cylindrotheca closterium~ q..~ 44 ~ o~ 

S!Oil-"i ½~•lnl, 'l!~ ±Z!CiloJl-"i£ %% ½~•I::: c,!2.sc 'll-"1"1 'Ucf({I, 1994). 

illl 111 AJ Ell 7-l] ZroJl Al :: T ~ Al ,1.7 ,,,J ~ g "t}:: Navicula, Gyrosigma, licmophora ~ 

:c} {t~ TT~{i-7} ¾-fcli5t~. Jl:lliiP•fE-il'Al9.J ~l:tjo] o]~ .!j!-:tj-Aj TTS:-¥1-9.l AH£&- A7 

~P~1~ ~l~~TI 9-:: ~.2..£. Y-El-1,d;tj-_ .:.Z.i:~E.£ ~J=.:f ~ 0J=~ t,=-.5:.4 ~ 0J:~ ¾-ft 

,qo]9.j BJ¾g ~~Al'J:l ~~~t'g-3..,e ~1/9.l ~§J. %% .u}'2.fi5f;: ~~g ~ 75-9-­

'li];;J•JE!l~l-"1 '-ll"IO!l -1'-'l-£1"1 ,U::: 0 ];; ,j>j',j iJ-±1,-7} '(l 0J'll 'T'"IOii P]>lc: 
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'IJ~¾ .Tiilj~fojo) ~ ;JoJq. 

llll;Jl"~Eil7li~ 1!•]~.:il "f 3'i°'7f >I'd .f replicate '(] KOMES Pf IIoJl,je] o] 

All ±-ll-"1 ¾-ll-t.J- -'IJ.lf.4'7f ;,Je] >1°111 t.J->l ?,c'l}tj-(.R 3-3). :ii!-Jt.J- 8-ll 21'll "I 

'11£±-i'l- Prorocentrum minimum¾ KOMES !IOii 'll: ~ 7f'i°l + 9-ll 2'll oJI::: 

KOMES JoJl,1::: ef'll.'i'.±.\'i-7f 48 cells· ml 1 'l.!t1J '<!~"l. "1'1!£±.\'i-;'; ~7ftl­

KOMES lloJJ Aj::: 9-ll 2'll otl 1,082 cells · ml 1, 9-',I 9'll otl::: 1,700 cells · m1· 12.;a. 

-'l:e..l-& .!1. 0]q7f 9-',I 16'llotl::: 1,043 cells· m!12.;a. q~ {}~~Hl9-. "1'115'.± 

.\'i-~ tl- "a' S1 llll '11 A~ 1e1J ~I oJJ 'll: ~ 7f '11- 0 I+ 2f llfl '11 "~ Eil 7ll Af 0 1 <>II '4 9-\'! >f O I 7f t.J­

'1- 'd ;!,°., 'i!~ ~7Jej ±<! 0 1 •H"JA]'{)cotl n:f2f 'll•I c' \'l~;s 4,'l,%fE.;a., 

replicate;a. Af%"1::: ,l]'ll"]Eil~I::: 'i!~ ~7] ±'11% "1£~ %'ll%f~I •H ½ 'l!.ll. 
7} ,U g g_ .!i!.cil¾r+. 

Jl 3-3. KOMES I, II "I',°'\'! •l'r'(Ill)oJIA1 ½i'l.'11- 611'H!-"1-.3.~e] ¾±'J4 Ail 

3"_ 'r, o] "1 %~ ~ "1-.3.~ S1 Jj '11 'r 

8-',I 21 'll 9-',I 2'll 9-',I 9'll 9-',I 16'll 

Species name I II m I !I m I II m I II m 
Chietoceros sp. 2 2 2 9 

Cosdnodiscus sp. 2 
C(nlindr_otheoo 
costenum 605 458 7 105 8 10 5 48 9 

!Dictyocha fibula 4 2 

· Gyrosigma sp. 2 4 

Licmophora sp. 7 2 

Synedra sp. 2 

Navicula spp. 314 312 38 85 28 25 46 13 13 7 5 7 

Nitzschia sp. 2 2 2 2 

Dinophyceae 17 23 38 48 1,082 4 55 1,700 78 16 1,043 46 

SUM(cells/ml) 991 820 86 239 1,120 40 108 1,715 141 25 1,049 70 

Zooplankton 

Noctiluca scintillans 24 13 

Tintinnids 15 6 2 
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7 -!I. 28 'l! •1 OJ% A I 4 ~1 "l 9-!I. 2 'l! ~17] :: >II "1 AJ Ell ;,i] "1c SJ O I "ii £*SJ "ii .¥. 'r 
7} \g-'l):7]"1,, ::1. 0 1.V-Oil:: 2}'/!5'.£¾1!- 'iJ7f~ >li"l'!IEJl,i];; "1].21~1:il KOMES I 

'11-'l-eJ oJ"il £¾ 5,71,1 2-~lill 'l'l!t:1-. 0 1:: 'l!'fr'l.2." •1°J i7JoJl >ll"l•JEJl;,il 
ill .!/- SJ "I ~ ½ 'll-3- l" 0 I ¾ 7f ~ q:: 7] ,Se] :;! "'1-21- 'l! ~1 8\ 'll t:1-. ::J. e1 '-1- •1 °J A) no] 

7.l "1 'll <>11 1If aJ- ,ii _,,_ 'r, 1 ½ oi :; 'l! ci-. 01 1= •1 °J AJ n o 1 7a1 oi ,q I'! Al >11 ,i •J 111 ,i1 SJ "1 

Oil .!/-"} ~ '] ~ a' .£ '<J ~l "l 2P/- '114' 2f SJ :ii! ~ o] 'l)- "1, ,aj .:il, 'lJ 0J 'lJ O) .:il ',[ '<! c;! 

o I ~ '<! .2." 'I! I±'<! t:1-. 

2000 

1600 

] 1200 

-"' .; 800 u 

400 

0 

1200 

!000 

j 
800 

600 -~ u 
400 

200 

0 

Phytoplankton 

B 
-----

/ 
- -- 1SJ ._ 

--~------ --

~ -+-KOMESI 
-- --e-KOMESII 

' ----6----?~9 

8it21't! 9'il.2~ 9-ij 16~ 

Date 

Phytoplankton without dinophyceae 

1-+- KOMES I 1' 

-B-KOMESU 

L~==~l!i:::::,:es~~==-"-'111-- --tr-?~'r . 

8-!i.21 'l! 9-!,! 16'l! 

Date 

I 

I 

.:::ris 3-6. KOMES I, II~ ?Jr! t>~'T 0lP·i21 °]All~W-£] -1i]~'T(q.] .::1.~; stic1.2..~~ 

i!- KOMES IIoJ] 'iJ7f~l'll~ 7J1-, 0 1'11 ::1.;,J; it£-ll- "11.¥."i"S] \'!~) 
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,----------------------------

KOMES(I) (Chi a) 

,-
t 
!, 10 >---------------------
• a 

Date 

KOMES(ll) (Chi a) 

j JO f--------'-

• 
ii 

Date 

Environment (Chi a) 

JOO 

-"e .. 
e JO -• :. u 

8~13~ 8~21~ 

Date 
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KOMES I KOMES Il Surrounding water 
Date Chi-a Chi-a Chi-a 

(mg· m 3
) 

mean 
(mg· m- 3) 

mean 
(mg· m-3) 

mean 

4.36 4.22 1.56 1.65 2.29 2.34 
8/13 

4.08 1.74 2.39 

1.88 2.04 3.67 3.67 5.05 4.89 
8/21 

2.20 3.67 4.73 

4.63 4.66 37.58 40.09 3.35 3.23 
9/2 

4.68 42.61 3.12 

4.73 4.70 47.75 49.78 10.65 11.05 
9/9 

4.68 51.82 11.46 

1.04 1.02 5.05 5.07 3.53 4.34 
9/16 

0.99 5.09 5.14 

~'117]{! % "1l<ll•~Eil~l KOMES l'il-'i.eJ ':I~"' a 'a-£~ 1.02-4.70 mg· m 3 

"i '11 '11 '</ .il, KO MES IIoJI -'i "i ':I~"' a 'a-£~ 1.65~ 49.78 mg , m 3 .ej 'll -'11 sa. "i­

~ .2.5:"ft- ~ ~7}~ -V- ~-$1~1! ~%~i:J-=1~ r.ij~J.Jo] ~~1;)q! 91i 2~-9~ 9~ 

A}6]oJ] =iii! E'.V;Q.~, A}~~~~ l- ~~~ a2l ~5:.~ 'T'"Ji!! ollT2t ti]~~ T 

f?1! 5.07 mg·m 3.£.£ '9" 0 }~t:l-. 'T~ oB,ToJ]A~Q.j ~~~ a £-1 ~x;: 2.34-11.05 

mg• m·'"i 'll'l1<e. 9~ 9'll% "i].21sl:i'':= \'l:of ls- 0 1 3.>] U-'.<J:c\(.l!: 3-41. ':l-"i-5' a 

"i \'l :of£ "ii 'I: 'r "i- o I ~ 7 I ;,c] sa. "i- '() .5'. so -ll- :S "Ii 7f sf '<I 'ii KO MES II "ii <1 'I % ,l- "s' 

3. ,e cH "1- ,~ o 1 :u '.l! ~ un '1 " ill: i t.J-El '-11 '.l! c! c i ,i 3-71. "i-.z! £so * "i "II 7 I 11 '11 

2-£ 'T~ ~780] ~r-]~£ 3:.7]9.] 2t5t!£~"ft-9.l ~£oJ1 ttj-i:} 11-$1~1! ~:t:7} ~ 

J.J ~ T 5:. 11. g ¾ ~ 1115} 519-. 
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-:,l~7]i'} % ½~~ %%:,,:l-3.1',.ej 7H>II+::: KOMES I.ej 7,l~ 9~ 16',lo!I 52 

