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1. ~I& 
~~ -'§El):,j];f:A} 'j\ ><]~ 7}'5-~ o]¾ '!I-~ <;'!-,'

-'W-'9 'fl- ~ ~ ~ ¾11~.£.-

2. l!! 1!/ .R 9-t 
0 1 ·,Frt: 5\1<! (1999-2003) ,q4,~ •,!','-!a.Ai 'l):>.f\15'.o/Jt: ~"il'I!¾ %{12-£ 

?J!\!l 7]&£Af9j- o]-§-~~ £Af'!,- •f',12-nj, ?J!\!lej 7]';,.iI]- 7a"11.aJ 7f:>.] \'!'i", _l;l_ 

'lHl<l' 'r>i, >Jfil;<].£ <t•J % 7]Ej- £Afa;-& <>il"i £Afej 'a'-4 ~ ;,c]';;/tj-. 

• ml!! ~ >,!! ~ 21 §I ~ 111 g 
~"!) '1!-& % £;>.f ~"a 9.J .zl "i/ .aJ ~ 'lJ ./if "i/ I'!- ]lj/ 1/1 '1]-2-£, '1]- 'IJ 'j" £ .!jl- Ej i.Jl 'I]: 2-

£ ~;>.f ','{JO] 'lfOf;<]]l !.)J'l]:ej £-sftil9f £{!tilej ir7,JAf'1j_g. :,,j.ajE_..,_ 'lJ:>.f ~ 

'fro1i*tj-· ?J!'il."l ¾ '1!.aj ('llir :rr;<J{,Jej ~)-& 4,681 hao]nj, ¾'Ji:JI :§f7J'l]- 7]\ll: 

'l]-El "'i "ii o/1 tt/eJ- uff f- ~ '1!~ 7<I Af !is '11:'it -"I oJ ~ tj-. "I .aJ l,--& "1/ ;<J "'i "ii, o11 '1J-{J 

"'l, ::,_ ej :i1. "J .aj % "l -fi- 'lJ o/J tt/el- 4 7fl ej :,,j .aj-'IJ-2-!is ... .l'.-sf s:J tj-. ",, 7)! \!j o/J t: -'l! 

( '-1 ii), £ 'r ,s s]- '11 '1]-{J "'l "'i OJ o/J t: .£ '11 (A f 'l! ), £ 'r £ 'l!'I· "I OJ o/J t: :<f '(! .£ '11 ( OJ 

Afi)), 'l!'/l'i"s]- ',a\ll {l~ ',a\ll"-l 7]\ll:'l]- !/Jo/Jt: ;,f'(!(OJ'l!)oJ f--'1/~ :a].aj-!,-oJ ... 

.l'.-sfs:Jtj-. :,\Ai-fi-i'°¾-& ¾ 84¾0 ] tj-~.ej:ljE_nj, :a]'"!-'IJ-'4 -fi-Af'OfJI] ... .l'.'Ofnj •fl 

'tl {J6jej 'il~¾ 3.71] 'l!t: '<]OJo/JAit: l,f';'"i-711 Af'l!!a. 'j">j'<J -iti'¾o] ~"ll•f 

711 l,'-.l'. •fs:J tj-. 

£ -sf cJI "i .aj % 5'! 0 f o/J Ai !is I'!: 34 "'l %"1' "1 "l ~ >H " 0 I 1..f El-1..f'>': 0 I ~ 'll 'l! £1 "ii .£ 

W-& £-'11-til'<!E-nj, '1i'r''1! -'l!-'ei"2-£ £<!til91- £;sfi:Jl,s 1l 0 l•fs:J2-nj, ::l. ~ 7J"i 

~ Eil¾"l- ~¾"l 'il~¾ '1!-t ',;'"la; 0 l '-1-Ei-hlcf. ~¾ -"I'"!%-& ;<fQ"l- £'1i!is 

'i" >J 51 oJ ~2-nj, %.!/-SJ o] ]2 :,I_ '-1 'l! "i .aj-!,-'4 -sf.!jl-ej ~'r¾ o] ';l-]2 'll 1'!: % "I o I 
7J~ 2:§f'ii :,,j .aj-!,- Afo] o/J ~ >ff 51 oJ ~ :l/ cf. 

'l! ej ';J-Ai.!jl- ?Ji 'll. Oil Ai ej "i .aJ-!>--& {J 61 '11 '1!- ~:>.Ht "11 £1 •f :il.t: til.!jl-... o] 'll .se. 'l! 
(silt, 6.0-8.0(1) )!is 'i"-'8 51 oj ~2-'9, lt'lf~ :,\ Aj •~ ,..ej l!:% 2-!is "i "l 'i'-£71 ~'ll •I 
llt"'J 51 :l/ cf. 0 1 jc <>11-'-i 1999\1 8-%! .!/-EJ 11-%! JJf '<] "i .aj ¾¾ <'t-'ll "'.iI]-, ::l. 7] <!% '1} 
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-l!-'!"12.!a. 14.5 mm7t 'il"1"1'.l!cJ-. 1999\:! 8%! 12, 13'lJoQ \'le 'lFr '¥- ±,Hl-Jl g 

'""'" ±;j 1?7Jzi- zjzj 0.37 t.i!J- 0.21 tE] -'\'-¾%0] "1'1J!a. *½"1JJ. '.l)g o] -\'!:~ 

Sjo] ".Jl\\! {l,!,J'll'J.iZJ- c,1- 'lJ3<l•"t'.lJ.cJ-. %'ll'l! ".l)\\!.g. '91'-oll {],!,Jo] -l!•]"1JI '.l.l<=

~ .g. -'I- 21 '-l-21- ,1 'ii \'l '<! "1 "1 "l 'lj AJ .i!J-<=- -l! ~ I'!: ell !a. ? \'! oil 'll-± >ii :<J -l! .iZJ- " -& 

±z!cJl"l <j-$pj<j .ij;;,oq El'il 'l!i.Jl 'ii~ii;~01 3.>il •1'11'.l!g¾ cs]A]"f<=- ~2. 

!a. >~zt1'JcJ-. 

• ~\!I 'i!! ~\!I ~EIIJI 3-.Af 

1999\:! 8%! %'ll 'l! El ".il 'i! ±zi-cJI .2J- ±"lcJi oq -$1 ~1 t!- ll 'll a, oil ,1 .l!. ¾"1-'l %E1 

~~:±-a ~£~ ~W*.9l ¾ s_.AJ ~ 1R~~~ ~~~ S..A}i,}~c}. ~~~-at" ~ 

'll\!15'. 5.51-214.06 mg/m' El ~£11:.'l.'.a- '-l-El-'<l£."l, ±"lcJi -"-9- ±zi-cJl"l ll'll 

"oil).1 l't:'. ;;i•J¾ -"-'.lJ.cJ-. £Et!- '11- 'lFi'-"1 ll"1J'i,-_lil_cJ-:C: i.Jl'l!El 'il"~oil -$l"lt!-

1i-1:l~oJlAi 'R".g.. "15"'£~ &~cl-. 1~o!l Ai~<S"}~ AiAiAJ ~W"fi''C 2,& 13.il} 38~ 

79% 5~¾ 1%%-o] ¾~t,}$at:}. o]¾ -3-!~W (pennate diatorn).g.. 59¾ 51i!!¾ 1% 

¼2.s'-, 20¼o] t+E}'d "?{l%'lf (centric diatom)otl •1'11 tj- 0.J,~ ¼±>;Jg _l;l_'.lJ,cj-. 

± "I cJJ -"- cJ-<=- ± "cJI oq Ai , 'll: 'lFr-"- t:l"" i.ll 'll: El 'it~ o11 -$1 "I ti- ll 'll " o11 Ai ¼ El 
cj- 0.J,>Jo] 'ic~I '-]-E},J:tj-. ajAj';j %',l--!l-l= ll'lloil '42]- 3.6 x103 -2.5 xlO' cells/m' 

S1 7~>jJ~7} '-J-EJ-,J:2.uj £"},:]j_l;l_tj- £TicJlot)Aj ,c,0, ~£;, 1..)-E}';,'ltj-. £Et!- \'!'lJ 

i' ~ 11. q :: i.Jl \'le ei 'if~ ll 'll " oil ,1 'ic-& 71 >ii ~ ;; '-1-El-,J: q. 0 I a-J ~ £A I :,! -"I- " 
:'. ~'ll\'l:"1 'il"!!c ".Jl\\!O] %"1-ll-"1 ,j,!,Jot) "Hr~ ~;;jo]uj, o]ollr4"1- tj-0.J,~ ¼ 

3l1- 'ic :'. 'll ;ss 'I!'-½ '-l- '41.Jl :: "/2 2.!e. ).] 2l B q. 

%'ll \'l:"1 !>j "l -,1-ot) Aj ,!,J iSI :C: ¾ "il ;<jAj ).~ % g £Af;sf 71 -$] "}'9 1999\:! 8%/, \l):\ll 

>1'--171 (van Veen grab)¾ A}%"foj "1"1%¾ >l'i'l"f'.ll.cf. >l{i'<! "1.aJ%oil i.Jl;;j 

34mm "1 o\ =1 s! ,l_ o} 5'. _lil_± <] il.;, >l '1\ t!- Ji-, ¼ "il "1-'1 '!H!- o] 7}711- 'ill 0] Aj "'I ~f 

C° If..¾ 0-1cm9l ~?!f~~ .£.;z..1~% ~w~ 5% ¾AJ ~2 1~£\'.!2-.£. jl~5"}51c}. 

¾'Jl"!A1']%E1 * 1J"il? 'll£7t 7t711- 'ic~'il 11 :'. ll'll zsE1 2,122 7l>il 

/10cm20l'ltJI, 7}711- ';t:'. Aj-oj'l)'io;, _l;l_'l) llll-& llll 462.!a. 229 inds/10cm2
;, 

y El- ';,1l cf. ~ 'll '1! ".il 'i! oil Aj El ¾ 'll "1 ,pg % El Aj -oJ 'll £ :: 'l! 'l} "12.!a. ".il \\! ±zi-cJI 

5}--!j!-oj]Ai AJJ,!.£ ~"r~ ~71-Slt 7,iJ-&J¾ .!!°'l'T"~tj-. 7ij~"'r 3..7]ol]Ait )I] .3.7] 

0.125, 0.063mmotl a, oj 7}<=- ,g % a, o] $ 0] Aj-oj-oj-JI ~ 'lt tj-. ~ ll 'll g "1191 % 5'

{§- 11 ~oj]Ai {1%-fi-71- 71-~ 4-1:f~l-.:rr '.V.~2..ol, :i q-,g 4-l-sf-'C' ~'ff"~'?.! ~Ai"'J 

.fl.zJ--ll-"1- 11-"li * ¾ "il "i Ajfi]% '1'11 "1 90%'.a- 'J:§1 "I:: Aj "'I •I¾¾ '-1-El- ';,1l tj-. 



~"ii~ '?!'!:!oJI A1-"J-af,c :,JA1%% sc'll 'rJ'o~ .!IJ-"1-"171 .$i"l<>l oJ:-:~'11 1999 

\::I 8-%/ oJI ~"ii 'l! ~ \I! oil 'lc'.tt! '?!'I!~ t:Jl '11-E-sc 371 j:~ 1Fll-af 2 zi- 'l}j:olcJ

'11 '1lc-:::!E-sc¥-El :<iJ'o{ilJf:<l t! 7l"'ISI J'oAl{! (transect)¾ {llJ%f5:lcj-. zj- J;Af{!:: 

A]"f21 J;A}1J (SM line), o}{!21 J',A}1j (MS line), -U'il-21 J',A}{! (SN line)E-.S:. 

'Jl '§ i>f 5:l E_ o\, A] .!if 21 J'oA}1j :C '{}J;A] 'li '1!1J-9-,s J;'-Ei :<i J'o 1j 7Jf >'] Sf 2,QIJOm, o} 

~21 J;A}1j.g. Sf 2,600m, -U'il-21 J',Af{!,O, Sf 1,100m.9j 7-!215:lcJ-. zj- J;Af1JoJIAi 

~ 'li'1!1JE-.S:.J;'-Ei ;;<JJ'o{!% ~J''li 100m ofct J',A} 'lj'lJ ~ -ljlJ%f5:lct. ";, A]"f21 

J;Af{!oJ]Ai,c 2071 'lj'lJ, o}{!21 J'oAf1joJ]A1,c 2671 'lj'lJ, {!'iJ-21 J'oA}{!oJ]Ai,c 11 

71 'll'll% -l/1la-f5:lE-oj, zj- J;Af 'll'lJoJIAi,c 20x25x30cm 3.71"1 can core;'; Af% 

"[oj 2~"'] "1"1%% •l~-al-5:lt:J·. J;Af 11!.ilJ- {!,J- ".J!'i!oJIAi~ 37%"1 XiAi%% 0 I 

½ ~ %f 5:lE-oj, ~ "J %%.il]- 'll >1l%% 0 1 zj-zj- 11 % -9-.S:.Ai zj-zj- Sf 30% ;'; 'lJ *"f 5:l ct. 

'lls::: 9697ff>il/m'.S:.Ai 'll'il%%0i 6467ij'fl/m', ct.5'.-\'l-7f 1627l'fi/m'5:lct. •&>ii"& 

.g. 38.31g/m'5"Ai 'll>!l%%0] ~>ii A&>il'if"l 58%'1) 22.17g/m•g *l"i"f5:lcJ-. A]"f 

'..l!'i!oJIAi::C ~ 62%.91 "iAi%%o] >l'l!"l~E-oj, 'llS:<c l,12771"11/m', ,g,i]a,,,O, 

55.41g/ m'o]~cj-. o] 7h\'cc1 ct.5'.-\'l-71 25% E-iic ~>ii ½~*'i".91 40% ;';, '?l "11%% 

:: 16% E-iic"i 26%-ia- 'lJ %%f5:l ct. 'llS:<c 'll'il %%0] 69711 'ii/ m' iicAi ~>ii 'll.£"1 

62%;';, ct.5'.-\'l-<c 3707H>il/m'iicAi ~'ii 'll.£"1 33%½ *l"li5f5:lct. 'll>1l%%,O, •g>!J 

'if.£ -f-'lJgJ-oj 38.32g/m'.sUi 69%-ia- ,>f;,]gj-5:JE_nj t:]-.5'..jif2]- '(j-zj-.jif,c zj-zj- 7.94g/ 

m' c\1 6.72g/m'5:lct. 0 f{! '?!'i!oJIAi,c ¾ 58%01 ½~a-15:lE-"l cj-.5'.-\'l-7l 25%, ';'l 

>ii%%.."- 11 %, '(1-zj--i,-,c 15%0] ~ ct. 'll.£ ,c 3,74771 'ii/ m' i!CAi A] .!if J'o'{}t:JI oJI s] '11 

Sf 3•R clY:C 0J,j/- 0 ]~cj-. ';%1, '?1'11%%.91 'll.£7} 3,33171>11/m'iicAi of~ J'o'{}t:JloJI 

Ai ½~t! 'll.£"1 89%{!: 'lJ¾a-15:lct. Ag>ila,,,O, 127.36g/m'i!CA7 oJ 7f¾c~ 'll>1I% 

%0 1 102.68g/m'.S:.Ai 81%;, :'>f><]a-15:JE-"l ~"1%%,0, 11.0lg/m'iicAi 9%;'; >f><la-1 

~ Cf-. ~ Jl ~l ¾~ ½ ij ~ li! ~, {!-1a' .:?:Z}r:Jl oJ) Ai C o) uij 1!Jl *'t1 Musculisfn 

senhousia7} 111l Soi] J,l, o] u~ :i!ll 'ff"Zl Laternula sp.t" 1:111 lOoJl Ai, ~l ff 'tl Ilyoplax 

deschampsi~ 'll'll 8.ilj- 9oJ]Ai -\''lJ%f5:lcJ-. --'l"f J;'{}t:JloJIAi~ M. senlwusia71 ll'lJ 

]7oJ]A1 -'f-l'l>IJ -l''ll¾.g. Tlwryx sp.iicAi 'll'lJ 52]- 'll 'll 6oJ]Aj S].ii!aj ,,..g. 'll.£5(! 

E-"l, ct.5'.-ll-'11 Heteromastus filiformis:: 1l'll 16.ilj- 'll'!I 17"i]Aj 'l/.£7} '1,-'l):cj-. A] 

.!if J'o'{}t:JloJ]Ai,c o]ufllli].;,-'1) M. senhousia!a.--'i 1)11 11.il]- 13 'a: 23oJ]Ai~ 10,00071 

~l/m' oJAJ-.2.j E".g. ~.£~.Q..nL ]J)*<?..l flyoplax deschampsi9+ c}-2.%~ H. filiformis 

<c 'l/S:7f ctj: '#Ji] 4E})dcj-. ~,l- ".J!'i!,0, 'l)'lJ l!a. 'r-iJ'e -;}->;'- 'll'lJii', %¥-

01 Oil Ai a-1¥-<>il O I 2 '° ll 'll ~ !a. T-il '<! ll 1l SC, .:i 21 j]_ 78 'lJ 8!a. ,'ii' "1 ~ cj-. A] -'if 
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cl! 'l:! oi1 "i ;a. £ n cJ1 -il ¥- "l oi1 -$l *I ~ 'll 'll "':i!f £ n cJ1 ¾¥-"l Oil -$l "I ~ 111 "', :i 

e12 £{1cjJ -af.!/-oJl -$J"]~ 'lJ'lJ,i'.Q._ss 'i'1i'c"1'.(!c}. Pf~ ".J!'lj <jAj%% i,''!J ,"_ sc 

Z!cJI AJ .!/- 'll 'll ii', £Z!cJI ¾¥- 'll 'll ii'' ¾¥-"l Oil 'll '\l-',! 'T !is -? \ll Oil -$j *I~ 'll 'll 
ii':i!f'l"!is.!/-~"1£~oJ1~2~'lJ'll:.ss'i'1i'"1~-~ 

]999~ 8-'IJ ~"a'lJc ,1!'ljoJl Aj-oj-af~ cjJ'lj:,JAj%%.QJ 1i',_,>: 0J-'o}% scAf~f7] -$JOii 

8]7j 'lJ ii~ ~'jj-afoj Jo')j \l!-'/),jy7] (0.04m')_ss AJ%~ >j'!J~f'.l/c}. 5'.!j'- ]53% 

52087j>IJ7f ½~-af'.l/c}. \'!>il%%OJ 50%, ',!>ii ½~ 7l>il'T'"1 63.2%, :J.e12 ',!>ii 

~~i'g'-9] 90.6%.£. 7}~J- -9-{li5}'C' ~'fl-~ 0]~2..~, :i tj-gE...£. tj-5'..ffS>} ~J-z-f*7} 

¾.8..~ ~ff~o]~tj-. 1~ 2c{}t:Jj2j 4'-~¾.2...£.t 0 ]uTI11Jlff<t! ¾1)! (Musculista 

senhausia).TI} li}.A]~ (Ruditapes philippinarum), cJ..2..%~ Lumbrineris nipponica!i} 

Heferomasflls filifonnis, ~~ fr-<?] Stenothyra edogawaensis, :i 2.] .:i!.. 711 ff-<t! Ilyoplax 

deschampsi<t! ~'"!!, S:t.}q] 9-] Jj!-~ ¾.g.. Bztft<t! Corophium sp.9} Photis 

longicaudata, .:1.2.]J1 Cr.£.ff'?] Chane sp.!ij- L nipponica ~c}. ~j]J ¾~%¥-9-1 Ilgif 

'l/£2} 'J%'il'c'. z}zj- 53671>1l/m', 75.8g/m2 '.l/ct. £2, x½AJ'(! ::1."12 -"I"!%£ 

'\I "1 >I O I Oil "1 "11 ½ ~ % "1 %¥-£ 2t '\1l % 'il' "1 "i "l "1 'l! "IO I 7 I '.U '.ll q.. -af ¥- £ Z! 

cJI Oil Aj % c} 0J AJ 3!} %¥-.'r. 7 f ,c '.<{ .Q. '-t, "i cjJ Aj "1 'll .'r. ;a. ¾ ¥- £ {! cJl oJI Aj '-t Et>[ 

q, 

~'ll\'!oJlAi of7\A]E-ia-_ss >1'!!~ 3ocJl'll"1Ai%%-& \'!>!l%%0] %'T', 71>il'T' :J. 

iQ.32. "'~*rJ=oJlAi 7}~ 4'-~'8"}~ ~*~o]~tj-. -?-~%{?:- ¾l3!, Philine sp., 

Vcntricofoidea foveolata, Crassostrca sp. %9.l tr o]~tj-. 'tf-ifs1?.! 3::t:Jlt@AiJ..·H~-¥-9:l ~ 

'l ~ ,,pj 'a' oil "1 •H 'll ~J g '1!- cc :;! .Q. .ss "I 71 's! ct. 

~'!l'tl-oJI ½~i>f'.l/7-11+ _J;l_jl'iJ cl!\!1'11 =r -?\ll £-afcJloJI Aj-oj%\;a. % · -ol%2 

2-T 373 ¾9_£. 61% 0 ] 131 ¾, %% 190¾ 0 ]'iJtj-. ¾-&~Olli:" ~A~61% (46¾) 

CJ.el"- "1-lt (24¾)2} £-l,- (28¾)£1 .!if's-£ :l'c~"i'llct. 

• ~'i!! ~ ?l! \l! "I .2. l!'I ~ ti ."EAf 

'T -,! 'lJ ¾ £Al 7,j_ 3!f 'T'-& .Qj \ll % 'iJ -$l ;a. 13 .8 ~ 15. 6 1:: , 'll 1i'c ~ 30.38 - 34. 07 '.l/ .Q. oj , 

pH ;a. 'll I'!- \'.l 'l!: 'T' "1 pH 'il -$l 2} "I ~ -af '.l! ct. %;"~ le 91- :o:\ Of "l ~ Jo£. 'i'- 'il' c'. I!% 

"ff7]¾ o]t.jj.£ t:l]_ul.~ 0J~ii},1.2..l-}, -¥-%~~, %~-¥-7]~S::, ¾-e-¥-7]~{!;- B"\l~Y 

-,I II% ;; g 3o '11 i>f ~ "i 'll O I i'!-~ "1 '.(! ct. 'T' -,I -'al 111 Oil '.U ~ Ai "I ii 'l! '¥ 'l! ~ >f O I ;a. 

(rt'.(!.Q.oj, cJl~l.ss 'l} 'il'i''-1- '1! '-ll~oJlAj.Qj 'y'-,/-'l[EIJ;a. "i~i>l'.l/ct. ~"a'll-"1 'r-,/ 

~Ell ~ -5t-cl i.+et ia-t~~2.l ct~ <;1~BJIQ::J.Q.J 4-~34 1:11~'tl-4, -¥-fr*-1121 ~-9-- ~t 
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{f 'k'llcl-. 

~7]'/!% 50Af',a:ilj- 'l'-&'1!%.° 2-%/-& 1991\'! o]f. 1996\'!'7}0<] 'l'-& 0 ] ',[of0<]cf 

7f 1997\'! 0 ] cf "r'.,0, 0 ] '\}'if%f 2 'l/ 1= +'1] ¾ '-}cf '-11 'll cj-. 'l!\'! "ii 8-%/ .° ~it 'I "1 

o]7],c iif'-} 1996\'! o]+ cJl~l"lE-ia. :i o]:,J"i] •l•l J!. • >1¾ £',' AJcJl"lE-.£ 

•1'1'-&'JE-ia. -'12 'l/1= +~15:'lcl-. %~~Jo::: 2-'il-& J!. · "1¾ £',' cJl>il"lE-.£ 

';;'7fiifc: ?"11"1 '/!\'!"ii 8-%/-& J!. • >i¾ £',' SJ'i'l"i ,to};<],c 4''-J]o]oj, -"1¾o] 

J!.~'i!.cf :i -11.SC.1= 3.2 'il•l 10\'!1! .i,_q Sf lmg/ ! -11.SC. '#0 H!cl- :o:1-~"l~ 

-to.ll.-f'lf"-1 J!.¾.° 2~:ilJ- 8%1 £-'¥- cJl~l"lE-.£ ';;'7f'iifc: ?"11"1 'l!\'!"il -"i¾-& 0H 

-'f- ~-rr~~ ltl%<5}$1tj-. %-e-l:j!-7]~~t ~~, ¾~ .£.~ ~~~ .:}-,\~';:::: ~g "y-

filE_Lf 1990\'!cJI c<c'l!oJI •l•l 1990\'!cJI +'I!.° cf-to ';;'7fiif2 'Uc: ,;j•.}0]'llcf 

%-~-1,!-7]~-& ~11!1, ¾~ Yf ~-~ {'-J.-J1i:" ~~ 4- fil~.2..4 2~t \:!i ~%~ 
o] 3/,° 'l!\'!oJI 8-%/.° 'cl\!! '1!%Js-o] '(/S!.oj, ~7]aj',) '/!%.° ~o) -la- 'l' (rt'l)q 

DIN/DJP1:1] 21 1-7] ~%.g. t:lPll ~ .Q...£. ¾7}"5}C" ~J.-Jl $1.2..o:j, ~ 15"], 7J-'f-rs'o] f.J- t B 

-'lJoJI ll.¾oJJAi 3.;,J] %7)ii)5:'lq. "'i~~"d-3.1"- ¾"'ioJI 'lJ"1Ai DIN/D!PS],e 2-'lJ 

J!., 'i¾ 'l! 8-%! >1¾oJ]Aj,c ~Jo ',)o] ,r'i)g o]','2 'US!.'-} 8-'/,I J!.¾oJ]Ai,c ',).i,_ 

cj- ~J:7f %.!/-i;f5:'lS!_oj, :J. 'j).5'_,C A]'(]:9.J ... ;aoj II}aj- 's'7f'iif5:'lJ:t, 

~A}0<]Qj -'ll'il SoJ]Ai"-1 "1"14/.5'.1= 0.73cm/year, -'ll'il 10-& 0.90cm/year, 'll'il 
lSoJ]Aj,c 0.66cm/yearia. cf 0<]QjoJIAi \'!-'r-'il "1"14/.5'.4 ¾A)~ 7.,:i'):'; .li!.Stlc\. 

l£¾ "1"1%"-i TIL('1J-'/l: 1.0-6.2%, 'llir'i\'.5'.: 3.4±1.3%), COD('ll~l: 2.3-

12.Smg/g · dry, 'llir'i\'.5'.: 7.6±3.3 mg/g · dry), TC('ll-'/1: ND~0.76%, 'llir'i\'.I': 

0.350.0.16%), TN('1J-'/l: ND-0.85%, 'llir'i\'£: 0.20±0.21%), AVS('1J-'/l: ND-

0.38mg/g • dry, 'llir'i\'.5'.: 0.05±0.09 mg/g • dry)1= ct~ c<]Qj:ilj- eJ:,;,sJ .li!.\", 

TIL, COD TCC" 1:1]:;,:~ ~¾c]~..2..1.-f- TNiif. AVSi:" ~.i!J~o] tj-~ E°~.2..uj, C/N 

~A}tt1 (.i!J"tt 54)C 1:1]~~ 4-~0]~"4. :f.~ z-t lg~~ 4-~~.£';:::: j:io]oJ] u+~ 
,e- :;i:}o]~ .!i!_oj:i:] ~'.V;Q.L}, ~lfr~.Q.§_ JE¾oj]A~ ~.z} ~j} A1~..9...£ 1,!-,Y~ t}~ 

i5}'C° 7a "O"J=¾ ]ii o}j]_ 1( ~ tj. 

J!.i "1"l%"1l ~¾-'il %~4/ % 'll"-1 'i\'x'll-'/11=- o.7~4.4%('llir'i1'£ 2.7%), 0J 

';'1-2 'i\'.5'.'1:i~I 89.2-872.3 mg/kg ('llir 448.0mg/kg), 3.%.° 'i\'£'1:i.!/1 20.2-

46.9mg/kg ('llir 31.9 mg/kg), 7'-"11= 11'£'1:i-'/l 9.9~26.2mg/kg ('llir 

173mg/kg), o}\'!-& 'i\'.5'.'1:i-'/1 29.7~87.Smg/kg ('llir 62.6mg/kg), 'it.° 'i\'.5'.'1:i'll 

!3.6--27.4mg/kg ('llir 21.4mg/kg), ,f c ~.g. 'll-'/1 0.9-4.7mg/kg ('ll ir 

2.4mg/kg)~ t..}E},¾tj-. 3.~, 7}Sff~ ~1£1~ Aj~~ i:. ¾7]~34 li"::. AJB'B-!il 

-7-



;; _1;1_5:12-oi, 'lf£l'= 4~ 0'i"lo\l "iOil -iJ-',J-iSI '>t'.ll:4. 

~91 'T'~H1-!e 0l]Ai ,l 0]\!! 'If£ \!!:§:fl'= 3.:<] ~'.ll;]l, 0,J--0:91 ?J+ ,lo] 5-Scm 

o\]Ai "irJl'lf£;'; ?tic¾~ ~ 'T' ~',/2-oj, 3.-;a-.g. ,l0J91 %7lo\l ttl-"1- '!l•l %71 

iSfl'c "<joj~ _1;!_5:lt:}. 'i'-"12 rJl-'11:aJE-s!. -il--\'-¾o\lAi t:}5: ',l.g. 'If£;'; !;l.5:IE_oj, 

'/}\'lo\l \j-.g. -il--1'-¾o\lAi i't711 '-l-Ef\tt:}. '!l'!l 52]- 891 "l' 25cm-\'-Ei .l!.¾llf"i ;,ft 

-\l-91 'lf£7f '!l*l %7f%fl'c "il'J'¾ !;l.s:!t:}. 

• ~\!!~ 3!!\!!2J 'T't!Xf~ ~:!f .'!'.Af 

~"ii'<! 'J!'llo\lAi ·~•fl:<lc: 'l!½0HJ-.g. ef:<l"]-, "1'/!']1%, e'i'--;,+•J 01, ~' ¾W 

%91 lllii,-, :,J:i!f Jlf'11 %91 Oll2-ll-, 'lfSj-"1, ~%"1 %91 "1-ll- W !;l.e1Afl+, rJl%l, 

1c 711, 'lJ- 711, 'J! 7 I •fl % 91 'sl" zJ- -ll-7 I 'r "1 'll rJI -i!-¾ 0 I 4. 

~"ii '1! 'll rJ1 o\l Ai i= 'l]! i'" "1 'll, i'°'lf 01 "1 'i'--ll- % CO: o], .!'i'-"1-ll-, "'1 eil-ll- % 27H 

",J 0,J-, \-fA1"1'i'--ll- % i'"~'fl"Ali,-, ef'f-?"r, ~'!l"1'r-ll- % ¾Efe1W'!l-ll-'1! 7H"i"01 

.:I%, 7}Ti!l .::1%'fi' ¾ ztuJ, ~-,Z.~1 <>F?-W- ¾ 'T"~0J¾ ~ ;jfl.:J.~,W-<:j ~A] 

.::1%*, iJ' °"1-,1-% °F ~ ~{r'?] llfl~l:IJ-if", Ai¾ ~.:J.~%'?.l ~¾ _2.E} §.~PJ-lf-, ~ 

~ s:jo~ .:::z.~{j- ¾ {}¾~off .:J.%ff" %O] "r§. c1~i1Jt~.£. A}%£j.ll '.V_c:}-. 

Wifa!fr21 "r"Jl Ai6J 4-{!-A-'f:!.': o-1-W-~ 1-'i'- *o-1, ~o-1, 'tlo-1, *°"1, ~%61, ~ 

.'lJ-%"1, •• ~, .rJI, •• "1, ,oi, ~·•"1, %~ ~~"1, "~' ]1%"1, 'lfi 

"1, i,,>l, !;l.'r*l, -il-"-l, AirJI, {i-271, 01'11 %01"1, '(J-2}-l,-o\ll'c rJl;;f, _1;!_"1AH+, * 
711, 7JEf 711-\,- W 'J!>H+ %01, 'i'!-'lli,-'1! ';t:<12]- ij','-ol, llli-ll-'11 ~' ef:<]"]-, ,j]l 

"I", JJj~]l.%, i:T-;,+aJ, 7]271 %01, /;jJ2-jj-'1) {J:ilf -"}'11, 7]Ef ')!:<]",jo] (t:}.£ 

-ll-) %01 ~4-

~I\J'<!Yl ,J~'ll'~ %¾\!!s!. _l;l_\'l, ~'!hi'.". llli-ll-"1 ,J~sl'01 11• lll'.ll:2-oj, '1J 
:.g.~,<: EiffS:-fl-7} 7}~ ~'.Uc.} . .:rc• t+ ¥-<:tl'it.g. ~HS:%2} 7]E} Y~%o] 7}~ ~it 

i:,-. ~"i!'1!91 °1%%~ :<]"l\!!.sc _1;1_\'! ~iyi,'oJ Q} 10%;'; o]-§-o-f]l ~2-oj, <J~ 

%¾,': rllj'fy 73.3%, Eifl3:;.if' 13.3%~ 3;}A]<5}.'i!. '.Uc:}. ~3M'~,': 0]%½0] Q_°j= 67%0] 

2, ,,_J-::l-%¾-& i5H:t:¥1- 66.3%, gJJft 19.2%, •ift 13.4%ol~c}. 1¥-'<l-T~ 0 ]%½.g.. 

~ 23% 0 ltti, %¾~~2 'Bll~.W- 38.3%, T~¾ ~ ~Zlft 23.9%, I1ll.W- 21.5%, Oi.W-

16.3%o]~ct. %¾~ J.~~1:1]½-& iiH.X*7} ¾ 9,938.5~ ~ ~ 3~h?- 0 ] <?t 81%, -¥-0 

'ii:-O\ 16%~ 7:}A]i5}.:i!_ 5:.l~c}-. ~ft'C ~ 2,438~ ¾ ~3&~01 '?t 67%, ¥-'?}~OJ 

28%, ~,Yi,'O] 5%0]',/t:}. \'.l>ili,-"1 ,Jl-jj-ic 'lJ'/l-si'O] '®'AJ~'ll' 4,573.5~ % Q} 
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51%, '!r'llsr 29%, -¥-'11sr 20%oJ'.,lcJ-. \'l'ilfi."l ¥-~fi. 'Ji :,l'Z},if;s .£.'Ir~ 7JE} 

%%.@c ¾ 1250~ % 'f,'1]-;;' 0] 80%.ss cJl,,,.1,1,% *};,cj5f5:lcJ-

• Wl!!'2! 'll!~ ?1!!21 Af§J · ?!1'"8"1 "";~ 

'!r'll\'l: ;acJej.g. '11'1]-,;Joj *"'~ cj-.'r.'11 ;,cjej.2..ssJ-i ~.g. '11'~:i!J. ,lJ~;e. 'r"a'i! 

~~¾ ~Jl V.2-~, ~ ~ lfrSl <r~oJl~ W~ ~~ 0 1 ¾&5loi V.'9-. ~~lfr i>H 
"l"l 'c!t' %'1l •§117'"1"1 •lcf~;acl','l:aj.@, 328.44 kn/O]t>j, '495fjl '.l/i'c 'c!'i' 

(J997\1)ic 'f,'l}sj'oj 17,481'!1, '!}J\lsj'Oj 16,945'!1, "J'!fsj'Oj 11,920'll'c\ ¾ 46,346'l/ 
01i:J. '!r'll'1l'ollic 'i''l1ro!l 2*, '!r'llroll 2*, ':l'!iroll 1* % ¾ 571 :<1"121 4' 

~;,cf~l "']'i'7f 'U.2.t>I, 01 ~ ;,cjejej ¾ \'l:aj.g. 274.57 kn/ ojq. '!r'll\'l: \'l'l};,cjejo!j 

A1 .s!.%8"}.:i!. V,C" °111.g. ¾ 1,794~.£1...£ cJl-¥-~o] 1~ o]lfrg.J :±1°l{i.Q...£ -?-Ad 

"1<>! 'U.2.t>I, 90\1C!I oJ:f {}3:"f;,, ~"ll;s .!1.,:li:J.. 371 rEl 4'~% <>!:11:sl~ 
1997\1 ~,l(':l'!rr.g. 19%\1) 24,417M/T, 62,795'1\'l: f,! 0Jt>I 'i''l1si'"l "i"~,_. "] 

~ ,<'. ¾ A§ ~.ii ej 70.5% ;a *l"'l .sf Jl 'U Cf. 

• 'll!~ill•lPl21 7} :;2Af 

".J! '1!.@, ~'ft.'r,.Qj qJ .l!. :aj 'cl "11 '1]-ja';,cj ,sJ-j ",'~A] %"1 ~\'fct, Aj-it,ct, A§ ~ct .2,!e, 

J-j.Qj 7]';,'!l,~ O}Lji!j, \'l'11"11Q'J"l ,,,."J 0J.§j.~ Qj,jjAj,']ic "r~11~7]',i'7Jf;,cj 7f,CI 

Jl '.l/i:J.. ojc]~ Jij,!! 7]',c~o!l cJI~ \'l'i';'; *'11 ".l!'1!"]111711 Ylo!IAi oj,,,.<>J;,cj~ 

%~ ~:q; 'Ji oil Li ;,cj '8- %% oj 'ii 5f Jl ".l! '1! "] 111 lll "l 7f *l ~ 'll 7}5fict11 '.l/ <>! % Jl. 

~ 7l~c<}.il.;s '11*"'"' ~q. 

".l!'1!"]111711~ 4'¾ :[!EJ ,_.~.ii!~% 'll'll'~"f71 ~~ \'l'i'"J'll~~ •I.ii! 1,1,61•1 

{', :;!:i!J,, Aoyama Benthic Chamber7f ".l!'1!1!11ill1.QJ 1"el"l ¾<! (¾>I, .fl-4,, il

•J, "t.'r. %)91 AJoj'!}:il} "'\Ai"§¾'iJ'olJ %i'l:\ll,oj A]A'\l½ ';)5<]. ¾'ll~ "r 'U<>l 

Cf~1! Aj6jc,j :q;?,J<>il *'.-:aj.2.,s :aj%~ "r 'l)~ S.}'1Jo]£,s, ".J!'!!.ej ¾'i!\11.ss "r 

~ 'lJ ~71 ',i' ~ 11 'iJ'~"filj ie {'. \'l 'J'.ej a1 %* .l!. ~ 'g';j Aj ~ "r 'l) ~ 7f'jj- :aj '!}~ 

AJA'!\.2.5'. A}.il.,;\C,. "14•i 1}:f 2*t'io.'r. (2000\1) 'll'i''/-c1 oj A]6'\l% 711',.'i'. 

•!!5'. ~ 'il~ct•l~ 1J'iJ' "il~5foj -1-el ".l!'1!"§11illl ¾<!Oil a1"l:otB \'l'i'A]6'!\ 

.2..ss 'lf 'l, A] ~ O!Fll O I Cf. 

~'1\ ;~'ljsj ",'~A]% AJ~ct, ~s),ct.2.,sJ-je:\ 7]',i'g_ \'l'J''Of7j 'lj~ oj\el~ct 

¾Af 7} 'cl ti '!f "l Aj %~ si' ct% .'r. ".}! 'l! Oil J-j 0],,,.<>1 :ll Cf. J-j 615)1'° xj J-j %% si' 'll "l 

'i'¾:S 'll,of.!l.71 'li•l 1999\o 7~ 25'll \'l':J7l~ ".l!'!!oll 17!"1 'll'>l ~ {!'lJ5f2 
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~ol)-~<e;'; {e!A]-Oe',!ct. ~Ae 7]TI,¾ ¾ 96¾, 28,33071>1)<} l,173.728g WWt 0 ] >1 

11"1'.llct. ½~ ¾-"1 'T'<t 1l>il'T'<>il '.ll0Pi<= ~'¥/%~-"1 ct.5'.-\'t7e 41.701- 83.8% 

;;, 'cl>il%%:il) '!!"1%%01 ZJ-ZJ- 26%, 6.5%91- 19.8%, 8.4%~ -ll-11--ot'l!c\. 'll-'1L ,~ 
%".<<>ii '.ll0Pi::: 'cl>il%%~, -,!0<)%% 0 1 39.2%91- 30.5%~ *e"J-ot'l!ct. 

'l:f 'lc, A~ Ell ~"l -'I] O<] 'T' ;'; .Ii\'!, ct0J £ ,'c 0.827 ~ 2.812-"] 'IJ -'11 ::S, ,r % £::: 

o.259 - o.867-"l .k ~ t+ EJ-\!l ct. ,~ Ell ~"l -'11 "l 'T"'= ct .5'.-\'t-"l 'I:! ¾ 0 1 'it-& w. x 
>'- Aj-o)iit::: '1!'ll-"1 ¾-'/-<>!)Ai AJ-cJl"l~>'- ',l-711 t.}Ej-t.}JI '.<!ct. Bray and Curtis 

(1957).9.} l:l]AJA}:S:. ;i;J"r~ 01%~ 7'llli!..~ ¾if- (hierarchical classification)oJl 9.ji5}1r! 

'll -ll <le-& =1 >ii 211 -"1 .::1 ¾ ~"- '-1-"1 '.ll tj-. oJ ¾ .::1 ¾ 1.,0. 7.J! 'll -"1 '1/-, ¾-'1--"1 'll 11 ~ 

.£. -=jLAj~'.:dTI, .:Z.¾ 2i:" 1:1].ill.~ A~~{! 11'2-.Q.} -8}.!j!- 78~~o]tj-, 1j~z.!- ~if-¾ 

~ 0 1~ ~~ .:1¾ 1g 27ij.9.} .:1::Tf£ .:i~.Q...£. 4~ "'r ~tj-i:" ~'?.}t:~1, .:I-j-1-1.g. 

'"r £. 7~ ~ .Q{ _...J-¥-9} "'6' • .AJ.!j!-oj] .$p:] ~ 131! ~ ~ tj-5!. 'ff"Q.] Aricidea elongata, 

Magelona japonica, Scolelepis kudenovi, 't:1 ~ %~ ~ Moerella rutila, Nassarius festivus, 

.:::ic.1.}l ~;;i:]%%£.1 Jllff-~ Ilyoplax pingi7} tH.H.~2...£ ½~i5}Jl '.ll,tj-. 't!\"! .=t¾ 

1-2C T.£. JP~~ ~-¥- 1{j ~.£ ,Z.AJ.£1'.:dTI, tj-5'.."ft-9.j Heteromastus filifonnis, 

Nephtys polybranchia, Minuspio japonica, Medoimastus californiensis, Sigambra 

tentaculata, Magelona sp.1, .::Z.212 o]oij..i]l'ff"~ Laternula marilina7} 4-hl]"8"}Jll ¾~<5} 

:i'. '.11 tj . .::1 •1 '-1-, '11- c\] "l ~ >'- tj 5'. -ll--"1 'r AJ e] % o l •H -\'- '1c ct ::: "; 11 o 1 'd cJ-. 