1H~l -m 3oJIA1 8~ 2l'll.el 30.Z74 7H~l-m 3~1"1 <,' ~.2.!a. '/!§f&'l!t:1-. i2]4 o] 

2]~ '/!§I::: "1-'I- 7].§1¾.eJ -,,:,i~ ,ff~I+ '1!§1- "1111-0il t+e+'tl ~'a-o]q-_ ~I:. ~ 

oJ -:el~% llll iii"~ 111 :>!I ;a ~ "Joli 11 >l "I 'l! I'! 7~ 'll- t 'll % :>e ~ ss '1! af oj af ti.2.ss-'/­
E~ ~g. 0J9.l 'ff"T7} ¾'ll!cl~~ A]7\o] 0 ~ 1a"T{!, ;;::Jzt.W- Daphnia sp.7} i11]1Jl1.~ 

Ell~loJl ?~ ~T~ j.H% iIJl ~Oi:ilt:l-7}, ?"l! ~H'r91 'i1~ 01 l:l].ii!.~ 1,;!1{7] ttll~ 

Oil 9~ 2'll 7,l~f"i A~i',Sf'l!71 "lfto!I %%¾',1-3.1',.QJ 7H~l'r'71 'ft'llct. ~'/l 8~ 

13'll-'l 2l'llo!I::: 0 )-lt¼ INoctiluca scintillansl.eJ 'ft>", 1H'1195c. ~~I %%1!-,:l-3. 

1'c.QJ 'cf:'. 1H>1i+<>1I i" 7]oj~ of'l!t:1-0E 3-51. 

~*i~/1@"~} 8/13 8/21 9/2 9/9 9/16 if ~I ½'1! '/)Sc. 

N octiluca scintillans 2,245 14,128 6 16,379 48.4 
Siphonophora 32 32 0.1 
hydrozoa 3 3 • 
Chaetognatha 30 6 36 0.1 
Ophiopluteus 

Rvadne nordmanni 

Paraai!anus indicus 5 5 • 
Labidocera eucrlleta 

naphnia 87 16,114 1,015 17,216 50.9 
Zoea 

Copepodite 10 10 * 
barnacle cypris 

barnacle nauplius 6 63 29 98 0.3 
Harpacticoida 6 6 * 
amphipoda 

:Appendicularia 4 6 10 * 
moulted exoskeleton of 

barnacle 
8 21 29 0.1 

0 oiychaeta larvae 

Total (indvsJm.:1) 2,345 30,274 1,053 100 52 33,824 100 
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~¾rr-/'i~ 8/13 8/21 9/2 9/9 9/16 ~711 ½'i!'/!.£ 

Noctiluca scintillans 3,745 3,723 14 7482 56.4 

Siphonophora 67 67 0.5 

hydrozoa 4 4 • 
Chaetognatha 6 22 10 35 74 0.6 

Ophiopluteus 5 5 • 
Euadne nordmanni 

Paracalanus indicus 21 21 0.2 

Labidocera eudrieta 

Daphnia 309 4,732 330 5371 40.5 

Zoea 5 5 • 
Copepodite of Copepoda 

Cypris larvae of barnacle 

Nauplius of barnacle 35 14 10 59 0.4 

Harpacticoida 7 10 17 0.1 

amphipoda 5 5 • 
Append.icularia 2 15 17 0.1 

moulted exoskeleton of 
90 31 5 126 1.0 

barnacle 

Polychaeta larvae 2 2 • 
Total (indvs./mJ) 4,103 8,634 393 35 89 13254 100 

KOMES 11"11'·1"1 %%~'l<='"' 11'1]'\'c: KOMES Ioi]>1"1 71'1]'\' 'l!ol-91- %>I 

"l'i;\.2.oj(.::i'/1 3·8), 9-%! 9'll"13511~1 ·m'oil>1 8-%! 2l'll"18,63411~1 ·m 3"1 '1! 

of "° ~ .I'. '<l cf(ll. 3·6). KO MES Pl 0 1% 7f"i .'a. '11 t "1 -li \'!-\'-oil c: -li >ii ½ 'i! % 

W~rJJ-3.,e 7Hjj]"T' ~oJP•i 0PJ-¾91 1Hjjl"T'2}, A]Zf"fi" Daphnia91 1Hjjl'T'7]- 96.9%¾ 

>1->'1'5\"1, 1f•J- ~'ll~ ~.g-=1;e 0 1'.l!cf. •1°J•l11°1 "1"1'lloil rrfef llfl"il'Jl1171loil-\'­

'I-~ rrf1l•l"1 {!\'!oil "1~ ,/.2...'a. ~1l51c: rrf1l•l"1 xll'el~,,_ *'~ 0 1 ½'i!"l'll 

"· 0 1~"1 \'!111"1-'ll ¾oil ',!"i'i! .21"1 %£ i'!:~51'.l!cf. ½"i!~ %%~.g-=1"'"1 ¾ 

-ltLf 11'1]4'.21 ~\'!oJl<1 KOMES !"I KOMES Ile: c" >1°1:'i .1'. 0 J:<J f.t'.ltcf. 
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~.w---rr-;ig.~+ 8/13 8/21 9/2 9/9 9/16 ~~I ½@ ~'ic. 

INoctiluca scintillans 2,614 98 141 2,076 4928 76.1 

Siphonophora 

hydrozoa 10 5 14 0.2 

Chaetognatha 2 10 9 7 28 0.4 

Ophiopluteus 9 9 0.1 

Evadne nordmanni 23 23 0.4 

Paracafanus indicus 1 75 33 203 312 4.8 

Labidocera eudrieta 10 10 0.1 

Corycaeus sp. 14 14 0.2 

Daphnia 331 192 377 47 105 1052 16.3 

Zoea 10 14 7 31 0.5 

Copepodite of Copepada 5 5 0.1 

Cypris larvae of barnacle 4 4 0.1 

Nauplius of barnacle 44 121 127 140 432 6.7 

Harpacticoida 20 21 41 0.6 

arnphipada 10 5 14 0.2 

Appendicularia 5 47 133 184 2.8 
!moulted exoskeleton of 

harnacle 
9 336 47 392 6.1 

Polychaeta larvae 5 5 0.1 

Total (indvs./m.1) 3,005 577 811 294 1,789 6475 100 

.:::tcl'-t ?1'!'1l"i'"il,.191 %%~'1J-=r<'- 1l>i1"i':: KOMES 14 KOMES 1191-:: cf 

e OJAJ-% Ji!.'l1c.f. JJil"i!A~EJl~l ~"i]J.] %%½'1J-3.<'-91 1J~]'T'll •10J7J:fro] >i"i''i 

~A~ {}S:.?S}~ 4-J<Jl~ .!i!.~ ~~. -?~o~T21 %~~rt-=1~.g_ AJ7]oJ1 ttj-2} ~~$!] 

0JAJ-o] 'll'lJiifz] f,]-'.lJ:c.f. oJ:: ','\'! "11'1'91 S-;;"il ufct ii:1191 "JEJl7f •I'<! 'r '.1J 

:: ,l-'lJ-3.<'-91 "';Ajoj]J.j H]!J'c'e '1/£.,i_ A~Z\'ec.f. 

? I'! '11 "i' "ii ,.I "1 %% l!-'ll-3.1" ,1 >II 'T':: 9-%1 9'll 294 ,1 'ii · m 3 "iJJ.l 8-11 13 'll 

913,005 ,J>iJ ·m 3~1'1 1'!'1-iif'.ll:;,(.ll. 3-7), 1'!:&91 's-:'. llli"i!A~EJl~l ~"1 %%~ 

'll-3.<'- ii:'lJ!,i_cJ- '19:lc.f(.:ri/l 3-8). ?\'!'1l'T'"il 4-'lltl:: %%~'ll-3.<'-:'. 0 t'i/¾4 
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f:,Jo/L 11. lklt 

~lcR ~fo fy~[Y lln ~Wlw ~tir~~rv =lo~f,::W ao£-~tt:i 3l!tlt3.ttdtrlltr ;~ 

bd-'?P:,-ilf ~~~ ~rv {2[1-lo V1~ ~f.l 20~~[t:i 6~E.faii¾% to"C7[i it\~ 

-/,/IL l>- ¾~r,, l,:,je%Jo ~lkllafdt,lli! iocli 'j:,Jo/;c -i, jo!V> -,,e;)'6fo; {L-!ttzcr 

lo'7 o.fs -,,e;je; lio.[o lkllaRdt,lli! 'p:,Jell>i,, ~ILIY 'o'~ tL'71~liL lo;;Jo jl,j:,j.s 

6~"FY ~l& \LR ~lc~b~ lo-!:Hzlr tovi '[~1-Wfy {L~ti< ~[k:ttt R,~~lli ½f'L 

lo-!tlzcr fo;_; ::Silo 'j:,Jo/L -I> jop:,{e&.- :.JLJY ¾li• ~'71\, lio.[o lkllafdJ,lli! 

tole fr s' le In ~ lb" -,,t E -f., ~ ~ % :; ltn -I> a ~ r,, ct ,fa fy {2 tn f:, l'6 '7 fo a 
g'{¢ -ldo-l~ ~ inR tt~E[A *~£- ~Ef'aii¾~ lo-TT, ltLll3fd~Un 15~lw ~~ 

·p[oR'. {gfo[L 

[lo~R, to{R[L{n -JR.~'½ [l<;>¾::.:r lo~* llo-S-ltn [LfbS-k to:::f~"a"{'..-: [otr °W['i'.=~ 

::SlkllaRdt,lli! :;Jo 'Jf1:;'fol\l f:ii'i{o lkllaRdt,JI<! JoRy% loleli,tn :;11o'71\, "'~ 

~t?r 'bE.f.'i.i!£ 20R'. Ri'Rik [-'?~ -lL~ lo-M--tzir llo-iHl:n ld'Oltn ~tt, ·tc-b-½t 

JLILIY G--/,li< ~'7li• lio,o lkllaRdJ,JI<! :;10 'f:,lo/L :;j:,1¢1< 'S?tO 11,Je lio'71• 

"' ½ t, -!t tz er lo .[o lk Ila Rdt, It< :; ti je % I} Io fr lo .[o lk Ila Rdt, Ii< -lo '7 IV> "' ½ 

·tits{2[i>y 20~ t½f¢% {L-M-1zl),'.' 