• ~':!!"l ?J>l"l 7f:<i 'i''M :l! i1!71 eFi' 
')-a\ 0491 'J'll.,O. 1987\\ 'iJ-AloJ)ic -:.:-.se.'1!"1"1 2.8%'<] 28'1!ha;'; *e"l-ot:ll~ 

'-1- ~'il~ •1',JZ!:'i~>'- '<)-sfoj 10\'! %'<!<>11 4'1!ha7e {}~'I:! 24'1!ha:S *e"l-afoj 

~.£\'! 'l-"1 2.4%5'- {}~ii,S(!~nj, 01¾ Ai"1!"1°1 83%'<] 20'1!ha~ *e"liieJI '.,)~nj, 
0 1<= }.i•H'l!0l ~'1!~ :.<l'!l~ 7eO<]:i'. '.,)~nj ~"l<l:'1!91 ~,0J7l- {la}oj w-& '1!'ll 

oJ ~ 'il.t-"l"l '.<le\. {le)-';J-x::: -\'-el t.l-e)- 1.J!'ll-"1 44%'<] 11'11-ha::S *e"liifoj 7} 

"J- 1ll .9, '1l "l g .11 ¾ •l JI n cJ-. -I'- el t+ aJ-"iJ <= ¾ 3011 "l "l "iJ % .ll. 'I:! '1! '11 ° 1 n ~ 
t.}, 277H "]"lo] o]o\ 7ff'lf"1'd'1'-l- 1H'll: o\\'ll-"--sc "1"1 '.,)o] cJl-'/--\1-91 1J'jlo] "' 

"1-"l JI '.11 " {a! 'll O 1 tj-. 

'1!'ll91 c;i-'1]7e"l "a7e (economic evaluation)<= "1'"<>11 01-•i %"1 °)%-"l<= 'll'" 

•J- 'll -"--"- 7' 'c 'I:! 5'."' 7" *l "" :§:\ ;J\l ,,_ JI Al "' 'l! ct. 1_A 'll 91 ;<,-j:) .,O. Al 'lf Oil ,1 ,i '11 
7e°c'l:f >1:§:\t.} l-jS]6<} '(/-0] 7P,jo)'-t '1'1\'o'-"J ;<e.il.7e \llic c;i-\'-7e l'Jc~nj, oj 

~ csHJ 0lt+ ~c;i-"1 7e!<J'l!:§:l"il '\'t'I:! >lJ7l'lJ-'ll ~ oJ l'Jc<>J 1J'll,-")JI '.l/cJ-. o] 'cl'i' 
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Oi]/,i<e o] ;;' 7\;<]~ '!J7\")-7] .$1i<\"i 'l/\l]-"JE__ia. \l!"O] o]-§--"J.il 'll<e 'lf'IJ .,ga A] 

1)-71"l'll, "i'!J;<f •1%'1<'/l, 7f-'1/-7l"i'll, 'll-"11i% £'<!, "i-'1!7f"l'll, Eil>il7l-"l'll, 

o\l "1 ") 1i'- "1 'll % 'll. ii' 7 I;,.) o\l Ei1 -.J-"i -ll 'll "1-:;i, + "1 42J-.eJ ?1! 'll o\l "I % 7 I 'o ~ 
•J-'IJ% .il~i<f5:jt:J-. f-i!J 44 ?J!\!l.ej '<!'i'AfaJ].eJ. :,l:,ij-le ha',} 21l'l}~.ej 7}c>]" 

t.J-El-'-11 .il, .2j.;;:, .eJ '<l 'r o\] Aj 1c; ~ o] "I 7} ;<) 7\ 200',t~] o\l Ai 800',t i!], Ell¾ 'JI t-? o'c 

'li2_ 7,80()',[i)j,;\>e]:SC. 'lJ7\,<\:s,_ '.l)'l)t:j-, ~'ll'lJ: 9-'/lSJ 9".>l tj]O,J't,:,}7-\~<)__ia.;: 

.!/-'c!i!'o\l £"1.¥ -fl-~>el, ~'ll,i'-o\lle 1,j-"]i!J, '1!"1' t11?~1J-o] -'f- 'Jc, {].:g:.of.:; SJ 

¾:q}-tll?'W'4 9-,¥SJ •lt:J-'F!-A]E]7f 'll'l\t:J-. o]a, :s]QjSJ o]-§-7.!j.g. i:Jl.J/-,;Lo] ~'a' 

;q~-?1V..2...£. ol%Al7l'E° etl~~ol tj\lj!-¾ol~, Ol% ol%7J:l~ ½7l-*Mle>ll 9J,tj-, 

½"1"1 tll'i'--!'\-1)-.g. ~'ll%o\lA1 4km, i:Jl£A]'1] :,J-9-of]hj 50km 'lj:SC.SJ i";,Ji!J<>ll .$1 

c>]ii\oj :s]Sl'r\'121 "iil-:uJAj:S]_ia. ~~~ 'JcO]t.)- ~% ujjof],c; tll'i'-7110km 1/),;f;,J 

~e1Y-7l ~~ell ~~~-1!% Jfr~9;:t,.2..4 °1 ½~lliE..£. 0 1% 7~9-l tfr~.s:.~ i~47l 
<>Ille o]¼~ ~o] 'llt:J-. oJ •l'i'--!'\-11-SJ 37];: 36,OOO'lJo]oj 'r.lL A]-llscle '11-t'½ 
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SUMMARY 

1. Title 

Studies for sustainable use of tidal flats in Korea (1st year) 

2. Summaries of Results 

In order to use wisely and conserve tidal flats in Korea, the first yaer 

studies of five-years project were carried out mostly in Hampyong Bay. The 

summaries of the studies' result are shown as follows: 

• Sedimentary Processes in Hampyong Bay Tidal Flat 

Hampyong Bay is typically a semi-closed bottleneck type with meso-tidal 

range. The bay is shallower toward the inner part where the continued 

deposition of fine-grained sediments since the Holocene sea level rise has 

formed a wide and gentle-sloped tidal flat (4,681 ha) overlying the Cretaceous 

granite bedrock on both sides of tidal channels. As indicated by peat layers and 

preservation states of plant roots in sediment cores off Harnpyong Bay, the bay 

has been formed by retreat of coast line which leads the deposition of fine

grained sediments to form tidal flats. Storm and typhoon have often severely 

eroded the tidal flat and channels up to a depth of consolidated older tidal 

muds, leaving sand and gravel on the erosional surface. 

Controlled by seafloor morphology, coastal erosion, and deposition of 

sediments, four sedimentary facies occur: mud-dominant facies in tidal flat; 

sand-dominant in tidal channels and near eroded coast; gravel-dominant on 

bedrocks around islets in the bay mouth; sand and gravel-mixed in locals of 

main channel. Benthic foraminiferan species are distributed, comparable to 

sedimentary facies; especially agglutinating foraminiferans are dominant in 

deteriorated flat near the seawalls. 

In the southwestern tidal flat of the bay, the surface sediments consist 

dominantly of clayey silt with mean grain size of 6.0 to 8.0 cf> that are fining 

toward the lower water strands, with some amounts of gravel and sand near 
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eroded coast. Here, active bioturbation destroyed completely primary 

sedimentary structures. Measurement of sediment accumulation rates from 

August to November, 1999 reveals that the tidal flat was eroded 14.5 mm, 

comprising the observation of outfluxes of 0.37 ton and 0.21 ton of suspended 

materials during one tidal cycle through two stations, respectively, in the bay 

mouth. In Hampyong Bay, erosion-dominant sedimentary processes in summer 

are largely different from the generalized processes in the western coastal seas 

of Korea, i.e., deposition in summer whereas erosion in winter seasons, probably 

due to the modification of water circulation pattern by artificial impact such of 

seawall construction around the bay. 

• Ecological studies on tidal flats in Hampyong Bay 

Distribution patterns of Chlorophyll-a, and composition and abundance of 

diatom assemblages were surveyed from intertidal zone and subtidal zone of 

Hampyong Bay during August of 1999. Chlorophyll-a concentrations were 

ranged from 5.51 to 214.06 mg/m', and the higher concentrations were observed 

in the intertidal zone than the subtidal zone. Moreover, relatively higher 

measurements were recorded in the south of the inner bay stations than stations 

from the mouth of the bay. Diverse types of the benthic diatom assemblages 

were found to be inhabiting in the sediments of current tidal areas, i.e., 2 

orders, 13 families, 38 genus, 79 species and 5 variations, and 1 forma. 

Among the pennate diatom assemblages, there were 59 species were observed 

with 5 varieties and 1 forma which displayed more diverse than centric diatoms 

with only 20 species. A higher species diversity of diatoms were observe in 

the intertidal zone than subtidal zone, and also in the southern part of the 

inner bay area than in the mouth of the bay. Abundance of benthic diatoms 

were differed from stations to stations ranging 3.6 x103 ~2.5 xl04 cells/ CIIT , with 

higher cell numbers observed in the intertidal zone and also higher 

concentrations in the southern part of the inner bay area than in the mouth of 

the bay. The results of the study indicated that the tidal areas of sourhtem 

Hampyung Bay are more suitable habitat for the diatoms which is supported by 

the observed high speceies diversities and high biomass. 
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Community structure of meiobenthos were studied in the Hampyong Bay, a 

series of samplings were carried out in Autumn 1999. Meiobenthic organisms 

was co11ected by van Veen grab and subcores of 34mm in internal diameter 

were taken from each upper sediment sample. The total density of meiobenthos 

in each stations was found to be highest at station 25 (2,122 inds/lOcllf), and the 

lowest at station 46 (229 inds/10cm'). The tidal flat of Hampyong Bay seemed to 

have a individual number increased from lower tidal flat station to upper tidal 

flat station. The highest number of meiobenthos was observed on 0. 125 and 

0.063 mesh size. Nematodes was most dominant group at all stations. In every 

station, over 90% of the meiobenthos was composed of only two groups; 

Nematodes, benthic harpacticoids. 

Macrobenthic community were studied in Hampyong tidal flat on August 

1999. Three transect lines were chosen, Sannam (SN line) with a distance of 

1,100m from shoreline, Shimok (SM line) with 2,000m and Masan tidal flats (MS 

line} with 2,600m. There are ten stations on the SN line with 100m interval, 20 

stations on the SM line, and 26 stations on the MS line. Duplicate sediment 

samples were taken in each station using stainless steel box core (20x25x30cm). 

In SN line, a total of 37 species were found, which comprised of 11 species of 

polychaetes (30% of total number of species), 11 molluscs (30%). Their mean 

density and biomass of each station were %9 ind./ m' and 38.31g/ m', 

respectively. Of these, there were 646 ind./ rn' of molluscs, 162 ind./ m' 

polychaetes and 22.17g/ m' of molluscs (58% of total biomass). In SM line, a 

total of 62 species were identified. Their mean density and biomass were 1,127 

ind./ m' and 55.41g/ m', respectively. Of these, there were 25 species of 

polychaetes (40% of total number of species), 16 molluscs (26%). Molluscs were 

represented as a density and biomass-dominant fauna! group with a mean 

density of 697 ind./ m' (62% of total density) and biomass of 38.32g/ m' (69% of 

total biomass). In MS line, a total of 58 species were found, which comprised 

of 25 species of polychaetes, 15 crustaceans and 11 molluscs. Their mean density 

and biomass were 3,747 ind./ m' and 127.36g/ m', respectively. Of these, molluscs 

were represented as a density and biomass-dominant fauna! group with a mean 

density of 3,331 ind./ m' (89% of total density) and biomass of 102.68g/ m' (81 % 
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of total biomass). Major dominant species were Musculista senhousia, Laternula 

sp. flyoplax descharnpsi in SN line, M. senhousia, Tharyx sp. and Heteromastus 

filiformis in MS line, and M. senhousia, llyoplax deschampsi and H. filiformis in SM 

line. Cluster analysis indicated that the study area could be divided into 

several station groups: upper (st. 1) and lower station groups (from st. 2 to st. 

10) in SN line, three station groups: upper, middle and lower groups in SM 

line, and four station groups: upper, middle, lower, and water channel station 

groups in MS line. 

The macrobenthos were also sampled in the tidal flats of Hampyong Bay to 

investigate the distribution pattern of macrobenthic organisms using a small van 

Veen grab (0.04 m2
) at 81 sampling sites during August 1999. A total 5208 

individudls from 153 taxa were collected; molluscs were the most important 

fauna comprising 50 species, and occupying 63.2 % and 90.6 % in abundance 

and biomass, respectively. Polychaetes and crustaceans were also major 

component faunal taxa of macrobenthic assemblages m the tidal flat of 

Hampyong Bay. Dominant species in the tidal flat area were two bivalves, 

Musculista senhousia and Ruditapes philippinarum, two polychaete worms, 

Lumbrineris mppomca and Heteromastus filiformis, a gastropod Stenothyra 

edogawaensis, and a crab Ilyoplax deschampsi whereas those in the subtidal area 

were amphipods, Corophium sp. and Photis longicaudata, and polychaetes, Chane 

sp. dild L. nipponica. The ov( ~an mean density and biomass were 536 ind./ m2 

and 75.8 g/m2
, respectively. There were regional variation in species richness, 

abundance, and biomass according to the tidal elevation or exposure duration 

and also to the variation in sediment composition; more diverse and abundant 

macrobenthos occurred in the lower tidal flat, but maximum density was in the 

middle part of the tidal flat. 

The Agssiz trawl survey was carried out for megabenthic animals inhabited 

in Hampyong Bay. Mollusca is the most dominant taxonomic group among 

megabenthos occurred in Hampyong Bay, with respect to number of species, 

abundance and biomass. The dominant species is Musculista senhausia, and 

followed by Philine sp., Ventricoloidea foveolata and Crassostrea sp. It is considered 

that the distributional pattern of rnegafauna might be affected by sedimentary 
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characteristics. 

The biota lists of Hampyong Bay were made of recorded species and the 

species obtained from this survey. Number of total species are 373. The lists 

included not only benthic animals and diatoms but also hylophytes, fishes and 

shore birds. 

• Pollutions of Tidal Flats in Hampyong Bay 

In order to understand the tidal flat environmental conditions and the useful 

fisheries resources, we investigated for general chemical properties of seawater 

and sediments in Hampyong Bay. Water temperature varied from 13.8°C-15.6°C 

and salinity were 30.38-34.07. Dissolved oxygen and chemical oxygen demand 

concentrations were lower than degree JI of seawater quality standard. 

Suspended solid matter, dissolved inorganic nitrogen and dissolved inorganic 

phosphate concentrations were exceeded degree II of seawater quality standard 

at some survey stations. GeneralJy, the quality of seawater was not differ from 

each stations and these results were similar to other the coastal seawater 

properties. 

Water temperature was increased from 1991 to 1996 but it was decreased 

during 1996 and 1999 for long-tenn variation on February. Dissolved oxygen 

was increased on February, whereas it was decreased on October (less than 

1mg/L during 10 years), probably after fall turnovers. Variation of the chemical 

oxygen demand was shown irregular pattern, but the trend of this variation 

increased with time. The difference of dissolved inorganic nitrogen in surface 

water from bottom water was not differed during 1991 to 1999. The long-term 

variation of DIN/DIP ratio showed a tendency to increase. 

Although erosional accumulation measurements were obtained in the 

southwestern zone of Hampyong Bay, general sedimentation rates were ranged 

from 0.66 to 0.90 cm/year. The concentrations of TIL, COD, TC, TN, and AVD 

were: 1.0-6.2% (averaging 3.4±1.3%), 2.3-12.8 mg/g (averaging 7.6±3.3 mg/g), 

ND-0.76% (averaging 0.35±0.16%), ND~0.85% (averaging 0.20±0.21%) and 

ND~0.38 mg/ gdry (averaging 0.05 ± 0.09 mg/ gdry) respectively. Concentrations 

of heavy metals showed 0.7-4.4% Fe (averaging 2.7%), 89.2-872.3 mg/kg Mn 
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(averaging 448.0 mg/kg), 20.2-46.9 mg/kg Cr (averaging 31.9 mg/kg), 9.9-26.2 

mg/kg Cu (averaging 17.3 mg/kg), 29.7-87.5 mg/kg Zn (62.6 mg/kg), 13.6-27.4 

mg/kg Pb (averaging 21.4 mg/kg) and 0.9-4.7 mg/kg Cd (averaging 2.4 

mg/kg). Analysis of correlation coefficients showed that TIL, Fe, Mn, Cu, Zn 

and Pb in the surface sediments were closed associated to one another. 

In the sediment cores, concentration of heavy metals were distributed with 

large Vdriations. Especially, Mn was shown maximum concentration layer at 5-8 

cm depth interval where was exited reduction frontal zone. Chromium and 

copper concentrations generally increased downward with increasing depth from 

the surface. 

• Traditional Fishing Methods and Fishery Resources in Hampyong Bay 

Shellfishes, seaweeds, crustaceans and small fishes are main species of 

fisheries in the shore of Hampyong Bay, and fishing method is fishing without 

gear, hand instruments, dredges, pots, bag nets, bottom trawls, trammel nets 

and etc. The main fisheries resources are as follow; fishes, Pseudosciaena polactis, 

$comber japonicus, Scomberomorus niphonius, Platycephalus indicus and Lateolabrax 

japonicus; cephalopods and crustaceans, Octopus minor, Metapenaeus joyneri, 

Penaeus chinensi and cuttlefishes, molluscs, Tegillarca granosa, Ruditapes variegatus 

and others. 

To research in Hampyong Bay, the large production of fisheries in 

Youngkwang and Muan-gun are seaweeds but Hampyong-gun is shellfish. At 

the point of every areas of exploitation rate in Hampyong Bay, 

Youngkwang-gun is 67%, Muan-gun 23% and Hampyong-gun 10%. The product 

rate of species are like this; seaweeds, Youngkwang-gun 81 %, Muan-gun 16%; 

fishes, Youngkwang-gun 67%, Muan-gun 28%, Hampyong-gun 5%; shelllishes, 

Youngkwang-gun 51 %, Muan-gun 29%, Hampyong-gun 20% and the most 

product of cephalopod and crustacea which is 80% of total product are from 

Muan-gun. 

• Social Status and Tidal Flat Use of Hampyong Bay 

Coastal wetland of Korea has suffered from large scale coastal reclamation 
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and infilling projects for the past decades. Since 1987, coastal wetland has 

reduced from 2.8% (280 thousand ha) to 2.4% (240 thousand ha)of national land 

area. Coastal wetland in Korea can be subdivided about 30 areas at national 

level, and 27 areas out of total are presently subject to coastal development 

projects or planned for future development. About 44% (110 thousand ha) of 

total coastal wetland is located in Chonlanamdo Province, 7.8% (82.49 km') of 

which is located in Hampyong Bay, the case study area. 

The Hampyong Bay is a semi-enclosed sea, located on the Southwestern 

coast of Korea and bordered by Muan, Hampyong and Youngkwang Counties. 

The drainage basin (328.44knf) of Hampyong Bay has about 46 thousand 

residents and is mostly used for agricultural purpose (74%). Compared to other 

areas in the west coast, the development pressure on Hampyong Bay is 

relatively low. 

The Hampyong Bay(274.57km') is designated as "Fisheries Resources 

Conservation Area", reflecting that this Bay has been important in terms of 

fisheries production. Few conflicts have been reported regarding the 

management of "Fisheries Resources Conservation Area" since the cancellation of 

"Yeong-San River Fourth Phase Reclamation Plan". Total of 1,794 fishing vessels 

are registerd by coastal counties around the Hampyong Bay, most of which are 

less than one ton. The number of fishing vessels has been declining since the 

'90s, and in 1997 fishery production of three counties marked up to 24,471 

M/T(62,795 million won). 

Assessing various coastal development plans on the west coast, it is found 

that there are no significant development plans threatening coastal wetland 

conservation in the Bay, except some with potential adverse impact such as the 

construction of Muan International Airport, Bupsung public water reclamation 

plan and the construction of "West Coast Express Way". The pressure on 

tourism development as a result of enhanced transportation infrastructure might 

play as a potential threatening factor to be taken account in developing 

conservation strategies of Hampyong Bay wetland. 

• Ecological Functions of Tidal Flat 
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Tidal flats are one of the major wetlands of Korean peninsula and these 

systems are of a high ecological interest as breeding grounds, nursery grounds 

for fish. They have also essential function of coastal water purification and 

characterized by a high productivity that supports important coastal fisheries. 

To better understand the function of these ecosystems, it is necessary to develop 

models relying on sound concepts founded on experimentation and validated in 

the field. Based on this approach, we will investigate more particularly 

Jangbong tidal flat. 

Several in situ methods were compared to quantify the exchange of material 

between the water column and benthic system. Among them we choose 

Aoyama Benthic Chamber because this method is most useful under any 

physical conditions such as depth, current speed, particle loaded and tidal flow 

patterns. It is also easy to set-up the system and handle it. 

The ecological study was performed to investigate the community structure 

of the benthic macrofaunal assemblage on the tidal flat of Jangbong-do, Inchon, 

Korea. 

Macrofauna comprised a total of 96 species, 28,330 individuals and 1,173.728 

gWWt. The number of species and individuals of polychaetes (annehds), 

bivalves (molluscs) and crustaceans (arthropods) occupied more than 80% of the 

total number. On the other }7 :nd, biomass of bivalves and crustaceans was the 

dominant group. 

Hierarchical classification using the bray-curtis coefficient categorized samples 

into station groups. The result of cluster analysis, two stational groups were 

established as follows : station 1 - 15 (Group 1, upper and middle tidal flat) 

and station 16 - 20 (Group 2, lower tidal flat). 

• Economic Values of Tidal Flat 

Wetlands are a source of substantial benefit for the society. Major benefits 

are such as fishery production, fish habitat, waste assimilation, flood mitigation, 

storm abatement, aesthetics. 

The purpose of the study in this chapter is to assess the economic value of 

preserving domestic wetlands and sustainable use of their resources. 



Domestic tidal wetlands are surveyed at the total of 240 thousand hectare. 

Most of tidal wetlands are located in the west coast with 83% of total wetlands. 

They are reduced by 40 thousand hectare during the 10 years. Chollanamdo 

takes 105 thousand hectare with 44% of total wetlands. Reclamation program 

has been very active during the last two decades for the industrialization of 

national economy and self-sufficiency of food. 

Attempts to monetize wetland value usually focuses on the commercial 

benefits from wetlands such as fish, shellfish and recreational services for which 

pricing methodologies are available. Few valid estimates of the economic value 

of wetland exist because of the complexity of the procedures. Valuation 

techniques for Korean wetlands are introduced with market pricing method, 

travel cost method, random utility model, hedomic price method, replacing price 

method, emergy analysis. some of these methods can be applied to calculate the 

functional value of wetlands. 

The pilot study use the travel cost method lo evaluate recreational beach in 

Hampvong area. The regions are divided into 5 areas to derive the demand 

curve The users reside in town or city which are not far from the beach. They 

have multipurpose of visiting near recreational areas, relatives, and friends as 

well as the ust' of beach. The result shows the value of coastal beach in this 

area is 8.75 billion wons. 

Economic analysis contributes to the establishment of required protection 

goals and design of institutional reforms able to achieve the goals at least cost. 

Optimal wetland management should be based on more accurate evaluation on 

the resources in wetlands. Then, the scarce resources should be allocated 

optionally in the view of dynamic approach concept. The policy of economic 

growth oriented to the development should be modified. One of the strategies 

on the tidal wetlands is to preserve the wetlands for the next generation to 

decide the use of them unless we can get a lot of benefit from the development 

of coastal wetlands. 

• National Strategies for Tidal Flat Conservation 

Since 1970s, the policy issues and management conflicts associated with 
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coastal wetland conservation have been expanded in various aspects. Presently, 

major issues on coastal wetland conservation include wetland loss due to coastal 

reclamation and infilling, aggravation of wetland ecosystem due to marine 

facilities, marine pollution from sewage, industrial wastes and cooling water 

from power plants, freshwater inflow from reclaimed coastal lake, adverse 

impacts of marine mining, siting conflicts associated with energy facilities and 

waste landfilling, tourism pressure, conflicts between waterfowl protection and 

coastal uses, loss of fishing right due to reclamation projects, etc. 

Institutional arrangements for wetland conservation are provided by several 

legislation such as "Wetland Conservation Act", "Coastal Management Act", 

"Public Waters Reclamation Act", "Public Waters Infilling Act", "Nahtral 

Environment Conservation Act", "Environmental Impact Assessment Act", etc. 

The"Wetland Conservation Act" requires both the Minister of Environment 

and Minister of Maritime Affairs and Fisheries" to establish "National Plan on 

Wetland Conservation" in a coordinated manner. In developing national 

strategies for coastal wetland conservation, such factors should be taken into 

due account as the need for comprehensive, integrated and adaptive process for 

developing wetland conservation plan, the need for enhancing knowledge base 

for establishing wetland conservation policy, the need for developing transparent 

decision-making framework, the need for developing various policy options and 

tools, the need for protecting 'quality of life' of local fishermen and residents, 

the need for protecting environmental right of general people and the need for 

protecting the right of fuhtre generation. 

In this regard, the national goals of coastal wetland conservation have been 

proposed as the protection and restoration of ecosystem integrity, the protection 

and restoration of quality of life of local fishermen and residents, the protection 

and restoration of general people's environmental right and the protection of the 

right of future generation on coastal wetland. 

To achieve these goals, several strategies were suggested such as 

rationalization of instihttional arrangements, capacity building of national and 

local governments, enhancing participation of stakeholders in decision-making 

process, improving quality of life of the residents and fishermen, and increasing 
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the public awareness on wetland conservation. 

Functional zoning system for coastal wetland conservation area was 

introduced in this study as a way of rationalizing the institutional arrangements. 

In addition, the concept and guidelines for eco-tourism development of coastal 

wetland were studied as a possible option for developing alternative livelihood 

for coastal residents in conservation area. 

• Development of Environmental Education Program 

Environmental education has been recognized as a effective tool to conserve 

marine and coastal environment. Although the demand of marine 

environmental education also has been increased, the appropriate programs and 

educators are not enough. KOROi (Korea Ocean Reseach & Development 

Institute) established a training course to enhance marine environmental 

educator resources and to development a program on marine environmental 

education in Cheju Island last July. Among 53 applicants for the educator, 40 

applicants finally finished in the course and received a certificate of marine 

environmental education. Most of participants in the course evaluated very 

positively the program. The participants of the course suggested strength of 

practice of ecological survey in coast, increasing of the education frequency and 

establishment of environmental education network. 

Moreover, this project supported the activities and studies of marine 

environmental education acted by Green Korea United, Ansan KFEM (Korea 

Federation for Environmental Movement), Yellow Sea Conservation Network and 

the Cheju-citizen Policy Institute, as well as other training course fostering 

environmental educator conducted by Green Korea United. By examining these 

program, critical strategy of marine environmental education was drawn up to 

help users and private citizens to appreciate and conserve economically 

productive, ecologically significant and socially important zone along the 

coastlines of Korea. 

• Eco-atlas for Tidal Flat Management 

In order to create a eco-atlas of the southern tidal flat of Kangwha Island, 
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the map of 1/25,000 scale was digitized and subject layer maps of fauna, 

sedimentary faces, and aquaculture farms on the flat and road and water 

systems on land were made using GIS (Geographical Information System). The 

GIS database of information from the tidal flat was also established as a 

demonstration. This database was designed to input what users want and to 

make a subject to be mapped automatically on the computer monitor. A paper 

eco-atlas of 1/25,000 scale with several subject maps, pictures and data was 

designed and published for tourists on the tidal flat and people who have no 

computer. 

A areal photograph of 1/20,000 scale was mosaiced using 92 photos taken at 

92 spots in six line of the Hampyong Bay area for habitat classification and 

eco-atlas will be made next year. The coastal habitat classification was 

suggested. It would be useful for making eco-atlas and coastal management. 
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711 1= :i .!I. t:J- l! -\'l O l "1-'I- Jel :J! '1! Si ¾ Jl. 'ii "ii cJl OIi 7J ¾ "I 5:l 3I, 'll 'cl ~ -N- ~J '<l -ll .ss 
ig-~ :J!'!!o] Afej-;sJ;,j] ,aj:-<f nJ,JlfrcJ! ¾%:ilf ~'JI] 'll1J~ 7J~.r. 'a"'i! :J!'l!sJ .!I. 

:§:.sj 'l).fl.',j ¾ 'l)iaj-"f'i:J 'lJ cf. 01 "i] ',J-A] ~7,j ~ "i] Aj 1', '\'!\'! o:J-;sf a,% ;<] ~ -t\oj 7.} 

:§]-.r. ,J-1± :J! 'l! oJ1 l<j ¾A}¾ 'r ,S -t\'i:l:il. o] ;a 5'. cJ! .ls !;!_.:§:.;sJ "I% "] 'll "1"1 "I'll t:l

.:r "11.J- :-<] "I Af~ 1= :@ "] "i "IE.!a. "l ll ¾ \l!cH "foj al"'.ss \'! 'll'ir"l !;!_:§:.;<] "I .eJ 
;,J'jjo] 'i'-~"l'llt:J- (~7,l~, 1991). :J. 01.:f ;<}\'!7}c>]sj ;,,'j1io] Al3}"1oJ ;<]j,-'7};<] 

7iJ4i'£j31 :lief (~",tj 0J\'!'r±, 1996; '5'oj,0,.\'!7"~, 1998). :-<f\'!O] ¾Jl.~ ",7f;<f 

{J-O]ef1= 't,'{j-cij7} ~-ll"1'1!A1, ll-'l-1= ",7fsj ;<f\'!;<f{l- .!I.:@ :@"I'll ",7}A,IJ~cf 0J 

'a 'tl"i¾ "'""'oi •1H1.,,t'llt:J- (cJ~~J"c, 199s). 
o]oj 'i,';s]sj .!I.:@¾ 'tJsJ .}i;<]_ia. ;,f1', 'i,';ac]!;!_~'tJ (0 ] 'tJoJ]A11= :J!'1!% \'!'l}'i,' 

;,Jsj 'l!-'1-.ss llsJ"f:i!, :1!%)0] 1999\'l"il ,t]'jj '!lcA"l'llcf. o] 'tJo] ¾H]£11= "1-1/ 

oiJ "1 1. "i "1 11 'l! :ilf .!I. "1 91 'll .s. 'lJ "1- 7.l >1l "1 'll 01 'll "il cl ~ ;,, •!! 01 1'- >\ :§l-"1 'll 31, 
'1) '{} 'ct >I} a, sj '{} aJ Af 'lJ 1/!cJ! -.£-%0] J'c:s\ :§j-,aj 'lj t:J-. Aj :§)-§. % 7] ¥,sj '{}"J Af 'lJ ej 

~ ,t] 'jj o I * ;,j "i 31 \'! 'll .1. ~ o I 7}¾ "1 'll cf. ;<}\'! -tl'r a, o] Afe} ~ oJ] o:]-~ •l 'll ti: 

7<!"1 l'l:§1-oJl cH~ "c'll"i'll 4-"1.oJ- 'ii'"l.!!¥;<>11 cH~ "c>1l"i'll %"I'll, 'ii'"l >;-.1 

:J!'!!.eJ ¾Jl.-ll"il nM"'-~Si l'.!!Si "1~01 ~"11 'ia'"l.!1.:@Si -'1,'~3}%g -,,,1= "l'<l 

'1)-_g, A] 7] o\] 'IJ-'1- 7] '<J:, o:)-7')-, '1) '{}'iJ:>I] ~ _g, qo,)'~ '(\ 'lJc'ia' ;<] ej "i] Ai '(\ ,'- 2\- ~% 

~ '1! oj :J! 'l!¾ H] ¾ ~ '(\ 'll'ia'"-ISI ij ~,q. '? Jl. ',J % 'llc,!31 (7J%1l ,t] 'lJ sj {I tJ A] '1) 
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\'!"if, 19%; ','-~qj ~ .iil, 1998; ~-S:-0\) 0Jl'!-r~, 1998; ~7,l ','-, 1998a,b; >i ¾ qj ~ .iil, 

1998; >!l ?~7iJ ¾%\'! ~ 'ir><)¾Af\:!, 1999; ~-'ij-><,\'!J;!.'!J ~ §j, 1999), \'! ~% "i}i'!e.J 

'11 '1) -r~ eJ 'll ~ 2-!a. 7J-§J-£ 'r' I'! .eJ ol! 'l! eJ .!;!_'!J '!! <'J'o) ? 'll .5'l 7) _sc_ iif '.l/2- oJ ( BIi 
0J?~'i'-, 1998), ><l "1 oJ) ,, 'E ~7,j J;!_'!J ¾%'4 ~7,l .iit-il- ~%0) '!!71.5'1 :;:,_ '.,! cj-. ~ 

\'! 'llcJl~".l' ~J;!_ o'ilii'-oJl '1"7f 't'><).ej 1!!.8.-'8°) 7l'tl.5'l'E 7f¾<~ '!l'i'-oJl>i'E •R'l! 

it"l-r n~•,'lleJ 'tl!a.i't ~'!l;;f:e '11 • i'! "il-%¾•fl'l-¾ -r'aiif"l {"]-~1?---'feJ 'tl 
•] oj ','-.e) ~ '!l ¾ eJ !11 iif'.l/ cj-. 

o) r-1 ~ oj r-1 ,))-~ ~ o) -,l- "l"iif >I) 'tl •] 5" \'!Ai£ oplJ-~ "11 ~ qj '11 ~ 41 "l-i'¾ "r 

gj'lJ'i:! >,!-& cl!'l!eJ 7]"'.oj- 1,--!;j \'!-r'i'-i!l'<>ll 7)'1]~ Hf7f i:lc\-. ol!'l!oJl qj~ ~~ 

~ 'el--& .!il-'a- (inventory)oJ gj'e >,!£ ~'ll~ '!l>li ?'ll<>il e ~j'j~oJ .eJ'lJcj-. 

,l-Af~'foJJ>i£ :o"l~-S:-oJ];,JJ 'ir><l&'a- "f's¾ '<MJ-iif:;:, '.,!Jl (~7,l','-, 1999), o]-s;, 

'l! -lee -ii- 'll eJ "l 2-1 '-l-el-~ .g. 'ir ><l .,,_,,_ ~ ~-'s ;;f 5:l "1 '-l- "1-'ll ¾oJl '.<! 2-oJ -s:- '11 ~ '11 
<iJc)Ei'1JoJ,'o£ -:::)J;!.0):;:,_ '.,lcj- (US Department of the Interior, 1984; IJ!l1!1!1, 

1994; Wetland International, 1999). J;!.'!!'lloJJ>ix 'ir><l.e) ']Eil>ileJ- 0 )%~~ %¾ 

'!17)~2-.£ ¾Afiif:;:>_ A\'!-'8°1 'l'l"ll± 'ir><)oj) C!l'ii>i'E J;!.:o:,><]"12-!a. ><)'!liil-£.,. 

'll>);;; 5)-:;:,_ '.,loj 0]'1! "o}!'l! <]EIJ;,jJ ¾Af 's! ><)4,- 7f'o°~ o)-§-'l)-~ \'!'i'" (o]iif 

"cl!'l!¾"Y')1f otl•].eJ'llcJ-. ¾•H!'4'E &->I-¾ 'l!.o'.'E "Hl~'tl ><f.ll.1f ~ 31°14. 
o)'I! ¾Af'e ¾>fej c;!O\)o):;:,_ oja-J ,;>-ot7f ~"11 \'!'i'~ 'tl•]i/f'E >,!o)ojAi, •Jf. 

¾Af'l)-•J{t ~'!Jiif:;:>_ ><J{) ~ ~'!Jiif'e oj;>f~'1) \'!,"-',-~£ '.,l'ljcj-. 'l):>f\1£ \'! 

'i'><l 01-& '!! el-'il"xeJ ~'li '1!2-!a. '!l iif'll cj-. 

~'li'l!-& Aj'i!'1) ';J-4'-ojj .!/1:>)~ ¾cJl'!I l'J-"1J<1i>a i.Jl'l]:2-.£--'l 'lJTic "\lfJl ~OJ 

.i-& '!!'ll~'tl ~e.J 1+el- 'il"--'iO\l~eJ S:'a ~ 1f><l:il '.<lcJ- (::J.\'l 1-1J. 'l!'°- '11~-:::i 
oJl Aj Aj *oJl Aj % ';J-'l)-•J 2-.£ H) c'o :'; ii) 'geoj '.,12-oj, 'lJ-r'E Aj *~ 2-.£ 'lj aj '.,!Jl, 

18-~0ll 2 t.H ~ol, J..~ ~.g. ¾ JI. *{}~ ~ Ctl"-@¾ 7}-t! ~ 4-~£.£ oll-$-l *O:j 9.l tj-. 

•]'!l'i'-"1-)l-2-!a.'E '!!el-'il"-"- -'II 1Jr - -1'-~r (~"<l\'!, '11'11\'!), ~'lir (~1!1%, ~ 

-l,!-\'!), ')Pil-ii' (\'l~\'!)eJ cj--'.)1 1Jej % · \'!:ilj- \'!iif:;:, '.,le\- ('!!e}';J-£, 1999; ~'liii', 

1999b) . .:::z.eii.+ Ai,~9-] ~'T"til-£ a~<tl~ r.Jl¥-~~ -¥-'{!-'ieofl .4r"8'}.:il, %~ 5\1~~~ 
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t:N¥~!: ~Ila~ofl ~"5}E....£ ~~~.g_- 1i!- 11Tofl ~'8"1 ~¥ 'Bll~~ 7}.AlJI '.U~ 
1'l' oJ cj-. Oii QJ .g. .!j!-'l}i,'o l 7r'lr ',ii E. nj -'11-til :aj E.!a. '11 'ii -"I it .5'..S'. cj .3. cj-. 

'1}-"! 'Qolie Sf 17kmO]Jl ~.g. £!ti! Sf 12km 0 ]nj, '1}-"I 'll'i'ie 11:,ofoj Sf 1.8 

km 0 ]nj, '1}-"I '1!:aJ t 34,410ha"i] ',r~cj-. 9,jl.g. 'l)'of '1!-"I 'l}~.g. 10m71 \Jc<] ll!

Jl 'l!el 'll'i' ~"i]Aj Jf'J- </"1 9,jjo] 23mo]cj-. 'lJ'i'"i]Ai-\'-61 ~-"I oJ+"1 '1!-"I 

¾0J¥ofl i~}A,3¥! 4-.£t ~cfl~~,_£ ~Jl, OJ: 811~.I!t ~9.] ~~~_£ ~4-~ ~j;;} 

'l)'of{lcJ-. 7!'ilt '1!-"I Ai~»f 'l}~"i] ~ 'lf'ir•l'l!JL ',J'i] '1! '1!:aJ-"I lj2o] \lie 

cJ-. "r 4'.s!.ie 9"1-'11--"I ~.g. 4'.s!.;,»f 11:;!-"1"1 'liE-nJ, 7!'11.g. 0 1 7r'lr"l"-lotl 

"il'a-"1"1 'licJ-. 7J!'il 7f'lf:<l"-J"ilie Jl.£71 \it-I,- ¾"l¾»f 'T' oJEi l'l:01-"I Oll'l!'ll 

"1°1 ~ 'lf'ir-'9"1 'liE-nJ, '1!>1 4f'lH1: "11'1!1161°1 'l!"14JL 'licJ- (¾, 1998). 
W"il'l!.g. 1910\:!til oJ~ 'o':<]tf.li!.;:; cl:it.5'.-"I '{}-'j Af'ljo] ,iJJr-"i'liJL oJ.,!. '<\ 

~ "11'1!0-"I \'!~71 ft:l);cJ-. ';-OJ 0 Jei~ \'!~:: W"ilii'oiJAi cj l't:ll:cJ- (::i;,J 1-2). 

<11. >ff •1 '<l<:! 4 71,,,¾ :ic otl .$Pl ~ "i 9"1 ;:; -& 0 I •i ~ "1-'l -"I :;! 4 !a. '!I 'a '<l '5! 0 1 

'licJ- (::i;,J 1-3). ~:,J£eJ- "l:iiLOll.!i!.'1! 0 1•1~ \'!~-i'i: ~ l!J-QJ-~ 4' 'licJ-. '1!>ff"il 

£ "11'1!'<!:'!l--"I =ifAa~::s .$1•1 •l'<l-"I Af'i'::s l!J-i'c•l"l °'17;,1-& ?!JL, "11'1!-& !If2t 

•1 '1! £!a. ;:; Zl 11 •lie % "11 '1! -"I 11 '1f !a. :,f 11 11 '<lll' :,J -"I a.>11 ~ i'c-"I JL 'll cJ-. ~ 

'1! 'lJ .!/-ie ~'ll '1! 'l! >11-i'i: i'!-'l •I Jl:<f '3 {!7J 41'!;,il 71 'lf Al'lJ - ~Oil:,] T (~'ll '1!) 

'{}-'j <I'll¾ ?-cl •l'l!E-4, "r~l;; el 7J"i ~ 'i!i:JI 91- Af :,J oj i"c 11! '1-"il 'IMI ,iJ :Al g 

11~-"i'licJ (CE, 1998; W"ilii'Al\'1%.$1~:ol, 1999) 

~,.i_J o] ~ ]1 5'.. e.11 AJ ~o] fJ-2.- 4] 1i!" 9.J qoJ:~ 'B1l :i:7 Ai -6] A] :i!}- ~.t}-~ 'BJl 1il{i !:'._ e>-1 

-ll- el Ai 61 'lJ- cl: !a. "1 "1 ~ Aj 61 "l Zl g ,t? 'li cJ-. %% 4 'o' "1, .!i!. "-1 <l 4-, "t :s], 7! :s] 

i\i~]ie o] AJQjoJ :,p;J-otie -'i'-{i:%o]'l;\E_nj, o]*-"I .£.i!ll'l! "1~¾.g. "1f1-:'i-"I -{I: 

\!:!: 'le cl:!a. 0 I AJ- :aj '<! * 0 I '.l! cj. "ii !a..!/-61 ~ "ii '1}.g. 0 l "1 ~ ~ <II -"I "11 '1! ~ 7,j % 7 I :,J Jl 

'll "1 ~ Oil ej- \l-•1 "i] Ai 61 ot :: 1lf .g. "1 ¾ 0 I -{!\!:!: ot ;,j 4 "1 \':! A I 'll g .li!. Lil ie * 0 l '.d 

cJ- (:<]"l"1'l!;,-"i ~'{l). ';•I %%4 '.'"1 ::i"-]Jl .li!."-)Aff4- %0 1 till!.~'<! "1¾ 0 1 

'li cJ-. 
0 I "i "l -"1 "1 'll "l 'il' t cJ-~ "11 '1! :,J "l "il "i Oil \it:ll: E-nJ, 0 l 'll "11 "I£ ~ •I {} cl: 

•lie ?"11 ° l cJ-. '? \'! ~ 7s -"I \'! ~eJ- \t :Al E.!a. "1 'll :,f .y,i 0 1 :,J Jr~ E.!a. {}± •I :,f 'l! 
'1!"1 'll .!i!. cJ- OJ-'J "1 'll O I W'll '1!-"1 '?"1 'll O l '9 '.l/Jl, .!j!-'l}i,' ~.g- {} 0 L ~'ll ii' ~.g_ 

<C -"I oJ 61 e<J-o l \ll:ll;cJ-
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7.J-%7<1"11'1191~{1-'1'1!\'lw. 1996. %"11'1! &c"i" .!i!.<', {l.>':0<1%. 243pp. 

'li'oJ .,>a l'l 'r~. 1998. '1-'1 "I 1H 'lf "1- ".l! 'l!-'ireil 91 7<1 "11-'il "I :ut 1"-1 oil :;<1-~ \'l 'i'-. .!i!.:i! 

A7 98-05-28. 

I1H:!-'1! "'· 1998. A~ ',l-q0J-',lc;:'7,',! ... 72pp . 

.!/-~til~.ii'.. 1998. 'l-%7.J- %I','- 'i,0<191 .!i!.:,J:il]- :;,1-aj. 166pp. 

A7%i:Jl~.ii'.. 1998. ~c;:' '1! 0J ".J!'l!91 ~'lJJi!.:,j 7f"l"il :;,i-~ \'l'j". 

-l,-A.}¾. 1998. ~c;:' A7'i:f'11'1! ~"i!'fr"1 ,ap,j~'lJ:il} ~Aj_ :,j';J-i:Jl~.ii'. O<I ~~:il} "1-AI 

~'IJ;,,ii'-. 248pp. 

:,Jaj-';J-£. 1999. ~'!!ii' ~~ (O<lil.). 

:aJl'r~'li.\'-%1'lw 'il'-"l3cAl\:l-. 1999_ ,i1,;ss:91 'ir"I 2, 3c'll. T~. '.J~. 185pp. 

3c,lJ'1!:. 1998. 7J!'l!.!i!.<',:il} 0<l"l'!f'l!% ~"11 "lie '>/: ~"110<1,' 1ij'![ ;,J]~oll til~ 'fr 

i" :i!J- til 'l! 91 .2. 6lj. SBS li'-:§1- >H 'I:!: ~'li .!i!. 'l! Al'll - ~"' "11 °J".)! 'l! 91 ~'li .!i!. :,J 

71*1"11 :;,I-~ l'l'r "1¾.!i!.:i!A7: 587-610. 

tl:'s' 71\'l.!i!. :,J 'II :oi. 1999. 0<l\'l.!i!. <',, 71 ~: tr 0<] .!i!.:,J. 105: 1-39. 

tl:'ic'IIOJ'\'l'j"±. 1996. ".J!'l! Ji!.:,j:il} Ol%91 7il>l]-',j '!!71. 1J3pp. ~7a.!/-. 

~c;:'"i1°J\'l,'±. 1998. ".)!'!!91 A%"l'1! Ol%:i!J- Ji!.<',% '/1~ \'l'j" (2*1\1£). Ji!.j!A7 

BSPE 98701-00-1153-3. 559pp. 

~"i!-c'. 1999. ~'ll "11+1'1 A'o 7<l¾ 'J,) ~'ll'l! ".1!'!!91 ol%:i!t .!i!.<',"il :;<1-tl: \'l,'. 

308pp. 

~;;j~All/l'n'/1~:oj. 1999. ~"i!i,'Af, 1. 1110pp. 

"1] 0J?~.!/-. 1998. l'l'l! '!'W:;<1-el>il>il T"'l'~ '/1~ 3cAl\'l'r%"l (II) -'i:r · %\'l'l! 

~eil3cAI 'J,) l'l'l! '!'W:;<l-"1"11£ l'l'r-. 

~'lJ.!/-. 1998a. A7'i:f'i1'il ".J!'l! A~eil;,j] 3cAI Ji!.,!A7. 221pp. 

~'l!.!/-. 1998b. €-'ll'l! A~eil;,J] 3cAl:,!:il} ¾W. 205pp. 

~'l!.!/-. 1999. "117*1 Ramsar'l!QJ' ~91:,!:il} (.sl.6e,aj,I ~.oc-<11). 458pp. 

~7a:>J, 1991. '91 0<l\'l<J'1i;,j] 0<l'>j3'Ai- Ai'il'l! '1--'>j0<1(7.}~£ 'i:f'i!) 3cAI-. 195pp. 

~ 'li ;;1, :il} ell . 

!JIJ/!ft. 1994. 81'<7J'fil,, ,Ii\!\, .sl.~li\t<7J!ll,lli'.. !i'llof!,. 'fill. 291pp. 
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US Department of the Interior. 1984. National Wetland Inventory, Wetlands of 

the United States: Current Status and Recent Trends. 59pp. 

Wetlands International. 1999. A Directory of Wetlands of International 

Importance. CD. 
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~cl t.j-2.]- -'1 "ii 'l! "l Oil 'i!'it -"I o] V '° :l! 'i! (tidal flat)-& 'i!'ir-"I o] V '° 9- l'l ;s] 

'!!<>ii ~:,js-foj 'l!*f"i~.s!. 1/:-1,-S-f\'l, 1J•J'!! (open-coast type), S-f'r'!I (estuarine 

type) :I ;eJ JI 'l!'ll (embayment type) :Ji 'i!.s!. 'r<': ~ 'r V c}. 7] 1'-"I ~.sl o] •1 ~ 

'!! E\I oJI af"-l- :Ji 'i! .91 -"I "I "1-%¾ "i •ijs-}<e %"1 "I '; "a 0 1 ,lc2.]-;t] uj, i'l "i-"i ~.sl -"I 

"1%.91 1/:.3'., -"1"1"1-%, -"l"i '!l 1161.91 ,!]~\Ilg} '; >,Jo] 0}9- ',1°]S-f711 t..fet\:l-t:l-. 
0 1<>11 af"-l- -'11711"1~.s!. 'l, 'l!aj;<j V<e -!al-•1 :l!\!! 0 ]t.j- ,jt.j-q '1lc1'l! (Fundy Bay) 

"1 :Ji\!! ¾-'1.2J-<e ~'l!S-1 1/l-til.91 '11~~',Jg}¾Ai (coarsening-upward sequence).s!. 

'i"'a>1<>1 vt:1-:: 31°1 ~t.il 'i'l'r~<>11 .si"il •,Fal:!t+ (~~"i1°J'i'l'r'"°, 1994; '>I-, 
1995; Kim et al., 1999; Lee et al., 1999). o]aj~ ~',}Oil ti!~ i'l'll"i'11 ~'11." cl!\!! 

.sl i',1--"I'° >1]',J'i,!"1"1% 0J.91 'll'i'.*fo] (Kim et al., 1997).s!.Aj ct~ ;<]Qj ".l!'i!<>II 

•I "ii "1 "ii '1! "I ".I! 'i! ," 'lltil "I ~.sl 7J ~£ .>;!-Ei .91 "i "I% .91 i'iJ- 'H'O I "I JI, :,! "i-"i ~ 

s!. 'i'l i'.} ~ -"I "I it O I ~ 7 I aH ~ 0 I ct. t:1 T t.j-, Aj "ii 'l! "l 'l! "l Oil il >l '11 i' T ~ % .91 

<l-l! ('1l%£ {!~OJ, ~7.J- 'l/ '1J{:):7J s-f'r't!, ::r;eJJI 'l!7.l7J"i- %:sl7J ½71:a *IB 

~ tilit.'i'..91 •l'l!~'ll-~>11) 0 1 >II~ 'E<e ~~"i<e A]'lJOi]Ai, ~"ls!.-';'-Ei i'iJ-51:: 

,j] ',J 'i,l-"l "l %.91 °Jol '11 ~"I~£ ½"1:;, 7J t.j-, 'a .s!.7} •f'll 711 'il Oil af"-l- 7J \!! .91 '§ 

"a '1f _cc '<! 0 I "ii ~ -11-"I .91 ">II Oil O I .;e. 711 -"I '.ll ct. 
,l-<f (RAMSA)1/ "1' ~.s!. '11 "ii -'ll >II "l .Q.s!. Ill-& 'if "I 7} &~51 JI V~ 9, 3j ~ 

'ii'"l SJ! ".J!\!!.91 7.l"il"l 7}*]71 3711 '1161-"IJI v:: ~-'11.s!. lal-Ai-ll-'<l.91 cl!'i!.91 7J 
~ til-¥-11:.91 '!!cl!'!! (mud flat)o] ;,j-AfAf0 ]s.s!.-'1 &coJl"l~.s!. "111-"l<>l Vt+. sf 

"I'll, '11>11 Stil ".l!'i!¾.91 S-ft.j-.sl """}"' ~;ejt.j-2.]- Ajajf'l! ".J!\!!"1 7.l~, til-ir.'i'. •J 
~>II ?l-l!s!. '11~ 7]~.91 "r\'!"I ".J!'i!.91 '"°'<!, 'll-~"11 .91"!-"il"l 'c!-lt 7J\!!.91 "i]7P] 

*~ ~zi-~ -"l"i"i- 1161~% (Lee et al., 1999) %~.s!. %-ilc¾ %,JI Vt+. "ii ;a :;, 
Oi, A~~"5" {}~A}~21 734-, 'tl_{!-'Bfl~, .31~{!-~£ 1j,} ~ 7J~T~ Z!~ti}C" ¾ Z! 

'>}- 33 km.91 ,Y-~"11~ <l-l!~~.s!."] ¼ 40,100 ha.91 {laj\'l"l~.s!. 7fl'lfS-}JI S'il'l! 

~.91 ',';<}1) ~'\JS-I'° 'll-til~ ~7}"1 Af'lJ 0 it:l- ('li'<>l~~t-i'Af, 1996). o]ai~ {! 

ajAf'lJ-& 'le· i'¾"i % 7}%\'l"l.91 ~til.2} 'r"l~.91 ~J;!.,f'° ~'l!.91 °]QJ ~ 7} 

,jct ? :: 1/]-\'l Oil, ? l'l "i aj ~7d .91 \Ilg}, Oil OJ>§ E\j 711.91 nf.ilj, 'if'r-21 {) zj-~ _2. 'll 
("ii, s]g}co:) .::J.elJI .!'ll"i~.s!.:: "§{!:-'!lo] ls:-& ".J!'!!.91 ±"11% °F7]>J~ 'r Vt:l-. 
s-j-;s]'l}, ~{!"l~s!. ¾-& ~.s'..2} 1/l"l'~ ;,)~~ 7f;<]JI V<e ~;ejt.j-e}Oi]Aj'° 7}% 

'1!-'l.91 ~ti!~ -$js-foj ~•1 :s!•»-"l<>l.2.JI V<e {!ajAf'lJ.91 %.ll.'j ~ -'/-Al~ 'r<e 
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'itl'.l/c.J-. %AJoJ) oJ!'ilo) 7lc<)Jl '.ll<e 7,l"1) · ~'ll"l 7r"-l;, %/c<) ~7) -$loi1Ai,e c<l\'l 

'J!'il"1 ~-$l"l "''lloJI Lil%~ "r '.U<e '1l-'l!~ 5'.")~ 'll.8.'8°) '.l!E-1-t, ~"11--\4£1 

7,J~ oJoJl Lil~ 7)'l!l'!'i'-3'c>I ~"I oJ-'f-"1"1 '.ll"l ~.g, -')l-'110Jc.J-

'1-AIAl0J§..ss .!l.~'9Jl '.ll<e la}Ai%'1 ".l!'il~"1 7,j~, ~oil 4'1'l!i'J oJ-')j-£1 cj! 

Aj ~ o) ',)-ol % £..ss "I c<I I'! A~ 111 oJl l.)j ~ t-% ~ _;, ~'ll-"°.ssAi ~%-.! 'l/'-'l! o I y 4, 

¾.8.~ ¥!:'iHi'-:§:fAl'lJEI 'l!¥!:0) '9Jl '.llcJ (Black and Paterson, 1998). 0Jej~ >H! 
oj)Ai O)c) ig-_g, TI°aJAl'lJo) o)-',-oj~ 1-j)',j.J:_<0. 'JI '<'!c,a_gJ 7,j~, 7)~Sj fi'>') '.l) 

".l! 'il :S .!I.~ -af Jlc<f -.,;,, I~ 0 l TI-'i'- '9 Jl '.l!E-cj, '1)-3'c"1) "1 "roil "l .'E <e '-1!-l'-oJl -'1 
.ss &- '1J t/-".J! 'il (Ai-"J c<)) :S 3',',j-af 7) -$J ~ c.j-OJ~ 7) 'lJ:'1! ','-71 {I_ A) '9 jl '.ll c.j-. _<E ~ 

'i'IC,:- NERC (National Environmental Research Council)"1 7,l~.£ "ii= t!-7,l~:§:f"l 

~ ~~E...£ LISP-UK (Littoral Investigation of Sediment Properties) Il.£.~E 

(1994. 8. - 1997. 6.);; 'jf~A),j, Humber -af','-Sj Skeffling c<)Oj '!l".J!'iloJ)Ai SOoj'll 

oJ>JgJ -ll-"r~ -ll-'1 'JI ,jt.j-cj '4-~4~0) c.j-Z)c,jo)Jl ¾~"l"1 I'!','-§- {i_AJ-af5:! 

c.j- (Black and Paterson, 1998). 

a, 4 Ai, -,,. '1! ','-oj) Ai ;,, ".l! 'il "1 "l 'I% oJl tJl ~ c.J-Z\ "l '11 I'! 'i'- :. 'a- "'1 Ai . 'a oil 'l! 

Oj ".l! 'l! oJ) Aj El "1 "l '1% oJl tJl ~ 71 '-a "l .'i'. '<!! ¾ T ~ .. , jl ii' c<) .!I. 's! 'll '1! 'l! Oj ¥!: "1 

-i's- \'l Oil '.ll "1 Ai % Jl -at jl 'll tJl "l '11 7) 'l} c<f .il.:, "11 t,'--af Jl>'\ ~c.j-. 'il-oil I'!£ (1 >I 'cl£) 

'1! ','-oJ) -'i "' 'l! 'il £..ss 'jf 'il,-af jl '.ll"' ~ 'a ~ 'll 'l! ".l! \!l ¾ '1! ','-1.)j ,')i-£..ss {:j 'll "15:1 c.j-. 
o);lcoj)Aj,e SJ_;,aj c<f'1!c,J£..ss ".)!\!lo)~ 'lf'ir'9"1 '.ll¾ 'l/'-'l! ofy4 ~"1 y-4 

Ajoil'l!"loJ)Ai 's!'il"l"1 'l!oJ) 'lf'it"i"1 '.ll<e 'il'11;; '11-alJl '.ll"1 °JoJJ "l~~ l.)j.l!. 

"l '11 .'i'. ,!! ~ T~ ~ 'r '.ll c.j-, O] "1 ~ -'ii-"l £..ss ~l(l 'l! £I 3c -o-f tJl sj- ".Ji 'il oJl Ai "1 "l ~ 

"l , cs) :§:I~ "l ::1 "1 Jl "1 "l "l-o:J-"l I'! T ;; 11 ¾ "l £..ss {I_ A) ~ £..sl "I .l!. ¾ "1 "l % £1 % 

-'-J, .7;]~3i ~-"J, Al\'l:)~ ~~~Sl -=g.iJ-4-.7;] (flux) :I~..i!. AiAiAJ ft-"t}¾Sl ~2f~ 

',J- % ¾ 'lf O I .!I. '.U c.j-. 

".l! 'il oJ 4 ~.g, -o:J-'ir"l '11 %"1.ss <e 3','(}l.)j (intertidal flat)oj) oil 'il-"i c<) 'l!, "Ii=~ 

"1 'ir:S) Oil Lil~ ¾ .8. 'Jl 0) Jl3'c'9 \'l Ai o) oJ) l.)j ~ "1 '11-c<l'l/'-'l! o} Y 4 'l! '1}'1) ~ "1- ~ 
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"I A%~ "r '.ll1'c :qj;7<1~~-oj'1] .§-oj,cAj '3'c<!cJ!'o]ej-1'c %"1 cJ!~oJI ':l!'1J'o]ej

"' 'l)-o] 1];,J-"]"1 7}1'c '}A1)o]tj-. 

:l! '1j .g- aco>f (tidal range)7} €" 'ii "1 o\l "i C: \ii 711 '!l-',t-.J-.:il. '.ll "i \'!, :l! 'l! ¾ '!)-',t 

A]~ "r '.l)1'c -l!cJ!"l'1! 'E tj-;< Jl.'1! ¾Oil -.J-t.j-1'c '11~-l! -"l"l¥-eJ 'ii"1l-eJ 1J£o] 

tj- (Evans and Collins, 1975). 7)~~~~ Zt:#-011 9-ltll ~~~9.l ~'8"% ~.TI l,,_J 
~'C 1!~oJlAigJ £j~-3f%,:'_ {]~3!} £]~% ~*-tJ.t' ~7]-?!j ~J.'3g ~~c.}. tq-i!} 

"1 '}'i!eJ 'i!Ellc: 0]aj~ ~7],J '-11"11 '.ell=- 'l)1]A]1Jot],jej -"l"l-'1-%.sJ :,!.ll}~ \lJ. 

<'.§~c.}. ~' ~'<fr~_?_~ 7,Jl~ 0l {le]% ~.:ii.. '.x}.~ UllC ~~ -2.~~ A)~% ~o)t:" 

\'1-\'l, -"I "l O I :<] Ji, "1 .:i1. '.ll g "ii 1cc -?1 ,c 1':~ ~ :<] 'ii¾ 7f {! tj- (Christie and Dyer, 

1998). -.f:<]\'!, :J!'l!eJ :<]'lj \1!~1'c ll.\'l.ll} (surface waves)ej o\lt-10<] ~',!1]5'.;a 

\I! "1- Al ,J .2.£.M\ Jc "1 eJ \I! >1-o\l n:\-"1- ~ '1'"'9 .:i1. "-½ '9 ::: %'1!:o\l .ll}'@-o\l q "l o\l "1 ~ 
-"l"l~eJ >H%Al<!g Jc-l!~t:l-- 11!:ef"l.2.,c o]aj~ l'!~c: aj6J/-"l"li1-g :,11]~.2. 

,c "'I 'll >}at .2. ,c '" ,c-£- o\l '-'l "l '!I '!I -\}EJI o\l £ .,, .. , 711 ..! cj-. ~ "-I t.J-4 Aj 'ii '11-"1 '} 

'l! ei 1 ~ 21 ,,_ 1 :;,, "' , 1 ~ ei 'i "a .2. £. '<l 'ii 711 'l! ot1 rri-<1- 1 'l! o\l "i ei ~ 61 "1- "1 "'l g 

~*~tC- "'r7].AJ g Ji!.o]J:1i (Lee et al., 1999; *' 1998; Yang and Chun, 1999), ~4 
at .2.,c ?<] 'ii ej \1!;;}9J- 'lJ A}:oj-ej oJ] t,j ;,c] \I! ~is" 7};,j ¾ 7}-\,--',J g 7};,c] :;I '.lJ cj-. 

-'1'£- '!l.-"l"'\~,c i'--'8"1"1 'U1cc 7}'!!~otl1cc ol~¾ 1f,c-l!cl '!l-'ittt}1cc cJ!-il-£"1 

.::t:*~l~ (gully)~ 0 ] ~~'8}.ll '.Ut:l- (e.g. Wells et al., 1990). 0 ] .=f:{i-Af]~~.g.. \fa: 
A}otl :Ji'!! -\l-.!/-,c.!/-EI -\},l-~ .:il.'8'5'.ej .!/-¾"1at~o] ~¾"1"1 '.lll=- •l"r:a efq. 

,c o]%Ai'<!cJ-. !E~ o]~," "f''!IO]%¾ ~.2.£.M\ 7}.'!!eJ ;<]>;/¾ ;'!~Aj7j:;:,_ aj6j 

-'8 ¾ 'r"l .:i1. '.ll le- ~'IJ, Jc-it ,cej -.J-'1.!/- (point-bar) Oil Aj 1cc "J,l-'1,ej "1 at~ g "1 

at A]'] 7] 5'. ~cj- (e.g. Briges and Leeder, 1976). n:\-ej-Aj 0] ;. ," oJ! '1J eJ -"I "l 4%¥ 

I'! of Y 4 Jc-\}cJ! Oil '!f ',f-.f c: 'ih'i' ;,c] eJ -"I at '1%o\l 5'. '.ll "1 Aj 5'. ¾ Jl. ~ "1 ~¾ ~ 

cJ- (Reineck, 1972). :,!ji<-oj2-,c :l!'!!o\1-',ej 3'c-it,c (tidal channel) 'Eic 3'c-it-'ll'l-ot] 

<l1 ~ ~e.l "l '; -',J 'J.l -"I "l ,.-eJ oJ % .ll}'ll ¾ .ll}s,-.,1cc "1 .g- :l! '1l gJ "i 'ii \11. "1-otl oil~ 

¾ ~"ii ~"1 %.Jl.ti- "411°14 w "r '.llcJ-. 

'?! '!! "1 cJl .!/-,;'- ~ •l "i .. f .:i1. '.ll 1cc ·~ ~ ~ gJ '-l -l! -"I "l ,.-.g- % ac ,,_ l ac * i<- n:\-4 ~ 

ll"J-"<1\s'. 0]%"1"1 .2_E.,c, 7}.'l!o] -lo-o\l "J-7]:,jy. "-½"11cc "1-'llo\l).i "r-'il cm o] 

'-11"1 ',!-.g- "r-iJo] %;<]~ nil .:il.'8'5'.gJ .!/-¾"1-oj%o] oJ%'ilcJ- (Whitehouse and 
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Mitchener, 1998; Chu et al., 1999). '.l!'llollAi-"1 .!/-%"1"1%"1 -'/i'.'r.1= .l!]-,l-91 3c<!oll 

n:fe]- ,tq.-"J>el'l}, .l!]-,l-01 °1"1'<>}.:i' 3c-\,-7} q.-'!l~ 7,Jq.e]- ~>ele]-.'r. 9-4"- '11"10\l SJ 

aff -?fqJ~.9...£ ~,g. 1f-%sl~%£l ~£~ -fl-Al~ct. ~%sl~~~ ~~~ .:il3.":7} 

-"l l=- 'll 3c,. l Oil cJl .!/-ll- o I "i-"111 cJ-. :::i. i!1 .:;,, '.l! '11 o I ii- 7 I ¾ oil "'-½-"l '.ll g uJI "1 "1 B 
~I '!l '%1 "1 "1%-& ¾ '!l,(evaporation)-"1- ef ,J-,Q_sc ~ *f .:;,:§1-,1 oj {!tj-. n:fe]-Ai, .lf. 'll 

-'11 '!l '%1 "1 "1 % S1 7,J-.sc. le- ¾'!lest S1 1l .sc. ~, 7J!. '11 ° I "'-½-"l "1 '.U le- ,. I n S1 11! :§1-oJI n:f 

"1- tj- 0Ji>f7l1 y.E}\itj- (Amos et al., 1988). 7.,Jl}"),Q_.£. 4 3c-"jJ1} 3c-"jA}o]oll "1"1 

%91 'lli!1¾ (laminae)o] ~0]71] .sj.:i'., o],a :C 7J!.'1jo] x.½-"Joj 9,/le- ;.1{!0!1 ¾ll

~ ',l I:!% "l ¾ 7} >el 711 .sj oj :::,_ tj- g '%3cA1 Oil 'l! oj '-ti= ~ 'i!:"1 Oil 5'. ,ff %-"l >el \¥ .:i' 

7,!_ cl 7!I 'il ,Q_,,_ "1 ~ *f "1 ,Q_sc 'll 'll "1 'll "1 "1 ¾ ,Q_sc .:;,,:§1-£1 "1 n cJ-. "' "1 °,1:, 0 I ,.i 711 

t;JAJ~ s1~¾5:. ~¾oJ ~A~"tl-oi Jl~i}~ ½~"B"l ~~%Al~ "r '.UC" ~7411:!.1c!-~ 
(critical shear stress)oJ '!l,'ll/<>}711 £1\'l ~"1<>1 {i-6j.sjoj "1~ "r 9,/ct. n:faJAi 7J!.'ll 

S1 'lli!1¾% i;Jl-"j'5fle- 9,loj i'!~B 7JAJ-±<:! -<}il.91- "1>115\"l Af<:!"l 'll-11"1 ;.J'(! 

¾Ai 7~~g £~<5}e;j Bl!~<S}°'lcF ~tj-. !E~ Y~sl~~gJ {J6J~"8¾ ¥f~iil'C" 
)! 0 I O I "1 ~ ii JJl-:;; ¾ •H .;J <>f le-,~ 9J "1 11 cJl "I ,Q_sc ¾ Jl. 51 ct. 

'J!'lloJlAi t.fl/"1"1%"1 'iJ-6J'i'lJ-& \:!i?~l ~"r¾:i!J- %1'!:'i'l:711~ 7}-<lle- -;! 01 of 

'-l"l, 7,1q.oll n:fel- %'it.!/-l1-0J 'J¾~"l Jl.'lloJI n:fel- ,q-q_ssJ71.sc. ~cJ-. AJAi-'a * 
5:'ft" (diatom)9t 0 1~9./ exudate polrneric substances (EPS)~ §/~~9./ 1£1?:!ofl 0 R 

-9- w.g.. !E <5}421 JI.'E~ ~Aj~ "r£ '.Uct (Paterson, 1989; Paterson, et al., 

1990; de Jonge and van Beusekorn, 1995). 71111,!!sc -ll- uJI, 7}~ 'i!oJI ,J-3'-\,-e.j AJ 

"Pa 0 I Ja!aJV",Q_-"-'"1 & >I--& "ri!10il1..1:<I &<!<>f"il-'i "ll<-'i!JJl- 'iil-rl "l"l¾sl 'ii 
"!oJ 'l!"1t+7il-ll- ~q-. ~'!l, 7l'J-&<:!-& .lf.\'!Oil l/-3'.<>}le- i;JlcE-ll- (algae)-"1 'J-"11 :S 

'11-.,,,.,11 ¾Jl.~ "1~¾ ~ct. '117, "1"1" ... 1n, 71.g, :::i.e12 'l! 0J'll-"1 i?-B"'ll 

.'r. -lfoj oJ ,a sJ -ii-%¾ :,j 'll '11 y.{!tj-, oJl-"-,.1, Yallop et al. (1994)-& Bristol 

channel4 Wadden Seao\lAi-"1 ,J-&!/i- ¾<1"1 ~Al~ •f0ioll cJ!'11,., l,l_.:;,t;f~ct. 

0 I ,1 ~ sf O I oil cJI '11 ,., '!I ~"1 11 '!1,0, 51,q l't'.ll:-'I 'l!c, 0 I *oil,., le- .!/-%"1 "f % si -'Ii' 

.'r., 'l)oJI cJ!~ x½ ::Ir./2 'lj 0J'fl i?-B'¾ %"1 •foj7} ~,ij~q-. 9-4"- ".l'll-"1 11 

q. Enteromorpha >1-:C •ff&-\,-7} Aj~5\c: ;,JJ1loll "1"1%¾ .'<.~<>}le- ofl7} l,l_.:;,,.sj'.,l 

q- (Owens and Stewart, 1983). &'o'cJl 'lJ,'.i->el-"1 7,1~.'r. 'll'J"'ii!:'ll SpaHna7} >j 

~ ~ ,Q_g_ "1 -"l "I ¾% "1 "1 ). l ,1 " ~'!l, A f e]-;,j {} Oil n:f "1- {I .;J "1 ::: -9' 7 I '\l O I 4 Et 
Bt:1-. 'ii"i-"1- "1"1"1 it'll¾ ,J,a~,.P'll=- ~,o_ %'it-a-I "1"1¾ 1t-"1°lq-. 9111{<>}\'!, 

'l! 'll: "I ,Q_ .;.,_ "l l<-~ oil "ii '!l 'li -"l "l % S1 -"l ~ :i!J- 71 ¾ ~ o1I 11 "i O I O i'r-"1 :<1 le- -'I' 7 Va 



0 1 <>il,',l-"1><]'1)-, ><J"ioJl ttJ-4 otl.2J'l! 7<!~£ 4Et\!-t1-. Kreuter and Wetzel (1986)," 

k "l 31 "1 ;; ~ oJJ 11 "I "I .:;r 7'i ¾ 'll oJl "1 "l "i ;,, 'l! ti! .2J '? 7 Hl % !;l_.:;r "I- '.ll E- oJ, -S:-t.il 

.2j 1~£ ~'!I'll- 1!\!loJJAi o]2} %A}~ 'l!til.eJ ?7],'-.Jo] .!l..:i!B "' Vi:J- (-ll-, 

1998). 0 le:iv_!- ~~.g. c:Jl1f.~ a:'ff"9.l- nl-2J-4%otl r11%~ "T" '.U"C ¥~~%~~9-1 
~%,.a l'!~oJJ 7l'11~ ~2.-"- ,,.il.BcJ.. 

><I \'l "l 2-.sL til-'/-{;'-.2] 1! \!l !E;,, \'l \';'- ><l ::; .g. %%"l 'l! 'II 'll -'11-Eil ;; 0 1.,,,. \'l Ai "I'! >l 

.2J OJl'T'\'! --)1-filoJJAi 0 ]::;.2] .l!:\'!><]"11¾ 'J~A]'!,'l)-~ 4;'£.sL !>jc,jo] {!•J"iJL '.U 

ct. ~ ~~~ ~~9-} ~7]-"J¾ l!01C 7}-.£:.t:~l, ~JZ}~_Q_.£.. 5j~o] {!~]51~ ~~ 

~ 7i! oJJ 4s' ~ c} "' ><] 'l}, ic-i!II lat "11 oJl ;,,. !le s-f .:iI '.U;,, 'll 'ia' ><Joli J-7 7}~ f E. c1 ><] 2 

~'a\'!~ %.91 S-fy.;c, Spartina7f 'lfe.f "1'oJ 7f;c, ~o]i:J-. o]cj~ i!VJoJ \'li't><l "1 

aj-l,-.2] 'll"i"i-%~ 7f4i'~"]'1J;c, ~'11'11><1, 0 f'--l\'! 'l!til.sL 11"i"i-%.2J C,!_:ilj-'l)z] of 

6]'7)-z] '1)- ",'7} \i);c, --)1-JS!lo]q, s-j-><]'l}, o]cj~ \l!~'ll£:s ¾'ll~ "r v;,, "1"1% 

.2J 't'B'¾"t ¾-it"i~-<1.2J n]R~ ir1lli'!:,07f ¾><]Be};,, ~.g. 'll~~ A}"1o]c}. 

tt]-2},i, '=t¾-it7} ~All~ "ltil~"a ¾-it'; "a¾ ,l;l_o];c, '1l-S:- %-'1-•1'1! Blackwater 

t}'i'-, Crouch t;}'i'- %"11 'll"'il'~ cll\!l½"t 'lrtil.sL Wadden Sea2} :,to] %¾-it7f ~ 

At]~ 3::ff"!;Ajg }il__o]c ryf~oJ]Ai Yl~.3f-%E-1 !;"'J.g. AJ~Z!-oJl ~7-4~ ;J:}0]7} ~ 

g ~..Q..£. A}~.{!tj-. ~Xif-7} '"9-1.f~ a:fr~~~ .!,3_o]t" -31!~~£>.] 7a4-, o}~7J}A] 

'..11 'll Oil '-i Al\ ,J ~ "1 aJ % "1 ° l % "1- "1 aJ "I'! -'II-¾ -\l '1l t;} 7] ~ t1i 7} ,iJ- ig-o l "l % £1 "' 
'.Ul'° van Straaten and Keunen (1958)"+ Postma (196J)oJI .2Joff >1]1-JB '¾-it"ltil'll 

A.j £ '!!' _ia. ;c, 1'j aj "i-%¾ -\J ',j s-j- 7] 7} oj ;,j c}. 

:,!_,'e-"JE..sL 1!'1!"1 >.J'3'% %><1 !El'° 7}4i'~"l"l7\ -'11tli"il'° "l-!o- 014 %%ii'~ 
"1 ;,,. !le '; 'J o l o I'? ¾.as-} >ii '(j -o,Jc ~ o l *I ;,, 1! 'l! 1lJ- ¾,',I-ti! 'lli'.r ><l 7,l ,O zJ "I oJJ '11 

~"111 "J>JaJ-'ll %~ "11-J;;f;c, ~ 0 1 ¾.ll.S-lt1-'2 ~ "r Vi:J-. 

7l'l<¾<l¾oJl•1 ~'l/, .g.::r_ :i.e,\.:;r ~,,, %-@- ,~'1!"1 "1"l"1-%oJl '1J%Jc% nJ*J;,, 

? Jl. \ll ',°::; o] i:J-. '; ~] ~ 'l,):ilj- -& 'i'., o] f 7}Z] ¾TI-@- "1¾7f 11 k 7f'lfoJ 0 ]-','-oj 

'l/ "11 "itil"1 ':J%Jc¾ 0 1*]7] oJlli'-oJJ 'l!\l!~.2] '1l~Jc% n)*]\'!, 4of7fJ-j ¾'1"1 ¾ 

{loJl o:\"1- ,_l!'l! 0 ] x½"1-c "a'i'.7t ',j:2}z]2..s'- .!l;;'?7]'a% 7}zl~l '<Jtj-. "1"1% 

41~ .&£~ ~~SlC 1f4r~ ~~~ Ji!oloi, ~~{!¾ (thermal diffusivity).g.. ~ 

aJ-l,-t.il ~"' '.lll'° %1'-i!'oJI "1tll 'il'J5SJ;,, >J-l,-.ic<lc"i-% (•JCE"i'%; bioturbation)oJl 
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-t9-

;a-[1 a(sa:>a•J) ¾l\-li• -'a-;li lo&-&¾[L-lj- ITE ,a,jo liolv% -t,,:fl;lvl-Lli< ¾;a{rfo 

** f-1½20¾~ -ca-e¾-& ~, ... a(ill!P""J ,a,m) ta-1-\--t,,:e, '2t1<1,, ·-bi¼ 3lLl~ 

lv-Wl/> l'1-il.-il ¾!l,-:S. l><-t..-Wfy rrtar !><ta¾ lol'dil/>,a, ll>-& a%-lr l<c-t..¾f, 
[o;;r 'a';a¾fv [ol<,[(L •-bf½ jLl',:-1"-& lola ~1'% ll<llo;a-M:fo /l,-l/cW ~cli ;;jv 

1" -i¼fo-b -ta-l:n liolo 'inloe.llc is-l•lt.i -t,,:F,;,c lol><-g- ~l<{L lo2ofvRf, 'IT¾ 

-c¾ 3[1ofy:S. lol<c%-!J- [ol<,i(, 0-b-!¼%-lr 2ol',-I"-& [o.';-{Ylola o ;;[o 'lnl"lo 

[tt{3t, 2¾l• dN::l -if)'; -if(l,,:S. lo!£¾[L-lj- ~t'1-n¾ lli{'1-.'r% ltt¾i<cla i,,i(, 

-b f½ Iii Th I:> ~ ii ~ fdb % lo 
liol,-~,,,-lL ~fvlio.'r1" -if.fl< lo{}lv¾cs; 'ii<-ll< :::t,{3t, llil"f2 ~-½ lo-l'vfo %far 

fy[lo/1,i(, .'r-!'v ~tsl><-!J- Iii/> lo{}lv ~ts¾,; lio%[Llt.i -ba:""f} ['1-:S ·ti1oa: a 
-!'vfon¾ lo-!'vlt.i fvii<¾-tl>< llofvfoi:i %la lo o ;;e¾~v ~¾bfv ltoif lo ·ti% 
'F lio1".~ -i¼tat,lo-b ~[o,a lli{gi},e ¾fvfo-b !<cl.-~ rrt;,r !><fu~ o i,,[(L 

io"8" ~~¾~ ::::-1-g~~ ~ Iv-&/~~ lo¾~[;,;: ·i, 

0-blolfl{'y -t¼lolo ,½{o 2ol<clt<:llv -[2[-t{o -[1-l, -[2t, ta-a- {L-cjb 

%!ti liolo 'i1l><{'1- ·-bto~ -i',{3t, lliE sdo ~-Wll> lo%-trl><la lofvlofo lio-b-1". 
o.f& l><~r 10-S1". ~ts lo{"{L o& 2-S, {L[L[y ~ts¾,; [o]<,[(L ';c •-bf½&lz 

{L[L[v -!ir-lzlv¾cs; li<ll: [ol<,i(L -ta-l:n lio.fvlt lo~¾ 'S fvlio%lo ·-bE io-t. e; lo 

~-g "5 -folW ~Yllo-:£ ~~-g ~2~ 'ltn ¾ ¾fi!"Fz~¾{§~ -@[tl [lo~~ tol:o-!oli@k 
{2t,t2½ ~loR ~~·=·!.d'bTh ~·tin,~ -ta -zrtiE ½1o ""5':f~ti> ~l~ln llo%-tr~ 

la [o{}[v¾cs; [o]<,[(L 20!,ct,rjz ·-bjl-[o a~fb lliE e.lio-Wll>fa-& lo!v.g,£ ir 

[,:!r ./::-& [,5~:fo~ '-lvlt:ili:iv ro-a-rv lw20{?r{!t 20~-tl ~iY-k -@~is [ll~~ 

~ llolv% izrt!:~& 'Uil~ifl ¾%~~~ 20~-& lo~iY ~~~~ 1tn ¾1'6~¾~ 

loi<,[(L 'ilt-i¼ ·-bi¼ a-i>-to %1'% lofo llo-Wll> lolt<lfl~v lw20-&k{< ~lt<:Ult 
jg {sc{L [o.';-{v[ola -\¼{>c-l,r ~-!,~-!!, ·-bf½&lz 11,[o llo[o{¥ lofa~ll, {o3.f, loci< 

ilo -il'%-lr %f2[0 •-bf½ lli¾¾ff• ~Sda to&-b [w20-&lvr,, ¾!l,--&.f.c e,¾nil< 

lioii<lf lo¾l><la ~-!,~-!!, lo¾.'rlti 11n ¾lets¾,; lio%[Llti [o¾l,c[a [o]<,[(L 

·-bjl-[o ¾~fl, lliE [lofy%jl [o;>'-li:% t,[o¾[v '-[2 

[-tjo i1mr 0-b-\¼ 3[Ll~lv(2U]IJ"' ao1) %lo p,{'1-~n ¾¾1,c[a 'lnltt fo';-[1 ~ ;a 

~-cl,cla -if-l>- (oUBOJOA-pnw) R-Wh fw20-&{t ~¾.'r llo¾l,cla O ~I<, ~{g 3 

[Lts/l,-11, lliaFo liolt l<,[(L Iv~{} i<c~f". 'ii\-% ·(£66l '·w l' OJOOOJJ) -bf½&lz lloro 



oj';lltj. {)~'e !>J"i%g l!j.:ilA}C: %%ic.QJ 7,j~:£ o].ej- -fl-A}~ {J~t:J!A};. 71{) 

.Q.!a..\<J "1"1%.eJ ¾31 (fabric)g \'l~A]~ 1'1'-'l! o}i..j"}, -"l"i¾i.Jl 'i"'ll g ,:j-ic %.QJ 

oJ•l"i"-1 "]~,'¾if 'l!"tj-. 0Jei~ oJ•l"l"-1 '~~ -"l"i'i"¾ic :I 'r\'l¾ {)-~Al 

,171 Sc o-f oj, ~'1'! .Q.!a. ic "11 Ai \'! ~ Be% "I¾ "1 o-f Al "1 "1 "i % 0 I ii ,11 {l 61 '11 "r '.U 

>ti" ~tj-. P]A~,!-ic.,S,. -"l"i%'1l !Eic .!/!Oil 0,J-¾"i (web), oJ.s (mat) :Icj.:il t'-"i 

t'-"l~ o}ic%'.i! (glue) %g '1l '!'>II -,I.Q..ia."J, "1"1%.QJ {)610!1 'l)Jl].,JB:%"1 g 

3.>ll \'Jgj.AJ~tj-. EF'S of.i,2%'.,o] '!i'J.slic 7]'3}~.ia.ic -'f-Jf;>c] 7}-ljo] ~Aj~tj-. 

TT 3',-)t.e] 0] %4 1'!'1 °] "171 i..j- !Eic 'iJ-¾.e] -';j ~i!f'll Oil Aj '1l 0J'll-i,-.eJ >ii ~.Q.!a. 

'llc'~'92 4:£~ EPS 11-•1%.eJ '14'll 4' ,Ut:He ~ 0]tj-. l!jo]Af;;:oJ] 'll"1 :i;. 'fr 

"1 31 * 'd' ~ \'! :,l.:il c11.- 7}"']ic 'J %'ll W'11 .e] 'llc'i!-i'- -"I "1%.eJ %A,l 4 "1 "1% / •fl 

"r 7,j ;,f]\'! g -'O"•J -f\-'lJ£)ic <JA]gj.'1-aj ~~~.ej -f\-½'lJ "<t ';-';J:ilf :,!.al. aj-;,) aj.Q. 