-R~.g. (S-£ ~L)2(Ft lt~ R.,R %:f'c*.f'i: ;f,l % -Q[L~"rv ~lo "-bfb-l-'?~¾ 2 

ot¥z~ ti.o~ro ~~~ ~lh;ttt 10%UlL~"rv ~kllo-4-tt-'? ~~ 'iii1ft loR ~1'\­

fo :; je "'s' {Lf:,l, ~ l'- tL'7Jl< liL :; -!ttz I>" lo.[o lk Ila Rd1'11< 'j:, 'f<,D_IUJ,dDa -1\:{2 [>" 



KOMES{I) z.ooplankton 

I.OE+o6 ~--------------~ 

"'e l.OE+04 

' ~ 
.$ l.OE+-02 

1.0E+OO '-------~--~--~----' 

~ 
~ 
] 

'E 
' -> .,, 
.5 

I.OE-+-04 

1000 

100 

10 

Date 

KOMES(I!) zooplankton 

8~ 13~ 8-ij21~ 9-'il2~ 9i.9~ 9-ij ]6~ 

Date 

Envirorurent (zooplankton) 

8~ 13°J 8~21~ 91!2'1J ~9~ 9~ 16~ 

Date 
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•H 0.l"\l Ell >ii 'l!oJJ •i % 7J &'\l % ~ oJ oJ ttHl: 7,l 'a..'a. 'll of '1J:-j;oJ '-1- 'l:[ 'it, ~~ "1 Jl 

,g,iJoJI 4"1"1:::71~ !/.71 -'ll•1•i::: llilllJ'gE11>1!~ '<!a:oJ '11.!/l"i~'a. ,gE11>1! 'i'-'J 

-'t!~ '#.:i!.Ai ¾7]~-Aa~1g Jr-'?J?S}a:1 AJ{!- 7.:P40l] a:}-e z:i- AJE-JIJ.il T,l,d-'t!~~ * 
£;a 4'\1•1::: "J--'1% S 0 1 •l%1el:f. <'- \1'i'- 01Pi •I%'<! llillll'gEil71J"i 'i'"J-1!~ 
'a.::: 'il-i" ¾"1 'll*f'g~,1. "1aJ%'-1l"i 0 1'~%~ !I.~~ %71%, -"l"lil-oJI •1-'1•1 

::: >i•i%% %~'a. '1'1?~-'ll'l~oJ. >Fi%%-& 0 Pl--'1>121- .l!.¾-"1"1%"'1>1.ss 'i' 

<J "1 711 •I'll 1:f !IJ-el •1 llil lll ,g ell >ii 'l!ofl •1 "I 7J <'- aJ '11 % 7J 'i--'J % ~ "I • ;; .g. 'il-+ 

¾ "I % ¥c ell oJI <i 'l/11- ::: 'l! >f ,g ";<f ofl ~I 0 1 %"1 oJ Jl 'il Eil 'a. sf 'i'] J!., oJ '.il oJ 'I ¾ ~ 

.ss ~'li"i<>l •Pi%%oJl711 °1%"1"1 '!•i'gEJi,iJ,a. 'li'it"i::: '.>l 0 Ji:J-. -"l"iil-oJI ¾"l­

.,i %71-ef-'Jil-~.OC "iaJ%ol>loJl7il 0 1%"1-"-, ~'ct ¾'11 2"JEi1::: oJ"l--'1>1oJl711 oJ 

%'21:f. ,'- \'l'i'oJl•1::: llillll'~Eil-'llofl ~71~ %71-'f'\lil-~~ %7J'\"-'1 (tributyltin, 

TBT).2..£ ~7851-~ct. 01~ ~&~oJ ce"Y'~ 5=,"}{i~ 78~..Q..£. 0]%QJ2 '.:U~ ¥ 

'<! oft..Jel ig-.g. oj{! 0 J 0 1%•1::: oJ•J- 0 1 'l!<>l•i {!"1-5'.EoJl<i %½-'ll TBT7f -'J-'s" 

~ 0J.2.£. e.;{~'51-31 91¾ -}!.2.£. oiJ,..JsI9, .!f.~ ¾~1tl4 -2~~oi1 ~tjj~ :?={i~ 

7} .!/l>l•I-"- 'l!oJ•i ,i] 0J'i!Eil>ll<>il TBT71 °1•1::: 'ei"J% "l-"-1-•laJ::: "1£ofl<i ,'­

\'l'i'oJl•i"i %71-ef'\lil-',l.ss S'!'ll"i'.lll:f. <J-'1!oJl<i"i %7l&•J%~'1! TBT4 -i"¾ 

~ -"lei%, '14'ilil-ofl Ell~*£ ~421- "i-'\lofl Ell~ ~4::: S<>l 'll'.ll~'<! 
(Langston et al., 1987; Krone et al., 1996; Castro et al., 1996; Ide et al., 1997), 

;iJJ '11 ,g Ei1 -'II~ o I % ~ ,iJ 0J ,g Ell -'li<>IPi "I % 7J .!if 'J % 1, '; •I TBT<>il Ell ~ 's' '-11 11 'i' 

::: 0 Pl \ll ~ oJ , 91 's' "1 11 q. <>ii ::: Ell .l!. "I '11 ofl 7 I O I 's' <>ii •i "f 1011 -%1 <>ii '(I ~ -+ ¾ 

"I >i<i'l%<>il<i"1 TBT sl'i!oJI \'!~ \'l'i'-71 'll'.lll:f (Adehnan et al., 1990). 

%7J'i-'J%',! *4 \'l'i'oJI •1%-B \'!sl lllllll"J 'l<li>li(KOMES IJI)::: i T/'i'.7f 

3!7eloJ l.2m 0 JJl 'l/ 0 J1f 2.5moJI '<!•I::: -1!%'il"1 l>lilll'gEil-'li.ss<1 'l:!'fl .!/-311::: "f 
3.6m3'lll:f. 0 J2]1, lllilll'gEil71J<>il <i<j<g;i-~ ';)7] '11'il'i "l'i't..J~ 11~•1"1 cage 

:'i 'l!'i,'.ll~oJ. 'i- ,nei sf','-t..J;s 1C ~£ •l'lll:f. "l'i't-1"1 >171::: 21 cm (W) x 

29 cm (L) x 9 cm (H)'l!Jl, sfst<>il::: 5 cm 'l/ 0 1.ss "1 a!%% ';)'.111:f. sf','-t-1<>11 :S 

<>lit "1-'l¾ >I'll :S -'ll•l•i 'l!-~•J-oJl<i 1:f~ '!!"1"1 'l!-~•J-eJ 3111-'l~ 'el•J% 'I! 

-"I ?,tof .2_')1°1 ')/-EilaJ~.ss -ll•f>l ?,t~ejej <Jzt"i::: 1'% {!'jjsf'lj~uj (.::r;,J 
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3-9), ::i'lc"i 7.Jl'll"il>i lllijjj>JEll~l"il 'i''lJ>J;:: '1'1%% 0 1 -1,l>il.s'- 'lfJ1 ~;:: 'lc-"i 

-"1'1%~ 0]%"1-'.llc+. 

A. 
B. 
C. 

~ "'I ~ !ii \;IJ JI 2.1 XII ~ XI 
~~/;/¾ 
~IXl"tXll~XI 
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-"l'1%g 'et "l'i''-1611 PII se"I 3~1 se£.ss 'i''l!"l'II 'i'll-£1::: tlf>l"]-g zt 
'1:! 'a 'I! ss 571-'ll "'i -l! 'II 10,J -'I] 1\J g 'T'% "I'll .:il, .:il %-lH, 10 ,1,n 111 'll 9-1 11: 'E it "I 

5'.>i- 'r%"1'llct. -'i- ,ne.i "li''-1;s Ef 01'l'!sss *"1"1 "l'-1-ss 'll-as'.l!.:il, "l'i''-19-1 
T7l~~'l! ~'l!4 ~"r~ ~tttA~ _,.__E-11'?.lil].6 1Pl£. jlt?1~ -¥-~%}cl {l-oJ] 4~~ 

½~ *'.l!ct. 0 1'1/'11 ~FJ1'! -"1'1%"1 ~% 0 1 'r%1'! "l'i'Yi< "1"1-611 '1!-'l"l'xlct 
(::r,l 3-10). 

a) 

DJ 
B B 

IT] 
' 

c~e_ 
mesocosm 

b) 

', 

t 
rcrrieving 

rope 
float 

' vinyl bag ' u 
0 
~ 
~ 

__,_J 
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~1,11I'(]:¾ '4 4'r'll£ 0117,l"lS:171 Uil11-"il til¾',1;, .¥.~Sfoj ¾ 67H¾;a €"I 

Sfs:!i:J-. ~ 7H¾:: llfl;jj>]Eil711 ~1-"il 0 9,l: 0 1 til¾'rej AJ.fi-£ Af%sf2sf Sfs:!i:J-. ~ 

1!1H>l2J- %A]"i] ~ 1H¾"1 '~%:ilf "1"1% AJja_;s i/JSls:/2, ~"11 llfl'1i'~Eil71I '1!<>11 

-'i'-'llB cage:: 47H¾s:!.Q.oj, lllifli'~Eil71I '1!<>11Ai.9J "H'l!t Af'lJ-oJI t! ¾1'!¾ 'i-'.IJ 

9- (::I'll 3-111. 

a) 

b) 

1 
I 
I 

E' 
0 -N 

I 

j 

29cm --- ---~ 

~-

Sediment 

! 