.s;. o)',-ojc:,\ 92 \l)q o)eH} A)"''\!%%~ oJ)1-jA).ej s-~.g. l(t.g. A)'1,'r7]oJ):£ 

'l)-% g <II 7f{c '; AJ .Q_.s,_ '1_[ aj t'1] j's Of9' lllf _s;,j] i..j-Ef 'dtj-. Cl aj E__ia. '1 \!l ofl Aj .ej A~ 

%.,"I 31-%.". "1"ioJ-%g 3'o'l!o-f711 "1.:il t:1 i..J-0171 '1\!l~"il:. "l•flo-1711 'i1 "r 
'.U tj-. ll'.\-e1-A1 7)! \!l i..j c:,\ "1 "l % .e] {l 6) "1- "1 "l ~ '\} .g. A~ % ., "l 31-% "1- \'! 711 A) "1 •l 
'40').:il oJ•flaJ i..j-1fo~ ~tj-. '1\!loflAj '>)'lJA]'ll (Jil'l!, ',l\1)<>11 'l)ojAj.ej "1"1~!'-J

.". :i <;,'Ai A~i,Jj;,J].e] T50, i..J'.i!"1"1%.eJ {)61/-"l"iil-, :,!\!l.e] A]'!I :Icj.:il 4~<>11 

'-7 7] % ej '\} ~ '3} % o\] 9,\ oj ?I '!I :. o) ie' 7,, :,J} ;. i..j-Ef ';I\ 7,, :i1} e1-Jl i>' "r '.U tj-. o} A] 

'fr, 0]<>11 "d'J¾ 'It-'] ~ic -'f-7fA] 'rA .eJ-\'-"i"-1 .fl._'1).g. 3'o•}.eJ- Ai]~'.i!"1"1%.eJ 

*-,l-¾o]tj-. A]i/'~fA] '<!ici-~ •I~ :Qo] :,l\!l.e] -"1"14%0!] 'l/"1 AJ%o:J-"f oJ-%0] 

¾SL~ "d'J¾ u]{l0!]£ -\F/-%}31 o]o\] <.\]~ 'll'i"~ :I ~'\}Oi] L\]~ 0]o\\7f ;<\]L\] 

!a. 0 i'i-"1-'l'.i! ~:llc]-. ; .. 1, ~'1 i..J-4.eJ 7,1~ .t-i'- \'!'i"t:Jl'\} ('1\!l):. 11-c~oJI 

'll <>i Aj :£ zt .... 0 I ( <II 'lPJ % , '11 °J A] ~) off "'f Af "I .Q._ia. '-1.!/- ¾ {! ~ i..j-oj A] :,! \!l Oil Aj 

'>1"11-til '.Uc: qo]i..j-'Sj~ 'iJ.'\}~ofl t:J!<II tj-zt"Jo]31 ¾~"I'll o\\"!o] o]','-oj,q,1 

~,c- 'i}i,Jjo]tj-. 

-65-



~-,; Ai'il \t-¥-o\l ~*I~ ~'li'/!,@- '!l'll'i'"1-'11- "l-~.2.£~ ~,J- %'llic3!f ,J-~ 

.2.!e.~ !j!-'l}ico\l 4i'i!;<j '.l)~ '/!.2.!e.Ai, ili:Jl ~ 12 km .:J.i!jTI ',)o]~ S, 17 km 

'!iSc.!e. 'l},,i]<I'<! :>]OJ¾ ',(~TI '.l)q (.:J.,l 2-1). '/!91 "1-~ (~,J-i!J"f o:}~i!J) 'ii'<} 

o\l:: 100-400 m ',;;0]91 •l.iit"i ,c,@- ~::;o] ~*I'll '.l/TI '1! '<}~ (~~i!J"i- A]-1,f 

i!J) 'a"% 'ii 'l}o\] ~ TI5c.7f '5;t :'. ± it .'i'. 91 'J'¾ ""t 'li oi7f 'lt\t'i! '.l) t:}. ~J/l, Ai "i' .2. 

.£.~ ~ 01 ¾.& 'll'r'll:Sc.91 'llc',lc!e. "1"11 "1:91 7,J,!]7f o]','"1:>]TI '.U.2.9, .:J. ,J-~ 

.2.!e.~ \}Sc.<fro] ~*1"11 '.Uc} (-lt, 1998). '1! 'll'i'~ ili:ll 'r1l 23 m ,iiSc.!e.Ai ,j 

-\'- ~±~ ~g 7}:>]TI "l-Ai~.2.£ 'llcl"l '.U:>l'l! (.:J.'11 2-2), .2J'l! -'8-\te.l~<>il 'i-

-\'-i!J cJ!\!!o] .J:>ll 'llc',lc-"1"1 '.U"1 Jj-£-1/ "1-Ai>ll'll%<>1l 91~ 7J~ %AJ.llf'll- (wind 

wave)91 'lJAf o\lL-i:>l:: i:Jl-¥-1"-0] '-11'1!.2.!e. ::;"1.2.7] ~ ±'ll'il ')\.2..'e. 1'!-1±'<!4. 

-'r3'--lt£ (main tidal channel)~ '1!91 % 0J-¥-;; !IJ-"-1- "1-Ai-,J-% 'lf"J.2.!e. 'llc',lc-"1"1 

'.l).2.nj, '/! '<}~ A]~7J!\!! ~'/!oJ]Aj 'f- "J-"J'.2.£ ~"-]-'c)t:} (.:J.'11 2-2). '/!t.il 'i!'lJ{j 

¾ ttj-e}Ai"=" ~ 1 ~2-.£. "r o]Ei ~0]9-j iii!~ ~~o] cJl-¥-¾ ¾~£ (weathered 

soil).'e. 'i' -'J -"I "1 '.U "1 ~ >l -'J 'ii-~ 'ii 'l] 'll-61 o I 'cl•] -"I 'i'! Ai ( .:J. ,l 2-3) 7.11 \!! .'e. 91 -"I 

"I % 'l;"ie-01 W¾ -sf TI '.U q (--lt, 1998; 11-, 1999). ~'I!, SIi 'l!'ll "I 91 il-'11--'i'-¾o\l ~ {! 

\!! "I .2..£. 'i-!e."ll (Holocene) 7] {!%',) tjJ it .'i'.91 "11 % .2.!e. "1 '11 •I 'll-'J"i .2.!e. -"I "I 

"i'.U's'l '€, 3"7J~'.l %91 "11%-"1"1% (typhoon deposit)o] ~•l-"1"1 '.l/7]5c. ~q 

(Park, 1996). 

~'ll'l! -'r\'!91 .Jl;--'1/-:>]',,):'. %-'li:il S']"-}7]91 J/lof-'11- ~7J'l} (gneissose granite)1!f 

A] tjJ o] -'J-.2j :& 7J'l} ?,,! 'I! of 'l} (granitic gneiss) .:J. i!J TI 'll:-'11-\'! 'll 'I! of 'l} 

(porphyroblastic gneiss) %.2.!e. 'i'-'J-"1"1 '.Uc} (~-S;:>f~'1l'i'±, 1971). '1!91 % 0J 

g 7];? .2.!e. "1-Ai-'\'- 'l! tjJ ~ 'I! of% :§}7J'l}o] 1i'c 3'. iif TI, ,l-%-'i'- 'l! tjJ:: :§} 7J'l}?,,) '1:! 

of'l}o] .:J.i!jTI o]::; Afo]o\]~ ±it.'i'.91 'l}~\'!'ll J/lof'l}o] i:Jl-'1/-.2.!e. ~•l-"1"1 '.U 

q 

'?_!T7;]Q:j~ a:~.':. ¥.!'~Fr& (semidiumal tide).?.. ~i;,;!~ ~:?::¥%~~ (diurnal 

inequality) g L-fEl-'-11~ 7f¾t11, 'llit ±3"*1 (mean neap tidal range)~ 205.4 cm, 

'lliti:llz*l (mean spring tidal range)~ 425.3 cm.'e.Ai 'llirz*I~ 315.4 cm 0 ]cj 

(-,;'IJ:>12.J~, 1983). £*loll "71~ Davis (1964) 1E--Jt7l¾<>il 91iif\'l, W-'ll'1!"1 7a-\'
¾2t:;?;} ~1 (meso-tidal environment)Ol] 4r~tj-. :?:{f-£1 ~cJl¾4f-.g. ~J2t:A] 125 

cm s', '4£-'l 138 cm s' 'l]Sc..'e. '4£¾4co] .!i!.cf 7J~ •li:il~-'il¾ .!i!.'llt:} (°",l 

:>]i!J-'ll, 1983). '1l'i':>]"l<>IIA191 '11% el-% (> 13.9 ms') 'l!'r'~ '1l'llit 26'l/.£.Ai 

-'r-"'- "1%11 (12-2-%1)<>11 'll%"i"l'l!, 17 ms' oJ-'1!-91 •l'!l-"ll7li< 71"1~ e "11%,g. 
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~'!I'll 3'c-.j-rJl.2} ,!'11 (3'cTirJi)oJIA1 1999\1 4~'4 S~oj {!>j van Veen =i'l'! g 

0 ]%S-fcj ¾ 25671 >J~ g >fl~S-f5iltj- ('2,l 2-4). ~>J-oj]Aj •1~~ >J~,<,- {j~{j 

5'. ¾:>Id :qc, 'll>faj.Q.5'. Q} Sg¾ 1,000 ml "]o],-Joj 'il<>1'-lJA1 10% "1-Z!:"1-'r"''r 

(H,0,)5'. 24A]zJ: o]'1} 'l}%A];,j "]aj,.- I.JI <11-\i'j 'ljAf~¾ %1JA],]3'. '.l.lie ¾7] 

¥-¾ ~'li"l >il7-i"l5ili:.J-. cf~ 3'c1l'{I~ %:i!f \'l:Z!:'ll '\H1,%~ 11-!icoJI "1~ -2->I::: 

\l:! 0171 'ljS-fcj 0.1 N 'lJ{f (HCl).Q.5'. '/l:%A]7j \'J:{f'ljg "117-11'15:li:.J-. o)',171] ¾"I 

-'<! AJKie 4¢ (0.625mm) 'i]:S o]%~ i'r61>11~ (wet sieving)oJl "1•1 3'c,J~:i!f -'II 

,J ~ "1 aj % 5'. 11-"1 .-15il tj-. 3'c ,J ~ A] .is. ie 0.25 ¢ Zl: ,j :i!f 'ii 7} ,1711 \!! 5'. 'J >I-'<! 

Ro-tap sieve shaker.£ ~ 15~TI" ¾~~l ~~~ + ~.£%'E"~.£ -¥-Jll t!!J~%~ 
'i'-S-15:li:.J-. <1],l~ •IK:i!f ;;J-¥- Q} 2 gg ~•1 0.1% '!!~%"'!¾ 300 ml 'jjsc. '4,<,

+ "'gni-11-<1111e+ "171 {1%71-"- ,1.il.::: rr'll"l711 11-Z!:,1'\'.1 +, x--;J "r-'ii''llsc.11-

-'>l 1] '1] Sedigraph 5100.Q.5'. {1--'>j S-fcj 'll £:i!f .!/-711 "'i 11-¾¾ 'i'-1'f5il i:.J-. 3'c ,l ~ :i!f <1J 

,J ~ "1 -'l % "1 .'i'. ;=- 'll sc. % -;,- \!! :i!f .!/- 711 "'I 11-% :. 0 I % s-f "l .'i'. 'l'! .s •J '11 off ttf at "1 aJ 

% "1 'l! rr 'll £, 11-ir £, 211 £, =i e132 'll £ %:i!f ,._ 711-o:J-"l \ll 'r,;): g 'i'-"15:l i:.J-. 

'Ill.JI 3'c S-f rJ1 .2} 7J '11 (£Zl:rJI )"1 "1 '!I g nf "1- i<f 3'. sf 1071 :i!f ~-;! g -\l ll ~ +, ll 

'll'r-ll°':"&71 (KAIJO Co., model PS-20R);'; Af%1'fcj ;ac]'!l~"s'g {jA]S-f5ilc) (=i 

,J 2-5). 7J'1l<>l]Ajej ":"el',<,- '1}£A];, 7]¾.Q.5'. ]A]Zl: o]I.Jloj "''!l-l!"-1-(< 11"-)g o] 

% s-f "l O I -'i' oB:!32, 'l! rJI 32£ ( 11 ¾ \'!, '!! rr•l 'i° \'!)ie 1'!~-'<! 'i°-ll sf ll.::, C1 ,1 "1 .Jc 
.Q. 5'. \ll ~ ~ + £-'>j la. ll g {l A] s-f cj 'i'-1'15il tj-. "i 'li ": ,l'A I -;! '11 ": 'jj ,<,- ± 30 cm 

o]I.Jl"l 'jj~sc.:; 7};,]ie DGPS (Novatel, model):; 0 ]%S-f5ilc). 
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~'lJ'<]-Sj ±5\tjJ;<]"'!ej !>J.aj¾Aj 'JI %§."i] '11'1"\'l %¾oJl a:j-,';- !>J.aj"'!Afej 1/! 

:§1-.ilf 'll -& 'le!of _1a.7J ~ "f"l ~ea:-'11 °J•1Fr±oJJ •1 '1! 'll:% .2..ss "114~ ¾"I,, oi ,i 
(gravity corer);; 0 ]%5\"l 1999\'! 8-%/ ±i<\tjJ-9] 97fl lJ'(<loJ]Aj ',aAJA]il.§- >fl'}iiif 

5:I cJ- ( Cl \'l 2-5). •fl '}I -l'\ 'r% A] il.-9] 7,l o] ic- zJ- ll 11.91 !>J "I% "; '\J oJl a:J-"1- ':tel •fl 

'}I -"I '(/.2. oj, ± 'iJ ~ A\1'!"1 "I 'lo- (!i'.i!Jl) 0 ] 1,-& %f :it '.U ic- ll 11 GC4oJ] Aj ic- 25 cm.£. 

7\,i/- lll- 711 o l-'F "1 'l! .2. oj, 1-J 1'! "1 "I -!1- ( \!!) 0 ] q.-'1] ~ <\-<:! Y5-Line.91 ± 5\ t:!I ;s] ej <>ii 

Ajic- 210 cm§. 7f,j/- 7,1711 A]il.7\ •fl'}l,;j'(/cj-. zj- ll11~<>11>1 'r%"]il.>flai1Al ¾"I 

5i"1'1"1 7]7]"1 "i-'8.2..£. '!l,AJ-l'! %.!/- 'r-'-JA]il..91 :iiti'!: 'JI ;';-:/% .'a.~i<f7] ~"I 
oj, %A]oJl ±",I "l-!o5'ioj;,J(box corer: 20X20X30 cm)ia- oJ-§-5\oj %.!/-¾"ii Lil~ 

',a%A]Jl.;; ~7\§. >fl'}Jt;f5:lcj- (Cl'iJ 2-5) . 

.:-iff~~ ~.AJA].E.~ ~~oj]Ai ~-¥-~ ii}-¥- 0J~ €"~ 6.7;]£¾ P}JH.£. l!f.g.. .:f 

'll-4' 1Sli O] :>'.§. ~ 'l! i<] 'l) '8-5j-oj "1 "I %'-11 't'"l-4' 7\ Afl oj 4 .2_;,] \',°£'a- 5\ s:I cJ-. 0] 

'-1711 ir "i -l'! A] il. e :ii! i'!:"1 "l \%711 ±11 i<l 111111.ii!. -.%-71 's1 ~ 'l! %1,- g Af %iifoj 

'l""'i"J-~.2.§. 1\7fl~ ~, ~iJI' \'loJlAj,e- 0\3.',j %;<\ (1X4X30 cm);; o]-§-i<\oj -;, 

'/lg 'IPJ-&s:l:it, %AJ"1] 'll:t:!lill' \'l"1JA1l= Sf 30 cm {}.<l.2..£. Hand Vane 

(Maruto, model) g oJ-§-i<\oj 'l!B:%"1 (shear strength) g ,e\-'l)i<\'.l!:il (Lee, 1991), 

%Alofl <1).£~~, ~"T-%, %7]~, ~{!-~ ::Z.~.ll %ir¾~~¾ .!?-1~ A]E.~ ;iff~.5} 

'.,\ cJ-. 'ii oj ~ 1\ 7fl i<\ 5:I % "1], li '1\ "1] Aj ';c .2.§. la. 0] ;<) t',f ic 1'j .aj ,1- \.J1 !>j 21 T ± ;; 

-\'f-![%f7] ~•fl 5i"1"1 ~ill' 1!1fl\'l"1]Aj •fl~~ -:a'/l¾ X-ray ~'l!7] (Softex X-ray 

Apparatus, M-1005)~ 0]%&"1 "1"1%.91 ";A;j ('ll.S:, ~'T'¾)oJl a:J-"1- 'J!.91 .'r.,}A] 

'3: 'JI 7J-£% 's!_,jj~ cf, 40 cm i\eJ"1JAj 'i,r'lji<\'l)tj-. 'iJ'l)-'iJ. ~%:af Af's)~ 'l).S: 

"1- "1 "I ,'-±oJ] .91 ~ "1 "I%% '1 ll %fer•] A\%"1 'll.2. oj, -;, 'll A] .E." "1 "I %1,-fi-;; 

{f :i[;<\ _,l_§.Aj tjA] 'lJ .S: 1,--'j-l'\ ;<\ _,l_Sj- S] :ii[ :,j 5'_,;;j '(/ tj-. 

;<\°l!%f.J1Sj <\\',".!a. &:§J-'iJ. A)_a~ :(i±7]oJ]Aj 110'(;§. 24-'){! %'lJc 'lf'1 ~ tj

%61oJl "1oil "1"1¾"1 ~4'% (W), 'l!'ll£ (r), 't'"l-"i (e) ciej:il 't'"l-% (n)¾ 'r 

%15:lcJ-. 

11(%)-IOO(wet wt. -dry wt.)/dry wt. (61 2-1) 

,-(g/cm3)-(W+IOO) I (lllr~+IOO/G,) (61 2-2) 
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e- G,• 11/100 (-61 2-3) 

n(%) ~ 100• e/( 1 + e) (-61 2-4) 

cj7JA1, wet wt.1= 3'c7)A)ii-"1 -1'->llo)TI, dry wt.1= '{]~:,! A)ii-"1 -l'-711 ~ 'llii} 

oj, G,1= TI>il-"1 "i¾, r="= "114'-"1 ~'ll£!a.Ai 1.024 g/cm3 (Hamilton, 1974)oJ 

ct. '11 Oil Ai i\'-'a-~.,O. 'll-'a-"i SJ- ~"11 ~Pl¾-"1 'll"'ll (consolidation) 'll £ ~ 1-j-E}t.JI 1= 

:s)A)e<}!a. A}%Bct. 

-fi- 71 % 3!\ \'l-s! 'lHJ-rJ'.sj 11-"i % !/1 iij-cj '{]~ :,! A) ii¾ Sf 5g% 1,'- 'll :§} ii}cj 100 

mesh >il!a. '1~ ct&, Sf 2g.,O. -\l-7)¾11-"iofl Je.)TI lg-.0- \'l-sl:'lHJ-rJ'11-"iofl zJ-zJ

A}% iif 5:l ct. -fi- 7) i> ~ 'il'1,'--!,j .,0. A) ii 2g% £7} \..) ofl ';) TI ~ 7) £ ofl Ai 1 A) {I 301,'- % 

'l! 550'(:!a. 7}'lH! f. -l'-711-"1 -fi-{!'lf (loss of ignition)g "111-½!a. JEA]ii}s:lct. \'l 

{}\'J .sj ~",f.,0. lg.sj A) ii~ ~zJ--l!-2.}~3.ofl ';/TI "r-.0- -fi-e.) 'lJ (vial)ofl 30% \'J{} 
(HO):, AJ ii7} 'e"") \'al"£,,_ Bernard Calcimeterofl '1'! :,j %}cj 'lJ:%A) 'f).2.!a."'i %sf 

g ~'\lii}s:lct (Vatarn, 1967). 

(1) AI.\V;H,:;-1 

%'ll'<!-"1 ;<iAi",j *** 11-Y 's-'8% "}Qj-%}7) !/1ii}cj 1999\'! 5-%/oJl 2671 '\I'll 
oJ)Ai K¾-"l.aJ¾% >HalJiiJ-5:lct (J\'l 2-6). K¾-"l.aJ%.,O. '<}~A) -ol"l-% oJ%iiJ-"l 

J i\'1.2. !a. •l '11 %1-5:l ct. -ll-i\'-¾ 11-"i % Ji¾ "i .aj % Al ii 1= % .!/- 1cm Oil Ai 10 ml ~ 

rtit.Jl"1 ~21--'--"'i'lloJI 'a"TI '1JA}'l] (Hexamine).2.!a. ¾:§} (pH 8~9)Alt! Y.s'll\'! 

(formaline)%'"1 (5 % ) :, ~ 'l)-ofl Ai ';' AJ ';) "1 TI'i) A) xi ct. 

(2) §~ ':iJ XfRJ;l<>j 

~'l)-oflAi 3'.s'l(\'! %<llj.2.!a. TI'i)A);,j.,0. -fi--t'-¾ 1,'-,;j-§- AJii,= 0.063mm >!) ~ 

o I % ii} aj Ali'il ~ -"J :aj % % al] :,j iil-5:l ct. .£ aj 3. 7) .sj A J ii 1= "'a' '!r {I A) Oil .£ .,0. f. ofl 

"i'r'-:,J¾g '>1"1 7}'ll711 "1"1'P'l! "i'r'-"Bii'-ofl -i"l"B -f\--t'-¾,<,- "i~'ll"r li!.ct 7} 

"l+E.!a. !/1!a. ~711 Bct. 0 )"11 oJ "ix¾% 0.063mm >il!/1ofl .!/-"1Ai ie!•i 'P~ct

o) "r'll g '8-"11 "1~ 'lJe<}~ A}o)oflAi -fi--t'-¾:, %{]A)~ 'r ~ct (Howe, 1941). 
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0.063 mm "IJ"i] £Of'<] %-l?-¾-l'- "il-'11"1Ai -0- 2 ~ %.5'. •Ix%¾ -!l\<>1\!l +, SjoJ 

"I "ii £Of Ai 45 ~60'C -91 -& :SC..s'. .2. c'. Oil Aj '{!3,AJ 'lj c.J-. Z!3c'<l AJ.ll. ~ {! >ii '1! uj 1l-of 

"iJAi 5/0-9] -'11-'l!:. o]%1i"foj %-l?--¼¾ ~a} -l!-Of\!l +, oJ~ %'11-¾¾ '()-2_ %JJ]aj 

11--ll--of .:il %.:i!.'!i'-'1!:i!f •I .iilli"foj %¾ ~'1] li"f'.l"/ c.J-. ~ 'l}OIJ Ai 3': 2 'l)-s] %"'12..ss TI'lJ 

Aj;,J.g. -ll-'11-¾ 11--ol¾ Ajji~ 'lJ-'8-o] -li-~'l!li"foj -i)-of'.l)~ ,1>119.J .!i!.~OJ <>1ill'& 

7J "il'li'-"11 .ss?o "!l.t (rose Bengal) a!-"i"il -91~ "'"' 71>11~ 'i'-11-¾ li"f><l *9.tc.J-. 

o:fa}Ai % 'll '<l %-l?-¾-l'- 'l!"il Qiving + dead) i,'1)2..ss Af%"1 '.li c.J-. %'ll '<l -ll-'11-¾ 

{', Z) %2..£ l1-%'<J + AJ-qj"J'l] %-'j'-Aj (%)0] T'11~2.'9, AjAj/g -fl-'1/--¼ i,'11 

~ A,3 g ~~3}7] ~3}etj '3'"tj-0J:5:. (species diversity; MacArther and MacArther, 

1961)~ it%£ (Equitability; Buzas and Gibson, 1969);, 'rli"f'.l"/c.J-. 

~TA]~~ -R-i'-¾~11 ~~9.l !:;Ad~ ~~<5}71 ~'8j-etj 11.i!J~~g {IA]5}'x{c}. 

t! 7]{!.Qj ~pJg A]Aj-8"}~ {!~l ~11 ~~£1 ~-'t-~ -R-i'-¾~ A]Q:j~~ ~£~ 

T l1- li"f Jl Af ~ ajJ ~ i'l %JJf -'I y ~ Al zi ""1- .!i!. c.J-~ .!i!. '1l "l 2..ss i..j-q i..j-~ % ~ '1! :s 
qjAJ-2_.ss ~ ajJ cj -.,.g. '1"1-7f i..j-le}i..j-:C: c,12..ss 'l,aj;q '.llc.J- (Culver and Buzas, 

1981). \'1,1 'll'i'-><J"i9.J Z) 'lJ'lJ"i]Aj 'J!2.A]K lOml',J- 707l>il'r oj-',}-oj ½'1!1i"f:C: 

23'll1JJ!J- "1'= 'll1J"i]Aji..j- 'l!>I] %'11-¾ i,'1)-9] 2% 0]-',1-¾ ~f-']li"f~ 47%~¾ qj-',}-

2...£. ~i!J~~% {lA]"5})!ltj-. :i!Joi,e AJ-{:!7414- (Pearson product moment 

correlation coefficient);:: 0] %-sfoj 'll 'll {! -91 -i\-Af Sc. ia- ll]-"}~ +, SJ 7}¾ 'll it '1 tl

'll (Unweighted centroid method) :S oj %1i"foj 1! "111--ol ¾ {!A]-of'.l"l c.J-. 

(7 f) li8-"I "'I~ '.a! gJ £3': 1SI 1'19-"I i!11'.fli" "'-

'11 'r ><] "I Oil 11-3': li"f~ .l!. ¾"1 "l % 9.J "1 "l-'il-:, Polle (1980) -9] ~Z)c.J-0 I of :::i 'ii "i] 

-91 "II '-I-El '-11.!i!. '1!, 1411-91 "1 "!-'ii-2-.ss c.J-0.)'-sf >ii i..J-q '-1-.:i!. '.ll c.J- (.l!. 2-1, :::i \'l 2-7). 

ojil, -i\-Af'1! ,aj;,j-',}-JJ]aj =i¾:§J-"foj 471-91 "l"IAJ- (Facies)E..ss .!i!.c.J- 'i:hicli"f711 i..j-q 

\!J '(;I_J!J-;, :::L\'J 2-8"i] £A]li"f'.l"/c.J-. 'l}i.Jl-9] \fAj,;a {)¾aj 'l) uf{):c)!'i! ::,:aj:;:,_ -sJ-% 

,;,-91 '11:"1-cJ! '1! ¾ ¾'ll 2..ss '-1 "1 (mud)J!J- "f "i >,I ((g)M) "1 "l % .£ 'i'-'8 -'1! Fades 1 

-76-



.E. 2- 1. g;~e_i. .H~~l~~21 gi;r. 2:~~? ({j~ .!?l*I::.: .:Jis 2-4 N~l 

No. 
Location (in degree) Compos1t1on(%) Textural Parameters Sed. Type 

Loo Lat. Gravel Sand Silt Clay Mz(fl SI De Sk Kort by Folk( 1980) 
31 126.346 35 179 0 3 50 5 49 3 87 28 0 1 1 3 M 

33 126 329 35 179 0 9 462 52 9 8 5 2 5 0 1 1 7 M 

34 126.321 35 179 1 0 52 7 46 3 8 3 29 0 2 1 4 M 

42 126 358 35 171 12 50 8 48 0 8 4 2.8 0 2 1 5 M 

45 126 333 35 171 5 1 36.8 581 8 9 3 0 -0 7 2.9 M 
46 126 325 35 171 37 4 47 2 5 9 9 6 0 5 3.2 1 6 4 4 msG 
47 126.317 35 171 40 3 18 7 15 4 25 5 31 55 0 6 1.7 mG 
48 126 308 35 171 0 7 12 7 34 8 51 8 8 0 39 -0 7 2 4 (g)sM 

49 126 300 35.1707 10 4 53 8 35 8 74 2 9 04 18 sM 

" 126 292 35 171 3 4 64 0 32 6 7 4 2 7 0 7 21 M 
51 126 283 35 171 67 65 4 279 7 0 2 7 0 8 2 4 M 

liS 126 363 35 162 1 9 554 42 7 6 8 1 4 -o 3 1 6 M 
57 126 346 35 162 53 2 46 4 0 4 -0 9 1 2 0 8 34 sG ' 'I 58 126 329 35 162 0 9 33 6 29 7 35.8 6 5 4 0 0 2 1 6 (g)sM 

:1 
S9 126 321 35 162 16 2 51.3 14 7 178 34 4 3 0 8 25 gmS 
frJ 126 312 35 162 6 0 44 5 49 5 84 3 0 0 0 16 M 
ti1 126 304 35 163 13 8 47 0 13 7 25 5 2 9 39 0 4 14 gmS 
62 126.296 35 162 25 8 72 6 1 6 -0 4 12 0 4 52 ,s 

" 126 288 35 162 13 5 82 4 42 00 12 1 8 79 gS 
69 126 367 35 154 19 0 76 6 44 -0 2 12 2 0 8 3 gS 
'J 126 358 35 154 36 1 63 5 04 -0 6 1 0 0 5 3 8 sG 

126 350 35 154 50 6 39 4 10 0 -0 5 21 1 1 3 5 msG 
'2 126 333 35 154 19.2 52 9 14 4 13 5 2 3 41 1 1 31 gmS 
'3 126 325 35 154 6 4 612 32 5 72 2 9 0 6 19 M 
'4 126 317 35 154 12 1 59 5 28 4 69 2 9 0.8 2 2 sM 
:s 126 308 35 154 13 0 26 8 31 6 28. 7 51 4 8 0 1 1 7 gM 
,'6 126 300 35 154 93 40.0 21 4 29 3 4 8 4 9 0 3 1 6 gM 
;•7 126 292 35 154 19 58 9 39 2 79 2.8 0 5 1 6 M 
:a 126 283 35 154 25 3 47.1 132 14 4 21 45 1 1 3 0 gmS 
82 126.379 35 15 10 3 25 4 55 0 9 3 4 0 3 5 -0 1 2.3 gM 
83 126 383 35 1458 22 1 34 4 35 2 83 2 7 3.8 0 3 2 1 gM 

" 126 375 35 146 18 4 41.0 20 6 20 0 3 6 4 6 0 6 2 1 gmS 
as 126 367 35 146 2 3 69 2 10 5 18 0 3 7 3 9 12 3 0 (g}mS 

8o 126 358 35 146 41 4 571 1 5 -0 4 19 -0 1 18 sG 
8' 126 350 35 146 13 5 29 4 30 5 26 6 4 8 4 8 02 1 8 gM 
90 126 304 35 146 2 1 65 7 321 7 4 2 8 0 7 1 9 M 
91 126 296 35 146 24 60 8 36.8 77 2 9 0 5 1 6 M 
92 126 288 35 146 2.1 59 8 381 77 3.0 0 5 1 6 M 
96 126 387 35 1416 27.9 389 25 4 79 22 3 8 0 7 2 5 gmS 
97 126 379 35 1416 15 7 498 20 9 13 5 3 0 3 9 07 2 6 gmS 
9B 126 389 35 1374 4.5 15.6 56 3 23 7 6 0 3 4 -0 2 3 0 (g)sM 

99 126 383 35. 1375 12.0 29.4 40 6 18 0 4 4 4 0 0 2 21 gM 
;Jo 126 375 35 138 52.5 388 41 4 6 -0 1 3 0 2 4 8 9 msG 
101 126 367 35 138 28 5 49 6 8 6 13 4 1 9 4 3 13 3 5 gmS 
102 126 358 35 138 14 9 66.5 10 2 8 5 1 5 2 9 12 3 4 gmS 
103 126 350 35 138 31.7 21.8 22 9 23 7 3 5 5 2 0.4 1 7 mG 
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1l 2-1. JII e; 

No 
Location (in decree) Comoosition(%) Textural Parameters Sed Type 

LOO. Lat. Gravel Sand ;il:111 /;;;1Stl'. Mz\!1 ~- Qe. Sk Kurt. b):'. Folk( 19801 
110 126 395 35.132 16 5 20.4 40 4 22.7 4.6 4.4 -0.1 19 gM 

I 11 126.387 35. 1333 2.9 55 7 41 4 78 2 7 03 I 7 M 

112 126.379 35.133 51.5 456 2 9 -0.7 1.5 1.2 4.6 sG 
113 126 4 35 1292 0 3 4.5 61 8 33.4 7.3 2 8 0.2 2.7 (g}M 

I 14 126.392 35 1292 2.2 61 7 361 7 3 2 4 0 5 2 I M 

I IS 126 383 35.129 0 2 10 11 2 876 9.0 1.6 -2 0 116 (g)M 

116 126 375 35 129 I I 2.5 47 4 49.0 8.3 3.1 -D.3 2.4 (g)M 

I 17 126 367 35.129 25. 7 42.3 12 6 19.5 2.8 4.9 0 9 2 3 gmS 

118 126.358 35 129 4 0 40 5 26 9 28.6 4 9 4.6 02 1.7 {g)sM 

119 126 350 35 129 4 0 32.0 42 0 22.1 4.9 4.2 0 2 2 0 (a)sM 

122 126.404 35 1249 06 19.9 43 9 355 68 3 4 0 0 2 2 (c)sM 

123 126 396 35.1249 5.7 10 2 55 5 28.6 6.5 3.5 -0 6 3.6 gM 

124 126 387 35 1249 2 6 50.3 47.2 8 3 3 0 0 I 14 M 
125 126.354 35 1249 I 9 54 7 43 4 81 2 9 0 3 1.4 M 

126 126 346 35 1249 19 0 153 42 6 23 0 4.7 4.6 -0 I 1.9 gM 
127 126 408 35 1208 0 8 54 6 44 5 8.2 2.4 0 3 2.0 M 
128 126.4 35 1208 5.8 112 49 0 34 0 66 3 8 -0 5 2 8 gM 
129 126 392 35 121 0 2 40.5 59 3 9.2 2.8 -0 2 14 M 
130 126.383 35 121 18. 7 56 3 9.7 15 4 2 3 4 2 I 2 3 I gmS 

131 126 375 35 121 14. 1 66 5 8.0 11 4 2.0 3.8 I 5 4.3 gmS 

132 126 367 35 121 0.9 17 5 35.8 45 8 76 4 0 -0 4 2.1 (g)sM 

133 126 358 35 121 2 3 51.6 46 I 8.3 2.9 0 2 1.4 M 

134 126.350 35 121 I 5 64 6 33 8 76 2 8 0 7 19 M 

135 126 342 35 1208 19 5 20 6 35 8 24 I 4 6 4 6 -0 I 1.8 gM 
136 126.413 35 1166 21 47 3 50 7 83 2.4 0 I 2 0 M 
137 126.404 35 1166 I 3 56.8 41 9 79 2 6 0 4 18 M 
138 126 396 35 1166 I 6 561 42 3 7.8 2.4 0 3 2.1 M 
139 126 346 35.1166 2 0 60 6 374 7.8 2.8 0 5 1.7 M 
140 126 346 35 117 I 5 52.0 46 5 83 2 8 0 2 I 5 M 
14< 126 408 35.1124 21 3 4 58.4 362 7.4 3.1 -0 3 3.3 (g)M 

142 126.4 35.1124 1.8 59 0 39 2 78 2 8 0 4 I 7 M 
143 126 392 35 112 279 39.3 13.7 19 2 2 6 4.8 0.8 22 gmS 

144 126 383 35 112 81 47 I 19.0 25 8 42 47 0.5 I 7 ,ms 

145 126 375 35112 2 0 44 2 53 8 8 7 2 8 -0 I I 4 M 

146 126 367 35 112 2 6 55.1 19. 7 22.6 4 3 4 3 0 7 2 0 (g)mS 

147 126 358 35. 112 1.3 55.4 43.3 82 2 9 0.3 I 4 M 

148 126 350 35.112 I I 581 40 8 81 2 9 04 I 5 M 
149 126 342 35 1124 11 I 14 4 466 27.9 57 41 -0 4 2 4 gM 
150 126 413 35.1083 0.7 52. 7 46.6 8 2 2 6 0.2 1.6 M 

151 126 404 35.1083 I 4 34.2 29 4 35 0 6 I 4 2 00 1.7 (g)sM 

152 126 363 35 108 6 2 55.7 38.1 7.7 3 0 0.4 1.7 M 

153 126 354 35.108 1.5 584 40 2 8 0 2.8 04 1.6 M 
154 126 346 35 1083 2 5 68 8 28.8 71 2 6 0.8 2 4 M 

155 126 338 35.1083 0 2 I 3 63 9 34 6 75 2 6 0 5 2.3 (g}M 

156 126 417 35 104 2 0 48. 7 49 3 8 4 2.8 0 I I 5 M 

157 126 408 35 1041 6.6 33.3 32.6 276 5.1 41 0.0 1.9 gM 
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.H. 2-1. 7-ll ~ 

No Location (in decree) Compos1t1on(%) Textural Parameters Sed Type 

Lon. Lat Gravel Saad SII1 Clal:'. Mz(!;l St De. Sk Kurt. bl:'. Folk) 1980) 
158 126.400 35 104 t6 8 49 0 14.9 19.4 3 0 4 5 08 2.2 gmS 
159 126 392 35.104 15 6 48 2 17 2 19.1 3 1 4 4 0 7 21 gmS 
160 126 383 35.104 8.0 361 32 8 23 0 4 6 44 0.3 1 9 cM 
161 126 375 35 104 7.0 491 43.9 7 9 3t 0 0 t 9 M 
162 126 367 35 104 18 16 6 61 6 9 8 2 2 -17 4.6 M 

163 126.358 35 104 1 9 24 0 41 4 32 8 62 3.6 -02 2. t {olsM 

164 126.350 35 104 1 3 59 6 36 9 7 9 2 6 0.5 1 6 M 

165 126 342 35.1041 1.5 49 8 48.7 8 3 2 5 0.1 1 8 M 

166 126.446 35.100 4.6 37 4 38 6 19 1 4 6 4.0 0 2 2 t {olsM 

167 126.437 35 IIJO 4.6 59 6 2\ 6 14 1 33 3.8 0.6 2.7 \o)mS 

166 126.429 35.100 9 9 57 4 17 4 15.4 3.2 41 0.9 2 7 gmS 
169 126 421 35.100 3.5 50 6 27 9 16 0 4 6 37 0 6 27 (g)n,S 

170 126 371 35 100 0.4 9.5 564 33 7 7 t 3.2 0 1 2.4 (g)M 

t 71 126 363 35 100 0.4 3.6 62 5 33 6 7.4 2 9 04 2 3 (g}M 

172 126 354 35 100 13 0 11 7 32.2 431 66 5 0 -0 6 2.2 gM 

t 73 126.346 35.100 t t 66 2 32.8 7.5 2 6 07 2 1 M 

175 126 458 35.096 3t 16. 7 42 8 37.4 6 9 3 9 -0 4 24 (g)sM 

176 126 450 35.096 16 12.6 52 9 32.9 6 8 3 4 -01 2 6 (g}sM 

177 126 442 35.096 0.4 52 53.5 40.9 7.9 2.9 0.0 2.5 (g)M 

178 126 433 35 096 2 4 16.4 43 3 38 0 70 3.8 -0 3 2.3 {olsM 

179 126.425 35.096 0 7 46 9 524 87 2 7 01 t.5 M 

180 126.416 35.096 27.B 59 5 4.0 8 7 0 7 2 9 1.6 4 6 gmS 
181 126 408 35 096 12.9 66 7 9.0 ti 5 2 2 3.8 1.4 41 gmS 
182 126 400 35 096 32.7 57.3 41 59 0 4 3. t 2.5 8.5 msG 
183 126 392 35 096 27 2 62 2 4 4 6.3 0.7 3 2 2 2 7.4 ems 
184 126.383 35 096 2 9 15 t 44 1 378 6.8 3 7 -0 5 2 6 {g)sM 

185 126 375 35.096 6.5 12.3 35 6 456 7.3 4 3 -0 6 2 5 gM 

185 126.367 35 096 1.4 5t 6 47 0 8 4 2 9 0.2 1 4 M 

187 126.358 35 096 0.4 42 5 571 8 6 2.3 0 1 19 M 

188 126.35 35 0957 3 0 63.4 33 6 7.4 2 8 0 3 2 5 M 

190 126.463 35.092 1 5 30 8 34.7 33 0 6 t 4. t 0 0 1.9 (g)sM 

1 91 126.454 35.092 7 6 391 53 3 8 5 3 1 -04 2.4 M 

192 126 446 35 092 34 49 3 47 3 8 2 2 8 0 1 1 8 M 

193 126 437 35 092 t t 50 4 48 6 8.5 2 8 0. 1 1 4 M 

194 126 379 35 092 4 5 40.3 22 4 32 9 5.3 4 9 0 2 t 5 (g}sM 

195 126 371 35 092 0 9 76 35. 7 55 9 8 3 3 2 -0 8 34 (g)M 

196 126 363 35.092 0 7 42.5 56 7 8 9 2 8 -0.1 15 M 

197 126 354 35.0916 14 6 551 18 4 11.9 2 7 4 0 10 2.9 ams 
198 126.458 35 087 09 ,. 0 30 6 39 4 6.6 41 -0 2 1 8 {g)sM 

199 126.450 35.087 2 9 35.3 28 6 33 2 5.8 4 2 0.0 1 8 (g)sM 

200 126 442 35.087 30.6 46.6 9 7 13 2 I 7 41 12 3 2 msG 
201 126 433 35.087 0.5 14 5 36.9 481 7.8 3 5 -0 5 2.4 (g)sM 

202 126 425 35.087 1.8 16 9 35.0 46.3 7.4 3 8 -0 6 24 (g}sM 

203 126.417 35 087 19 4 20.4 24.9 354 5.1 5.4 -0.3 1 7 gM 

204 126 408 35 087 27 3 45 8 IQ 8 16.2 2 1 4.4 1 1 2.7 gmS 
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ll 2-1. ~I "c 

No Location (,n degree) Compos,t1on(%) Textural Parameters Sed. Type 

Lon. Lat Gravel Sand S1lt Cla:i;: Mz(f) St De Sk K"rt bl'. Folk( 1980) 
205 126 400 35 087 5 0 24 7 30 8 39 5 6.4 4.3 -0.3 19 oM 
206 126 392 35 087 I 5 40 8 577 g 0 2 7 -0.2 1.5 M 
207 126 383 35 0B7 6 3 50 9 40 8 77 31 -0 I 2 3 M 
208 126 375 35 087 1.4 15 7 36 6 46 3 7 5 4 0 -0 5 2 2 (o}sM 

209 126 367 35 087 13 2 30 3 23 6 32 9 52 4.9 0 0 1 7 oM 
210 126 358 35 0874 177 60.5 11.5 IQ 4 1 g 3 8 1.4 3 8 oms 
211 126 437 35.083 3 6 374 284 30.6 5 4 4 4 0 I 17 (g)sM 

212 126 429 35 083 22 0 51.4 10 5 16 1 2.3 4 4 I 0 2 8 oms 
213 126.404 35.083 1 3 30 7 28 9 39 1 65 4.2 -0 I 1.7 (g)sM 

214 126 396 35 083 3 6 46 2 50 2 84 2 9 -a 1 1.7 M 
215 126 387 35 083 1 9 48 9 49 2 84 28 0 1 1 5 M 

216 126379 35 083 4 3 46 3 49 4 8 3 2 8 -0 1 2 0 M 
21/ 126 371 35 083 13 42 7 56 0 8 8 2 6 -0. 1 1 5 M 
218 126 363 35.0833 1 0 7 39 1 26 5 23.7 4 3 4 6 0 3 1 8 oM 
219 126 354 35 0833 8 6 60 8 17 3 13.4 29 3 8 0 g 2 7 oms 
220 126 433 35 079 8 9 28 3 32 0 30.9 5 3 4 5 0 0 1 8 oM 
221 126 425 35 079 11 5 41 g 19 7 27 0 43 4 6 0 3 1 7 OM 
222 126 417 35 079 21 1 70 5 29 5.6 0 8 29 2 3 84 oms 
223 126 408 35 0791 3 6 83 6 6 1 6 5 1 7 2 8 2 0 6 7 (g)mS 

224 126 401 35 0791 8 3 41.2 so 6 8 2 3 3 -0.4 2 3 M 

225 126 382 35 0791 3.4 54.8 41 9 7 9 2 8 0 I 1 9 M 
226 126 375 35.0791 0 9 162 48 4 34.5 6 6 3 5 -0.3 2 5 (g)sM 

227 126 367 35.0791 3 4 205 45 9 30 2 6 3 3 7 -0 2 2 5 (g)sM 

228 126 358 35 0791 0 2 29 47 0 499 8.4 2.8 -0 2 2 3 (g)M 

229 126 35 35 0791 15 4 37 8 241 227 3 8 4 4 0.2 I 7 gM 
230 126 446 35 0749 34 4 40 1 10 4 15 0 I 7 44 1 3 3 0 msG 
232 126 429 35 075 9 5 414 189 30 1 4 7 4 9 0 3 1 6 gM 
233 126 421 35 075 44 '" 20 3 28.8 51 4 2 03 1 8 (g)sM 

234 126 413 35 075 23 0 71.8 5 3 0 2 1 6 08 3 3 os 
235 126 404 35 075 4 6 47 0 48.4 8 I 2 7 0 0 19 M 
236 126 399 35 075 34 60 7 359 7 6 2.7 0 5 2.0 M 

237 126 379 35 075 3 6 39 8 31 4 25 2 5 0 3.9 0 2 19 (g)sM 

238 126 371 35 075 191 37 8 43 1 72 3.6 -0 4 2.1 sM 
239 126 362 35 075 0.3 26 57 3 39 8 75 23 -0 1 34 (g)M 

240 126 450 35 071 20.6 53 5 13 9 12 0 21 4 I 12 3 3 gmS 
241 126 442 35 071 21 3 59 4 8 I 11 1 1 7 3 9 I 5 41 oms 
242 126 433 35 071 13 2 40 8 21.4 24.7 3 9 4 6 04 1 7 oM 
243 126 425 35 071 23 6 73 6 2 8 -0.1 I 4 0 7 4 2 gS 
244 126 417 35 07! 16 2 67.9 5.6 8 0 13 33 19 5.7 gmS 
145 126 408 35 071 3 5 597 19 6 17.2 34 4 0 0 8 2.4 (g)mS 

246 126 375 35.0708 0 1 2 5 57 4 40 0 7 8 2.8 0 I 2.3 (g)M 

247 126 446 35 067 13 0 73 4 6.7 7.0 1 6 31 1.7 5 B gmS 
248 126 437 35 067 13.5 58.5 10.2 176 2.7 4 4 1.1 2 7 oms 
249 126 429 35.067 11 9 38.0 18.6 31.5 4 4 4 8 02 1.5 oM 
250 126 421 35.067 22.6 654 4 4 7 7 0.9 3.4 22 6 8 oms 
251 126 413 35.067 0 9 13 2 40.9 45 I 7 5 3 5 -0 5 2 5 (g)sM 

-so-



I!. 2-1. ~I "s 
Location Im deQree/ Composit!Dn(¾} Textural Pararneters Sed Type 

No 
Mz(!) b~ Folk( 1980) Lon. Lat Gravel Sacd Silt Cla~ St. De Sk Kurt. 

252 126 371 35 0666 I\ 0 43 7 25 4 19.8 3 9 43 0 4 19 gM 

253 126 450 35 063 20 4 64 3 7.4 7.9 t3 3 5 t 6 5 1 gmS 

255 126.433 35 063 7 6 28 9 21 6 42 0 6 0 47 -0 3 
1 ' 

gM 

256 126 425 35.063 19.1 60! 9.4 114 1.8 36 1 2 34 gmS 

257 126.417 35 063 t.0 37.3 29.7 32 1 5 9 40 0 2 1 7 (g)sM 

258 126 375 35 0625 4 4 55 5 40 t 7.8 2.8 02 t.9 M 

259 126.446 35 058 17.2 67.6 74 78 1 5 3 3 1 6 4.9 gmS 

260 126 437 35.058 27.3 629 4.8 4 9 0.6 2 9 2. \ 74 gmS 

261 126 429 35 058 2 4 t2 0 47.6 38 0 7\ 33 -0 7 33 {g)sM 

262 126 421 35 058 37 81 4 8 5 64 t6 2 9 2 0 6 3 (g)mS 

263 J26 441 35.054 18 5 72 2 44 5 0 t.0 2.8 2 0 74 gmS 
264 126 433 35 054 11.9 69.0 8 7 10 4 21 37 1 5 4 3 gmS 

265 126 425 35 054 42 39 9 23 5 32 4 5 4 4.5 0 1 t7 (g)sM 

266 126.417 35 054 29 5 70 t 0 4 -0 5 09 0 6 48 ,s 
267 126 409 35.054 5 7 63 3 19.2 11 9 3 0 3 7 1 0 3 1 gmS 

268 126.429 35.050 26 9 54 7 10 0 8.4 14 3.5 14 41 oms 
269 126 421 35 050 26.0 643 3 8 5 9 0 6 3 0 2 3 7 9 gmS 

270 126 413 35 050 1 2 8 2 52 5 38.0 74 33 -0 2 2 6 (g}M 

271 126 404 35 050 14 49 6 49.1 8 5 2 6 0 t 1 5 M 

272 126 425 35 046 11 5 64 8 10 7 t2 9 2.4 4.0 1 3 3 4 gmS 
274 126 408 35 046 7 1 38 2 314 23.3 4 8 4 2 02 2 0 gM 

275 126 421 35 042 6 8 384 22 7 32 t 52 4 7 0.t \.6 gM 

276 126 413 35.042 8 3 34 3 277 29 7 49 4.6 0 0 t7 gM 

277 126 404 35 042 53 3\8 29 6 33.3 5 7 4 5 -0 1 1 7 gM 

278 126 417 35.037 5 8 47 5 16.1 30 7 4 7 4.4 02 t7 gmS 
279 126 408 35 037 8.9 56 1 182 t6 8 32 43 0 9 2 4 oms 
280 126.421 35 033 32 2 57.1 4.2 6 6 0.5 3 3 \9 6 5 msG 
281 126 412 35.033 t3 14 6 40.D 44 2 7.4 3 7 -o 5 2 4 (g)sM 

282 126 405 35 033 4 3 55 1 22.5 t8 1 40 4 0 0 6 2.3 (g}n,S 

283 126.425 35 029 18.6 68.7 6 1 66 1 3 32 \9 62 gmS 
284 126 417 35.029 16 7 59 0 10 3 14.1 2 3 4 2 \2 3 2 gmS 
285 126 408 35 029 6' 39.3 54 5 8 5 3 0 -0 5 2 5 M 
286 126 421 35 025 20 3 62.5 83 8.9 I 5 3 5 15 4 5 gmS 
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0] ~-'i]i;f:,J] l/-.'<.£1"1 :U~9, !;%] \J"Ai~ cJ!'!!"l 7,l~ l-]~-"1"1% 0] 7f~ ;;I~ 

'il !11 !a. -li'-.','. i;f .:il :u q.. '1! "1 T "1 <>II Li "l 7 f ,iJ-tjJ "l ~!a. 7J-i;f >11 4 El '--lie 'r ¾*!a. 

(main tidal channel)Ol- "11'1!1J-6Jo] {li;fJil LfEl'--lie ('l!- %, 1999; fl-, 1998), ~:& 

c.J 'lJ \'! ,i '11 "1 7,l 1- "l'"J ~ '--] Af ({g)m5), "] ~ '--]Af (gmS), l-] ~Af (m5) i e.j .:il "] 

{,! Af (gS) -"I "J % !a. 'i'"a 'tJ Fades 27} Lf Ef \tcJ-. "] 'l!A} (gS)!a. ,'--1j 'tl Fades 3ie 

ill '1! 4 21 '1! "I 'r¾-\'l-!is <>II ~-'1-"l 2-.ss -l!'-.'<. i;f 9, l-] 'l! "1 (mG), l-] {,!A}"] (msG) i 

e.j .:il Af 'l! "] (sG) -"I "J % !is 'i'--1:l 'tl Fades 4ie '1!'ll 'i'-"i Oil "I '1L'l. %{) ~!is ~ 'l}•Jc 
..Q...£. ~Yi}.:iJ.. ';Utj-, ~~1 'fr~T 1:1t'{r~ -3}.g. {i T~oJl ~.!j!.~_Q_.£. 7]~~01 X. 

½"1"1 v::: "11"1\'!0\ LfEf\J:cJ- (i\'l 2-8) . 

.lEt-"1"1%"-I 'llrr'll.£ (mean grain size)ie -0.92~9.79¢ 'il-'11.ss ;;l-@c 'il-'11"1 

lf-.','.;'; LfEl-ill.:il VcJ- (.lE 2-1). '/!ill \l•i~ -U¾e.l, Pf{l: cl!'!! ie.j:il ls-%~"1 

'l!e\4 ~\le.I cl!'!!"1 7<!1- 6oJ.!iict <l\,l~ '--l~-"1"1% 0\ i:\l-'1--li'- -li'-.'<.%\:il :UE-9, 
T~%£2l- ~~~ ~.AJ~ ~~~~2...£.C' 2'6.!ict &:~~ ~~~01 ~2l.<5}.:i! ~ 

ct. ~ '/l . '1! "1 "1-"11 "1 "1 7<l ~ "I 'il ~ -"I "l % o l cl! '!! <>II -li'--"'- -of :i1 :U % 1'l'-'1! 0 t '--l 4 
'T' !a. "1 "11 "I \'! <>II .£ 4 ¢ ill .2J "1 'll ir 'll .£ ;; .!ii o l ie }! 2-.ia. .!ii O} e I :,;r "l '>t .g, 'T' e.l 

ojLj7\ tf7il'lJ% A]A}~q.. ~:O,ie.] cJ!'!!QJ ~:,']~ '/!¾-iJoJ\AiQJ ;fc\'J~ ,aj"J%QJ 

o',.','.Oj- \jAj~ cJ!'lloJ\Aj "]A\ '/!¾-i! 7f7JfO]oJ\Aj2j ;fc\'J~ 'liir'lJ.£;°; .!;l_O\E }! 

:'. 0 I * oJl Ai ~ '!,~ "11 'l! 11-61 a}% 2-.ss 'l! Oil ¾ \'l ~ "1 "l % 0 I cl! 'i!.ia. 'l,'-,l-"1 :i1 

:Ug% A]A}~q. (i,J 2-9a). 'll'll:"12-.ia. '1!ill"1 -"1"1%-@c 4¢ o]'I)- (< 0.0625 

mm) "I 'll rr 'll £ 1-- 7/"l ie -'11 'il ~ -"I "l %0 l 7}~ ;;i >11 11:-"'-'"I :i1 :U 2-t,i, 2 ~4 ¢ 

(0.25-0.0625 mm) 'il-'11"1 "l\\'JA} ill"] "1-"l\\'lAf"i 'llrr'll.£½ 7f:,c]ie "1"1% 01 "? 

.'E-\'l- .ia.01- ~.§fie.] cl! 'i! "1 %}-'/-"I"! llf"i .§j-'l}-,aj "1 :U ie ~'ll, 2 ¢ 0]-o} (> 0.25 mm) 

"I 'llrr'lJ£i,- 7}:,c];:: %\'JA} o],iJ-"-1 .'E\'J'l!"1"J%:'_ ;fcfj-7/ 7J-~ }!E__ia. Oj]AJ-,aj 

;:: '1! 'll -r "-1 "11 "i \'! 4 ~.§j-c.] cl! 'i! "I AJ-J/-;<] "I ",', Oil 'l!-i! J/--2-ofl 11: !,'_ "Cie <1 ( i \'J 
2-9a), o]E 0]-!!"1 •l'l!1J-6Jo] ~'!f-o}>II 'l!"1'--l ~"l!is-'/-E1 %.§f!a.7f ~'lft;f:,J\ 'ii' 

-,l-,a\:il V g g :,cJA]~tj- (~ %, 1999). o',-,l-.£ (sorting)"] 7il~ "]Al 0.92-5.52¢ 

'il !11.ss ;;i .g, ..t "I -li'--"'-;; .!ii o I .:il :U "l '1! (.lE 2-1), 'll 'll:"l 2-.ia. cl! 'i! (&Tii:\l)4 ac "'l 
qJ 'll "1l "1 <>II 'II "1 o I'? 1!!-i!J'~ .I; "I 11:il-.£ ~ 7f "l :i1 :U q. ( i .J 2-9b). o I 'ii Jil ¼ 

i!J' ~ 11: 'al .£ i,- .!ii O I ie }! :'. '1! ill <>II Aj "1-'ll-"11 cj :,cJ <>II "1 ~ -"I "l % "1 o',-,J-3}% 0 l 71 

"1 'll "1 4"1 \'6 :;,_ V % 1'1'-'ll- 0} '--l 4, '/!ill !a. 'll'il-"1 ie "l 'il ~ -"I "l %4 "11 'l! 1l-6J 2-

.ia. Of7\'9ie %.§\'tJ ;fc\'J~-"l"J%QJ !-~4'lJoJI 7]'l)i;f<'e )\E__ia. A}jj_'tJtj-, >ii.£ 

(skewness)"] 7,j~ -2.0~2.47 'il-'11"1 -l,'-.','.'!,- .!;l_O]:il ~:il (i\'l 2-9c), ~.£ 



Phi mm 
~ >8 <0004 

[ZI 6- 8 0.016- 0 004 

~ 4.(1 0063-0.016 

ETilll 2-4 025-0063 

G 0.2 1.0-0.25 0 2 
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Legend 

! Q Very poOl'ly sorted (0 - 4) 

~ Extremely poo,iy sorted (>4) 

126° 20' 

7'S 2-9. J:11~ 

126° 25' 
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(kurtosis)c 1.34~11.63 'll5/l.2J ilk½ y-E}','lcj- (:::i'/l 2-9d). 

(Lf) 2'1~/Af~/'--ll!i! ~~~.Qj ~C/1~ ~@~!t. 

"1 'l!-"l:aJ% ("f'>r; gravel).2j ~',f.g. 0.1-53.2%.21 'll$l;; .!1_ 0 ];, 7h~-t~, 'l!'ll'i' 

7] 'l!'ll-01 x ½B "i "1 oJ1 >1 ,,.g. .):.2.!i!. li'-_>,:of :il '1! '11-'i'-!i!. % <>l .2. \'l >1 {l •l"l .2. 

!i!. ½ <>j a; "i 'l}, ? ~ -j} !i!. ojJ ,, J/1!- 'l} of y "t ~ §t i!1 :@ \'l -' J aj- 7J! 'l! ojJ Aj ~ •l 20 % iJl 

.2J eJ ilk E-!i!. 'It .g. {ii-& ii- .!l ~ cJ- ( :::i '!I 2-!0a ). o I el ~ "1 ~ -"I :aJ % .g. t!1 -¥- li'- '11 ° I 

.Sc 71 ½ 'lf ~ '))-Ell !i!. ~ >A .2j -"I :aj t!:-,1 ojJ ,, ~ 'lf-oi-'11 o] %-"IC :,;1.g. 0 I\:! :,;! .2.!i!. Af 

.il.BcJ- (-lt %, 1999) . .'f.~ s\-%~.21 '1!"1- c.l!'l!o!J>1.Sc 10% ijJ.2j.Qj ilk.2.!i!. B):iil«j 

,c.g. ilk½ .!/_OJc ~'1\, ',fAj~.2j -fl--%/i!1 :::Li!1Jl of{! cJ!'i!olJA1c 10% oJiJl!i!. <jJ 

'!l~ .li]:aj,.-o] 4--'liol>il 1"-3!.-;;J-:il :l/cj-. o] *ol]>j.Qj ";'l).g. .Jj-;<)~ 811'1!<'! c"J-oll 

,, .2.i<]ilj 10% 0 1%.21 ilk.2.!i!. ,cof;,J;,,1 °lc 811'1!1161"1- %§t~%.2.!i!. '11811 .Jt 

'))- .2. !i!. -1\'-1'] ~ '!J ~ "i :aj % o] *" £I Jl :l/ %½ -'] A I~ cj- ( 'l)- %, 1999; .;} % , 1999). 

•I~ .Ii) :aj % (sand).21 ~',f.g. 0.2 -83.8%.21 'll 5/1 !i!. '1! 'll 'i' 71771¾ '1l 'l}J!]- ?~-!} !i!. 

:::i,i:;,. ~~"1 c.l!'i!½ ¾-\l.2.!i!. ,c.g. iU i 4E}','lcj- (:::i'!I 2-lOb). %-!:!i!1.2J 0 1{! 

cJ! 'l! ol] >1 c "1 ~ .Ii] :aj % .2j ~'lfli'-3!."t 0 1% 7f O<] !i!. oil '1!{1 7f77f o] ol]-'1 20 ~40% 'll -'11 

.2J 'IJ-t!I :aJ .2. !i!. ,,.g. ~ 'li'li'-& ;; .!l 0 I ;, ,~, 0 I "1-'l .Jj-"i !i!. -¥-1'1 .2J ~ '!l "i "l % 0 I '8-

ia- s\ :il '.U%½ "l-'l~cJ-. 1,,,- -'ll'!l~ 1-Hl"i:aJ% (mud).QJ 14- 0.4-99.8%.QJ 'll5/l 

!i!. Fades 1 (M, sM, (g)M, (g)sM)o] -1--'ll~ ijJ'l} !l-%~.21 '1!"1-, {!'ifi!1 :::ii!1Jl 'if 

Aj~.2j -fi--!:!i!1.2J o}{! cJ!'l!oJIAj 'c!-\'l'n 80% o]-',}.2j s'<t ~',f;/:3'.;; .!l_o];, 'l!-\'!, 

Fades 2 ((g)mS, gmS)"1 ~'!l~ "i:aJ%o) 4--'ll-ol-711 11,:1'.i<f't, ?cE-l}!i!.Sj. ~~"1 

-'I& c.l!'iloll>,:;, 20-40% 'll-'1l!i!. aJ:iil:aJ ,,,..g. iUeJ li'-&it .!l"1cJ- (:::i'IJ 2-10c). 

"; i<) ~§fi!1 -'I al- c.l! 'l! .Qj 'a 4- '1!'1l!i!. ¾'ll-"1 c -'11 '!l ~-"I :aj%0 i -"1 "l-"I 7].Sc of;<) 

'l}, s\J'l!{l %~.!ie..Qj 1]-ojo) 7J-of>ll o]-'f-<>l'l (Chang et al., 1999), -j)-tJlaj.2.!i!. '-] 

~ -"I :aj % "1 % 'il' 0 I aJ jl A I~ "i aJ % "1 ~ 'il' 0 I "'711 '-t Et Y-iec :,;! .2.!i!. A IE. B cj-. 

(cf) -\l-7l~Ilf ~~1?:12.\ ~@~!t. 

7J 'l! '1-'il' (loss of ignition) "J'll ojJ .Qj 811 ~'ll B .lf_ ¾-"I :aJ%'1l -fi-7]%.21 %'li' t 
0.4-6. 1 % 'll $] '1l oJJ Aj :<] "1 oil ttf"t 'll§f :S .!/_~ct. ~ i<] .ll ¾-"I aJ 'IJ-.Qj li'-3!."t 01? 

'l!~~ \'!J\1;; 7t:<lo\ '-1~"i:aJ%o] 4--'ll-ol-'11 li'-!f-o\-31 '.U~ lal-%li1'"1- \l-"1~ 7J 
'1loJJ-'1c 4% oVJ.2.!i!. ,t.g. %'.f11:!.'.~ .!/_O)c 'l)-1'!, ~'!l~ Af~.li]:aj-',}o) 4--'ll~ 

'l} '11li1'.QJ ~§f "1 c.l! 'l! JlJ- ~"r !i!. %oll-'1 c 2% '119.J !i!. 'IJ-til aJ .2.!i!. '>!-.g. ilk½ .!l ~ 
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tj- (.::I',J 2-11), "i]'IJ~ ,aj.aj,..o] <i'-!t~:R :l/~ ~'i!oJIAi.QJ ,'j',€c- ~i!J'_g, ~'If~ >§ 

,..~%% ;,JA]~"], %AloJI ~1!!.QJ 11-"l/~~% ~~~~ .,,y,..~.aj "}%0] 4-"il-.J
tj-1'c >,!% gJoJ~tj-. 

',) '1!-"J .<;..S:, oJI 0.l'tf 1 oJl Ai "1-"l ,!-gj '11-<J-.l/-"" O] lll] zj-~ !as TAJ 5aj oj V _<;_ oj, oj 'l1 

14-°I 1'c l/r'l! ~l llll zJ-.<;..s:, '1! 01 -',<oj ~ YJ .aj ,..o] ""!le "f 5:1 t:J-. "1 "l ,_.111 ~¾"I oJ :ll 

1'c lll]zj-gJ 0J½ 'lli!J':§f-.J-7] ~~ "1"!¾% <i'-'l!::§f"foj 11!{!-'ll (CaCO,)gJ ~i!J'% 

~,ii ~ tj-, 11!{!-'ll gJ ~i!J'% tj-i", 7] ~"l ~ "1 "l ,!- .2J ,..",j ;,cf .il."t "i .ii! <i'--'11J-.<;..s:, "'J 

Yj.aj,...Qj '11-'il'~½ .i!f~OII '!! ?.'r. Vt:J- (Dyer, 1986). ~'ll'l!:"l 14- "l"l,..111 ~ 

¾ ,;! \l!{!-'ll .QJ ~i!J'o l 'l!: 'll 'roJI "I ~ "1 "l ,_.o] ""!le ;,f :R V ~ 'll 'll 43 (25.6% )"t 

'1! £1.l/- 'i".S:.<>11 ~"l~ 'll'll 78 (9.8%)% >1]£1;,f:,i~ o.o.J.8% 'll~.s:. 'l!'l!i!J.<;..s:, 

,,,-.g. ill:% J;l.5:ltj-. (.::r,J 2-12). !;~I ifc'1~ A}~"li!J¾o] "'!le"}~ ?.S:."l 14-

2-3% 111£1.s:. '11-tiPl.<;..s:. 'It~ ill:% 7f:<J;,J'1!, "11'1~ "1"!,..oJ ""!t"}:,i V~ ~'l! 

.QJ 14- 1 % 0 l 111 !is 0}"? ,,,-.g, ill:% .'l 5:1 tj- (.:I 'il 2-12). 'l!:111 gJ \l!{!-'ll w i!J'<i'-!le 

!; ",j .<;._ss l/r'c!Oil -\t llll ~'lJ 'l):.g, "11-il-sl '§ {!-",j O] 0}"? ,,,-.g. ;;;! .<;..s:, Af .il. .,l tj-, 

(2) offXiX[~ 

'1! "l ~ 'l! oJ1 Ai ~.,,ti! <>I] o] !e.7] JJ]-;,J 'l! 'l!"l ~ ;a:J 1 s] '!l-"il ½ 'lJ:o} .'a7] ~ -.J-oj 

1i}.tj 'T"~if".£. ~~ 7}.£.Al 2 'C" UJ~J~.£. EA4'-Ei EH77}Al 87~~ ~11~ ~~'8l-~ 
:R, '9' ~ -i,, !is;. ttf ct El9} EJ 'jS 7ff .QJ ~11 ~ 'll 'll ~oj >e] "OJ~ i!J'½ {! A] "}5:1 t:J- ( .::r 

'il 2-5). zj- ~ 11 <>!]Ai ~ 'l! .QJ 14- 'l!ifcA] ~ 'l! oJ ~ ?"l '.ll. ~ llll e::. 1 11 "l' ( 11 £1 71) 
% oJ%-.J-"l <\'i!J'½ {!AJ-.J-5:l:<]'1!, ?110] 1 m oJ~.S:. );t.g. '11-.l/-;<]"j.QJ '114- {!<\' 
'l)-e].Qj >J]~_<;_,is 0J~.Qj ;,f.il_i, '1J;,] ')f-.j-5:ltj-, ttfctAi, j\}7]'d.x. '1J'i'Af'lJ.l/-Ei:: 

o]rj~ 'c!'ll½ -"l'*"i-7] ~-.J-oj o]~"?.i!f? (dual frequency, 33 kHz9} 200 kHz) 

i,- oJ%-.J-oj ,,,-.g, ?11oJIAi.x. :,!~~ 'T' v~ 'll'll~117];. >ll"i--.J-"l -WC%~ ofl'll 

o l t:J-. 
<\'11 \!! ;,J-oJ .QJ !; ",j ½ 1[ll'j ,!;l. '1!, 'l! "1 'l!:'ll 'i' .QJ 1'!'1! '!l-"8 % 'lJ:o} ,!;l.7] ~ ~oj 'll 

'll'e ~11 EAs] 14-, ?11 20 m 111£1.S:. 'l!t:J-i"- Oll:>1'1!.QJ ;;,,~01 \l!~ U ;,}'!!.QJ 
;,J '!I% ,!;l. o] :R :ll tj- (.::r 'il 2-13a). 'l!'ll 'r.oJ 111 '1!~ "?ifc-lt.S:.* 7}.S:,;,J 21'c ~11 

EBE ~ -.J-til ;,J ej oJl Ai~ 'l!'ll 'i' "11 "11'!'1! "]- i\-A} ~ U;,f 1.QJ ;,J '!I½ J;l. 0] ;,J '1!, .JI- ;,J 

~ _<;_,is ~-.J-'/! -'s -1'J-%~"], 'a"-'s ~oJI ~ '!! .Qj 'lf '@:O] *'lJ "J _<;_,is 4Ej-4 oj, -!,\-%~ 

~'!!oil e]oJI ';J-Ai~ ~'l!.QJ ~til:R.'r.7) 'lt.g, ~'ll½ ,!;l_oJ:,i V:R oJ:J:oJI ?11 4 m 
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o I '"""1 £'T" .>'-71 'I} ,t;;f Sll ct ( ::i i/l 2-13b). .!ii ct '<!~"ii $l '-I ~ ~ -:::! EC-91 'ii "1 'il 

\':!,O, V:<f'!j.Q.5'. -ll•l BfJ/1"1 7}:i! ~1= \)''I} i .!,l_O]t>j, cl!'il:ilJ- £l<fcJl"1 1711-\'-$1 
oj '1 o l "11 'l"] £'," .>'-7} 'lf 'i!iif Sll ct. (::1 i/l 2-13c). '1! -91 %0J-\'- ? £-!l- .>'-;, 7f !a. "i 

gi::- 4,11 ED~ 1q.-, ~-t}q{7} A]~~~ *oflAiC ,!-£.Al] ~~¾.Q..£ 't}&J/ "T-{J 

6 m \.JI .2] .>'- 1>t ,0, 'T''ll ~ .Ii 0] \':! Aj ',l-J.j ~ £ -/if cJ17} A] "} '1 ::: -'i'-1,' oj -'¥- 7ij "1 ,l ,O, 
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.>'- 4Ej4 ~ct (::ii/l 2-13d). ~{::! EEJ/-E11= \!Aj~ £-ofcJI -\'-i= -'¥- 1ij.9J V:<f'iJ.9] 
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'<l-tl\"1\ o].e7\1J};<l e\:u,"j 7,jJ.}7} ~<JO!l'<l 0J-'1}% .!iiSllct (::i;,J 2-13e) . .,i_q 'l}~ 
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::i cJI -"- 'll-'ll l<f "l 3 ,B .9J ,i ," 'T'-"- :, .!ii o I 1= <11, 7 l-'ll 7 f & r• l $l :>i ~ 'T'-"-.9J 7il -'/- '-ll 

~ ~~{t.£.~ ';1AJo]~, ~%~32} \f'Ai~ofl ~o] Jill~ S.it.£.C ~:.i:H.Q:I ~~.£ % 

'll £1 1= 3c -ll- .>'--lie 4 El\!: ct ( ::i i/l 2-13g). 

LH'l! YS.ff.£21 ~~ ttr'el- ~Ai~'it% »J~,}2-..£. ~~€ ~~ EI9} EJ-9.l le-~~ 
~~ -ll--"'l .!ii\':! '11c 'll T (mouth)"il Aj 'l!~ 'If-I'- (head)!l'. ~J-of\':! Aj -jj :>l-"l .Q.5'. 'r 
-jjo] ',lof;acl1:c '; 'a% .,i_ol1:ct~ (::ii/l 2-13h, 2-13i), 011= ~5'."11%'1!- ")'i!0\1).1 cJI 

'1! "--"'- -it-'ll"11= -"I al% .2J %:cl O I -'11--1'-~ "ii -'/-"ii-of 711 °1-'i-"1 ';ll ct<= ;;i ~ 1/! 'll <>I "l, 
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II 2-2. ~,g* {!I~~ ~~2.J ~%~~ttl*2'- ~~{!-; gmS=gravel ly muddy sand, (g)mScsl ,ghtly 
gravelly muddy sand, {g)sM=-sl 1gthly gravelly sandy mud, {g)M0 s1 ,gthly gravrl ly mud, M=rrtt.Jd, 
sM=sandy mud, gM=gravel ly mud, sG=sandy gravel, gS=gravel ly sand 

Sample Composition(%) Textural Parameters Sediment Water 

No. Gravel Saod Slit Clay Mz(phi) Sk Kurt. Type Depth (m) 

F-46 37.4 47.2 5.9 9.6 0.5 1.6 4.4 =G 3.2 

F-62 25.8 72.6 1.6 -0.4 0.4 5.2 gS 1.2 

F-69 19.0 76.6 4.4 -0.2 2.0 8.3 gS 1.2 

F-74 12.1 59.5 28.4 6.9 0.8 2.2 sM 2.9 

F-76 93 40.0 21.4 29.3 4.8 0.3 1.6 gM 4.9 

F-86 41.4 57.1 1.5 -0.4 -0.1 1.8 sG 1.9 

F-91 2.4 60.6 36.8 7.7 0.5 1.6 M 2.9 

F-99 12.0 29.4 40.6 18.0 4.4 0.2 2.1 gM 4.0 

' F-117 35.129 25.7 42.3 19.5 2.8 0.9 2.3 gmS 4.9 - 49.0 34.0 6.6 -0.5 2.8 gM 3.8 0 F-128 5.8 11.2 
N 

' F-134 1.5 64.6 33.8 7.6 0.7 1.9 M 2.8 

F-144 81 47.1 19.0 25.8 4.2 0.5 1.7 gmS 4.7 

F-150 0.7 52.7 46.6 8.2 0.2 1.6 M 2.6 

F-164 1.3 59.8 38.9 7.9 0.5 1.6 M 2.8 

F-177 04 5.2 53.5 40.9 7.9 0.0 2.5 (g)M 2.9 

F-182 32.7 57.3 4.1 5.9 0.4 2.5 8.5 msG 3.1 

F-184 2.9 15.1 44.1 37.8 6.8 -0.5 2.6 (g)sM 3.7 

F-196 0.7 42.5 56.7 8.9 -0.1 1.5 M 2.8 

F-203 19.4 20.4 24.9 35.4 5.1 -0.3 1.7 gM 5.4 

F-226 09 16.2 46.4 34.5 6.6 -0.3 2.5 (g)sM 3.5 

F-235 4.6 47.0 48.4 8.1 0.0 1.9 M 2.7 

F-244 18.2 67.9 5.8 8.0 1.3 1.9 5.7 gmS 3.3 

F-248 13.5 58.5 10.2 17.8 2.7 1.1 2.7 gmS 4.4 

F-262 3.7 81.4 8.5 6.4 1.6 2.0 6.3 (g)mS 2.9 

F-277 5.3 31.8 29.6 33.3 5.7 -0.1 1.7 J!M 4.5 



" 2-3. <21 TAI '2:l 21 H~~l~~Lfl ~.£'15"~.:il 21::: ~:;g.~ :.r~ 21 ~~~ ~¥@ {%) 

Station F-43 F--46 F-62 F-69 F-74 F-76 F-86 F-91 F-99 F-117F-128F-134F-1«F-150F-164F-177f-182F-184F-196F-203F-226F-235F-244F-248f-262F-277 

No of Spec,es(Total) " "' " " "' " " " " "' 22 " 
,. 

' "' 3 " " " " " " "' " " " No of ind1v,duals per fracllon picked (Total) 492 '" 32 "' 288 «< 60 395 '93 223 "' "' 3'3 39 "' s "' "' "'2 "' 225 2,0 2,0 "' 3,0 2,0 

Number or induvK!uals per 10ml (Total) 6S3 '" 32 513 2296 8811 '° 3160 15« 892 388 1704 50-40 " 452 5 344 4968 342 2888 900 1680 420 628 1272 17« 

Species O,versrty (H(S)) 2.91 295 243 271 2.66 266 215 2511 221 159 223174 205 213 229 105 211 1.117 1 89 2.-46 2.08 178 1.96 

Equitabillfy (E) 043 o.~ 031 0.38 038 0.33 05 o« 041 os, 039 oe, 02e 056 027 026 032 034 037 045 05 033 047 

Calcareous(%) 93.09 87 36 71.111173.2993.75(111 96115 0096.96 55 96 67 26 31 « 90 3& 40 11925.64119 82 20 119.77 58.45 G4.1540 1769.78111 9069.05 71.34 72.3356 42 

Arenaceous(%) 6111 12&42813 267 625 11 04 " 3044404327468581182 5911743610111 IIO ~n41~5~59~~2211110m95211MVVG58 

Mz (phi) 0.5 ~· ~-2 6.9 •. , ~· 1., .. 28 66 76 42 82 7.9 7.9 04 66 89 5., ' ' " " " " 57 

Ammobacul,tes ex,guus 427 402 17.93 O.SQ 5.86 3.33 0.25 14.51 15.25 14 43 28 75 4.87 19192576 351 3934 10481762 H2 

Ammobaculites sp 0.81 3.45 6.63 2.08 248 1.67 0.7621.2411.66103123519612051 8.14 11.76 1247 • 7.14 8.60 1.57 18.35 

Ammonia b«carii 12.40120111aa 24.37135410.592333 9a221.1611.21 876 m.211 799 769 1903 13951170 2807 776 241!9211571857337624.842431 

Ammonia kefrenziensis 1.63 1.35 

Ammonia tak1111abens,s 650 345 0.111 "'00 0 32 0111 029 

Ammolium cassis 4 12 1.41 '·" 
Anomafma sp 1.67 

Anomalina ungeriana °'' 01, 04S °'' 0 .. 0.44 1 43 0.32 2.52 1.38 
0 As/ronon/0(1 hanyudaenss ' " 0 00 0."5 0.32 0 95 0.48 0.31 w 

Astronon/on slel/igerum 1 22 1.72 0 97 2 78 0.00 1.67 1 77 °'' Astrononion umbilicatulum 1 83 1 15 138347473 4.05 045 155 141 '33 016 029 1.11 1.33 238 286 2.29 

Bo/Mna decussata 1.15 0.19 1.74 1.52 

Bolivma robusta °'' 115 313 056 208 1110 "' 0.16 0 29 

BclMna sp ,02 0.78 0 60 1.52 224 "' 1.77 0.6' 0.26 °'" BolMna striatula 081 057 208 0.68 OS2 0.32 0 .. 233 081 0 55 '·"' BrizaNna sp 0 23 0.51 0 52 

Buccetla frigida 3 66 1.15 975 1311 1.58 333 311 7 17 575 6 40 8.53 9.97 2 38 3.33 0.00 0 31 0 -46 

Buccella sp '67 
Bu/Jmma marginata 0.57 035 045 0.76 0 4S 

Cancris auricu/us ' " 0 19 0.69 1 67 0.25 

C1bicides depnmus 000 243 068 '°' 0 88 0,6 

Cibicides in:agawaensis °'' '" 0 56 '60 1.27 0.45 20 0 63 

Clavullna yabe1 0.90 0" ' " ' " Cnbrononion clavatum 813 287 3.13 44813.541712333 8.10 466628 103 751 479 513 4.87 306 029 3.32 1 78 238 3.81 1.59 083 138 

Cnbrostomoides so °'' Di$COltllll<'lla convexa '63 0,9 

DiscO/tJis austra/Js 061 057 1.17 2 29 



.II 2-3 . 7ll~ 
F-43 F-46 F-62 F-69 F-74 F-76 F-86 F-91 F-99 F-117F-128F-134F-144F-150F-164F-177F-182F-HMF-196F-203F-226f-235F-244F-24BF-262F-2TT 

Discorbis chmensis °'' 0 57 3 13 '" '" '"' "' D,sco<bis sp "" 104068 0" "' O,soorbls /a,wanens,s 1.83 2.87 '90 1.35 1.33 '48 
Eggere//11 advena '22 '35 090 052 "" "' ' " 
E/phidium adverrum 691 267 3131287139 450 0" 1 55 11.66 1.03 2 35 8.95 °'' 26181626 0.29 222 267 429 762 764 252 

El,,t,id,um cr,spum 020 0.39 069 158 333 "" 0 52 058 0-48 139 044 095 190 350 "'' 
Elphidium etigoense 19111034 3 13 565 12 1513 74 !5 117 1!!!1 17 62 13~ 14 9545 31 5.43 12 8242 92 10 47 9 98 61.99 7 76 33 71134 7!518 1020.06 39 3123 39 

Epistominella naraens,s 386 919 625 214142411~ 2354 052 314 047 OM "' , .. 0" 095 0-48 "" 
Epistommella mppomca 0.41 7.47 0.78 243 270 5.57 207 090 155 023 '33 032 058 046 032 

Epimom,nel/11 pulchella ""' Eponides nipponicus 305 287 069 405 633 051 259 135 '·" 6 40 3.70 2 n o.« 4.76 2 23 

Fissunna agassiz:1 '" "' ' .. °'' oss o« 
F,ssunna r,ch1goense "' "' 0 « 0.46 

Fissunna marginata 020 230 039 035 0.68 1.01 °'' 03, 

F1ssunns oftJlgfly,ma "' 0.23 0.25 

Flori/u,s boueanum "'' 0.45 1.27 °'' ""' 0 Gaudryins sp 3.11 ... 1 74 0.32 1.90 

' G/obocas,sidutina sp '20 019 139 045 "' ""' Gyro1dmoidH nipponica '" "' "' '" Hanzawaia nippomca "' "' Haplophragmo,des columb1ense evoiutum "'' 
Hopktnsina glabra 0.20 0.57 "'' "' 0.45 000 '"' "' 0" "' 
lsltmd<eUs norcrossi '" 0"5 

Jadammina sp 0.20 1.72 281 0 19 0.69 833 127 0"' 0.'2 '" '"' '"' 0.31 

Lagena clavata 019 069 023 '" 0'5 '"' Lagena ekmgata 0.57 

Lagena sutcata 0" 035 

Mll/0/mella circulans 039 

NomOflella labradonca "' 025 "' 2.05 '"' 
NOnlOOfllla slella 020 287 1 17 1 39 0.45 4.81 135052 058 016 "'' Nooionella turg,da 0" 0 25 

Paracass/dulina su/cata 0 20 1 15 1.39 1.35 "' 052 , .. "'' Pleurostomella a/temans O 97 1.39 0.90 1 67 '" 1495 25-a 10 26 " 058 032 000 028 356 333 143 605 881 5" 
Pseudonomon 1apomcum °'' 4.02 12 5 "" "'"' 0 32 

Pseudorotal1a gaimardi "" 0.39 '32 '" 

--------------------------------------------------~ 



JI 2-3. ~I "s 
F-43 F-46 F~2 F-611 F-74 F-76 F.a6 F-91 F-99 F-117F 128F-134F-144F-150F-164F-177F-182F-184F-196F-203F-226F-235F-2«F-2"8F-262F-277 

Puilema qumqueloba 0 69 

Qumaueloculina lae,ngate 020 3 13 0 58 

Qumque/oculma polygona 0 20 

Qumaueloculina :remmulum <27 ' " 0 52 0 58 0 16 "' "' Quinqueloculma sp 1.72 0 00 0 00 

Qumqueloculina stall<eri 325 459 625 136 208 090 '52 "' "' 0 32 '78 238 127 °'' 
Reclobolwma sp 0 23 

Reophax d,stans '" 
Reophax sp. 0 00 023 128 0 97 0 '5 085 

Rosalma bradi 020 115 6.25 058 208 180 2.78 0 70 777 °'' 055 089 08S 

Rutherfordoides mex1ctmus °'' "' 0" "' Spirolocammina tenU/s "' SpirolocuHna sp. 0 57 0 '5 "' 0 00 19 07 3 05 0.32 35 90 2.21 "' 0 58 "' 1689 238 143 223110116.97 

Sp,ropJectammma h,gnch1i °'' 
S1a;nforth1a sp 0" 0 64 

0 T extularfa earfandi 05' 
~ 

0,. 104 135 103 '" "' 0,7 222 0.44 095 0.96 0 94 

' T extulana sp "' T nloculma tncannala 087 °'' 2.33 

T rochammma nobens,s ',0 0 39 0.69 224 155 3.19 769 088 '" 223 031 092 

Trochammma pacff,ca 090 0.28 089 048 '00 "' Trochammma sp. 0 57 0.25 0 52 "' Uvigerina vadesc:ens , ,, O.« °'' 

~--· 



ig-_g, 'Jj,jl_g, 'Jj,jl F-43"1- F-91~.s!. 43¾0] ~'l!"i~:il, 'Jl,jl F-177"i]A11'c 3¾'1!:o] 

~'lJ"i~cj-. 9!.g, A].ll. 10 ml',]- 71;\JJ-?ic 'Jl,jl F-177"i]A1 "i¼ 571'1], 'Jl,jl F-144 

"I] A1 "i cJ1 5,040 71 '1] 7 I ½ ~ "1-'ll cj-. 'll 'r -'l 01 "il A1 'l! 'l} '3j ~ !a. .2j Oil "I] A1 'I! g % -o]

ic -? !a. Oil A1 ¾.21 -?.2J- 71 >ii-? 71 ,)1-cJI "I ~!a. ]ll-o] i.+ El- t+"l, 'l} \'l Oil ~ ',l-e] ".Ii '!l Oil 

A1 ¾.21 -?.2J- 71>1]-?71 "l>il ½~iil:il '.lie]-. 0];>1ijj %'ii'¾ ,i'{l.2j 7l>IJ-?.2J- ¾-? 