29cm 

: Clams (Ruditapa philipplnarum; ti~ XI~) 

: mud snail (Batillaria cumingii; ~Jf 2.1) 
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<'- \'!7'-<>11"1:C: >li±il"!lell:,J]oJI -'f-oj~ ¾71'1'-'1"1 -\s-5'.i< Langston et al. 09371 
0 1 3'"1~ Poole Harbor"1 '11? ¾ -'!.:il -\,-£ (139 ng · l 1)oll '11'ittf,]'l]- •J-'l]-,]Qj 

"1 -\s-£ (234- 646ng·l 1)oll:C: -le 0 1>1:C: 144ng·l 12..s'. 7i!-af'l!cJ. 0 ]~ ~'11>1 

<'- 'lj,'-"i) >1%-<l !/-ll]7f et 4 m3'<! llli±il'!iell'11oll::: 1.07 mg· 11"1 stock solution 

500 ml~ i?"i"l'l!cJ. 0 1::: -l!~oJI Af%'i! >li±il'!lell:,JloJl et 0.5 mg"l TBT:s 'l'-'ll 

~ ;loll •l'it-<lcJ. 'l'-'ll <!<>II ~"'I¾ •H?.s'. •l¾ 20! %"g'91 %71<>11 ,',.:i1>i .t 
41 :'. + <>ii >II ±ii '!I ell '11 '<l 2..s'. ~ rt -"I t- '1 '11 'l! cJ. 'r' 'll O l lt \:! + <>ii ::: >II ±ii "!I ell ,iJ 

"1 ll.¾'11?:S •1<>1>1 .:il'i'- §j-;j:<j >ii tf'l!cJ. 

>li±il"!IEil;,i]oJl>i >1-ll~ A]K:C: =t>il '11?, cage '-ll"1 -"lol%:ilf >l>1%%o]aj, 21 

A]K91 •l-ll:ilf <!>le.I :41!-& qg:aj. '!£ct. 

21 ")K91 •H-ll {},j :'. TBT 'i''ll .f l?'ll Zl:'42..s'. •H'i"'I -"lo!% 'JI >1>1% 

% •H-ll¾ tl-'l!ct. TBT 'r-'ll :'. 19991:1 8~ 2'll 13:00"i] 0 ]-'i'-<>l'l/2.aj, TBT -'f-'ll 

<!'11 7~ 29'lloll •1?'1 ~ 113'91 cageoJl>i -"1"1%:ilf "1"1%%~ •l'l!tl'l!ct. 

TBT-',-'lJ .f j! '<!<ff •H-ll:'. 8-%! 9'll:ilf !O'll"il 'l!'l!ct. 'i- '<!<ff '.ll -'II '<!<ff91 •l'll 

:'_ 21 Z/ 8-%! 16 'l) :ilf 8 ~ 24 'lJ oJl 'l! 'l! :i'C, a f A] 0-) <', 8 ~ 31 'l) oJ] ofl 1J :<J 'l! 2. 4 {) >I] £. 

iTI ~ .g.. o] fe>i A] A] ?£'.Uc.}-. 

t;fl'T~ jTI'T7] ~ A}%"5}ctj '4 1 Q 78£~ tt'1:1]ce_ Nalgene bottlecJ] jTI-9-2 ~% 

.."iloJ] ~~ ~7J}Aj !l~<!i}'.i:19-. ~ ~Ht A].fi.~ cage~ %3' tt'J:1J!e! %~.]tt:1ofl ~:51. 

0 17J ;, .! "1--& + 'l! 'lJ '11 °) rr .s'. ~ 'l! t] 'l! lli] ~ + <>ii '/l % .!i!. tf tf 'l! 2. aj, "I Aj % 

%:'. cage'-ll91 5'.c: '!I;<' %%g 1 mm 'il<>il 'llel i?"l-<l "1"1-'.<-"l"il ';/.:il '!1% 

.!i!.tftfs:!q 

'il±il'!IEIIAl"il ¾7].lc~%'ll'<l ¾7l'r-'1 (TBTlg -'f-'lltf71 'l!oll •H-ll~ '11?'1 

~=3:l~ ~ ~Ai%~oJP•i~ %7]'r6t ~£~ !l'a. %TI'ToJ]Ai~ 12 ng Sn· 11~::i!., §] 

'!%<>11'-1:C: 'l!"l {l½:<j,] ?,c'l!2.'-l, "i-'1%%'11 "l"i"roll-'1:C: 411 ng Sn· g dw 1 

•I 'lt."c 'ii '-ll ~""' ~ .!i!. 'l! q (J!. 3-8). l 'r' 'll +91 A] K :s !l \'! '11 ?"ii "i ::: "~ tf 

::: 7il •J g .!i!. 'l! .:il' -"I aj % :a]. >1 Ai % % "ii "l ::: I'! §j 7f \rt '.(/ q 2 -'r 'll .f oJl ::: '11 T "ii "1 

::: TBT ::: {1½"1"1 ?,c'l!.:il, \'!Al MBT"il-'l'lr "1 g :ilf i1 \1!%\tl 0 I 35 ng Sn· 11 

•J£91 ~£:S -&,]tf'.,lq. "1"!%<>11-'1:C: MBT"il-'1 52 ng Sn· g dw 1.s'. ¾7ftf'l! 

2.uj, TBT<>il>1£ 17 ng Sn· g dw 1 1£21 ',!-.", ~£ 0 1>1'1! 7<J½:<J'.(!q_ >l<i% 

%'<! "IAl"t"1- '!l7fe.]::: .'i'.'/- '-l"J-tfaj cj 0 111 >H,1°1 \tl'.(/cJ-. 
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(al sea water 

Species / Dates 

MBT 
DBT 
TBT 
MPHT 
DPHT 
TPHT 

(b) sediments 

Species / Dates 

MBT 
DBT 
TBT 
MPHT 
DPHT 
TPHT 

TO 

34 
10 
12 

TO 

0 
0 
0 
0 
0 
0 

Tl 

37 
9 
7 

Tl 

0 
0 
0 
0 
36 
0 

(cl clams (Ruditapes philippinarum) 

Species / Dates 

MBT 
DBT 
TBT 
MPHT 
DPHT 
TPHT 

TO 

192 
108 
411 
400 
0 

294 

Tl 

330 
165 
434 
244 
671 
331 

(unit: ng Sn· r") 
T2 T3 

23 
0 
0 

32 
0 
0 

(unit: ng Sn· g dw- 1
) 

T2 T3 

52 
0 
17 
0 
0 
0 

(unit: rw: Sn · _g dw 1
) 

T2 T3 

(TO: Aug. 2 ; Tl: Au~. 9; T2: Aug. 16; T3: Au~.24, '99) 
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600mmoJI ""l'llcf 11¾ 7J-\'- ~Oil 'l"il'!JEJl~I '11-"1 'lH1--& ll-',- Uil"l 30%,0il•1 

16.4%,JJl"I {1-"°"l'll.il(.l!. 2-2), %e~"°'lf£ 2.5m 01'11"1 'l¾'i'c: 60% ol"l"l 

.l'.:<1-£:S !l'l!c:<11 °1::: 'l<ii•]EJl~I '11-"1 •1•1%,.-:,01 lit-& ~7,JxjoJ;; '1!-.il vg 
~ ~ 'r 'il~tj-. o]rl~!- ~~]{jg ~7.fi5}7] $1.sHA~~ "r7\-3:J'?.! T~ ~~4 c~~ 

6i cage ii*l il 0]~ A]i?-21 tl}~oJ]Ai -'r1Io] 0J§.~ T¾2...£ -?tr~ ~..8..7} 'il~ 

-J!..Q.£ J,]zt~~G-. :rE. 9-"E ~~J~.g- 1t*l~S::7} a"Jl.}jA]Q;jo]l::i.£ i:Jj"5'0] ¾ ?JJi!­
~-2-A]~~ ~:: ~lit-~o] ~~8J.Q..£ JJJisJ-t}ctj off-9- ~{l-<5}~j2. ilfl:}jjJ.~fllll]~ ~ 

71::C 7,l-\'-7f Pl'.ll.il ::i Si-¾oJI cage71 :ii1\'!51"1 -"1"1%4 >1A1%% 01 ¾¾51"1 :(! 

;;- A]K"l >111°1 '1)- "le: 7,l-\'-£ 'l/"~"l'.llcf. cage2\ :ii1\'! 'li-"i:S '11'11A1::C ~-',­

'il"l cage71 ¾"1~ 5! 01<>1, 'li'll n-5'.oJI u+2]- ::i 3.71;'; :;17,Ji;I\'! 'l! :,\.2..ss •~Zj­

'i! cf 
0 I 'J-4 " -& '1.! 'i'- ,. 4 .ss cf g 4 " t .;i 'll 7J ~ ~ 'l1 '.ll ~ 'i' 'll '.ll .il O I ¾ 9.9. >l t.J-

01 •1 .ilill"l"I cl',')j\'l 'll:S<>il til~ _l;!_~Al•J<>il til~ 7,j,11_{; 'l!~ T 'll'.llC1-. 0 1,1 

~ lJ_l;!_:S 2. "J~ {e!~oj]A1::C ¾li'- 31 'll'll£1"17'J 0) 'l! :,\.2.ia. A~Zf'i!cf. 

ii' 's' "i .2. £ •l 0J AJ Ell ~I yJ oJI A1 _2_ 'll % ,! 2j ~ .t 4 7,j 5'. 'II % Jj 'll "I 7 I ¥1 'ii Aj ::: 

'il'r ¾ %e>J-EJl"1 2-'ll%.! 'a-£;': ";1Jtl.il, 'il'r ¾"1 'll'l']~"l<>il~I ¾'i'51 

.il cfAJ %% ~ 'if 3.<e oJI ,i] ~ 'ec51 C: 0J ~ 1J '\f sj .'e.£ llf"fSI C: :,\ o1 \1! .8_ i;I cf. oJ 

3!)1joJIA1 £Al '11"1 •~EJ1~12J '>jo] 0J- '?-£Sf 7]';;0i] i'!:~ :<IK71 9,!ojo) ~c). ~ 

'/1 'il'r ¾"1 2-'ll%',/ 0J •1¾"1 -"1"1%4 '4Aj']%O!l~I ~'g, ¾'i'"i::C 0J~ ~1] 

~cJ. ::iej.il ']EJl~l"l zt 'i'-"J~'/l.ss ~IYl 2-'ll%.!"1 'fre'lt~ ~i~"l"i ,i,,;,, 
£~ a}7J<S}.J2, .2..~~~~ ,1,~%~~ (bioconcentration)~ llj7}<5}~ ~oJ ~..8..~ ~ 

o] cf. 

(1) core ~BJ 

,fl '11 <J Ell ~I 71 l1f 'r. oJI 2j '11 ~ :, e1 ::: 7,1-\'-<>il £ cage yj 2j -"I "I% .i!J- <J ::l- o] ¾¾ 51 

:<J Plcx"i- Sl71 ¥J<liAjc: ~¾'!1"1 core;': <1%,.lc: :,Jo] '1)-~~ :,Jolcf. 'i]-5'.c: yJ 

7J 01 15 cm, 7e! 017f 25 cm '11 PVC pipe (l'!"i =0.018m21.ss ~lo!~ Sl.il (Al%~ 

.2.~%~oll u}c} AH~ 0 1 1€"e.l-~ 'T 1).g), core ~.g. ¥-'Jj.g- t!-S- ~.:il tie-band.£. 

J1.AJ~t:l-. ~~oJ]';: ufflg" 2i'l~ lg"Jl, 0J~o] 1 mm<?..! 0J-g ~<>i tjj~"'~%o] core 

i:;'f.Q...£. £ 0J7}';: 7;:!g HJ;,;]~9-. core~~£!~~ ¥,nj';: 3,532 cm37} £1Jl 1:1].;g,.o] 
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2.7'll 'ii.</- ½'l-711::: 9,537 goJ eJuj, -1'-"1% 3,532 g -1j5'. 'l!of lli!"1!A~Eil~I '<!<>II aJ 

fa:]';: lj!-ti]-~,'.: Qf 6 kgo] ~ ~o]tj-. 

core ~oll §]~%¾ ~';::: l!J~,& ~.:>:J-oJlAi ~~ §]~%oil core~ ~o}J..i fa.~{]<51-

::: "J-'il% A}%~f:s, 0 ) uiJ infauna.SC. .¥-~ 0 ] 'I! ?;! 0 Jcj, core<>!! 4'%~ AJ%-".::: 

l:l}A]~. ~~01, 1Ha:1t l!Hf", .il%"ff, 1-AP!Jol, ~. !-~. °all] %019-. T% ~5:. 

::: 11'1!~ .='711'- :s,aj~foj .z.,JsfeJ 1!'--'1<>11 'l!Jl.~ 0J 0 ] ~.l'.515'.>i- ~t:l-. otJ;'s 

~"1 "}"l"rt J01l>ll, 4'/1, 0 J::: 271>11, oI%t !071'1J, 7J:<Ja,j 0 ]::: 471>11 % 0 Jcj, 

(2} core AJ ~l '3J. "r 7-l 

ilfl~A]f.Jl~l ~oJl core~~';: ~ 0 J';: AJ¾~ ~"'j o:f¥-4 ;1°1~ .J!c,j'o}ctj 1AJ 

ti}O:joF ~tj-. ~5] erj~~ 1]¾ 7J4-4 T,& "g'?f_Q_.£_ ~¾o] A~7]~ ~';: ~o]~ 

½oJAj >jA)AJ'i,-~ AJ;<S%~ 'tt'll 'l!Jl.7} '.l)cj, <', ,i.~,~ ~1l<>l)Aj llli"1!AJEl!~l ',! 

oJJAi T'-i"QJ-¾o) "J-'.J'1"1 ~'!lt!l"J <J'!,-~<>11711 <" 'll'i1'% a]'() ?;! 0 1 1'+'lr'1'.1!7J 

"1Jl,-oJcj. 

sfy-~ llli"1!AJEll~l ',loJI t!l"r 10,1~ PVC core;'; 4'%Sfoj 'll"r'll <'!Zj."-.s'- 2 

7H£1 core~ T:ili5}o:j ~~ ~ <3}J!.., 0 ]t~i~ {l~,': 59-{!0l] ~;tj T~~t},r:}(To -

T,). "E cjj', 2,n~ core:: qjo<cs,'."-.s'- lli1"11A]Eil~I ~toJ] 1PI~ ~ ~'11 ¾ll.A)<>il 

4'71 S}oj 1!'--'1 ~t:l-. of,½e] oj::: -'J-"i-<J-.Q] '!! .2. 'lJ4';f,,J- :::r 'll "Jll 5'.i!, ilf<j-sf::: 

ti! '!!Jl.~ :<}il..s'-5'. ~%'I! "r '.ll~ 7,!o]tf. 4'71'<! core:: I mm '1lss 7.1•1 -'J"° 

7l>IJ"f';'; ~'<), 7J>,-~ ~ ";AJ 'lJ% ,ll.j'l-Sf'i:Jcj7} ,2.'lJ'i,-~~ 1,'--'j~cj. 

(1) ~~~±!l] A]~e>iAJ "T'"~oll ~o] ~.£<'>}..'i1 'il.2_~, 1}J1] ~}!~ T 1).';: e} 

A1~ (Ruditapes philippinaruml:4 ~~oJ (Ullianassa sp.)~ r.Bi'-¾..9..£ {1 7J~r.}. 

u}A]Ef,': 1f-*%g ~o].£.. ~~l-';: a:j.tj-6]At (filter-feeder)c].ll, ~~cl:= £]~~g 

~0-]7}1(!hj 7~~~ ~~.ll, ~0-] ?;j,i- .2.c.11~ 7~.5:_ 'i1l..2...£. LR~:: ¾..2...£. .R¾iil 

~ .73:j ~-61 A} (subsurface delX)sit-feeder)ol] ~~q-. 
(2) 'll'1!4'o<coJJ ',l7J c,!oJJ -;)1JAJ%~ >l{JS}oj Z'r'Z! "1%AJ,1::: 7]{!o] 'l/.fl~I 

2, 4'% 'll .sc.9} '9'% 11 "11 '1 ci7J :; '!! •,l <1 °r ~c+. "E {le ~ '11 T' o<c oJI T'% 'l'I "ii oJI ::: 

ojej ,1~ .lo'!! 4'~:S ',lojAi, ~'l'l7J{! i' '/!s,- -ll'l'l"l .ii:.-'1-~ ~<>jot 's-~1"1'<1 

*~el~ ~ 'T' 11.9-. cJ ~ "t!-~A]R.~ 1HT~ ~AJ~tj-. 
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(3) * 71-'~-Aj ,l-~ 0] Zj-Zj- ej qj OJ \:r 7j] ',; :,j >I A~ %-'II t1j otj ", aj -"J :: _ilf 'lJ o] 'l!-7] 

~¾ .5'.•!!.s'. aj-'j'!I_ T :UoJ 01 ~cf. >;, pelagic-benthic couplingot]>j 'lloJi+:: .il} 

11 ° 1 c11 -'II -"' I:! tr 'ii ll. 811 ° 1 811 "'l ot1 oi ial % 01 ai oi ~ cf. '1! ,i 'll 0J I:! ,ii n ei si O 1 :ilf 

11<>11 Cil~ .5'.'1! 01 1111£1:a. 0]ot] Cil~ Oil~£ 7f's-S}ojo) Sfnj, ~'lr 'l!~-& 0]"1 

~ otl ~ g {l 'jj sf:: -;J otl Aj 'T' '!I £I oJ ;,j 01 ~cf. 

(4) Cil£T 'l/~O] 'll'!1£loj,jo) ~cf. IIfi!j-Aj 'l/~£"/oti !If;"- tr'r~ ':J"J"i¾ 

.>1.'ll, -'1]'1811 '?oJ 01 ~cf. 017,!otl;: conuiiner<>ll ej~ 'll"J, enclosed system<>!} ej 

~ 'l!•J %~ .>i.1811 '1'<>1°1 ~cf.~~ ~')j-.il}ej 'i'!:,i}-'J¾ -'11811 ~'lr A}.ll.!;; -'II 2 

eJ Ci1 £ 'i'-"' 0 1 % ~ 'l! .ll.71 9J cf. 

(5) benthic componenteJ 'l!~'i'otl:: ~')j-ej "i"ill-~ core:'; 0 ]%Sfoj .<}£,f 

;" 'I} A} 7} "i \'£ ;: AJ EJl oJl Aj -'f- 'lJ '} ;: "J 'IJ .il} ~ sJ S] '1] -'11 aJ '1] -"J aJ %¾ \'l :.S oJ -'f- 'lJ 

sf:: "J 'll O I 9J £. 1+, s! >I ej 7e1 ~ 71 ~ ')J-7,J- 0 1 cj 9J £. nj , 'l! ~ ilPI- ;a ~ 'll-<>11 "I % ~ 

7ei~oJI <1 %e1sfcf. 