71 "i cJI, "i ¼Ji!. ½~ i<l1'c 'll 'll 01 cj-~ 31 ,0. •~ ;;'{I ,0. ¾ 7J %, 'll 0J•lHi-, A1-6J "I"' 

•~ %{! 9.J i'! :,fl% •~ '11 ~"l 'l! .ll. 'l! 01 "1-%"1 :il ~ >ilsr'll 9.J 7.l ~1'c 01 .21 "il ¾'ll, -"I 
"l, ±'l! % .,_l~.21 'll:§1-£ "]-%'5171 «1Jli'- 0Jcj- (Murray, 1991). 7]i'c.2l •,Fr (~ %, 

1999)"1] 9.Ji<f\'l ~'ll'll-9.J %.!/- ('l!-~)'l! ~',re.] ".J!'l!.g, {J-6Jo] ~"lJiilt>J, .,_1.!/-9.J ¾ 

-%1 el ".I! 'l! .g, -"I "l O l ~-'11 ~ 31 ~!a. .!l:il "I :il '.ll cj-. lI]-eJ-A1 71 >I]-? .2j- ¾-? 7} ,)l-cJPI 
~!a. "l .°. ~',l-e] ".J!'l!;,;,,O. {)-6]"1] .2jiifoj ¾'li'¾o] .,_1")0]4 .!l.i'c<>I] ,)1-cJl:aj~.s!. 

~-'l \'l."- ~7,l~.ia. .!;l_oj's)cj-. ¾cJ-0J£ (H(S))"' 1.05 ('llil F-196)"i]A1 2.95 ('llil 

F-46)',l~¾ 71-'lt>J, it%£ (E)ic 0.26 ('llil F-196)"1].,_1 0.81 ('ll'll F-150)9.J -?*];; 

.!;l_',lc]-. ¾cJ-oJ.5c.2j- 'ir%£1'c ~i;l'l} %~ 7J!'l!o] }.1;,;, cJ!'l!<>IJ e]i<foj ,)1-cJl"J~ja_ 

"ff.g. ~~ ~~q. ~lft~~.£ ~~~%~%-Sl l:l](%)t:" ~TAlQ;]Sl Ai-¥-~21 ~~ 

<>ii ~ *l ~ '-1 ~ -"I "l ,)I- g 71~ cl! 'l! Oil .,_1 90% 01 ,)I-~!i!. l't >ii t+Ef ,;J;cj-. 

~'ll'll-9.J .ll.¾-"l"l%<>1l 3'.~.,;J C<1A1'\J ¾'ii'¾ 1'-3'.¾ o]%i<loj ~7,l% 'i'-1'-iil7] 

~i<foj 2f 'lJ'lJ<>iJAj 9!.g,A].ll. lOml',f 7071>1]-? 0],)1-o] ½~iii"' 23'jj,jlllj- oj:'=. 'lJ 

1l Oil .,_1 i.+ "1 >11 ¾ 'ii'¾ si' {19.J 2 % 0 l % % *l-'l "1-1'c 47 ¾ :; % cJI ,)I-~!i!. 'll "11'--"I % 

{I_ A] iif 'l/ cj- (J!. 2-4). * 'ii'¾ ,r{l 9.J {J "11'--"J :,! Cilj- 4719.J ::Ii<-~Ji!_ T1'-"i oj "l/~ oj 

oJ ::r¾:;."- •'§%,)!- (biofacies)~!i!. 'll'll-oJ-'llcJ- (::I.J 2-14, 2-15). o]e-J~ zj-zj-9.J •~ 

%AJ (biofacies),O. ~1l% (dominant species)"i] 9.JOII "i'll-'loJ"l/c]-. oj7JA1 ~1l% 

(dominant species)."- zj- •~%%:. 'i'"a"I"' ~~ 'll'll<>l]A1 ½~"1-oj oj:'=. ~ 'll'll 

O!J.<1e]-'i. 10% ojAJ ½~~ %~!a. 'lJ.2liil'l/cJ-. 471.21 •~%,)i-<>IJA1 t+Eft+"' ¾'ii'¾ 

9.J "; 'll ."- .ll. 2-5<>1] l.fEf)l!cj-. 

•~ % AJ 1 (biofacies 1 ).g, 'll 'll F-69, 99, 117, 144, 182, 184, 203, 244 -'l 'll o l oj, 

W- 'll 'll- .eJ 'T' !a. ;, !IJ-iej- 'i'-'\l "i ~ cj-. .ll. ¾ -"I :aj %.g, C<I .i:o l ~¾ .,;J A I',/ "1- y ',! o l '2:

tJ-"i oJ '.lie]-. 'll'ir %.eJ '," (26 ¾), JOml',f 7l>JJ'," (2,076 7l>JI) ::Ie]:iJ. ¾ cj- 0J'\l 

(2.30) :; g. w-'ll 'll-41.eJ cJ-~ •~ %,)I- .IL cJ-1'c '.J-cJI "I ~!i!. l't.g, -?*I ;:: 7f"l/ cJ-. oJ "l 

~ .21 Ji'-~¾!: Ammobaculites exiguus, Ammobaculites sp., Ammonia beccarii, 

£lphidium advenum, Elphidium etigoense o] 'x:l q._ 
•~%'.} 2 (biofacies 2)"' 'll'll F-43, 134, 164, 196, 226, 235, 248, 262, 277 -'l'll 
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1l 2·4. 5!§ ~~9j ~7'il ~!IOIJA-j 2".4 0Jt1~ J~;i;:!a~e ~~21 £al.ill~~~ !?-J~~ 477H21 g;R~ %0\I Cl~ II 

Biofaoes ' ' ' ' ' ' ' ' 2 2 2 2 2 2 2 2 2 ' ' ' ' ' 4 

Station No. F-69 F,.gg F-117F-144F-182F-184F-203F-244 F43 F-134F-164F-196F-226F-235F-248F-262F-277 F46 F-74 F-711 F-91 F-128F-150 

AmmobilCuJiles •x'tguut1 179314511525287519.1925763Q.341762 427 -4.87 351 ,o.48 <72 4 02 0.69 5.86 0.25 14 43 

Ammobaculites lip 663 21241166U1811114 11.71112.47 7.1. 081 235 • 8.60 15718.35 3 .• 5 2.08 2.48 0711 10.312051 

Ammonia be<:cant 24 37 21 76 11 21 7.99 13.95 8.70 7 76 111.57 12.40 30 28 19.0328.07 24.81128.57 33 76 24 84 2-4 31 12 0713.5410.SQ 11.62 II 76 7.611 

Ammonia lak~nsis 0" 0" 0.81 . "' 029 ,., 
Ammotium con.sis '" '·" '" Anomalina ungeriana 0" 0'5 047 0-4-1. o« 1.43 o.s2 2s2 1 ~ 076 
Astrononion sle/ligerum 0,97 ,.22 "' 1.72 2.78 0.00 1 77 

Astrononion umbi/icatulum "' 0'5 0 16 1 11 "' 1.83 1.-41 133 029 133 2.38 2 29 115 3.-47 -473 405 '" Bol1vma robusta 0.58 "' "' "' 1.15 2.06 1 80 329 

Bo/Mna sp ,,, 2.24 1.26 064 0.28 04" '02 1.77 090 152 

Bolivma strlatula 052 0.32 233 081 0.55 1.43 0" o .. 0 57 2.08 0.68 

BucceJ/a frigidil 9.75 311 7 17 5.75 6.-40 8.53 9 97 3.3J '" 2.38 0.00 0.31 0 46 115 1.39 1.58 

Cibicidu depnnw.,s 0,, "' o"' 2 43 0.66 1.01 

0 Clbicides in~oonsi:s 058 046 "' 0" ' " 1110 1.27 
~ 

' Cribrononion clavalum 448 466 tl.28 479 3.06 332 381 8.13 7.51 4 87 0.,!g 1.78 2.38 1 59 O 63 1 38 2.87 13.5417.12 8.10 1 03 5.13 

Dlscort,i:s ,vstra/ls 0.61 ' " 2.29 0.57 

Discorlii:s chinenSis "' 0.61 0<1 057 0.45 0.25 

Di~$~S "' , ... 1.63 ' "' 2.67 "'' Elphidium atNernM1I 12.87 1.55 11.66 8.95 26.16 16.26 2.22 7 62 6.91 2.35 0.88 0 29 2.67 4.29 7.64 2 52 2 87 1 39 4.50 0.25 1.03 

Elphid,um crispum 0.39 1 04 058 0-48 1.39 '"' 0 20 044 0.95 350 0 46 069 1 58 0" 
EJphidium etigoense 565 17621345 5.-43 1047 g_ga 776 1810 191145.3142.9261.9933.783476200639312339 10.3412.151374 881 1-4.951282 

Episrominella naraen:sis 214 0.52 314 064 1 45 0 63 0.-46 3.88 0.47 5 7S 0.95 0.6' 9.19 14.2411942354 

Epi:slomine/fa nipporoca 0 78 2.07 0.90 0'2 o ... 0.41 0 23 1.33 0.58 0,2 747 2.43 2 70 5 57 '·" 
Eponides nipponicu:s 259 135 2M 6.40 3.70 2.77 4.76 '" o« 2.23 2.87 069 405 051 

Fissutina rna,glntlla ,,, 020 "' "' 230 035 066 101 

Flori/us boueanum "' 0"' '·" 045 127 

Gaudryrna sp 3.11 1.74 032 
' 90 

Gyroidinoides nfPllOOica 1.83 0.45 1 01 

HopAfnsina g(abrit 045 096 016 028 0.48 0 20 o« O 57 2 OB '27 
lsland/81/a norc=s/ 0" 
Jadamm,na s.e___ "' 0 45 0.32 "' 0 20 '" "' 0" 172069 '27 

---·-------------------------------------------------



.11. 2-4. 711 "t 
B,ofaaes ' ' ' ' ' ' ' 2 2 2 2 2 2 2 2 2 ' 3 3 3 ' ' Stat.on No. F~!I F-99 F-117F-144F-182F-184F-203F-244 F-43F-134F-16-4F-100F-226F-235F-2<U!F-262F-2TT F-46 F-74 F-76 F-111 F-128F-150 

Nomonalla l.ibradonca °'' 205 044 °'' 0.25 

Nonionella Stella '" "' OMI 016 028 0 20 287 139 045 4.61 0" 
Nomonel/11 lul'Qlda 0 35 0.25 

Pleuroslomella allemans 0 97 3.63 058 0.32 028 143 "' 000 356 333 605 881 505 139000 14.9510 26 

Pseudonomon Jilponicum °'' 0.81 4 02 2.78 "'O 
Pseu<iorolalia gatmard, 0" 0 32 "' '33 
Qumqueloculma laevigate 0 5" 0 20 . ' ~ 
Qumquelocu/ina s,,mmulum 1. 17 O 52 0.58 0 16 0 28 '27 0" 
Oiiinquflloculin11 slalkeri '"' 0" 0.32 2"' "' °'' '" '27 0'6 4.59 208 090 1.52 

Rosalina brad! 0 58 048 055 0.95 020070177 089 11s 2.os 1 ao 21s 

Spiroloculina 5P 000 032 OQI '" 3.05 2.21 234 18.89 238 223 11 011697 057 035 025 19073590 

0 Texiulana earlafPdi 058 "" 1.35 4 15 097 222 "' O 44 0.95 0.96 0 94 0'5 1.03 
00 T riloculma tricannata 097 0'6 233 ' 

Trochamm/na nobensis 0.39 2.24 3 19 "' 0" 223 0.31 092 230 069 155769 

Trochammma pacrf,ca 0" 069 048 1160 0 92 0 9() 

Uvigerina vadescens OA8 °'' 
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l!. 2-5. 47K~ ~E~oU QI~*~~ ~{_::j. i<+(S). 1<ml 'iJ 7H<li+(NJ, i<q~{l (HIS)), it§£ (E) 
:Je.(2 A!~ft-~ggt ~'lH~ 2-t ~W~Ol!Ai2l ~"tl~€i 

Biofacles S1atlon Sediment s N H(S) E 
t:..renaceom 

Dominant species 
type (%) 

Ammobacu/ites exiguus 

F-69,99,117, gM. Ammobaculites sp. 
1 144, 182, 184, gS,msG, 26 2076 2.3 0.41 40,65 Ammonia bec:carii 

203,244 (g)sM Elphidum advenum 
Efphidum etigoense 

F-43, 134, 184, M, (g)sM Ammonia becca.rii - 2 196, 226, 235, gmS, <g)mS, 21 . 1042 1.91 0.38 20.09 Etphidum etigoense 

248,262,277 M 
Ammonia iJeCIJrii 

3 F-46, 74, 76, 91 
m.sG, sM. 40 1630 2.75 0.39 

Cribrononion clavatum 
8.24 

E/phidum etigcense gM,M 
Epistomineffa naraensis 

Ammobaculites sp. 

4 F-128, 150 gM,M 15 233 1.98 0.81 71.46 
Elphidum etigoanse 

Pfeuro!Slomefla aftemans 
Se_iroloculina sp. 



o] oj, ~'ll 'l! 'll 'i' Oil Ai Ai 'I-SJ- ';r-\'-5'. o] oj ,q ,e- oJ! '1! :<] "l E-5'. 'j'-',j "1 '.,I ct . .lf. ¾"1 

aj,...g. y~o] ~"fl;tl:;,. e<l7,J.i1J- .5'.,j7f ~i!-"1'.,!ct. '!lir ¾-"I 'T' (21 ¾)"1- 10ml 

'a' 71'114' (1,042 7ff'il),e- %'1--"I ~'Je1 ol!'!! .!I.ct ,;E-i..]- ¾ ct0JA,j (H(S)).ilj- it 

%£ (E)::: ';!-,"_ 4':>];, .!l.'l!ct. o]ej~ ;,i.g. ct4'-"I ¾O] "j.g. 1J>il5'. <'-:ic"l-7] 

"'111'-oJl z} ¾~Z!oJl il:%~ <'-!i7I S,:<] *-oj-7] "i]1,'-o]ct. o] :<]"l-"I ~11¾-& 

Ammonia beccarii.Q} Elphidium etigoense o] 'xl tj-. 

>] ,1-A,J- 3 (biofacies 3)-& 'll 11 F-46, 74, 76, 91 :<] 11 o] "1 ~'!I 'l} "11'-"l' :<] "l E-

5'. 'j'A,j,]oj 'l!ct . .l!.¾"i"J,1-,"_ e<l7,l.i1J- £'171 ~¾B y,., 01'.<lct. 'llir ¾-"I 'r 
(40 ¾)"1- ¾ ct 0,JcA,l (2.75).g. ct~ >],1-A,J-.ilj- e]:iit;tloj 7f'l} ,;.g. .Jc¾ 7f:<]oj 10ml 

',l- 71>114'::: 1,630 1J'!]o]oj il:%£,e- 0.390]'.,!ct. o] e<]"l-& 'lf-"I "l'lr"l"loJ]Ai Ai 

-'-J;tl,e- ¾~ o] i..]-E.fi..]-oJ ("il, Lagena, Quinqueloculina %), !E~ 'l!oJ]Ai ½~-of,e- ¾ 

~ o] ~ojoJJ ej,tfoj ~~¥J.Q.5'.Ai ¾-"I 4'9]- cto,Jc-',jo] ')1-cJl"J.Q._'a. jtOf'c) ;,l.Q._'a. 

.!1.'l!ct. o] >],1-A,j-,"_ '!lit Af~¾'l/'¾-"I "] (%)(8.24%)7f 7l'l} ',!-.g. :<]Qjo]'.,!ct. o] 

.7..] Q;J ~ ~~ ~-& Ammonia beccarii, Cribrononion clavatum, Elphidium etigoense, ::Z. i'-1 

]l Epistominella naraensis o l ~ q. 
,~,1-,J 4 (biofacies 4)::: '!l11 F-128, 150 :<]1Jo]oj 'r!a. ~'!I'll %'1--"1 ~\rel 

cl!\!l "l"lE-!a. 'j'A,jS,oj 'llct . .l!.¾-"l"l,1-.g. c<I.Jc01 ~¾B '-l,., 01 ~•~"l'l!ct. ct 

;". >J,1-AJ:oj "l:iit"\oj, 'llir ¾-"I '," (15 ¾)"1- lOml',l- 7J>ll4' (233 1J>il),e- 7l'l} 

';!-E-oj, il:%5c (0.61)9]- Al,., ¾'l/'¾-"I e] (71.46%),e- 7l'lr it'.Uct. 0] A~,1-')J- :s] "l 

"1 ,J! \!l -& '1l .!/1 "l '1l 'il'J oJl -"I of "1 'il -'-l O l 'll "l i.1- ::: "l "1 E-!a. .!I.:;,. "1 :;,. 'll E- "1 ( 'J
% , 1999), 0121~ 'll~oJl e.],tloj ¾'ii'¾ Ai-'-J 'J.l .!1.i!coJl ')1-cJl"lE-!a. ¥"1 ~.g. t!-

7Jo]."_5'. ¾-"I 4'"1- 7ff'i]4',e- ';!-E-i..]-, 'r!a. ½~;tl,e- ¾o] ;;:-~ t!-7JoJl 'lf 7,icj,e

,q,., ¾'ll'¾-"I "l 71 ')1-cJI "lE-!a. 3711 i..]-E.f ;;J;ct. o] :<] "1-"I ~11 ¾-& Ammobaculites 

sp., Elphidium etigoense, Pleurostomella alternans ::Z.i!l.:i!. Spiroloculina sp. o]~tj-. 

(1) ?~Al~£1 ~~F?-~ ~ ~~ 

ii-'ll 'll: -"I :o\ 71 "1 "l t!-1 -"I 11! ~ ;: 'll O I .!I. 7 I .!/1 "I "1 1.\1 'l! "1- -"I 'll: ~ "I cJI '!J- '1l oJI 

<i 24 cm (GC-4)oJ1Ai 210 cm (GC-5)7Jf:<l-"I 7,Jo].'a. ¾ 971-"I 'j'-')J-A].ll.-1,- >l'i-l"l'l! 

ct ( .::1 ,i 2-5). ',l- all \'l£ .!l.:i'.Ai oJI Ai,,. o I ~ 711 >l 'l-1 B ','')I-Ai .ll. 4 4 -"I "1 "l 'i' "'° 'J.l 

%A,l Oil cJl "l"l 'lJ ~l"l '<l 7J ,'f¾ -lJ A] "f :i'.AI ~ ct. 

- I 12-



Core GC-1 

¾ 138 cm 7.l 0 191 GC-1-& ~llJ'li 'll'i'-91 •l'll:ilr %-<1 •J-'l}.9..£. W.t"1<>\ 'Ulo 

-? '°"'*.,a_ Oil <1 >141 B -'J"AJ-J-] _il. ( :1 ,l 2-5).,a_J-j J-j il."1 "'i 'll:-& 'll:o:l "'i ( dark gray, 

5Y4/1) '-l\:<l -cl'il- 'll~"'i (very dark gray, 5Y3.5/1)¾ 1X\t<\, 45 cm >i. 0 ]7J\c<le "l 

'll_ '-1 (gM) "1 "i 1f o] 1,'-.'l-oi-1= 7)¾ r~ llJ •J ~ 'll "17'-50 (parallel laminae)?) 'lr 'file 

.t"1"1 1\.9..t<\, ¥f%"1"1% (storm deposit)¾ ;;<]A]-.\1= "'l'll."1"1%0] 15 cm, 29 

cm, 38.5 cm :li!.j:i'. 45 cm '1o]ojA7 -?7]aj.9..£. '-]-E}',l:tj- (:1',l 2-16). '; ~I 45 

cm ,;/ o I "i]A1 e 4 cm -'¥- "11 91 AJ-tli "i .9.. .£ -'¥- 'f] ¾ "'I 'll. "1 "i % ¾ o I '-1-Et ,Jc .9.. t<\ , o I ~ 

;;Jlll"'- :1 o\,iJ"i]A11= '&%iRi/!'31% (bioturbation):S {j-.\,n 'I!-& 0 \-'J" ,±,±'i]- t..\ 

'll_ -"J '9 -l,- (M) £ 'J' AJ £1 <>\ 'U tj- ( .lf. 2-6). 

%4-¾.g. "g,¥-oflAi 40%~ Q}"\! *£~ il:~ 7}Altj-7} 45 cm yo]~ ~:ill.£.. .:i 

o\'11 "ii <11= 30% '-11 ej ,a_ ja- ;,j-.] 'IJ-50 '5)1= 7J 'iJ' ~ .!a. '.,I tj-. o I "ii IX\ "1- '@ \:l:% "1 "'I A\ 

'1!-.!/-<>11'1 ll.¾ (7.74 kPa)¾ ,11ei-.121= 1.2~2.0 kPa 'll.!/191 ',!-& .J::. Ja.O]tj-7) 

-.).!/- \:!\:!~ l-]~"1"1¾<>1]A1~ 11 kPa 0 1-')}91 'lt-& .J::S .!!'llcJ- (.l!. 2-6; :l',l 

2-25a). c;, "1 "i 'i'-"" :1 "1:;,. ~"i"-&"1- '@\:l:%"1 %"1 %/J .9...,a_ -\'! \:l:•R ~ "ii, 45 

cm ,Jo]oJI ~.'l'5)1', '¥-'fl¾ "'1~"1"1¾-& AJ-'iJ-~ J-\i'!"I •fo];e c<]Ajo}~ ¾<l"l 

"cJ71J'l'.2.£ >\ii.BcJ-. %71%"1 ~>J-& -'l}.!/-ojJ-11= 4% '-11.eJej .J:¾ Jil.o]e<]'?l, -of.!/

£ 'iJ''5f\'!A1 5-6% 'lJ.!/1,a_ ~•I %7)'5f1= 7il'il'¾ .!il.'l!c\. ,1{1~.ej 'l'}i/l't 'f'l!'l'I 

"cl •J 0 I \l.l of ~ 'l!"l .2.£ 1 ~ 2% 'lJ .!/1,a_ ';t-& .J:¾ .!ii. 'll"i '?!, '5).lj'-¾ 130 cm ,I ol "ii 

Aj 1= 6.52%.5'. -')}cJI 3I .9...5'. 'l;-& 1i}:,& Jil. '.lJ c) (.l!. 2-6; :1 ,l 2-25a). 

Core GC-2 

ci'tO) GC-2 (7.Joj 110 cm) QjJ-1 ~9il'?l '/J'i'- ef'l):..;, -?5e-/i-£o!IA1 •i~'il ?'if 

,._ I ii..,,_ '1 .l!. ¾ <>11 "i" .s'. "131 %¾ "I ,_ I ..-,1= Jl/l 4 Ye '°"' 'il ., "1 "l % 0 1 i..\ E1- i..f o 1 1 
-l)-1jo]e<l'?l, 20-30 cm l,]o]oj 1-)E}i..)e 18~30% 'll.!/1.eJ "'1<1"1"1¾:. "1)9)-.}Jle 

~ '/l 31 .9..s!. 'll ir 'll x. 10 ¢ <ll .eJ .eJ O l-'T" "ii 'il ~ '-I ~ "131 % 0 I ~ .'l -oi-:;,. '.ll c\ ( .l!. 

2-6; :1,l 2-17). "1"1%"-l ,JJ'<)-,g. 19 cm ,Jo];e 7.j:,JJ."'- 'i}-'f-1= '1}:§1,JJ (5Y4/1):. 

1X\-'l'?l ;,f-'f-1= '<!~ 'll~"'i (5Y3/1).9..s!. 1-)le}'-]-:i'. '.llc\. 'i'll"l.2.."'- 21 cm l,lol"il 

"} 2 cm "17J91 5'.\t (peat) 0 1 'lf7.l"1oJ 14C 'llrJl~ll¾ J-)il..s'. •l~-of'l!.2.01, % 

,1~, QrJIO} ifOI afcj7f '.lle -6)%91 'i,'717) 18-24 cm ROioJI "i""i.2.£ i..\le}',l:c) 

( Cc ',l 2-17). :1 o \ '11."'- ~i>f \'l <1 .£ %1'-& §. ~¾o] 'l!ll "1- ,} o I 1-)le} 1-) t<\ 'll •&-.\ ~I 

-11J-



H 2-6. •~~~~~Q~~~~m•~~~•:~~~~• 

Composition (%) Te~tural Parameters SPr1 Typp Water Snear Orga111c CaCOJ Poros,ty Bulk density 
Depth(cm) 

Gca Clay MZ(Ph1) St.De Skew. Kurt t>y Folk(1980) Content(%) stren (kPa) Mattel\%) (%) (%) (g/cm 3
) Saad s,n 

= GCl-0 18.93 15 05 38 60 27 42 4 75 4.35 -0 31 1.76 '" 44 15 774 3 64 1.85 53 73 178 
-15 9.24 16 47 42 57 31 73 5 66 3.87 -065235 '" 126 '60 090 
-20 3 27 51494524 7 99 2.46 0 21 183 M 46 68 1 74 3 82 1.33 55 11 175 
29 11.28 13.02 40 56 35 14 5.99 4 21 -0.63 2 31 '" 43. 72 

1 " 382 159 53 48 178 
-39 9 22 1244 4055 3779 645 4 26 -050225 '" -<0 23.28 35 27 23 01 18 44 3.05 4.70 0.62 195 '" 30 89 2 05 555 0.73 44 82 192 
-45 18.69 37.72 23.67 19 91 3 31 '71 0 57 185 '" -52 0 98 4 52 4167 5284 8.41 3.03 -0.85 3 87 (g)M 28 17 11.06 5.04 1.33 42 56 196 
-60 0 93 49534953 850 245 015 160 M 27.94 11.06 537 0 43 42 36 196 
- 70 27 78 11.06 4.73 0 52 42 22 1.96 

-80 45 72 54 28 887 246 0 03 140 M 27.98 11 06 637 3 05 42 39 196 
-90 28 56 11 06 5.26 0 00 42 90 1.95 

-100 45.35 54 65 880 233 0 09 152 M 28 54 11.06 5.43 0 39 42 88 195 - -110 28 69 11 06 4 82 0 21 43.01 1.95 -.. -120 44.06 55 94 9 00 240 0 00 138 M 29 44 11 06 5 58 O 30 43 64 194 
' 

-130 30 57 11 06 7.25 652 44.57 1.92 
-138 45.00 55 00 894 243 0 01 139 M 30 81 6.27 1.12 44.76 192 

GC2-0 26.73 7327 9.84 2 02 -0381.53 C 21.34 158 4.64 35 95 2.06 
-10 26 43 73 57 9 88 2 05 -0 45 1 60 C 27.63 3.27 3 52 42 09 196 
-20 30 43 37 29 15.68 16.60 2'39 465 0 85 228 msG 32 51 11 06 7.25 0 73 46 09 190 
-30 18.21 16.66 24.21 40 93 580 5 03 -o 35 1 62 '" 30.82 11 06 '98 0 09 44 77 192 
-40 22 81 77 19 10 00 195 -0.48 1 63 C 34 22 6.56 0.04 47 37 188 
-50 32.07 67 93 9 31 191 0 12 1.56 C 33. 13 11 06 76• 0 00 46 56 189 
-60 27 63 72 37 9 56 1. 90 ·0.05 1 50 C 33.38 11.06 7.33 0.00 46 75 1 89 
-70 28.20 71.80 9 54 191 -0.07 1 53 C 32 35 11 06 7.60 0 09 45 97 190 
-80 26 63 73 37 9 73 1.96 -0 21 145 C 32.83 7.35 0 00 46.33 190 
-90 25.03 74.97 9 82 1. 94 -0.27 1 47 C 33.05 840 0 00 46 50 189 

-100 38246176 8 99 192 0.29 174 M 32.92 8.04 0 04 46.41 1.89 
-110 23.98 76 02 9 93 196 -0 42 1 57 C 

GC3-0 22 72 74 48 280 0 00 146 0 63 3 58 ,s 17 20 0.97 10 82 31 15 214 
-10 7 84 6098 1724 1393 2 92 3 67 0.83 2 52 oms 18.36 2.65 '25 32.56 212 
-20 3 '° 87.94 4 76 390 3 19 223 0 60 575 (!j;)S 17.46 1.97 5 41 31 47 2.13 



£ 2-6. )JI'; 

Depfh(cm) 
Compos1t,on {¾) Textural Parameters Sed Type Water Shear Organic CaCOJ Porosity Bulk dEms,ty 

Gra. Sand s,11 Clay MZ(Pn1) St.De Skew. Kurt. by Folk( 1980) Content(%) stren.(kPal Matter(¾) (¾) (%) (gfcm 3
) 

= -30 2" 62 06 2! 13 !4 29 3 57 3,43 0 80 2 67 (g)mS 19 15 240 1 46 33 50 2.10 

-40 2.04 5236 2541 2020 "' 360 0 49 2.10 (g)mS 23 79 335 1.07 38 49 2.02 

-50 0 19 223(41783572 8 58 a.2a -0. 19 2 18 (g)sM 19 80 2 20 0.77 34 25 2 09 

-60 162 35.12 3369 2957 5 86 3 56 001 2 09 (g)sM 24.97 3 51 0 94 39 64 200 

-70 
5 " 

52 65 25.09 16 42 3 90 3 57 °'' 2" oms 27.33 4 38 0.43 41 82 1 97 

-80 383 33.60 33.90 28 68 545 3.58 -016203 (g)sM 24 56 3 97 0 43 39 25 2 01 

-90 7.28 so 05 42.66 '46 2 47 -0 32 3.00 M 27.67 4 87 0 00 42.12 1.96 

-100 0 98 22 20 46.34 30.49 6.14 2.99 -028255 (glsM 24 75 413 030 39 42 2.01 

-110 1996 4687 33.17 6.54 257 -0.18 2.40 sM 24.82 4 06 1.89 39.50 2 00 

120 10 71 52.90 36 40 7 07 240 -0.03 2 36 SM 22 89 3 52 0 04 37 58 2 04 

GC4-0 12.98 22 07 29 84 35.11 5.41 4 48 -0.33 1.76 gM 25 39 2 02 0.66 40.04 200 

-8 2193 4256 1770 1781 2 85 421 083 1 91 oms 27 73 326 1 33 42.17 1 96 

. 11 46 89 36 66 8.54 7 90 0 56 3 55 1 48 4 09 msG 17.87 1.36 0 73 31 97 2 12 

-16 21587134 4 48 2.60 0 64 2.26 191 187 OS !1.64 0 59 0 09 23 44 226 

~ -24 4729 4917 354 -0.61 146 1 59 5 68 sG 19 41 165 0 00 33 79 2.10 

GCS-0 63 00 37 00 7.47 1 98 0.70 2.56 M 45. !8 0 41 3.34 0.80 54.30 1 17 

-10 41 63 1.11 3 75 0 39 52 38 1.80 

-20 59 80 40 20 7 68 2 27 0 47 1 97 M 43.42 142 5 85 0.64 53 31 1 18 

-30 40 52 1 58 4 90 0.82 51.59 181 

-40 5890 4110 7 68 221 0 46 2 07 M 42.69 • 14 5 13 0 94 52 89 179 

-50 44 70 182 5 29 0 64 54.04 1 77 

-60 48405160 8 36 2.26 0.14 1 76 M 52.89 1 42 6.70 017 58.18 170 

-70 46. 17 174 5 41 0 90 54 84 1.76 

-80 49.10 5090 8.53 2 65 0 06 1.44 M 42 36 2.29 489 0.64 52.70 1 19 

-90 37.98 2 05 3.32 0 60 49 97 184 

-100 2.46 65 16 32 38 7.0 
2 " 

0 57 2.27 , 39 59 2.21 4 31 0 69 51 01 ' 82 
-110 38 51 2.21 

3 " 
0 4/ 50 32 1.83 

-120 1 57 17 32 49 08 32 02 6.44 323 -025268 (g)sM 31.01 3 63 674 1.16 44 92 1 92 

-130 438 17 82 48.48 29 32 589 364 -0.33 2.45 (Q)sM 30 BO 6 00 389 0 64 44 76 192 

-140 !O lO 42 63 31 42 15 85 3 55 4.14 0 54 2.14 gM 18.30 6'6 2 06 9 53 32 49 2.12 

-150 2 77 8 48 55.65 33 10 6.80 332 -044 315 (g)M 31.02 10 90 376 0.64 44 93 1 92 

-160 58 8Q 4 !_d0 - 1 -9....!_ _ns _Q 4B_, ~ _M ____ 2286 1.l....Q6 __ ~ - 2.02 37.54 _ _g__o1_ 



1l 2-6. ~I~ 

Depth(cm) 
\,ompos,oon (%) Textural Parameters Sed Type Waler Shear Oroan,c CaC03 Porosity Bulk density 

Gca Sand s,n Clay Ml(Phr) St De Skew Kurt by Folk{ 1980) Content(%) stmn (kPal M,ilterl%l (%) (¾l (gicm 1
) = -170 3 l 96 11 06 3 40 0 04 45 67 191 

-180 48.20 51 80 8 33 I 96 0.36 209 M 31 05 11.06 4.64 0 39 44 95 1.92 
-190 36 72 11 06 '72 026 49 13 185 
-200 0 29 103551483787 7 38 3 17 -016248 (g)sM 45. 10 11 06 557 0 >7 54.26 177 
,10 585 61043311 "' ? 67 0 55 '°' M 

GC6-0 69 68 30 32 
6 " 

I 67 0 40 2 22 ' 35 86 3 40 508 I 12 48.55 186 
-10 57.14 42 86 773 

2 " 
0 48 2 16 M 40 11 3 16 5'7 0 34 51.34 I 82 

-20 52.35 47 65 7 99 2.14 027 1.97 M 45 48 3 00 5 90 0 30 54 46 I 76 
-30 54.30 45 70 7 88 223 0 27 I 92 M 41 42 3 00 5 II 0 60 52 14 I 80 
-40 59 38 40 62 ' <9 1 o, 0 55 248 M 39 50 3 16 5 36 0 43 50 95 I 82 
-50 56 70 43 30 

7 " 2" 0.39 1.94 M 43 32 3" 5.34 0 43 53 26 I 78 
-60 6192 3808 7.35 187 0 46 2 32 M ,13 73 3" 3 88 0 69 53.49 I 78 
-70 63 34 36 66 749 225 0.54 2 08 M 37 05 3" 4 07 0,3 49.35 185 
-80 67 60 32 40 7 16 2 07 0.67 2 37 ' 36 16 3.16 '66 077 48. 74 1.86 

- -90 7. 16 15 38 51 50 25 96 555 3 66 -Q,t.1251 gM 35 58 3 16 3 18 0 26 48.34 186 

°' -100 14 17 19 01 45 69 21.13 4.63 4 15 -013188 oM 27 28 11 06 3.38 0 47 41 78 1.97 ' -110 665 14 06 57 81 21 48 5'6 3 60 -024274 gM 29 67 11 06 3 57 0.60 43.83 I 9' 
-120 8 71 22 10 45 01 24 18 5 09 3 88 -022212 gM 27 57 11 06 3 01 0 '7 42 03 I 96 
-130 2 38 70032758 6 95 2 56 0 89 2 36 ' 26 34 1 0 90 3'2 0.43 40.92 I 98 
-140 1.44 72.92 2565 670 2 09 0 98 2 90 ' 27 95 11 06 5 79 0 52 42 37 196 
-150 0,7 94 05 5" 7 15 I 14 I II 9.65 ' 17 22 11 06 3 07 0 39 31. 17 214 
-160 29 52 36 88 3 43 -149 550 C 27 12 11 06 449 0 60 41 63 I 97 
-170 4.54 7055 2491 674 2 56 0 99 2 66 ' 26 22 11.06 2 69 090 40.82 I 98 
-180 1.89 72942517 6 77 242 104 275 ' GC7-0 20 94 62.09 9.75 7 22 138 3 17 1.33 4 08 gmS 17 09 174 425 31 01 214 

-10 10186461 1342 1180 218 3 51 105 2 76 gmS 22 13 2 03 167 36 79 2 05 
-20 13 21 75.65 11 14 0. 71 171 0.68 2 76 gmS 16 08 077 I 12 29 72 2.16 
-30 450 86 43 9 07 0 97 150 0.73 2 83 (g)S 17 31 I II 223 31 29 2 14 
-40 2 07 88 34 9.59 I 19 144 0 64 2 80 (g)S 17 21 0 78 0 64 31 16 214 
-50 9 91 77 57 12 52 0.86 I 71 0 68 2 65 gmS 16 88 1.11 0.69 30 75 2 14 
-55 20 64 2 96 0 30 35 18 2.07 
-60 725 51 34 26 48 14 93 3 29 3 93 0 52 197 grnS 20 96 3 65 0 30 35 53 2 07 
-70 883 5840 1702 1575 279 3 97 0 83 2 3' ~ms 19 63 2 00 0,60 .. 34 05 2 09 

J 



JI 2-6. 11 '; 
Composn,on (%) Textural Parameters Sed. Type Water Shea, Organic CaCOJ Porosity Bulk dens,ty 

Deoth(cm) 

"" Saad s,tt Glay MZ(Ph\) St.De Sl-;ew. Kurt b-'j Fc\K{\960) Ccnteiitl%)stren \kPa) Malter(%) \¾) \~k) \g/cml) = -80 0 1 5 81 46 9 54 883 2.83 2 70 1.90 5.58 (g)mS 21 76 345 0.43 36 40 2 05 
-90 1 73 20 09 33 83 44 34 7 09 4 07 -056 219 (g)sM 28 85 11 06 4.80 0 00 43 14 195 
-98 59 46 40.54 7 82 2 30 0 51 1.92 M 

GCB-0 5" 43235131 8.22 2 60 -0.04 1 78 M 41.61 2.05 6 68 0 21 52 25 1 BO 
-10 39.76 332 644 0 13 5L12 182 
-20 3" 43035310 B 51 2 69 -0 10 1 63 M 39 90 2 69 5 99 0 30 51 21 182 
-30 44 06 316 6.91 0 13 53.68 1 78 
-40 2 Bl 40 63 56 56 8 79 2 65 -0 18 1.62 M 42 67 4 11 646 0.00 52 88 179 
-50 44 81 3 63 689 0 30 54 10 1n 
-60 16 23 34 65 49 12 B 06 3.16 -0 12 1 57 sM 41 12 427 6 55 0 39 51 96 181 
-70 38 31 490 5 78 0 73 50. 1 9 183 
-BO 60B 50.77 18 73 24.42 4.8!:> 4.12 0.42 210 gm$ 27 72 648 , 17 0.39 42 16 1.96 
-90 23 85 6 16 3.42 2 88 38 54 2.02 

~ 
-100 0 40 60. 76 24 63 14 22 2.56 434 0 86 2 29 (alms 31 95 822 11 62 0 52 45 66 191 ' 
-110 30 30 t 1 06 385 0 47 44 35 1.93 

-120 2 36 58 B4 3B BO 769 271 0" 1 68 M 30.4B 11 06 4 31 D 30 44.50 '92 
-130 31 61 11.06 5 25 4.64 45 39 191 

-140 1 96 57474057 7. 72 262 0 39 1 72 M 29 46 11 06 415 167 43 66 "' GC9-0 31 65 48 27 9 68 1 0 40 133 382 135 3 Bl rnsG 26 62 3 50 365 41 18 19B 
-10 22586651 4.71 620 0 69 3 01 2 2B 7 54 gmS 12 55 1 34 2 36 24 82 224 
-18 24776713 B 09 0 2B 165 0" 3.36 gm$ 15 04 1 07 3 30 28 35 2 1B 

-23 849 76 85 9 70 '95 1.52 2 84 193 6 58 gmS 19.70 133 0'3 34. 12 2 09 
-28 6 23 72121303 862 2.15 3 27 1 51 4.55 grnS 18 49 1. 14 0.90 32 72 2. 11 

-34 26346704 662 0 04 1.56 105 4 26 gS 13 92 D 71 1.29 26.80 221 

-39 610 80 32 9 62 3 95 143 2 67 2.06 744 gmS 15 24 1 15 0 73 28 61 218 
-42 664 86 16 7 20 0 58 1 42 1 17 , 07 gS 13 76 1 00 167 26 57 2 21 

8C6 0 DO 2 51 6023 37 26 
7 " 

270 0 " 
, 75 M 38 98 269 '80 D DD 50 62 1 83 

-7 122 5773 4105 7 B3 2 70 0 36 1 6' M 40 27 316 5 22 0 13 51 44 1 Bl 
-14 1 ~-~_Q5 40 12 7. 78 2 55 0'1 17B M 43 13 284 4 84 0.21 53 15 1 79 
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'11;<11-"loJ :ljtj-. ~'1!, 78 cm ,lo]offAj 89 cm ,lo]ofl o].§.7]77\?C] '>!cJl-'1%.sJ "1''1 

7\ ~ J;!. i'e-"I oJ 4' "I-"--"- ,g, oJ '.U '.ll cJ-. 01 "1 t! -oJ % .sJ w 7] 'll -'l'el .sJ l1-:,;. "1- 'II ,i 
-"loJ :ill=- se.l'!c::a;.sJ !;'l!.£..s!. 1'1:'i:!"11 ~ Iii!, 01:,,.sJ "1-71 -"l:aJ~:;J (½.s!.-<11 Oll4'\'! 

%~"°71)-& 'llir"'l (salt marsh)o]:lJ½ 7Hf-'ll 01 3.Pj '!I*\ 4'{)0] ,loj:,c]\'!Aj ::i 

%'\'-oil *'<1'1 cl!'!! "i:aJ%%-& ~•1.sJ ¾-it-". o]% (channel migration).£.£ '<lOII 

4' e1 "ii '-1 ><I 7 \ 7J-Oli '!I off a; aJ- 'll -'1-"I '.ll ½ 7 \~ '>l o I '!I cJ-. "i ;aJ % .sJ 11-ia" _sc_ ~ <:! 'ii ;aJ 

-"--"- 1.5 ol O I% .£..s'- * '<l'~ iU :; 4EJ-tll '.ll q (.JE 2-6; ::i 'll 2-25b). 