(6) A]{!-oj] rt},e ~AJ%~_Q,j {io];>J£2} tjj1{AJ%~ 1~A}ol] U},e &"-J%~~ 

{jo},J£;. .il}"{sf;: 7,1°1 'l!.ll.&cf. ¾% 'i'!"aotl 1If"1- ef'.l1""~oti Cil~ 'l!:%.ilf 'l/ 
•J01 '<!2<"];: 7,!£..'£ 'l!-ial;,j 9.lcf. ';SJ >Pi%%eJ 7el~ 'l!-, %"t \'!EJl"}~ej >} 

>111+ ;J¾(juvenilesl, "j>I}.'£ t+'f-oJ ef-'J,l-~ej s) 0}'jj£i!, £Al~ -\\!Jl.7f 9.l~nJ. 

oJ '= \:! :,JJ <>ii •1 71 ')J- \'l cg-sf ,i, 7t''J- Ill ,°_ 'll •J¾ ',! ,i -"l :: "i ;; llf "1- •lo l ~cf. A} 

'(}cot] !If:' A}ll. >ff'lJ,°_ oJ'a'~I 0}','-oj,i 7,!'1]7f? sl-'11 'l/~7]'(} ¾<>ll 'I! \l!ej A}.ll. 

aj{lo} 'l!i!.Ofnj, oja:j~ >]'(} '(}"!£..'£ ~o} oj'jj~7f? o] uj 'l/~<>11 'l!•Jg ',a;: 

.ll. '1! .°. \rt :: "i ¾ {l .'£ 811 ° I ~cf. 

(7) TTT.5'. 'l/~'7"50{< -'i]"iSf;:tJ} oJ'1! -'1}°1'0}'-t 'l!il~ 'f7}Af•J-¾ \j;:;;c}',; 

{l.'£8110) ~cf. ~o} ¾li'-S] -','.il}.<}oj;,jo) &:a., -"l-\'-¾"ioti£ '(icjojo) &:a., cf-'f-

7}71- ~~1°1 sf;: % \lt-& 'l/-'l]ojo]:;,_ ,'->l}oj'1] 'lJ<>l]>j {l§.7} ',li!.Sfcf. 

,flsll':JEJl:,i}:'; o]%Sfoj &"!l'li'lf'j 21-l/!.5'.£-i} Prorrxentrurn rninirnurnotl Cil~ 

-jj.5'.¾-li- Strornbidinopsis sp . .<} ~')J-<>l}Ajej .¥.-'1'lJ-¾ ~'jjSj-7} ~sfoj 1999\! 9~ 

9')!-\'-Ei ~CS:-811°d''i'!T5' •Jel-1"-50 'lJ- -\'-'¥-<>1}Aj ,:,/~ ~ 'l/A}Sf'.,lcf. 'l!~<>II Af%'i'! 

~.£.¾'ff" Strombidinopsis sp.';: 1999\:! 6~ 7J1a" ~~oJlA~ 'irY ~c.lii}a:} 20t:, 

dim light ti}oll Ai Prorocentrum minimum~ ~ 01 ~ ~l i'"ti}a:} 11] 0J=t;f-9l~. P. 
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minimum~ 20t:, '/l-5'. lOOµE · m-2 
• s 1sfoil,\i Si>I \l!~ f/2 media.ss •1°.l'sf'.l/tj-_ 

{>I_~ oil ,\f%'i! ll\l <ii Aj '11 :,j) ~ 'lJ-ej- 3-7) 5 µ mej 6.=U,'! 2__ss '/lc '.'; oj :z) % ~ <f 

20 £ sJ -1! 'ii- '!I 2- .ss 'lJ- >J 'II -'I- oil 4 ,1 sJ -'I-0 l ii: -'I- 'f ~ oj 'll->l sJ 'J--'1- , I >fl 'r I'! Ii!. tj­

<l' n ~ >11 ¾ "I "1 £ -'s- sf '.l! tj-. \'! ,1 6 -='- \'! -'l-1"- ~ 'ii-~ oi '11 "J- si >fl 'r, 1 ,1 '<! A '<l 

~I 'l!¼ >1~1><1~1 ~ '9'-0il \'!-'1 'lMl'<l'Sl "1°1¾'1! Prorocentrum minimum% £ 

{1~~711 f-'11ii}:c., ::i qg Strombidinopsis sp.~ f"~tl'.:Uct. ~7]<>l] ~~~ 

Prorocentrum minimum~ ~.£~ Q} 30,000 cells· ml- 1 0 J~j1 Strombidinopsis 

sp.~ <} 30 71>1) · m1·10J'l!tj-. 

"1 ° l ¾ :i!f "- ,q :,f ~ ~ "'1 ';'- 'lH1 {>I_ ~ llil <ii A~ '11 >II Sf "1 ° I ¾ 'l! % -'i' 'll ~ r1I Sc"' 

illl<il']EJl>il(control microcosm);'; zt 3711'! ½ 671Sl llil<il'~EJl>lli< >fl'r'Sl ¾%:i!f 

ll}.£7} 1:l]ii!.~ ~.g- -¥-~~ 'lt~oJl Z! £.~~ 0 1%isf.¢9 .il"s"t}S!J,tj., subsample.g. 

zt ¾% -'i''ll~ "'l+(t=Ol.ss-'/-"1 2,\ln, 20A)'fr 0 ) ><);± + lOOm!"i •l'rsfoj 

Lugo!' s %"'I 2-.ss :s, 'll ~ :s, -'11-'I- '1l u) 7,J ~Oil ,\i >il'r~'.l! tj-_ 

Strombidinopsis sp. Prorocentrum minimum Prorocentrum minimum 

Time(h) Exp.l Exp.2 Exp.3 avg. Exp.l Exp.2 Exp.3 avg. Cont.1 Cont.2 Cont.3 avg. 

0 25 21 46 31 

2 24 19 24 22 14750 16250 14250 15083 28000 24000 24750 25583 

20 11 6 16 11 14250 16250 14000 14833 36250 24750 8500 23167 

:i 'e!:i!f 3'7l(t=0)oJI illl<il'~EJ!>ll(20 ! ) 'l!oJl Prorocentrum minimumej '.,-5'.~ 

30,000 cells· m1· 10J'll2-9, Strombidinopsis sp.Sl '8-5'.~ 30 71"11 · m1· 101'lltj-(_l!_ 

3-9). f"~~;i;] V·lTI 01 7J.i!t~ ~oJl cfl:?:"it"oJ]Ai9.J Prorocentrum minimurn9.] "1;£ 

~ 25,583±792 cells· ml I Ol'll2-9, 20,\l'fr 01 ;;J:i!j-1, ,;JOI)~ 23.167±13,943 cell 

s . mr I -" '--t El-\I: tj-. r1I Sc 'i'-Oil •i ~ ';'- 'll 'i! ,q 2 ,\ l n ° I 7,j :i!f ~ 'ii oil 15,083 ± 1.005 

cells· ml 1°l'll3!, 20A)'frol 7,j:i!f~ '110!1~ 14,833±1.233 cells· m! 1°)'l;ltj-(:i'<J 

3-12). 
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Strombidinopsis sp. I 
50 

40 

] 30 

• 20 u 

JO 

0 
0 2 20 

Al.l]-(h) 

- -- - -------

Prorocentrum minimum(predator addition) 

35000 
30000 
25000 -----

~ 20000 

• 0 
15000 
10000 

l 
5000 

0 
0 2 20 

Alli (h) 
- ------- - -

Prorocentrum minimum(controQ 

35000 

30000 -- ----

25000 

s 20000 

" 15000 'ii 
0 

10000 

5000 

0 
0 2 20 

AIV(h) 

:::J..~ 3-12. Lll:i:.-5:-~ ~~ ill11111Ell?fl ~oJ]Ai Prorocentrum minimum 21 ~:ii:.~~ 
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2J,]Z} 01 78:i!}~ ~ 4El-1d- 1:1].ii!.,1-gJ Prorocentrum minimum 91 -'8-£~ 3:.7] 

"1 ~ :sc. o1 "1 'ii 'll 'l! 'l! :sc. ;a. ""' -.i '<l ~ ui , 'll rr , 1 "' .!I. l'l 2, 1 n ° 1 7J "' ~ tll ~ sc o11 

"l•H 10,500 cells•mr 1,J'i]7f ""'~ {l:.f'llct. "]ill'/-"1•1 20>]{1: 0 ] 7,j:.f~ '11"1 

{l:,f;: tli""'i'-"1 20A]Z!: 0 I 7,j:i!)~ '11"1 {l:.foJl "l•l 'llil'.J:~_,a_ 8,334 cells· ml 1 

7} "!~I L}Ef,J:c}. "iill'/-"i]Aj 20•1n°1 7,j:.f~ s]oj L}Eftl 'l!:.f;: 2•];'.}o] 7,j:.f 

~ ~oll 4E1-'d- ~4 ,e- ~} 0 17} 'it'.xl~c-TI, 0 1~ Strombidinopsis sp.$>.J 1HAJ]'T"7} 1! 

~~E...£. ~~~ :;!oJl 7]~~ :;!E..~ 1!.~C-t. ll1°J:~ A]~l5}2 2A]tt 0] 78:i!}t;}~~ 

aJlgJ Strombidinopsis sp.~ 1H~'T~ &.7]oll 1:1]"81] ~ir~E...£ 9 1H~l · ml 1 7} {l­

"''l'<l~uj, 20AJ{l: 0 1 'il4•1'll% '1<>11;: :<o7J<>II "i•l ½ '\Ix"] 7J~l'r!a. 3.~I {) 

"''l'llct(::i'lJ 3-12). 