~"f',t-& AJ-J/-offAj o}J/-offAj ~oj-\'!Aj -'<-"]ill ¾7\o}~ ;;J~½ );!.O]?CJ'l!, 40 

cm% \loJ{:! ,lo]offAj~ 33% tll.21.s'- 'll'll~ iU½ );!.5!ltj-. o]c-]~ ',!--& W"r½½ 

\l!'ll"\Pj <:l'i:!%"1 "1AJ 11 kPa o]')}.sj ,;.g. ;;):½ 'l/'lJ"\;,Jj );!.5!ltj- (::i;,J 2-25b). 

¾ 7] 1"" .sJ ~'<l'-& ',}'\'-off{:! 2% tJl .21.s'- ',!-,0. iU½ );!. o I ><I 'I} "\-!/--". ~o} \'! Aj 7% o] 

')f 77}><1 'll *\ ¾ 7\-"I le- :;I~% :;!-le-c~, o] le- ol--!/-¾off sl l'!c¾ 0] 'II •1-"I oJ :ll 71 Iii! li'-
01 aJ- ~ T :ljtj-. ~'1!, l'!c-tl'll.sJ ~'<l'-& ',J-1;'-"i]Aj 5% tll.21.sJ ;;):½ .!il.0]><1'1! "\'I'
£ •Jo}\'!Aj 'll*\ {1-~o}oj 40 cm o]oj- ,lo]of]Aj~ ;,J.sj <:l-'i'-t! ;;)::, );!.5!ltj- (.lE 

2-6; ::i;,J 2-25b). ";, 19 cm ,1°];, 7i/>ll.s'- 4EJ-4~ sll'!c¾.sJ i'e>lle- 'et:'. '1!-tl'll, 

E _g. * 7] 1"" .sj ~ '<l' ::l el 31 10 Ql tJl .21.sJ O \"1' "lJ ;,) t! 'lJ £ 1f-:>,_ !; A~ "]- W "ii O] 1' 

.sj Jlt ;,j -"l :aj ~ 1j ,0. 3,AJ" cJI 'lJ_ 9-ie 5) :. Z! {j .aj .',_ £ ¾ 'll '11 ¾ tj-. 

Core GC-3 

3". oJ GC-3~ 120 cm.sj 11 °I-". tJl '1! 'll 'i""i' "i'¾-lt .s'-.sj ¾"J--'i'-off Aj ,j-}] ol-5!1 tj

( ::i ',l 2-5). -"l"\i-.sJ "']'<]:,O. %-!/- 5 cm ,lo]7J\><l \'!~ ½el.!! (pale olive, 5Y6/4) 

"'11)-01 ><I '1!, ::i 01 ii\ iif-!/-"1]'1 ~ "J-~ "'1 (SY 4/ !)½ 'll q. -"l :aJ ,.- .sJ "il iI'll £ le- 31 

%J/-oJIA1 0¢.s'- 20% tll.21.sJ "1~-"l;aJ%:, ~¾"\~ ¾;,JA\ (coarse sand) "i"\1"".s'

Aj 's!l"\'<J 4'.s'--"l"\-'<O:S\ ~'l/½ 4EJ-'11:>']nJ:, "\-!/-s'- ~"\'1\Aj 'lJ~\ ~]',J'110<\'1\Aj 

jjii\'\'- 120 cm ,lo]offAjle- 7.07 ¢ S\ "ili1'll£;a );!.5:ltj- (.lE 2-6, ::i;,J 2-18). 11°1 5 

cm o]"\.sJ oJ--!/-¾"ilA1~ AJ%.iit.J,"]-%.sJ ~:ajo] -ll"\711 4EJ-4"1 o] :a; cJl-'i'-l1--& 

')}-'\'-¾ .£..s'- % 'lJ-<! ~ ',J ~ A\~ "i :aj % .§. ¾ ~ "-] oj :,! '.lJ. tj-. "i a\ % S\ {i'-i, £ i= <2 'fr 

:aj .£.-". 3 ,! tJl .21 "1 ')1 'lJ ~ ;;)_- :, );!. O] '1\ Aj O \"1' * '<l'~ ;;):½ );!. 'lJ_ tj- ( ::l 'lJ 2-25c). 

~4-~~ 20% l.jj£1.£Ai o}"y' 15!-.g. ~~ _lloJ~ 7}-£-t:~l, AJlj!-oJlAi iiP~-~ oJ=ii~ 
',\Aj S,{! ~7\'1\7\~ :;j"J'% J;!.5!lcj-. 'lJ'iJ:%"1-& A\~"):aj%oj 4--'\\ ~ "):aj%oJjAj 

i', .sJ 01 7\ \ct 7J llif li'-off ~ll :, o} ><I \',l":,l:ct. i\- 7] {!- S\ ~ '<l'-& ';l--'\'-"il Aj "\-'\'-£ °o' 

"f'l\'1 1% ll£"i]Aj 4% tll-21-"- "<Z! ';7\'il 7\le- 11~:. 7\><1"1, \'!c-tl'sl-& a<IAJ-

- 140-



-\'- 10.8% 11.£.J:"ilAi -ol--\'-5!. Oj"Oj-\'lAi 1l-zJ%l {}±oil 1Hc 7e!•J¾ !ls:Jq (:i',l 

2-25c). 

Core GC-4 

3'1.<>j GC-4i= ~'lj'l); 'lJ'i'"il \!!,r#:il '.l/ic ¾',l~ ,,p!j';>·5!. 'i'-1J£1<>] '.l/ic Af 

"1-'/l"il--'i •I~'<! A)Jl.5!.Ai '"1'11 9'1}--'].il.¾oJ)Ai J}~ '!3-'.l)-q (25 cm). -,/O]\!! 'll.<r. 

.eJ 1/, 3'. i= 'l}-\'-oJ)Ai %f-\'-5!. Oj%}\'l Aj ¾ ',J oil ;s] ic 7,1 ~ .2.5!. 3l. o} GC-30} ~:,! %] '/! 

t:Jl"1::: 'll.<r.7,IOj~ !ls:Jtj- (.ll 2-6). ,lo) 14 cm¾ 7,1;,fl.s'. AJ-\'-ic 'll-~"'i (5Y4/1) 

% njnj :1 %f-\'-i= ~"'I (SYS/1).eJ ,,pj..- 0 ] 11,3'.-.f:il '.l/ct. '; %] -.}-\'-"il--'i Ltla-4 
e "17,1,,Jaj ¾ :'. Cll'¾!•Jal %% "]--'I#::: 'll--\'-"11 ',J ~.eJ 'll 0 ) %el (graded bedding) 

.s'. 4 Ef ,;I; cJ- ( :i ',l 2-19). "1 aj % .eJ '!I ir 'll .£ ic a,J 'I}-\'- "I ~ t.J (gM)-"l aj % 5!. 5 .4 ¢ 

.eJ i,.1:% 7f;s);<)'l);, %1-\'-5!. Oji5f\'lAi 1l-Zl%) ¾'1loll"]ic 7,l•J;a _i;l_O]\'lAi -0.6 ¢ .eJ 

Af~"i (sG)-"laJ%o] 1-j-Ef,;J;cJ-. ~"faj.2..s'. "i~-"laJ%.eJ ~'lfO] 12.9%oJ]Ai 47% 

'-II .2J "r"l ¾ 1}%1'.l! q. ( :i ',l 2-25d). o 1 aJ ~ ¾ ',J ~ "1 "l ..- .2] 7J £5!. 'l! oil 9'1} --'I .ii. 

7} lt '11 ;J a/1-,l ~ .2.5!. 'I'! '1c '<! q.. ~l/l, 1"1l-.£.e] 7,1-9- c;J "11 :aJ .2.5!. 0}9 ~ 'lf '-II "i 
~'lf~ ._t (1.46~4.48¢)% _i;l_O)ic 7}.£,,-1), 'l}t:Jlaj.2_5!_ .. }-\'-5!_ ~"Oj-\'lAj 1rzJ .. ] 0J 

~"il"]ic 7,1~~ _l;l_'.ljtj- (:1',l 2-25d). 

~'f'-£,Q, 11.6~ 27.7% 'li-'/15!.Ai :,! 'ii aj .2.5!. ',!-,0, i,.1:% l-j-E-},;/:.2. nj, -.}-\'-5!. ~ .. } 

\'lAi 7,)-±oll7}ic 7,l•J¾ _ils:Jtj-. ,l-7]%.ej ~'lf'lJ:§} 0J'l},Q, 0.6~3.3% '11-'/li.Jl"ilAi 

~'r %.eJ 'l!:§:f "1- 71.eJ ¾--'f-., Jll '-1-Ef ,;l:cJ-. c;J "1] :aJ .2.5!. "''°' ~'ll' ..t (0.o ~ 1.3 % J¾ 

_l;l_o)e \':lc{l:'ll "l--'l %1-\'-5!. Oj"Oj-\'lAj 7,J-±"117}ic 7,1~~ _i;l_'.ljtj- (:i',l 2-25d). 

Core GC-5 

oc <>1 GC-Sic *~ e1 ".ll \!! .5'.11 Ej "<I ~-(1 .eJ ¾iSltll 11 'll "ii Ai ~ c; '<! 9AJA] .il.5!. 

-'i 210 cm 7.)o]_s'. 7}~ 7.)Jll ;j~5S]~q.. 132~142 cm -,/ 0 ]"il-'1 "1121- (shell 

fragments)-"} "17,,1 "1 aj % 5!. ','-jj-,l Cll'¾-"l al% :S >il .2]-.} :il::: c;l '11 :aJ .2..s'. 'll":ol "'i 
(SY4/1).2.5!. Jll,r'l).'r. 5.9-8.5¢ 'll.!/1.eJ ~§. (48.2-63.0%)0} 'jj:SS (32.0-51.8%)"1"1% 

.s'. +"a"1<>1 '.<19- (.ll 2-6). 120 cm ,lo],7};s]_eJ 'll--1'-%:'. 'jj:SS"t ~§.7f :ii[~i5lic 

'II ·~ 'll e1 T ¾ 7 I ~ \!!" 51 <>] '.ll ic 7 l¾ ,-1] ' -\'-1/, :al .2. .s'. A~ * jj[ \'! ¢]-% "i] .eJ ~ 0 l •I 
"1 :al 'i'-¾ 1 I t.1-Ef t.1- 1 l .<r. -., '.l! ct ( :i ;,J 2-20). :i 0 1 '1l >l O 1 "ii -'1 i= 'll •I "l ~ "1 "l ..- .eJ 

~'lf (4~10%) 0 1 ¾7fi5fq-7f 132-142 cm -,/O)Oj)Aiic Cll'¾-"laJ%5!. Af.il."1ic "11:z\ 

"i- ¾ '1l ~ "I ~ "1 aj % 01 t.1-Ef ,;I; .2. nj' 01 ¾ :'. -'/I 91- 0} '1l .s'. 'F iJ! ~ 7e! ,i] \'l ~ 7} ;s] :il 
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~~"1, 01 *oJl-"i"l \'lt!l<\'-'ll¾ ~"1"1 ~1!~ "'1:zt¾ >lii1-ol-"1 &'t!i>f'.l/11 . .'le~ 

01 ¾¾ 11711.s!. f<f-'i'-¾-& .31.§1-71 llf01 {!•~'<! of',' 'i!'i!~ -"l"!¾~.s!. '!l-'r¾-"i 

:,J-~.2J- 'l!\'J-%"1-"I ¾1f2J- 'll:-& -"1"!%"1 %-'>l\'!.§1-71 '¥--"'-'1"1711 t.J-Ef;J:11. a:' 13 
2-142 cm '<,1ol"1 71~ -"1"!¾"1 {l-'!ol o]-','-oj{l ~ -"I"!'<! -11-%-"1"1¾~ -'i'-'llW 

'1!~.s!. f<foj -"J.l/-2} f<f.!/-¾:tl-"1 -"J'a"~ -"ITI"! >f017f ~Ajf<f<= ;!~.s!. Af.a'<!11. 

~'I'!, %.!/-21- i>f-'i'-¾¾ 'r-'>l i>f<= -"I aj % "1 '"''°l-& "I~ '!l-o\l .Sc ¼'ri>f .31, %-1'-¼o\l 

\'! 'II •~ 'll e1 21- :,,-& 'lei >I -"I "l 'r '"'1f ~ & ~51 oJ :,I<= "I oJI t!1 ~ "11 "l 01 '\!1.8. "' c\. 
"11'i"'1! -"J%:,J- '!!-1'--"l"I "11-"1"11 -l1: "'1, %-1'-¾"1 114- !1!•1<= '"'"lt!i ~11oJI 4c"11 
AJ'li--"''fr"c-§-oj "1--& 11}'1!, :,j-;,j f<li'f''1!0I i1!>J_l;!_11 'f'PIEj 'jj_'r. ',;l-Q}¾ "'1<= A~% 

.n,ifr'31-§-oj ',1-t:Jl.aj~.s!. 7J~ -"J-'\'- i.lJ:>] ¾J/-~'!! ~11019:lg ;\~.£ Af.a'i'!cJ-. f<f 

-'i'-¾"1 7J4- 'i'll"1~.s!. 150 cm, 160 cm iel.31 165 cm :,,lo]oJl '"''II~ -"1"1%.s!. 
¾<-1'i'l '1] ','-9lol 'll,:z:jsjuj, 198-210 cm '<,lo]oJl-"1<= llllzJ-a,ol ~'it ~•H"1oJ ~ 
9:111 (i\'l 2-20). 

;;/OloJI a:fe -"1"111--"1 'll.'r.\'!:.l- (5.9-8.5%)<= ';'!!~ 11•J¾ _1;!_01:,1 ~~uj, 1<

-,l- .Sc Sc\ "I 130 cm 11 oj o\l-"1 "1 '.l "1 "I %-"I ¾ 7} .s!. 'l.! "11 3.2 -4.1 ¢ -"1 o l-'/" 1,, 'it~ 

i\J:~ _l;!_'l-[ l/1, 'l!'l!"J~_s!. :,,)oloJI a:fe \'!§}OJ'',1-0I \l.l<= 2¢ i.lJ"1"1 ~'lf% i\J:¾ 

&'.l/11 (l!. 2-6). '!l-'i"¾-& l!.¾o\1-"i 45.2%'jj.ScoloJ -ol-.1/-.s!. ~-ol-'1!-"i Of<l:"1 :,J-~;s 

J;!.o]117l- '<-%"1"l¼o\]-"1<= 18.3%'7}"] -.l-'a"f'1l 'l)oj;,cj;,cj'l)c, :J. f<f-'i'-oJl-"1<= 11-"l 

Of<!-"! ~7} 0J'%¾ .s!.01'1!-"1 30% i.lJ-"1"1 i\J:¾ .s!.'.l!11. :@'ll"J~.s!. i>f.1/-.s!. .-J'i>f'1! 
Aj {J-~OJ7}C: 7el•J'¾ .s!.'.l/c/ (:J.'iJ 2-25e). :@\'J-%"!-& a<j-"JJ/-¾oJl-"i 0.47 kPasj 

';!-:'. .,g J;!.0]7'] 0J %}'/-.s!. 'i}i>f'1!"1 '1\>f ¾7}%}'9 130 cm :,1°]oJl-"1<= 6.2 kPa 

'7f:>] ¾7ff<l'2, i olf<f f<f-\'--iioJl-"i<= .31.§]--'E! '--1'.l-"1"1¾~.s!. 11 kPa oJAJ.ej 0 1'/" 

-le,"- .r¾ &'.,lc\. %11%-& 2.0-6.7% 'il~.s!. '"''11% '<-%"1"l¾o\l-"i 1f"J ';!-:'. '!I
'll'¾ 7}<]uj, s!{l;'ll '!]-",l'-€, 130 cm '<,loj.sj 9.5% sk¾ "IJ.o:\%}'2<= :@"l]<!j~,s 1% 
0 1%}.sj of9 ';!--& \'!-{l;'ll ~ ~Hl--oi-'2 ~q- (:J.\'J 2-25e). 

Core GC.;; 

oi<>l Gc.;;.g. "1--"1;,a '11"1" ~'!!-"\ 5ei5fi:JloJl-"1 >lii1'<! -"].a.s!.A1 180 cm"-! 7.l 0 1 

~ 71 "1 jl '.119:l 11. 's'! >11 "I ~.ss -'II '!I~ '--1 '.l-"l "l 1l-.ss 'i'"a si oi '.1l '= 11-&- ,11, "'oi 
GC-5o\]-"i.2J- %-"\"1711 90 cm '<,lc]oJ]A1.!/-EJ l*\ 5e'IJ~ "1"!% 0 1 '/"7],sj~.§. ~•l 
£1'1!>1 (90, 100 cm), i of'1! 110-120 cm '<,lo]oJl-"1c: '"''II~ "1r,!-"iaj% (14.2%) 0 1 

4--'ll~ e\-%-"l"J¾cl t.J-Ef;J:11 (l!. 2-6; Cl\'l 2-21). oj ¾-& 'ff-"1~o\l -$15<1~ 'iloj 
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GC-5o\l Ai '-1-EJ-'<± {\-Af¾:ilf 'lr tll "] -"I ,c :;!.2.5!. Af .K '<!cf, "1 "l % 9.] "I W{c ~ >il "I 
.2.£ 'l)-~'1j(5Y4/1)-£ ttj,c 7h't·<~, a!jAJ.!/-¾o\lAj '-1!>']".jo].2] '{):_g. cf.£-l/- ;<jAi<§ 

%o\l 9.]aff 'il-'8'<! ,y;o:.01 18 cm ,lo]'lf-'l 4'"1.2.£ 'iJAa-"1"1 ~.2.oj, o] * 9-\'l 

-"J"J-ll-{c {!~"f%.2.£ 'iJ•l ¾"1.!i!. "1Jwg ttj:s,_ ~cf. -"i"J-,'-3',,c ~'frcaj.2_5!, AJ 

% ii! \1'31% ~ ,jJ •f ,iJ '1}.g. %111 °1 JL, eic.!/-"l .2.5!. 1l .§..2] {!.§.7} ii!§. •f,c ~ •~ 'll "1 

-,'-3',7} ~;slo-foj 65 cm.2] 87 cm ,ioJo\JAi 0J•f"l.2.5!. :qj:;J-;,j{! (convoluted) AJJ1l 

9.] 'll iS] -,'-3'o7} .!i!. '.l/ cf ( .:1 ',I 2-21 ). 

"1"1%.eJ 'llir'll£c: 4.6-8.0¢ 'll'/15!.Ai 4.6¢.eJ ;,.%-"l"l¾g "11.21•1"-l=-

7.S-8.o ¢ 'lJ '/1 sj '~ 'lJ ~ y c,\ !aj ") % £ -,'-AJ -'9 oj ~ cf, oj <] ~ y c,\-"I ") % 9.J li': ££ 

~i;~ ~~%~ ~if.£ ~A] 2¢ o]./gE..~ ~i'J=~ it¾ li!_c]_ll 'V,.Q.P'l, :;t>] .Jf%~ 
"l ¾o] l!': £%},c 90-120 cm ,Io] Oil Aj,c 3.6-4.2 ¢ '1l -'ll £ 's-.£.sl -l1-'ll'% li':ir .£;. 

'-1-E1- ':d cf ( ::i. 'll 2-25f). o l ;c. ~ % .2..sl 'll 811 "1 "I '<! "l 7a>l "1 "l % '/1 <>11 "il 'll % '-1 7a>l "1 

:aj%o] oJ;f:aj.2..sl "l"l-"ll=- -"J-lJo\lAi 0~7],;J '1:ilf't"- -l1- 'r ~cf. ~'r¾.g. AJ.!/

¾Oil Aj 40% \.J1 .2] 9.] "] .ii! "J """ ;;):% .!i!. o] cf 7} •f-'1-£ •J•I 'lFi 1J •I :;} ~-"I C: 'iJ 

•J_0_.s!. '1•1-'l-¾Oilhile- 20% '-11.21"1 .):% l.j-E]-':,;J:t:]-. :@'il:%"\Sl 7aq.;c. ~%"1'1% 

% 'il~l!i!. -'1)-.!/-0!IAile- 3.0-3.4 kPa 'll-'11"1 71-"1 '>!ll% ;;):% 7}-'l-'l'll, .:1 of.!/-Oi]Ai 

le- '-1 7a>l "1 "l % .eJ "-:of'<! ll .£ 1 I ,jj :of Si "1 11. o kPa O I -'1J- .eJ Of 9- :lt :'. .Jc% '-1-El \J: 
cf {\-7]%ll\ s!sl:'llS1 il-'ll':'. ,lo]oJ] "i-4 '!!t:J-e 'l\~0,}AJ¾ _!i!.o];<l ~le- 7}~ 

<ii, ZIZI 3.0-5.8%.2] 0.4-1.1% 'll-'ll.eJ ilk¾ .!i!.'.l/t:J- (.:1\'l 2-251). 

Core GC-7 

.,;_ "1 GC-7.g. '-11 'll 'llc~ gm5 '-11-'l msG.ej 3o 'll % .lf. ¾"1 "l %¾ 7}-'l l=- 9-3'-;l-

5!.9.] 'i'0JoJ] -'11*1% ll'll (.:1\'l 2-5).2.£ ~o] 98 cm.ej 9-,'1)-A].K7} >1~-"1'.</cf. ;;J 

•f-'1-% (88-98 cm).ej '-17al."1"l%~ :,\].2]']-JLle- 4's'."1"l% (channel deposit)~ tll 

.lf. ~ 'r ~ ,c ,1-i'fO] -!1-"t~ Afc,\ '-11-'l "l ~"1 "l %01 q."1] •f 711 11-£ ;sf"- ~'.<!cf 

( .:1 \'l 2-22). e;, :sf 71 ~ '!! t!: 'il Oil Ai Oil 'r \'! 9.] 1l •t "l 'll -'1l-i" <>11 u:J-4 3'-;l-!i!. "1 'll Aj 

Oil u:J-j', "l"l~'a.eJ 'jjo]c;J'i] \'l~:;!:ilf.s!. -l1- 'r '.l.(cf. "1:aj~sj "!~'°' a!jAJ.!/-¾ 3 

cm '1°];,,f-'l.eJ i\-71~'!!9.] t!:~"!%.2.5!. >l{c"i (5Y2.5/1)% tt]JL ~.2.oj, .:1 °1•1 

-'I-El 57 cm :yo];,,f-'l~ Af'l/-"l"J,l- 0] q.AjJ;s}"i ¾"1.!i!."'i (5Y3/1)% 7}-']t:J-71 ;sf.!/

¾o\lAile- 'l)-~-"i (5Y4/1)% .!i!.0]:s,_ :,!'.</cf. ';'l]:aj.2.5!. 75-86 cm ,lo)Oj) ~t7a>\-"l"l 

% !i!. ¾ {! ..! •J ;o:.'i' 'll O 1 '-1-EJ-'-l-,c <ii, .:1 9- 'll "1 "l % "1 "'i W :'. {} :of"! %o\l 11 "1 % 

%"1.!i!.•~ (5Y3/1)% y-E]-\.J1JL ~'.</cf. 
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"1"1%91 "ilir'll£ QjA] 0.9-7.8¢ 91 .J-2- 'll~l,-3':.;e 7ht<~, '.<.!/-£ .. .}%)\'!Ai 

~ 'll "ii ',I c+. 11-.,J-£ t 1.5-4.1 ¢ '1l ~ £ 'l!>il aj ~£ -ll-".l'~ ilk% J;!_ oJ oj, ,l)-t!I aj ~£ 

A)'!i_ "1 "l ,.-oJ -?-.<ii %1711 11-3':. -o)t 20-55 cm <I oJ ot] Ai 1.7 ¢ oJ %)91 °J~ ~ ilk% 7) 

',I cJ- (l!. 2-6; ::I 'lJ 2-25g). W-?% t 20% '1191.ss ',;I,-& ilk¾ 7)>'1 ,q 'l! '--l '!l."1 "l % .ss 

'i'-'a-'i! "1-o).!/-¾ (98 cm)Oi]Ai:C: 28.9% ('l!B%"1, > 11 kPa).ss "l'TI %7)-"l"l '--1-E-f 

,J:cf, -\l-7]%91 ~~.g. ").!/- '--l~"l"i¾"iJAi "l'Zl:91 '\l'7HJ ilk% 7)-']."il., 'l!>il"i~ 

£t 0.8-3.0% '1l ~£ 11-3':.")."il. VcJ-. l'!c~'ll (0.0-4.3%)91 "ii-?- ail-'J-.!/-¾Oi]Ai 7)'l]

E".g. ~¾ ?!".ll. 8"}1~-½..Q..5-. '6",}?>}~A-j ~i!i!~l ~~~i:: 7Ja-J:~ .!a~tj, (.:r~ 2-25g). 

Core GC-8 

'<!oj GC-8 (',l 0l, 148 cm)-& ~';J-ej~"i]Ai >flail-,! '?'JA]_il..ssAi GC-5, -6a} o) 

tl 7) :>J .ss ").!/-7.J! '!! otl 'lHl ~ 3c "l t!1 t! "ii oiJ "11 'a"-"I t '!I 1l O l :ll cJ- ( ::i '\'l 2-5). cJ-~ 

'?-'J-A].il.a} '<tel 'J.!/-¾ot]Ai -"1"1%0] ~'!le~ (grayish brown, 2.5Y5/2)¾ lljoj, <I 

o] 7 cmot]Ai 90 cm 7/):>]t "l-'¥-¾ :§]:,Jc~ (2.5Y4/2)~ J;!.'.lJ_cJ-. %}:>]'(!, 90 cm o] 

5) %).!/-¾.!/-Ei t 'cl~ 'll-:§1 ~ (5Y3/1) ~ 1Ij t -"I "I ,.-o] 11-3':.") ."i1. V :lj q.. ci-l,-"l 

20-30 cm </O)"i)Ait -\l-7]%~91 t!~"i-%"il 9-]~ '1-& '/!'jj~o] L.J-E-ft.f:;, VcJ-. 

67-92 cm <1o]"i)Ai91 A)~-"l- Qj~ ::Iej."il. "114~.ss ~W-'i! -"1"1%~ ;<J].9-]%}:;,t 

'l! '/! "I ~ ,;. ,g % -'" ~"i-%¾ o l'r 'll "I 711 'l!c .g. '--l ~ "1 aJ % .ss 'i' "ll -"I "l V cJ-. 11 o 
cm </ 0 ]ot]Ait ±~.9-] "1!zto] 11>1-"l"l V~"l, 127 cm <10J"i)Ait A)~"l"l%.ss 

¾ 'ct -'i! ,g % .iE ~ "i-% oJ] .2j ~ 'i' 'll O l '--1-E-f ,J: cJ-. 140 cm.!/-61 t llil z]- .2j ½ ~ '/! £ 7) 

'll ~) z 7)%)cj 148 cm "1 ").!/-¾oJ] Ai t t!I ~91 llil zt¾o] L.J-E-f ,J:cJ- (::I '\'l 2-23). oJ 

¾"iJAi91 <:){!~ llilzJ- QjA] \1±%~~± "J-'iJ"i) 91~ \'Jt!l~'!J~ ~~ AJ~.ss ;j 

c;;l "f '.ll cJ-. 

-"1"1%91 "ilil"'ll.'i'.t 8¢ o]-'J-~.ss 'l!'/!aj~.ss ~_§_.2} 'Jl_!a_~ -"laJ% 0] --?-<1]~ 

11:3'.;s J;!.O]:>]'l!, 70-100 cm </O]"i)Ait 01~-"1"1% 0] ±~ (0.4-6.1%) 11--ll--"l"l V 

jl A)')!-"1"1%0] 50.1-60.8% '1J~£ '\l'7)<5)oj 2.6-4.9¢.e.) 'J-t!iaj~.ss a'c',J~ "Jaj 

%OJ 1':3'.<5)'.l/cJ- (l!. 2-6; ::I'\'l 2-25h). oJ;: 'l/¾91 ~%-"1"1%.ss A).il.-"Joj, GC-1, 

-2, -5, -6"iJAi t.fEf\'.! -\l-A)¾:i!f cJISl'fl "r VcJ-. ";, o] A]7loJI W-'!1'1!91 "1"1¾¾ 

\'!~A]'!) "r Vt jet ~¾A)i'.! (storm event) 0] 'l!"l\l:cJ-t 31% TI1J"i~.ss 'l! "r' 

V cJ-. Park (1996) "i] 91 Sj t!l %-"I "I%£ '11 "i-'i! W" "ii 'l! '11 'l!'l! "1 ~ 91 "11 zt ~ "1 A] 

01 , 1 71 <>11 ~ -'a -'i! ;1 ~.ss 'i' '!I -"I :ll cJ-. -"I "I ,.. 91 11:.,i-£ t 'l! 'll ~ % -"I "I ¾ <>11 Ai , 1 
'l]- 1,c"J'~ ii,(> 4.1¢)~ ,!;!_o],c 7),&-L]i, cj-~ ?'JA]_il..2} o)tl7):>].ss :,l'/!aj~,c 
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2.5 • 0 )--)}Sj ,..ill'~ l,'--,r.'ic;e .11.~c} (:::i.'lJ 2-25h). ~?-§--& .lH}Oi]-'i 40% o]-')1-"1 

sl:¾ 7f>'1>'1'l!-, .-f-'i'-.s!. 'l!'-si-'1!-'i 'll*f 7,l±."1!7f1'c 7il'll'¾ .11.'.llct. "i"l ,t¾-"l:aJ¾ 

oJJ-'i 1'c i:r"i ~ 7,l±.;; .II. 0] '1!-'i :::J. -sf-'i'-¾oJJ-'i >'c ~?¾"1 7,l±~ ~"11 Y ~ "1 "l 

¾ Sj :iltf B 'lJ 5'.7f "'"' q_ o] oJl a:j-e} 'lJ 'i!%"1 "l -'l AJ--'\'-oJJ -'i -sf-'\'-.'a. ~J-sf \'l 'i 

¾7f"1i7f1'c 7i)'l}~ 7f'll:i!J- %'-]oJJ 110 cm :,/0]oJJ-'i-'\'-1SJ::: 11 kPa 0)--)}Sj ':tt sJ: 
~ li!. 0 ]Jl v_q. fj-7]~Sj ~rg=.g. 100 cm ~ojoT]J..~Qj 11.6%9.] E.g. ii;"~ ~l-21~}.Jl 

::: 3.4-6.9% 'll~.s!. -sf-¥-¾.£..>!. 7f\'l-'i 'll~f 7,/±<lll 7f1'c 7il'll'¾ .11.~'1- 110 cmoJ] 

-'1"1 ,;.g. ¾7]%"1 ~'ll't "t-¥-"i.«..s!. ~>lB ¾7]%~.s!. '1.!"11 i..fle]-1± ~"1-.s!. -'f 

il.'flct. "1"1%\.JI l'f{f';'j.g. 'l!>l]").£..5'. 1% oj;sfej ',!--& sl:¾ .!;l_~?Cl'IJ:, 90 cm~ 

130 cm :,lo]oJl>i Zj-zj- 2.9% :::i.aj:;, 4.6%5'. -:J-cJl"i.£..s!. ',;.g. ~¾"a'¾ .!;l_o)1'ctil 

( :::i. 'll 2-25h), 0 l ::: "1 "i % \.JI 1 >l B "11 zJ- ;; oJl 7 l '11 "1"° 3! .«..s!. .II. '1.! ct. 

Core GC-9 

cit<>1 GC-9-& ~:ol-'1 ol!'i! -'l-'i'-oJJ ~*l~ &fi-.s!.oJl-'i •l,}IB 3!.«..s!. 42 cm '1 
0 1"1 111--& -'lil. 0]'1. cte "1'%-'lil.~ ,raj "i'l/"l.«..s!. "1"1-!,-"1 "'1j'<}oj t1°J.-f;,i] 

i..fle]-,:lc}. 9 cm'7f?Clej AJ--'\'-¾Oi]-'i1'c 'll-:§1""1 (5Y4/1)¾ .!;l_o]t:}71 9-22 cmoJl-'i1'c \'l 

~ ¾el.!!.""! (5Y6/4), 22-32 cmoJl-'i1'c 'll-:§1""1 (5Y4/1), 32-37 cmoJl-'i1'c \'l~ ~'el

""! (5Y7 / 4), 37-40 cmoJ] >i 1'c ¾el .!!.:§:j ""I (5Y5/2) :::i. el JI .;J .-fl\'-¾-& ct-'] \'l ~ ¾ 

el.!!. ""I (5Y6/ 4).£..s!. 'l!>i] "l-'<-.s!. %'1.!!. "'i:i!f 'll-:§:1 ""I 01 .iitk-'H= 0J-')}¾ .II.~ c}. 'l! 

>I) "I .£..s!. "j ~ :i!f l..j ~ "1 aj {,- oj ±. ill' tJ--lt!iJ <>1 '.U 1'c "1 -')I- (massive)'i'-&"1 -'I~ "1 "I 

%.s!. 'i''il!il<>1 '.U<>1 oJJ"1:<l 7J-~ ?.s!."i:aJ%¾ "l-'1.-1~<1 (:::i.'ll 2-24). -si-"l'llc, 'fl 

o 1 oi1 a:fe 'll -rr '/l sc.si l'l ;J-1'c '.l ,121 1 :>!l \'l -& 11"1 :rr %-'i'-¾oJJ-'i -'i'- Ei AJ-~-'11 'll 
;} (fining upward), -')1-•J&'ll:ol- (coasrsening upward), -';J-~-'11 '/l;}, -')1-'l}:Io'/l:o:f :::J. 

el :a. q ,_ l .;i '6\--'i'-¾ Oil -'i -;} 'lJ' -'11 'll :§:I- 7iJ •J .«..s!. "r 7 l -'il si '/l oc 11-.:l'. \ll. :§:I- "i ,..J % .11. ~ 

cj (:::J.'lJ 2-25i). l,'--,rs. "JI-) oj~ :,)-.g. -,i•Jej 'l}al--'j ~ 7f~c}. ~?-l,

(12.6-26.6%)-& %-'i'-oJl-'i -'f-'i'-.s!. ~-sf\'l-'i 'll~I 7,l±."11 7foj, l'f{l:'El ~" (0.4-3.7%) 

.g. J!.¾oJJ>i 7}7,l- it-& .Jc~ 7f;,cj:;,_ "}'{}Sj l'l:§:1-1"- J.!.oj;,, 7f¾t~ '6)-.l,'-,a. 7f'll>i 

7,/ ±. "11 7f1'c 7i] 'll'¾ .II.~ ct ( :::J. 'lJ 2-25i). 
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'I!: JJfl <I -'ii .eJ "J <II ;; 1 I "'l :s,_ .oE fl-1 I -t ,11 ~ ti: 7s '1l tr ,;J 'l}.g. 7d--"--"'-¥-cl .eJ -&- •a , l 
~ -"l"J%OJ 'lJ~ i\-'lJ!.J>:l \\fc !;'lJi 7f>:1Jl ,U2_t<j, ~>j.ej ".J!\ll ',i -°El5frJl;; 
'i/Jl 'Uc -"l"l%.g. ¾5l-'ll •l"r'-\'! '?f~7l %'l!oJl Sf 5,000-6,000 B.P. (Lee et al., 

1998; Kim et al., 1999)-¥-fi rJl-¥-ii'- -¥-%'1frJl .QJ le'll-"--"" 01 %£1 "1 1'"1 .g. 3!-"--"" 

1'! B "1 cf. n:J-el--'1 'll 'll 'roJI -'i eJ -¥-% "I "I% .eJ %½'ll 'H'¾ nf SJ-%1 c 7,! .g. tr'll 'll'-11 
'l/>1"1"1 'Uc ".J!'!l <l'll.QJ \ll:§1-;_; "il~%fcr~ 'U"1 ~rJ!"l'<l ,p!JolaJ- ~ "r 'U 

cf. !a.,,.I t.1~"1"1%-"" 'r-'J!i! ,Jl'!JoJl-'i.eJ -"l"l%.eJ 'll"l/11-"li .oE~Ssfc Jl.C::O~ 

,". '"11 2 ~ -cl!'l!"1 "1"1"1-% ',! <l'll\ll:§1-"il rJ!~ \'l,"%•J'oJl-'i OlP] '<lil'~ "l.2t 
~ol c:f:{t, 3Il-rs-, 7]AJ3::~, :I~Jl ,,,~~~~ .9..'il_ (mucus, diatom, algae etc.) %~ 

"1- tr "< % -"--"" o I 'r "1- 'll-~ 711 11 \ll §1- ;; !I. 0 l 1 l Ui1 li'-"11 ,Jl '!l oJl -'i .eJ ~ -¥-"l '11 -"I "l 
EE'i= ~~~~~ 7}-A].TI. 11~1~~ ?;J'~'tl.~oJl ell~~~~¾~ 78-'f- {JZf~ ..2...W-~ 

'll ~ "r 'U t:J-. ~, ti '!I 'll -cl! 'ii .eJ rJl-¥-ii'- i '-l"'l %f :s,_ 'Uc "11 'El ~ -"I "I% .eJ '8-il' ,". 

.Qj •H 5' 1/- Ej O I -'i'-"1 "'l 7 l Uil li'- oJI , 'll 'll 'r oJl-'1 "11 'El ~ -¥-%-"I "I % .eJ € 0 l % ",f ~ .!If SJ-

~ -"- -"' "'1 i' 's- "I -"--"' -cl! 'l! eJ "'l '11 \ll §1- oJl rJl ~ "ii ~ ¾ ~ "r 'U ~ 3! o l t:J-. 
.Z% 7}- -'f--t1] ~ ~ 0Jt!-7cl oJP.1 ¥-%~ ~ ¥91 op~-~.g. %4r.Q.J nA!l ~ (n>3)0!] 1:3] all 

~cfc o)o] \/{~1/t:j- ("ii, Owen and Thom, 1978; Dyer, 1980). %f-'l'll, ni,J:,"_ 'll
.'E.2} 'r-'E-'loJI '.ll"1 .£-'j' 'lFll~ "-"--"' "l%"ic 31.g. ofyt:j-. op,,~ Af{!.g. -¥

%"1 "1%~ o]%-'l7lc 1J"}o] 'lliri\-~ .eJ"il !f. cf~ 1]"1-01 'E-'l~~ 'l!~cf 

(Officer, 1981). !f. ~ -¥-%"1 "I %.eJ €Ol %'ll-~ 0 l .oE-\l-.eJ 'r ,Y-~J.ilf 'll ;>.]i;f >:l \\!% 

"r .s: 'U t:J-. !a %I ~ 'll 'll .ilf "1-o I 'll .eJ 'r '1l oJl '!l -cl! 'ii o l ~ 'll-"1 £1 "1 'U % 7.l -t ~-¥
"l 'il Jl.C::O~ oJI el"ii >1-¥-%"1"1 °1%!.Jc "1"l%.QJ 'o".s:1f >la}~ "r 'Ut:J-. !f.~ 

~*S!l 1c~~,).JE..£. ~&fl ¼t ~~T2l ~;7;lif-5:. ¥-~~_Q_.£. ).i.£ cl~ ,¥--&$J 

:aj,_-ej €OJ% ,Y-•J.ilf OJ¾ Jf~ ",'- ,Ut:j-. n:fa}A7 i;. \'l,"oJIAic 'fr 'llT:S 7}_sc~ 

•1 11 '1l.@ ~-:::! % n:J-aj- -'i' ,1 .Qj '!l 11 % -:::! "i%f<>j ztzt ~ .oE-'! 'r 7l%'l! "r¾ '<! * 
4c, % ~ :i el :s,_ -¥-%"1 "l ¥--"1 'ii" .s: \ll:§1-oJl '1l ~ •l 711 Ill i'l:"r :S {! A) Ss}'.ll cf. 
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~"il'l! 'lJ-r.sc ¾½'ll5'\~ .!/-¾"1"1%.ej OJ,z\ 71%!';-<j ~ 'l[0\.!,_7] ~i;\oj, 

1999\:! 8~ Cil£7] (11-12',l)<>I] 'l!'lJ-r 271 °ll~ (:::t'IJ 2-5)"1]Ai 2f ~ ~'9?7] 

(12.5A]{r)%~ °ll-;!-\'f"c¾ {/A]i',\'.l!ct. 2f 'll~<>l]Ai 'lJ'f'¾<>I] rjji'i\oj ir4/, ir~, 

'y.g., ~~, Y1l, %~{!-~ (DO) .:::z.~.Jl -¥--ft-~.a:f~~ i!f.S:.~:al-~ 30~ -Z!~.Q.£. 