Strombidinopsis sp. 7} f 'll ¥! ~ 1ll ,,_J Ell 7'11 ~oll-'-~ ~ S: -'t! ~ ¾~ Prorocentrum 

minimum"-! 'l;'SC {)"' >Jx71 '11~'1-<>ll "itil ~l'l•l~I c+Eftl ~% .!1. 0 1. 

Strombidinopsis sp."1 '1c <,J 'll- 0 1 ~4 "1 '11 ~ ~-"- .!I. '.l! ct. ::2 •I Lt 20'1 <! 0 1 7,j 4•1 

~g aJloJl .i:7] 1H~'T"o\l 1:1JiH 1/3-4'-¾E..£ Y-::!:~ ~~ :g-~i}t;:!, ~£¾-¥1-

Strombidinopsis sp. $>.] ~ ~ ~ 01 ¾51 g % ~ 'T" '.U ct. i l~ 4 o] ::= 1J ~ 7\ tt 1:gA] 

·'<"-i- !a. '<! •l 'll 1,1- 0 I ',!- 0 I, ',!- ,'L 'll 1,1-oj .2. ,1! AJ n "½ -"I '.l! 'i! >8 % <>ii "1 ~ ':!•J O I 

~ ~~;a_ '8zt>l"i ~cf >I'll~%,,_~ ~'1lst'll 0 I 'llR•lct. 
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01 :i'f>il"1 \'!'i'-,H'l!c &JC:: 1) llli<li'JEilsl~ -llsl. >1]'1-afj]_, 2) l'l-ll-oJI 1!>lafoj 
01;, -1<%~ -::!"IJ "J-'lloJI Eil~ 7]¾% ;;=;afnJ, 3) 'lJ':r- llli<li'JEilsl~ 01%~ :i'f>il 
;, 7J'l!,Sfj]_, 4) ,ejo] 0J-:. ¾'ii ¾7].2.'ll,r'!lo] 0]%'1-c: 7,!% :i'f")sf,: 7,!oJ'.1/q, 

JJil <Ii ';Ii Eli ,iJ ;, 1/ ,iJ, ,i] ,i- ,, 7] ~ Sf oj .2j 'St<>II "1 1J 'l!, 'fl 7] ;,a JJil <Ii 'J Eli ,ij '1J T 3c 

"I- 7]';;oJI Eil~ >Ht ±"He ¾•l 1J;.t'1'1! '?-z~ :;l'lJSf'.llct. llll<ll'>'IEll;<il~ 01% 

ti -ll"IJ "i".l')} £1.:tc~ 2,1ei JJ11<11•JE11s1,, >IJ..8.af7l aJJli'-oJI <a-~ 7lltioJlc: %ill' 

5m3 "1 llll <11 '>'I Ell 7ll ;, 21H ,i] "1- sf x "i- "1 oJ 'U '.11 .2. '-t, ct 0J ti "<I Ell "1 llll <11 'J Eil 7ll oJI Ei1 

~ 1],t ;;=; i ~•1"1 ~H! 'llllli'll:i'f '<!llll<ll'll"1 271>1 ¾-ll-;s \'!:S'.llct. :tcl'-1-

,iJ 'I "I % 0 I ¾ 600 \'! ~ ( "1 'll7J "I "1 30%) .2. .sc !/- is' sf '.l1 'ii tr 7ll .sc 7 I i" 7ll ti % 4' 'J 
;;f oj ell cl il-5'.~ ½"1 %'ef 3.6m'"1 llll <11 'J Ell 7ll 3,1~ "11 <l-iif'.ll ct. 3,J !1J llll <11 '>'I Ell 

sl ¾oJI 2,1;: !/-¾'JEilsl -::!~HI "1%"1'.ll'ii 0J-& 5µm'1! '<!llll<II"<! llli<li'JEil7ll'l! 

jl, l7Hc: .2.'ll-!l-'ll ~~ -ll~<>II A\%'<! ~s! 'llllll'll llli<li'JEil7ll'.llct. 
0 1'1.!oJI '11'1-~ llli<li'JEilslc: 'I:'. ~1-UoJI 'lt'i'<>l"1 ,iJ"l-sf'.l!,l "111"-oJI -::!~£% 

Af%Sf,]oJI 1,-'lJtl 'll 01 '-1-El,r.2.'-t, z'l'l"i.2..s'- 1!slsJ'.llj]_ -\'-¾"J-'1!-01 O].i<'I 7} 

\ljil ~il~ *2-l1Ht- 7J-~ ~i:.}-A~(FRP).Q...£. £1~7] n.ll~oJl ~~*}.£ ¾~01 7} 

';;sftj- uf2t"1 .2.~JAf:;,.gJ \'l-ll-01'-1- "iz'lf'J \'l'J-, ~~':J•,}zAf l'l-ll- % l'l'li-oJI 

>jg) -l)"ljo] '/J._9_~ aJ1 °l}.:lc;, &,;,j -ll"IJ~ 4' 'Uct. O].i<"i ell%'s''1! llli<li'JEil>il 

;, -!]Sf,: °l}.:lc.s'- il>il %71 -1<%~ T 'Uc: 7,! 01 °1'1.! "1->iloJIAi 7l'lf-'l'! llll<li'JEil 

sl"1 ~ 'll-'ll 0121- '\l7f~ 4' 'UcJ-. 

1J'l!,'<l llll<ll'>'IEil7llc: KOMES(KORDI Mesocosm)2t 'li':JSf'.l!j]_ 37]"1 llli<li'J 

Eil7lltc KOMES I, II, IIl.s'- Jl.7]af'.l!ct. -\'-¾%'1!:"1 ~-9-c: 'll'i'-"1'1! -1<%01 7f';;Sf 

jl, 5 µm 0Jai-"1 "'='-i'l:i'f ½"1oJ]'1"1 >1'!1"1 -l/~%7],: <f-§-af\'!<j 0 15'. 'Ji -\'-'r 

'J-!!-"1 ~i"<>II "1'11 •l.s'- \'!:SoJ 0l~cJ-. >il"l-B llli<li'JEil7llc: 'll-&1"-~"1 -\'-'¥-oJI 

1! >i sJ oJ llll <Ii 'J Ell 7ll '<l<>ll"i "1 -\'-¾'J Ell 7ll "1 \I!~. ¾71 .2. 'll-ll:'li "1 'Ii'..-,, lli "I ;,f2} 

-"' "I •1"1 tr '41 % "1 •1 7f-'l -ll ~ <>II ~% 51 '.ll ct. -::! ~ ::; ~ aJI 11--9- "- '1H!: >1 'il "1 
oHTofl ~~ ~-a-J.Q..£ ~~,,,~~~ 61 A§.i':J]~~ ~7-]t.f, ~{1 TS:.oJl ~~OJ%~ 

of :,!:o}oJI ell~ •1"1°1 <>Jill¾ 1,'->i]-Jl 01 'U'.11.2.'-t, •J:r- JJil<li'JEil7l1"1 71"1 'Ji 'l1 

~ "\! >ii oJI ,I ¾ ~ 7J "IJ % 'll ~I <l '.11 c\. 
0 I :i'f >ii ;, 'a- •1 JJil <II >J Ell ,iJ "1 "\! ~I ..i >ii 'I oJI tr~ , I 1'i 'Ji O I ;, -1< % ~ -ll ~ <>II 

r:Jl~ 71~~ 'g"=;~ T 1l,Sj,c}. 0]e~t!- know-how~ AH£ A]:Q~~ 71{!~-fl-A}~ 

¾ \l-•loJl>1 4's,,J"1c: "l:!'1!"1<>11-'1"1 ~"1"1- '11°J ~:o:."1-% \'!'i' O> \l-'11 %-\'-\'! 

'11"1"1 'IJ 0J%'1 ¾'ll"l- 'J-ll:'J~'i ,1'll- ¥!7J±"a7l'<! 7J1'i" :i'f,i121- '1HlsJ"1 71 

i" KOMES"1 'i!'ll :S 11"1~ ,H.sc¾ 'l1Eil"1 llll<li'JEil;<il;; >l]"l-iifjl, •J:r- 2, 3 •I 
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~.S:.oj 0];:, 'l,%Sfoj ~',l\'l:,foj <JI~ ~,;t.=l~.Qj aJ g ~ >J~S'j '/!%\'!'?-~Sf 

2 ~i' JJil;jJ>JEll:>11 'tlcoJ]Ai.QJ 1, 2*f >J~ ',) 2*f"J~ '?-3'c 'l!'i', "]Eil:>1191- 2J-'/­

~1'1!~.QJ -l)-§.31-% 'l!'i' %oil 'l,%'l! >,!o]c.f. 011'! .i!J-,i]91 ¾.!il.('il°J''l!~"'l 195 

§. l !il ~ -of "l llil <ll "] Ell :>II ;; 'l,% ~ 'l! '?- oJI <11 ~ '1!:-ll 01 J,tof ca 2, "11 'lf ~ :,J '>l "J Ell 

:>II.<! 'I!~~ .5'.'-I Ei ".l af 2 "il~•f c: ,11 >II "11 ,g Ell :>II.<! 'l,%"J %0] -\'-zJ-"1 'l! c.f< •l 0J 

'i"-\r-\'-, 1999). ~\I! •J+ ,j'--fc.f.QJ !OS91- "11'%'1!'?-~ ~<)af2 'l!.2.'-1 'l!'i'"l oJ~ 

!!£. T~l~'U ~~~ o]+\'.>-JA]A] ?,[31. 9J9-. 

1H~ ~.ft. 'l! '?- 7.e! -'l 'i!'\I.S:. 

'ii "11 "] Ell ,iJ .<! -1!1 ,iJ ~ ~l~ 
llil <ll "] Ell :>II 37] -ll 711 ~ c<il "I- ~ JJ. 

100% 
(KOMES I, II, III) 

'll-~1"-~oil llil<li"!Eil:>11 371 -ll*laf2 
.!j!-% AJ Ell 71] "1 '1- ¾7]..2..~~~ o]%, 

~ 'll--1!1 * I ~ :f%7]~ tr~ ~ ' 100% 
"i "I ;,f( "I- '1! .5'. 3'c-i,-) "I- !I: "I sf( -jj .5'. ¾-il-) 
t!:>lloJI tr~ ~1l ~Al 

llil <ll "] Ell :>II~ 01 %~ •J'9' 
7]tr2-#-Af'lJoJ]Aj >l];jJ>JEil:,jJ~ ~%~ 
\'! T .i!f ~I 7} A] 3j- Si 'l! 2, .Qj -\'- "1 'i'.! '?- "i 100% 

.i!J-,i] 'If j,'-
~ '/!71~~ PD 'l,% ¾ 

,:>jo]oJ-i ¾~ %7]1.'ll 
TBT~ 7}A] .J!. "ii "I~ 1l % i;f ~.2.Lf, 

%~"1 o]% .uf") 
~ 1l % •l ~ "l ~ " 7.e! .i!f oJI o]~~ 1] 90% 

o] 9J g 
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q..e] 'tFr'-S:~ 7JAJlg5:_ 7-l~lX AJ-~oJ1 ~~~~21- ~~oJ] 7]-fe] 0J6jAJ% ¾ 

')j-.f2 '.U.2.E'.,c, 0]:,,oJ] llllJ11';1JEll7111' -jj>]-.foj tr%-.f;: 7,1°1 ef,l'i ~ 7,l 0]q, 

'il-'f ,' ± "1 7a ~::: '11 °,PJ Ell 711 "1 T ~ 2\ 7] ';; <>ii -<H:! 7] it ~,\I' "I O I 0J \'! T' .2. 'll 

~1'}0] ~OJA~%oj] op]~ ~1'J, ~:t:Ql ~A]7]~, ,¥-~A]%Ql ,¥-~7]~ ~ ,¥-~ ~ 

>l]7]'i,' 1B~ %<>11 3Jl],ff>JEJl;,j];; tr%~ 'r '.U% 7,)o]q, 'if'!! -'.<''ll 7f','e] 0J"J>J­

"1 7a 4- '11 <;Jc:,:-•J~ \'!'I';, .</l '11 ~% ~ 'r :U ct. 

'il-"i-1"±"1 7a 4- llll'il .,_~ ell 711 is 01 %1' -l1 '!1-"1 ~PJ ~is .</l '11.,_i::: .,_I 1! %-"1 ')111 

"1'11 1!>1 711~0] ',/Jl.~ 7,)o]q, o] ;fl~-"1 'l/~.2.,c -;1'!1% pieris 'l1'!1"1'llo] '.U 

~ *.2..£.. 9-r 20~30m £!£~ 1:l*l~l-J1., ::r itoJl ~'r~ ~if~ 'r 'tl~ ~it.£.Ql 

-;/ '!I -;/ % i'l 1! 'if q ( ::1 ,l 5- 1). -;/ 'ii -;/ <>ii ;: '11 °J ¥!: 7a 5'. '-I Ej 'il <>ii .,_I% "1 ;: zJ-¾ '\' 'il 

AJ*H'r-&. ~~. %,e.u-~~. ~ 0J~. ca~~%)¾ ~*l<'>tJ1., 'i"!4r~.Q.£ Atli~ 7J 

~~ 'r 'tl~ computer systemg ~¼tj-. JJl]~A]cJl7'l!~ pierQl 7}%oJ1 2;,JA]~ ~ 

2, oJ~ ~~%~ T 'tl~ lift systemg ~*1~ct. ~~% pier~ ~tr~l isH 0JA~% 

~~ 'i"!Titlg 11~ ~ 0 1 o]-Yi'f ~ 0J~ ~~ol] ~~ 'i"!T~ 'y"t~~ u:JI {i~g ,q 

.g.-.1,1 U2£ \'lel~:>il -;/'!lg~ 'T :U"1 ::1 °]%71>]71 l<tct. >;-.1 .2.;,>1 7]{!% 

't, ',' '!J <aj ;: 'l]- 7 I 5'. Lj ej 'iJ "'-"' "I S 'l) '11 °J .,_~ ell ,!I .sJ \I! '< "t "f <>ii ;: ',/ ',' oj o I q. 

Dl's'oJ];: "°=''ll" •B 0J\'!'r±(S!OloJl.,_i 01-,!% 1!>1-.foj tr%-.fJI '.Uct. 's'cil<>ll.,_i 

::: ::I 1l •I "I % uJI li'-<>11 tlJ 'r O I cf ± TT 5'. \'! T ± <>ii .,_i ::: 1! *I .. , 7 I 7 I '!I ~ JI 'if °' '11 °J 

\'!'/'±71 7}')} '111-'if 7]:;,fole]- •~zJ--t!ct. ol .,_I'll:'. zj- tlJ<:fOll-\ \'!'/'7l:;,f.sJ -.f71I 

'i"!T ~.£..::11 7ff~Al i'-%.9...£. if%~ "'T' '.V_g ~o]cf.. 

:::teil-\ 0 1•11' Al'\!:'. 1!•1•1%01 l't 0I ;;11 uJlli'-oJI 17l'1'11 711~¾ >iH1 -;!>I 

~ t;]-~oF ~ ~o]J!, ~7]~.Q.£~ AJcH~.2.£ ~*]ti]%o] ~lll ~~ 7]-f'e] ~Ell 

.sJ llil'il"Jell711;s 1!>1tfoj -ll'IJ<>il .,_)%~ 'T :ug -li 0 lct 0 1:S -'ll•B.,_i::C a!1TC % 

"1<>11"1"1 ±>ff,c 'fl '4°1:SC~ 0 1%-.foj '1!£-"1 "°Ef 0 1,c%(stylofoam) '1- 0 171 ',/Jl. 

i>]-A] ~.g_ 7]-fe]~ ~]~<'>]-~ 7]~(::r\j 5-2) 0 1 7H~£1~L~-E..£, 0 ]~ .:Y%6t~ ifl] 

'1"]'1171l1s -ll•l~::C ',lo] ef,J-,Q~ 7,)o]q, 
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Pier 
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:: lo Io ,"- \ti k lio 1-} I'> FY 2 ½ 'o- I'> FY fv -et la % r · -t:i Io ,c. lo iHl: lio fv -et :: lw if, 
'bfo [ofv",ft lo,L]l,%¾ bfo I'C-[,;,Lit ::;~_, [Ji[tiiv -[i.lo 

lio¾* -1,.g- i<>-w%lo ~llittaidl,t,r fo¾ -wl~r\- lio-&io ::fY[io-:,0¾ ri;' ·tito"' 
¾it ~f.lzl'>fv -[i.j&ia ¾IH"' -wlalo io-w%lo ~IJittaivll,I« -[i.i~R lio-&1¥ 'b 

fo jt[Ji-[i. lf1::t,%!,c lio-&io l!o16 2t,:]f[t% bloiwi, fy[ioFYl'>FY 1<>1~%1Y-!< 

IJi[tl!'vll,U, jl,,y '5-l,c lo&% =:,Lio loi'h\-\ti -[i.jl: liof•li\ =:!~lo lio¾i'v-\h'r lo 

lz ¾ Ii\ o · b Io Ii< t,: fu f~ h .,- ,to: ll< lo Ii< tta i'v .g-,,,- -[i. it> lio lz ¾ Ii\ o %-lz ::: Ii<' iw 
'blo,Ljl, -[i.%% 201"!iii- % l,,[t 1oourect ~unnoi-nue) 

-g:5of1t E~ lofy~f'L ~-t:~ ~f,x Uo~½ to¾~d~* l-'?~ ·-pro~~ ~~i1 
Io~~* F)-l.<?f.t [lo{y[L[o~ lo¾~Y{¥:½ ~ l-tllt: lo~lo 2Cl-l-'?ln"-lt:¾ [ofy{-? 1$ 

lo lio¾i'd•;\- :!c l~a- loX3d3J ·-t:ito,Lll, -[i.il: liot~nnoJotqJ{'?;\-¾i'v ::Rw¾ 
'bfo "' Tu%lo {tlJi\tl!'v[l,I,! lio% ,Ljl, %{,t,,I -[i.lo lio~E.f., '::¾% 11>\ti 

'[RY toRfy ·kl -1}.[o [lo~E-&ii¾% '{Y~d:fZ ~to [t<;,~E-&1t~% ~¾ '%ift 
lo~E.fu'::¾% y[a ,w[t, liolz¾li\o %lz '.frfv lo~E.fu'::¾t, -wlo [io-1,li\fo 
Ii\ 'loRc loilci' i,tE.f.,;;¾t-;- '[oi'f i's"'½ loilc-lf -[i.lo lio-lf!'da b;s ;;[lo 'b 
a ,,,c.-:, -w~¾ -wit ¾./ot,r ",It loli<\tli'v ::lJittai'vll>U. lnofo 1oft 2of•f• 
:: -w./oti< ~ ", It to lJi tta i'v :: 11.-,,, ,Lit 16 I>' ltL 11v lo 1:o tta i'v fo Ii< . b !, i'r [-,: r. a -i't ½ 

lo lJi t.. :: "' lz -:, "'jg ro ... a .jl I y t,: I,; 16 ;; 1'a :: ,L it -[i. la IO . b ll IO l\c -[i. f,l: lio 
T',L loilci' loft ::ficlz lot-th t.\tlifol> ::t,n,:i,, fylio[\.-:,0 [-,:furl'!' t:,[o,L 
lo -[i. jl: lio ", It II', T' ,L lo Ii< [ti i'v -[i. % lo :. Ii< \I,. !'vi< I« :: II, I( . bl> "' g -b ::: Ii< 
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