-\'!~~-'<-.sc"'i oJoJl C!I~ 44.ej A]JIJ\l! ;<f.ll.~ ~ ~'1?7]%'1} 2671"] >\il.ic~ 

7\~cf. Yi'- -\'!~-& .l!.¾ ('i"\'!-of ",' 1.0 m)oJJAi >]¾7,1\,q (•IPi\'!-'<-.sc.!/-El 1.0 m) 

~ Sm {!~2...£. 'T~ ~~Irl-ili's ~ ~Al~t~9-- %4;-, ¾"'J:, 4'-.g-, ~~' 00 :rt!.l 
j]_ ¥%~~%~ *.5:.t},~,': g ""J:.5:.~C~ %4;-7-1] A]~t@ (Aanderaa Co., model 

RCM9);, o]%i'i\'l/.il, A]'(]-oJJ n:\j', 'i"-iJ.ej \ll:§1-~ °ll'll"c{l7] (KAJJO Co, PSR-20) 

;, A f % i'if 'l/ q. 
ir J;- JIJ AJ "° ,l ej 'l! .!/-'iJ '!J-~ -l!) Ai (OBS) <>I] ej "1J '(]-{l :aj .'<.s'. -\'! ~ 'iJ .!/-il- 'aJ :aJ % 

e] 'o-'r.i\l:<>IJ C!ltl .!.L'll (calibration)¾ {/AJ-of,:;:,;acf lAJ{! '(]-zj.'<.s'. ';J-¾, %¾ :::tel 

,:;:, >i¾oJJAi ,tz} 3 e 1" 'r%'1l" Oabsco Co., model Mini200).s'. •l'i";; •H~i>f'l! 

ct. •H~'il •l'r¾ 1 ! ~ '@~<>l]Ai GFC ',!Ej'IJop,J (i'-cl-3.71, 0.45 µm)<>IJ '1CjAi 

~ ~ ~ £. ~ Z! ~ ~ 6• t: .£. Z:l &: ¥! ,¥- Jll ~ ~ 1 W 2..s_ ~ ¥-% s! .3:l % 91 "5' £ ~ ~ 

'll -of'l!.il, ct g .'<.s'. <!£-<! GFC ',! E] '11 oJ "1 ~ 'l! 11 s'. <>I] Ai 550'C s'. !AJ {! 301"-%~ 

7f 'l,! ~ ~ -'/->II .91 ¾-¥ 'll'¾ ~-;!~-'<-.sc"'i % 7J%"1 ~'ll' ~ "t'll "l-'.l! ct. 

zt 'ii~ <>II Ai Yi'- ?¾"11 Ai 'l! "1 ~ %4/, ¾•J, 'r1l :::t cl_:;:, .!/-¾"1 :aJ %"1 * 5' 

ill ~ O] % i'if oj 'l!'ll-r<>l1 Ai .9j "I] i/J ~ .!/-¾"i :aj 1,- .9j ir • ½ 'll -i,--& q g ,z\ .!-& "I <>I] 

.91 "11 ~I ,;} "I 'l! ct 

f,-(1/1) frCVdt 

- (1/25)[ ~ c,v,+ (1/2) ( C1 V1 + c26 V26)] ("I 2-5) 
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aj7]>i, //e 4¼<>11'-i-"l net sediment flux (kg m·2 s'), C,c .!/-¾-'•Pl%-"l 1,-5:c 

(kg m·'), V,c ¾4' (m s'), Tic i'\~A]'(} (time span: 12.5 A]:(}%'11 i'\~¾ 1!'-1 

~, :l! :<] "J:, 3011- {'} ,j ¾ 7}:<l ,c 25:§J-"l cJI .l!. A]{'} *I oJl cJI "11 'i'!c~ ~ 1/ A] -o-f :l!E.E.~ 

25 ~ 1j 'l] ) , .:J. e1 JI 2f 2f -"J O t i!II 'lJ 7},c A] 71I ',! :<f .a ;'; '-t E} ';!! "t, 
~ z-'1'?7]%'11 s?-'•PJ,.-o]%r,, (net suspended sediment transport: Q" 103 

kg m·') ~ q g -1,J oJl -"l "11 711 {}-"I 'l! c]-. 

Q1 = IrfHcVsina dhdt 

= [ ,tHi< C, V;sina,>+ (1/2)(H1 < C1 Visina1> 

+ H26 ( C26 V26 sina26 ))]•12.5•3600 

Q2= frfncvcosa dhdt 

= [ ~Hi< Ci V;cosa1)+ (1/2)(H1 < C1 Vicosa1> 

("I 2-7) 

+ H26 ( C26 V26 cos a26 ) )] • 12.5•3600 ("I 2-8) 

971'-·L a'C" ~~oJl tll~ ¾tiJ, Ht 4-11, ::z.~::il < >C" ~{JlfJTI"{t¾ .2lol~ 

q, ";, ~{J'!l,r~ qg3!j- 'lfO] 'l]ej:,!q: 

(CVsina)-(1/H.)['\f/D{C V sina + 
I r r ' I~ J l,J l,J l,J 

:J..~Jl, 

c,_;+ I V,,j+J sina,,;+1) + 0.5 * c,,1 Vi.1sina,., 

+ 1.5• C;_,, V;,,,sina;,,,] 

< C, V,cosa;>= (1/H;)[ ~ D;(Cu V,.;cosa,, 1 + ,-=! 
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C1,j+ I Vi,j+l COS«i,j+ 1) + 0.5"' Ci,l Vi.I COSa1,l 

+ 1.5* ci,tt V.,,.cosa,, .. 1 ("a 2-10) 

"l 7JJ-1, D/= 'T'"l:>o.5'-"l-'l!".l<>ll '.U"i '1Hl~ 'T'¾<!91 'T'{l:>}o]o]uj, n,g- 'i'!:~ 

'e 9¾"1 'lJ.>!19°\q. Q,91 ac\'¼"\'ll "J-'J':: Qi''4 Q,-"'-¥-1'1 7,!71)-'i,)q. Q,2\- !, 

nei ~.:o:'i'!:711'° t:l-i-"1- '1-t:l-. 

Q,sin B- T f j, dh ("a 2-11) 

zJ ¾oJIAi •14'!'<! SJ19¾ i.+"1"1 2 e '° ¥-¾-ll-~"1 t11.!/-ll-¾ 'i'"a"f:;, v'° .!II 
ii-'8~.3i%~sl ~.£~~~ ~o}J;!.7] .$1%}~ 31}{±~"r.i:"r(H202).£ %71%% .@-~ 

"I ,11,v1,1:;, 10 mt91 0.1% '!lci" (Calgon)¾"'i¾ ~1,-,,,"l &cg Tif {!%112\- :<}71 

{! % 7] .5'- it'll t;f 711 i!'-{l:A) 1'.! ~ ell 0 ) "l .ol ~ ~ i!j .sj :<}%'ll £ii'--'17) (Malvern Co., 

model Mastersizer).£ ~£~~ % {I Al ii'}-~ t:}. 

~Jla~E...£ ¾½~£!~ ¥-.ft-~t~ T,>,J ~ ~,A}CJol~Oll ~~ ~ "'J-¾ JI}~i:>}7] 

~t;foj ~~"i]Ai 'lH:J:\'1:~ 5'.¾ -'J,\''il'l'! Sli'T' 10 me 'jj'i'.:, ¾i!l5'}.sl.Li] 0 1.s '111'1 

(polycarbonate filter) "1] 0 \ll]"i] "'11"1 '1/<l-'i {!~{!ia. -£-{] ~ 60'C ~5'.ia. .2.-l' 

<>ii Ai '(l"'A] 3'J_ q o] 'l/ 711 €'SJ'<! '/1 Ej "11 °] ll] "i] t1I Sil ill: :S.'il. '\I% ~ ~ 'l:\c<) ~ 0 11l 

(scanning electron micrography; SEM):; 0 ]%t;}oj '!r'il-&f'.l!t:l-. 0 1'11711 i?"i'e z) 

A],soJJAj 'l);<f<joji!j :S ¾-lJ.2._i;!_ tf':J% {!A]t;}'.l!ct. 
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"11,l ~ .eJ '-I~ -"I "l '11°1 'r £ ;\'-.¥.-of JL ~H, ~"ii 'll:41.eJ -"I "l "1-% '>1 "i OJ \'!:o:1-

:a ilf SJ-a} 7] ~ •ll-'i ~ 'l} 'll 'i' "ii Ai -""'1 "1- 711 '!! "ii a:]-,,. -'i'-¾-"I "l %-"l ¾½ 'll "1-11 

~ llj-eJ-;;1:: 31°1 'llrJl"J.Q.£ 'i,'Jl.~ "1-11°14 ~ "r '.UcJ-..... '?:!'i'"ilAi~ \'l','7] 

Zl.eJ ~~I£ '1),;loj oj;a 'l! (1998\!. 8-1,! 12-13',!) rJl¾7]"il ~1l"loJ 'llc'll'i'"ilAi 

1l {'j -\'! "; 0 I {! A I "1 '.lj .Q. "1, 0 I '>! :ilf :a £ rJI £ oj i'l-'l! -'i'-%-"I "l % .eJ O I % 0 I 7 I'll- ~ 

'![ ~ rJI ¾ 7] "ii .,,~,;loj \'l 'i' '>! :ilf;; 'll icr<5I Jl;<f ~ tj-, -of "i 'l}, -'i'-¾-"l "l %-"l 71 % 

;; Aa "' ¾½ 'll 'll'¾ 11 'll'"l .Q.£ lli-eJ--ot 71 ~ 'ii Ai :: , •J~ :>1 ½ 'l! .ei 4 71"1 '11 .. ~ o 1 

•.a.~¥'1loJ'-l4~¾~.eJ "i~"ilrJlo\1~£~~--.8.~oj,Utj-

H14 H2 11~oJlA-l l~-t!"~Al 5:-ff""Sj %:J;:-, ¾iiJ, :I~.TI. ¥%~~~.Qj *.5:.oJl 
rJI~ tl:~:ilf %Al"il {IA]'<! "i°¾'ll <r-&, 'lH1-, 'll£ =i.e,J:;:,. %~{1-~'l)c (DO)"il ti! 
~ ;<fJi.;, o]-§-<5loj 'l}'lJ','"ilAi-"J oji',-'l/ (1999';!_ 8-%/) •J 0,}o:]-:aj ';AJ¾ -'f-{'j"J.Q. 

£ "i[aj_,1_:;:,.,f ~tj-. 

(1) gg H1 

11-ll Hl-& ~"i!'l} 'll'i';; 7l£c<] 2 ~ Bc\'l"i]Ai \J-Ai>?"il ~*I~ 1)-jj.Q.ia. (=1 

'lJ 2-5), 1999\:'! 8%/ 13',! 07:50-20:20 7]'(}%'1! i'f'1!f~ {a)A]-of'.ljc), i'f·•f7]'(}%'1!e.j 

i•f~ 480 cm.£.Ai til¾7]"il er~Cl- o] '1l1l"i1Aie.j 7] .... "1'11 •1°,}o:]-:,j ';Aa~ .ll. 

2-7 -"f Cl 'lJ 2-26 "i] t.j-E} ,!l cJ-. 

'T.g..~ ~ 5:~"'r-7)%~ 26.3-27.9 'C ~q.J9-] ¾.£~ ~o]o:j ~5:A] 4-.g.o] 15!-o} 

"i :;:,. et ¾Al ¾4'8" .Q.£ '"I ¾ '1 "ii a:]-,,. 'l! 'llc"l '11 a:]-~~ '?:! '1!"i°.2\- •f 71 ¾ .eJ •l "i° 

.eJ ~~0J-'?]-¾ .!i!.'.l!cJ-. "i°¾'l!ia.~ <'!¾A] .l!.¾:ilf c<j,¼o] 0.4 °C 41.21.eJ >f 0 ]~ Ji!. 

o]~ o},?- o]<?.}~ 4-.g..,r.J¼¾ 0]4A]Tfr, ~~~~.£ riS! ~}0]7} fili= 4-.g.¾.£~ 

Ji!.O]Jl ,Uc) (=1.i/1 2-26a). 'lJ;\'-,& 30.9-31.5%, 'iJ~£ e]:;,t:,j ',l-t 'lJ;\'-£;, t.j-Ej-ijJ 

J1 ,Uc}. A]Z!'ll \'!:o:]-';Aj.@, TI¾A] 31.0 %, 41.21"1 >I:¾ 7f;<J;s]'l}, ~¾71 A]-ot"l 

\'l Aj -jj >I ~ 7l<5foj 'l}¾A] ic Of 0.4 %, 1) £71 ~,& >I:~ .!i!.'.lj c) (=i. 'lJ 2-26b). "r 

~~ ~¾£1 ¾.¥.~ ~"a, "'r.g.s] ¾.¥.if- P}~7l-A].£ .AJ,¼~AJo] filo] ~ 4-¾oJl 
7.!>j ;;t}o] ~ o]','-oj;s]:: ,;~~ Ji!.o]:;:,. ,Utj-, o] 'lJ-lJ.21 "i°1Jo] 20 m o]'1}.Q.£ 

~.Jl, ¥!-~A]7]7l- *J..t~o] 7c}~ ~~~l"tl ~~ :{J-~iil-~ ~ Wig"~ 4--£:-9.J AJ~-~ 
-'?]-o] ,r'?:!A]'<!cJ-. ,;f;s]'l}, {!,\].s!. "r.g.4 'll,'-.21 ~¾:o:]-71 °]','-oj;<];<] (\fie 7,! t 
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JI 2-7 g~l2.]- ~,121 E/'Ai~ ~~ H1~IA1 1999t:! 85/l 13~ 12.5All_l- ~2.!- 4-~~ ~~~ 
4-~~~~•~-~~~~-~~~l~~R~ 

Time Depth Current eoo,. Organic Textural Parameters 

(hh:mm) (m) Speed(cm/s) Dir.(deg.) Tern (W) Sallnlty(psu)Oxygen(%) (mg/I) Matter(%) Mz(f) •(D Skewn 

7:50 1.1 101.7 318.0 27.0 3118 6.0 71.8 10.9 24 73 36.36 2.59 

60 89.1 324.5 27.0 3114 60 52.2 11.1 20.57 31.86 3.09 
102 80.3 328.4 27.0 31 19 6.1 69 12.2 14 62 21 25 421 
146 69.2 324.6 27.0 31 13 6.1 81.4 9.8 13 77 19.91 4.39 
18.9 559 319 8 27.0 3117 62 95 9.5 13.08 15.98 3.61 

6:20 1 0 121 9 330.0 270 3113 60 91.4 96 11 97 12.62 2.36 

55 119.8 330.7 27.0 3118 6.1 84.6 9.0 17.63 26.08 3.59 
103 121.1 328.3 27.0 31 20 63 135.2 107 14.62 17.26 3.35 
13.9 115.0 326.7 270 31.20 64 144.4 87 13.84 16.51 3.32 
17.1 952 323.0 270 31.20 64 130.4 84 12.22 13.54 2.72 

8·50 13 94 7 335.7 271 31.13 62 104.8 90 
65 87.8 333 7 271 31.13 5.9 118.2 9.1 
9.8 80.7 333 0 271 3113 6.2 119.4 8.5 

15.2 '1 4 330 7 271 3113 62 104 6 7.1 
17.0 58.2 328 0 271 3113 62 144.8 106 

9.20 1 7 80.8 332.7 272 31.07 59 87 8 13.0 14.16 18.97 411 
72 "9 332.7 272 31.07 60 99.8 13.0 12.33 12.91 217 

10.5 62.3 332.7 27.1 31.11 61 109 2 13.2 16.62 20.93 3.25 
14.5 45.5 334.3 27.1 31.13 62 102.2 141 12.72 13.7 23 
169 32.4 336.0 27.1 31.13 62 99.6 11.8 14.02 17.2 3.27 

9:50 1.4 50.8 339.3 27.3 31.00 5.9 86 100 
60 41.5 334.0 27.3 31.02 61 968 13.6 
11.0 ,.. .. 338.0 27.2 31.06 62 112.8 13.3 
13.9 25.4 349.3 27.1 31.13 6.1 104.2 136 

10:20 1 7 30.7 328.7 27.4 30.94 57 89.8 10.2 10 32 12 3.34 
59 217 323.0 27.3 31.00 6.9 81.8 13.2 11.94 13.13 27 
10.2 147 336.0 27.2 31.07 6.0 83.2 12.7 12.35 13.53 2.42 
139 4.2 191.0 27.1 3113 6.0 101.4 10.7 13.31 16.58 3.73 

10:50 13 70 293.7 27.7 30 90 5.7 55 17.8 
51 9.1 221.3 27.4 30.96 5.9 98 11.4 
10.6 12.7 170.0 273 31 02 6.0 92.4 10.6 
14.0 15.5 153 3 27.2 31.08 60 115.8 8.1 
17.0 20.4 146 7 27.1 31.13 6.0 169.8 9.0 

11.20 1.0 168 1633 27.6 30.94 5.8 82.3 10.1 13.9 15.15 2 73 
69 186 138.3 27.2 31.07 61 98 82 15.17 15.76 2.51 
107 2•.1 1343 271 31.11 61 100 4 72 13.03 15.02 3.32 
14.6 28.7 132.7 27.1 31.15 6.1 93.8 9.0 13.31 15.52 329 
18.3 23.3 133.0 27.0 31.20 60 128.4 84 12 93 14 96 3.38 

11.50 13 25.8 155.0 27.0 31.20 5.9 102 4 117 
5.5 47.7 143.0 26.9 31.25 6.5 174 6 6.3 
89 59.3 141.0 26.9 31.25 8.2 183 6.4 
14.5 70.5 142.7 27.0 31.22 6.2 156 6.5 
19.7 55.1 143.7 26.8 31.31 6.2 161 67 

12·20 09 50.7 159.0 268 31.29 6.0 97.6 80 14.05 15.41 2.59 

55 42.8 157.3 26.8 31.33 6.0 126.2 89 13.91 15.93 284 
10.1 43.3 143.7 26.8 31.33 6.1 119.8 10.0 13.77 15.39 2.87 
15 1 30 155.7 26.8 31.28 6.2 100.4 7.8 14 25 15.8 283 
17.3 40.1 155.3 26.8 31.31 6.1 135.6 9.9 13.62 15.91 2.91 
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1i 2-7 ~I'; 
TI- Depth Current Cooc. Organic Textural Parameters 

(hh:mm) (ml Se!!!djcmls) Dlr.(deg,l Tem.~l Salin~(!SUl Ox:,:9!!:!j%) jm9l!) Matter(%) Mzill s(!} Skow,. 
12.50 1.3 50.8 130.0 27.0 31.22 5.8 56.2 13.9 

5.7 44.2 132.7 27.0 31.22 60 56.6 10.2 
10.5 44.2 138.7 27.0 31 22 6.2 99.4 11.3 
14.5 453 144.7 26.9 31 24 6.2 106.2 98 
20.3 339 150.7 26.9 31.24 6.1 91.2 10.3 

13:20 10 52.3 183.0 27.1 31 14 59 504 11.9 11 11.23 2.25 
6.4 46.3 174.3 27.0 31 20 61 806 13.2 10.53 10.$5 2.17 
10.3 37 0 1733 27.0 31.20 6.1 89 11.0 25.41 41.03 2.45 
14.1 30.3 162.3 27.0 31.20 6.1 95 10.3 11.19 11.21 2.07 
19.8 26.9 152.0 27.0 31.20 6.0 93.8 10.0 20 87 33.01 2.98 

13.50 1.3 82.5 104.0 27.3 31.11 5.7 .... 12.9 10.75 11.17 2.32 
6.0 76.1 145.3 27.0 31.22 60 61.8 10.4 23.67 40.13 2.68 
10.5 70.6 145.3 27.0 31.20 6.1 74 81 31.76 4813 1.97 
14.2 57 2 148.0 27.0 31.22 6.2 111.2 8.8 13.04 14.38 2.93 
19.4 47 4 149.7 26.9 31.26 6.1 132.8 59 11.95 12.41 2.28 

14:20 10 67.8 150.0 27.1 31.23 6.0 109 88 
7.0 70.2 145.7 26.9 31.27 6.1 133 77 
,0 9 67 B 150.7 26.9 31.26 6.1 148.4 7.7 
14.8 66.2 152.3 26.9 31.21 6.1 185.2 8.4 
19.8 67.0 156 3 26.7 31 33 6.1 130 76 

14.50 1.3 107.1 1380 26.7 31 33 5.8 133.2 75 12 11.75 1.86 
4.9 105 7 138.3 267 31 31 6.2 150.6 7.8 29.54 44.72 2.13 
84 101 7 139.3 267 31.30 6.0 158.8 7.8 23.54 36.82 2.71 

13.1 98.9 145.0 26.6 31.36 6.1 192 7.1 13.52 14.61 2.86 
18.1 123.2 146.3 26.7 31 33 60 161 7.6 25.47 39.46 2.51 

15·20 13 120.9 137.0 26.5 31 38 5.9 145.8 8.6 
46 114.4 140.7 26.5 31 37 6.2 156.6 10.5 
10.2 116.0 145.7 26.5 31.32 6.2 150.4 97 
141 110.6 149.3 26.4 31.37 61 157.8 8.4 
175 102.8 148.3 26.4 31.39 61 152.9 91 

15.50 13 105.9 139.3 26.5 31.45 5.8 118 7 93 1• 83 17.57 317 
4.6 114.2 139.0 26.5 31.47 6.0 192.4 8.2 11.65 12.6 229 
9.0 116.0 139.7 26.5 31.« 62 202 6.8 25.83 39.15 251 
128 114.6 142.0 26.5 31.44 6.2 174.6 68 17.51 22.7 324 
172 109.8 148.7 26.5 31.46 6.1 188 71 38.92 52.68 1 55 
187 898 152.3 26 5 31.43 6.1 195.2 63 15.06 17.69 307 

16:20 10 67 5 145.7 26 3 31.53 5.7 107.2 93 
48 61 5 146.0 26 3 31.48 5.8 105.4 11.4 
86 54' 142.7 26.3 31.46 6.1 152 80 
142 502 141.3 26.3 31.46 6.1 138.6 82 
18 4 559 138.7 26.2 31.50 6.0 144.2 7.9 
21 2 525 139 3 26.2 31.52 60 214.2 73 

16.50 1.3 435 1757 26.7 31 42 57 145 8.4 10.89 10.75 223 
49 33.9 1907 26.6 31 47 5.8 135 2 9.9 19.67 30 77 324 
11.6 21.2 1740 26.5 31 44 6.0 168 8.0 16.41 25.62 388 
15.9 184 166.0 26.4 31 44 6.0 139 8.8 12.43 12.92 2.11 
18.8 17.9 164.3 26.4 3146 60 183 10.6 14.82 15.81 291 

17:20 1.3 288 239.3 270 31.36 57 768 15.1 
4.3 21.0 273.7 26.8 31.43 5.8 89.2 14.1 
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Ji 2-7. 7'11~ 
Time Depth Current Cone Organic Textural Parameters 

(hh:mm) 1m) S!!!ed!cmlsl Dir.jd!:51 l Tem.~j S.illnl~esui Ox~a!!n!%! (!:!!!!Ill Matter{%) Mz(!): sj!l Skewn. 

8.6 23.0 307 7 267 31.45 60 173.6 10.9 

14.2 45.4 320.3 26.7 31.42 6.1 158.2 10.7 

195 '"3.3 328.3 26.6 31.47 6.0 183.4 107 
17·50 13 134.3 336.0 27.3 31.24 6.0 55.8 13.3 1096 11 14 2.47 

4.2 135.1 333.7 27.3 31.21 5.9 42.8- 13.1 1128 12.e 392 

9.6 127.6 325.3 269 31.29 6.0 120.8 96 20.22 31.5 3.19 

13.4 125.0 320.3 26.9 31.31 60 119.2 10.1 12.53 15.01 441 

18 20 1.2 136.1 335.7 27.8 31.20 6.2 69 9.3 
4.5 133.8 334.7 27.5 31.10 5.9 52.4 11.1 

10.0 133.1 330.0 27.2 31.18 59 52.4 11.1 

13.8 131.0 325.J 27.1 31.24 5.9 54.8 106 
17 1 118.6 319.3 269 31.26 58 72.8 9.3 

18·50 13 137 9 336.3 27.7 31 19 62 72 11.9 12.79 13 1 2.67 

5.9 133.8 332.7 27.3 31.11 59 76.8 83 15.47 21.17 4.01 

9.5 127.5 328.7 27.1 31.22 5.9 70.6 9.3 1625 23.55 3 96 
14.2 120.9 324.0 27.1 31.27 59 56.4 7.8 11.85 1228 V 

17.5 113.1 319.7 27.1 31 24 58 68.-4 ,., 16.11 23 14 3.94 
19:20 13 127.1 336.3 27.9 31.14 58 34.4 29.1 

51 125.6 334.3 27.6 31 01 58 99.4 78 
10.5 122.0 329.0 27.3 31.18 " 75 91 
15 1 110.2 325.0 27.2 31.20 5. 100.6 7.4 
17.9 100 6 320.3 27.2 31.20 5.7 924 80 

19:50 13 112.4 338.7 27.9 31.06 57 43.4 20.7 13.5 1505 3 
5.2 110.3 338.0 275 31.12 57 61.2 9.8 17.71 23 09 336 
9.8 99.2 335.0 27.3 31.12 5.8 91.8 85 12.43 13 65 3.15 

13.3 93.2 330.7 27.3 31.1-4 5.8 854 8.7 17.31 23.31 3.63 
17.8 54.9 327.3 27.3 31.14 5.7 86.6 8.8 13.-48 1456 2.82 

20:20 1.3 988 342.7 277 31.08 5.5 46.6 176 
3.9 95.8 3-40.0 27.6 31.08 54 95.4 8.8 
8.3 85.9 333.0 27.4 31.07 5.7 133.6 8.2 

14.1 69.6 329.3 27.3 31.14 5.7 170 6.5 
\7.7 40.7 328.3 27.3 31.14 5.7 163.2 6.9 
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¾:'. \'1-~'i'-;:: :s]'--}71:: 7J~ £-!l-e.J qj"j~.sl :,! 'T'¾"il :(!~ ~~o] {a} op,'0 oj 

:s] 7] u]i ,i'-~-" A f .E. ,;s! t:]-. 

'T'¾41 %i"'-"l oj '1J e {!± (DO)e 82.5-93.4% ~ ~ .ss ot,',a '\',.g. '&);¾ '--}E}4l 'l) 

t:]-. AJ:>11'<! l'!~!;AJ,"_ '(!£A] 85% 41.2Je.J .kt .!i!_o]:s]\'f, %£71 A]"f-"J\'lAi 'll*I 

'\'to I :,j \'I ¾A] "1] ,cc 90% o] % e.J '\',.g. .J:¾ .li!. '.lJ t:]- (:::i. ;;J 2-26c). 'T'% 'l! .ss ,cc .JI ¾"11 

•loll •i¾oJIAi Of{} cj '\',.g. '&);¾ 7f:s]e<~, o]aj~ 'T'¾'l! ;\':.I': *1°ie {}¾A]oJI 

•loll \'f£A]"1] .li!.t:]- .!jSt aj:<]711 '--}E},±t:]-. 

(2) ~~ H2 

1l'll H2e ¥1-'!l\'l- ~'i'-e.J "l-%~"11 iPI~ 1J1Jo]oJ, 1999\:! 8~ 12'l) 

08:00-20:30 7]{1%'1! '<!~~ {)A]o-1:lJt:]-, -\'f~7]{1%'1!e.J ¾*le 477 cm.ssAi 1l'll 

Hlej £*19t -f\-AI~ '&);¾ 7lc<Joj ejA] t:il¾7]0il oll'iJ-'<!t:]-. 0 ] 1J1J"1]Aj -\'!4'<! oil 
0Joj-oj !;'\le.J 'T'¾'>! :::J."1.:il. A]71]'l! \l!~l, .ll 2-8:ilj- :::J.\'l 2-27"1] .£A]5j-:lJt:]-, 

'1);,j 'T'.g.e.J ;\':.I': "; '\l.g. 26.0-27.5 °C ~~.slAj 1J1J Hl:ilj- 71.sJ -f\-A}~ .J;e.J 

1i'-.I':;. .li!. '.ll t:]- ( :::J. ;;J 2-27a). 'T'¾ ',! ;\', .I': e 'll 'll Hl "11 "1.2J- 0 1% 71"1 .ss :,! '?%"ii 

:(j*j ~~o] {a} o]','oj;<j 'T'.g.-':J%o] o]','ojczJ:<l \'j,cc "; 'lJ¾ .!i!_:lJt:]-, o-f:<l\'1- A]'(! 

',! .ss to ¾ "'I e.J ¾ 'le Oil n:f el- 'I'~~ 1i'-.I': \I! ~is- .li!. :lJ t:]-. {}¾Al (10:00) "1] 27.0 "C 

o I % e.J 'll-t:il "i ~-" '\',.g. 'T'.g.¾ .li!. '.ll :<] \'I-, ',1-£71 =s! •»-"l \'l Aj 1l *I ",to 1"1 \'f ¾A] 

"ile 26.5 "C o]o-f.2J ",t.g. 'T'.g.¾ 7lczloJ 'T'.g.-':J¾ 0 1 u]Of-sJ-711 'llc',lct;f:lJc\ (:::i.;;J 

2-27a) :::i. ci t:]-71 t:j-A] "l-£71 =s) •J-"l \'l Aj 1l *I 'T'.g.o] s"to};<J 7le 7,1 ~¾ .li!. oj ,q 

\'l Aj 1J 1J Hl:ilJ- 0 1%71:<].ss ,;! '!J caj '<] \'l 'l!'T'.2J- .2J oli'T'.2J ¾"'i "1] n:f-e ~ ~°c/'J t 
.li!.:lJcf. 'lJ1i'-e.J ;\',.\':,cc 30.9-31.5 %,.ssAj 'lj1J Hl:ilj- 7le.J -f\-A}~ '&);~ 7},:lt:]-. 'r¾ 

\!! 1,' _I': ~ ~ J1j Ji!. \'l, T.g. e.J 1,'-_I': .2j- U f =tl 7 f :s] 5S 'T'¾ ',! -':J ¾ ~ ')}- o] ,;j "I O] 'J' oj A] 

'!! \'jJl 'lJ~oJ. £"'ie.J &'<'!ail n:f-e Ai71l'l! \'!~\'I- <+e+,±cf (:::i.;;i 2-27b). °'i, n 
£A];=. 31.0 %, 4l.sj.sj '&);¾ 7}:S]:<]'l} %£7f =s)•J-"J\'JAj 11*1 'lJ1,'-.£7f ~7fO-f.:il. 

;,! :ilj-oj ~-" 'lJ:£A] "1] ,cc Of 0.4%, 'lj .£71 3"t.g. 31.4 %, 4l .2j e.J iU ~ Ji!. '.lJ t:]-. :::J. aJ cf 

7f t:j-A] 'q-£71 =s)•J.sj\'JAj 11=>1 'lJ1,!-.£71 t;l7Jt;f7] A]"f5J-'.lJt:j- (:::J.;;j 2-27b), o]ic 

£"I Qj {)•J"1] n:fej- .2Joli'T'.2J- \'l'lJ:'T'7f ~~.sj;=. :ilj-'lJO!]Aj 'l)-£A] .:il.\'l1,!-e.J .2joli 

'T' 71 'll "1 ~ oj .2..:il. 'q ¾A] 'll-t:il oj ~-" "1 'll 1,!-e.J 'i'l 'l!'T' 71 'll "'1'¾ uJ :>] 7] "11 ,i'-~ 

-" A I.E. '<! cf. 

'i'% 41 %i"'sJoJ 'x\;=. ~± (DO);=. 83.3-93.9% ~~-" ol'r s't.g. '&);~ '--}e,41 

.:il. 'x\t:]-. A];,J]'l! \'!~ !;,jj,O. {}¾A] 84% 41.21.sJ .J:¾ .!i!_o]:s]'l]:, %£7f A]"f-"l\'l 
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li 2-8. N~l2.!- 'al-i'-21 ~5CM 
",o~ ~~ H20IIAi 1999\c Bil 12ii 12.5Alll ~21- ?§~ ti,~ 

~ '?2.I~~ ~ -9'-ifsl~~Qj \I! o:fl!\~ OIi C/1~ l,I.Q/. 

Time Depth Current Cone. Organic Textural Parameters 

(hh:mm) (m) Speed(cm/s) Dir.(deg.) Tem.(W) Salinity(psu) Oxygen(%) Jma:'.1! Matter{¾! Mzj!J sj!J Skewn 

8.05 13 61.25 342.64 27.1 30.92 85.47 837 24.85 

6.3 52.00 336.67 27 1 30.92 85.13 71.1 8.58 

93 41.40 337.67 27.1 30.92 85.00 97.0 6.70 

12.4 33.87 327.67 27.0 30.99 84.57 111.0 613 

17.7 32.03 320.75 '" 30.99 84.45 114.0 6.32 

8·30 13 46.13 347.67 27.1 30.90 85.47 47.0 11.49 13.23 18.00 4.43 

63 37 00 347.00 27.1 30 92 85.20 59.6 11 41 14.47 16.32 2.85 

9B 26 73 34167 271 30.92 83.77 107 8 13.73 

13.0 17 93 317.33 27.1 30 92 83.97 151.4 1202 15.77 1546 219 

17.6 14.50 283.00 27.0 30.99 63.03 169.2 12.88 15.48 16.72 256 

900 2.3 14.83 12367 27.2 30.86 85.00 38.8 13 92 

63 863 19.00 27.1 30.92 83.50 566 12.37 

10.0 213 52 33 27.1 30.92 83.23 45.0 15.11 

137 5.73 173.33 27.1 30.92 82.77 48.2 14.11 

17.6 13.37 198.67 27.1 30.92 83.90 77.8 10.54 

930 17 9.30 47 33 27.3 30.86 85.10 37.2 15.05 17.80 26.26 3.47 

6.3 11 07 108.33 27.2 30.86 83.97 53.4 12.73 14.72 17.56 3.44 

11.0 1710 150.00 27.1 30.92 84.30 60.2 13.62 12.15 13 07 3 24 

15.3 31 80 179 33 270 30.96 85.03 59.6 16.11 12.23 13.75 366 

19.1 35.07 17900 27.0 30.99 85.20 80.4 15.42 11.80 12.83 3.04 

10.00 2.3 28.20 133.33 27.2 30.88 86 33 24.6 16.26 

7.5 31.93 143.67 27.1 30.92 85.33 46.4 12.07 

10.8 27.23 152.33 27.1 30.92 84.90 50.2 12.75 

15.5 29.00 151.33 27.0 30.99 85.13 59.2 11.82 

19.1 27.20 143.00 27.0 30.99 84.97 127.6 12.23 

10 30 2.3 41.90 135.67 27.1 30.92 85.60 27.2 19.12 10.35 10.58 2.12 

7.1 46.77 151.33 27.0 30.99 86.20 33.8 18.93 10.43 10.64 2.12 

11.4 48.87 163.00 27.0 30.99 86.27 72.0 10.83 11.30 12.17 2.76 

14.6 55.07 161.00 26.9 31.05 86.27 64.0 21 25 11.84 12.48 2.86 

18.3 50.20 150.67 26.9 31.05 86.20 112.0 15.71 13.08 13 81 256 

11 00 23 6520 171.33 27.2 30 93 87.20 17.4 2299 

69 6550 159.67 26.9 31.06 86.33 72.2 16.62 

13.6 55.40 149.00 26.8 31.12 86.47 118.0 11 86 

17.1 51.17 14300 268 31.12 86.60 113.8 9.49 

192 45.47 144.33 26.7 31.19 86.27 116.2 11.88 

11 30 2.7 85.73 169.00 26.9 31 10 87 67 49.8 11 24 11 85 12.89 3.17 

69 85.57 171.33 26.8 31 12 87.20 66.4 14.76 11.88 13.21 3.25 

124 88.83 173.33 268 31.12 86.93 102.6 12.87 12.47 13.69 2.90 

162 79.20 178.33 26.8 31.14 86 93 96.8 9.71 12.06 13.66 3.24 

19.5 50.50 192.00 26.7 31.16 86.47 92.4 11.69 13.21 14.51 2.79 
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1i 2-8 741~ 
Time Depth Current Cone. Organic Textural Parameters 

(hh:mm) (m) Spe&d(cmts) Dir.(deg.) Tem.(W) Salinity(psu) Oxygen(%) !~Ill Matte~%l Mz!!! sm Skewn 

"00 23 75.60 155.00 26.9 31.08 86.93 92.2 10.41 

8.4 60.80 156.33 26.8 31.12 8660 82.8 10.87 

12.4 68.43 164.67 268 3112 86.67 124.2 934 

176 59.97 168.00 26.7 3116 86.47 126.4 11.08 

197 47.90 171.00 267 3119 8607 1172 8.36 

12:30 23 71.57 163.00 27.0 31 04 87.53 23.6 1949 11 10 13.12 352 

8.4 70.23 162.67 26.8 31.12 86.67 60.8 10 53 11.69 12.64 250 
124 60.60 166.67 267 3114 86.60 117.2 9.90 11.87 12 78 2.31 

172 6583 164.33 267 31.16 86.40 109.6 8.21 13.12 15.89 3.65 

197 44.00 161.00 26.7 31.16 86.07 143.0 8.39 13.77 17 10 358 
13:00 2.1 75.60 154.00 27.1 31 06 88.07 22.4 16.96 

84 74.97 156.00 26.9 31.06 87.13 43.6 16.06 

13.2 81.67 155.33 26.8 31.12 8647 76.8 17.71 

175 78.23 159.33 267 31.19 86 47 87.4 10.07 

195 51 17 146.67 26 7 31.19 86 27 86.2 9.98 

13.30 2.3 104.60 154.00 272 31.07 89 43 33.2 20.48 9.26 9.41 2.46 

7.8 103.97 153.00 269 31.10 8740 34.6 20.81 16.09 26.62 3.71 

11.4 111.63 151.00 26.8 31.12 86.73 538 11.90 11.13 11 32 2.21 

15.3 99.57 156.33 26.7 31.19 86.40 57.0 11.93 21.77 35.06 2.87 

18.1 89.30 154 33 26.7 31.12 86.27 61.4 17.26 11.53 12 31 2.48 

14:00 

113.6 9.51 

108.3 8.40 

14:48 1.2 113.10 152.33 26.7 31.31 89.57 61.8 21.68 10.86 11 00 230 

54 119.97 155.67 26.7 31.31 89.10 31.6 17.09 21 36 35 29 2.86 

92 108.03 160.33 26.6 31.23 88.10 52.0 12.31 10.78 12.37 31' 
12.8 120.60 158.00 26.5 31 30 8773 107.6 13 01 34.63 47 80 1 75 

166 112.10 159.67 26.5 31.30 87 27 107.0 9.72 11.42 12 33 294 

20.2 88.80 158.00 26.5 31.27 87 20 107.2 9.33 15.71 2309 383 
15.10 2.3 120.27 175.00 26.5 31.30 88 60 986 16 43 

5.5 HM.00 177.67 26' 31.37 88.20 107.0 12.90 

9.8 97.13 180.33 264 31.39 87.93 141.6 10.31 

13.3 65.20 181.67 264 31.32 87.27 131.0 7.02 

18.2 61 60 153.00 263 31.39 87.67 142.8 8.5' 
15-30 23 4793 127.67 264 31 42 88.13 148.2 11.34 11.42 11 98 2.47 

5.0 29 17 136.33 26.2 31.48 87 80 186 6 11.68 10 99 11.15 2.14 

7.7 6.83 85.67 262 31.46 86 00 171.8 8.61 11 37 11 77 2.17 
14.0 2250 68 67 261 3148 86.73 
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.Ii 2-8. >II "< 
Timo Depth Current Cooc. Organic Textural Parameters 

(hh:mm) tm) Speed(cm/s) Dir.(deg.) Tem.(W) Salinity(psu) Oxygen(%) jm~l Matte~¾! Mzj!l s[! Skewn. 

17.7 24.27 32.67 26.0 31.52 87.20 

16.00 u 17.93 303.00 26.9 31.24 86.53 99.2 18.15 

84 12.87 144.33 266 31.33 86.93 137.0 15 47 

12.4 30.80 235.67 262 31.46 87.53 173.8 8.63 

17.3 41.27 13.33 261 31.50 87.33 193.8 8.26 

195 38.77 10.00 260 31.52 87.00 212.0 8.87 

16:30 1.7 58.87 299.33 268 31.24 87.93 70.0 18.29 10.20 10.62 2.67 

84 59.83 313.67 26.5 31 28 87.80 125.5 6.37 14.11 17.29 3.31 

13.4 69.07 334.67 26.3 31.46 92.33 137.8 15.67 11 67 12.13 2.33 

15.9 75.47 329.33 263 31.43 94.13 109.8 12.02 11 •3 11.95 2.16 

18.6 69.27 326.33 263 31.43 94.40 141.4 12.02 15.13 20.50 3.61 

17:00 u 114.40 331.00 268 31.31 89.03 37.8 13.23 

,.o 108.70 328.00 26 7 31.26 88.30 91.8 11.76 

13.0 101.83 322.33 26 7 31.28 87.80 108.8 10 85 

16.6 96.30 322.67 26 7 31.26 87.80 104.4 12.26 

186 80.50 319 33 267 31.26 87.60 93.2 837 

20 7 80.67 320 67 26.8 31.23 87.27 102.6 17.54 

17:30 u 92.07 318.33 27.0 31.13 87.60 72.0 8.89 11.53 12.24 2.34 

6.7 107.57 324.33 26.8 31.24 87.67 88.8 9.91 11.27 11.62 2.07 

13.4 104.80 326.00 26.7 31.26 87.40 113.6 11.62 11 69 12.16 2.33 

169 95 83 325.33 26.7 31.26 87.20 126.0 10.63 11.67 12.22 2.13 

198 76.10 325.67 26.8 31.21 87.20 149.8 11.75 12.12 12.78 225 

21 3 64.37 319.00 26.8 31.19 86.87 142.2 9.14 13 75 15.97 318 

18:00 1.7 117.50 330 33 26.8 31.19 87.47 133.4 11.24 

,.8 111.43 325 67 26.8 3119 92.23 143 6 9.47 

121 105.47 325 00 26.8 3119 93.80 152.6 8.39 

170 104.30 327 00 26.8 3119 94.07 177.4 10.26 

192 106.10 323.00 26.9 31.12 93.73 163.2 944 

18:30 1.7 96.80 332.00 26.9 31.13 87.13 175.8 8.19 18.16 26.25 3.41 

9.1 101.20 327.67 26.9 31.13 92.60 182.4 8.99 14.73 17.75 3.00 

12' 101.17 326.33 26.9 31.12 93.67 171.6 8.86 17.42 22.39 309 

166 84.10 322.67 26.9 31.12 93.20 184.6 7.04 15.32 18.65 3.02 

19.8 61 77 323.33 26.9 31.12 92.80 191 2 9.31 15.45 18 31 2.99 

19·00 1.3 8950 336.33 27.0 31.13 87.13 118.8 14.14 

7.9 83 10 333 00 27 0 3113 90.60 98.4 8.74 

122 74.83 325.67 27.0 3111 94.07 161 2 10.79 

16.3 64.03 319.67 27.0 31.13 93.53 189.0 10.69 

192 46 60 315.00 27 0 31.13 92.73 186.6 11 90 

19:30 23 72.03 340.67 27.2 31.07 88.10 85.6 958 16 35 20.94 3 29 

7.3 68.13 331.33 27.2 31.07 91.60 91.2 8.33 20.65 28.65 3.04 
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A 2-8 JII ,; 
Time Depth Current Cone. Organic Textural Parameters 

(hh:mm) {m) Speed(cm/s) Dir.(deg.) Tem.(W) Salinity(ps11) Oxygen{%) {mg!I! Matter{%) Mz(f! s(!l Skewn 

125 59.13 326.00 27.2 31.02 93.33 114.4 9.09 15.44 19.08 3.20 

16.9 39.60 309.00 271 31.06 92.80 165.0 6.55 21 36 28.92 2.89 

199 39.10 314.33 272 31.06 92.80 223.2 9.59 22.28 30 43 2.83 

20.00 16 53.77 341.33 27.4 30.94 89 67 65.2 11.66 

9.2 50.53 338.67 27.3 30.98 91.67 101.8 8.06 

118 43-67 329 67 27.3 31.00 93.27 107 0 7.66 

159 26.23 303.67 27.2 31 04 92.50 100 2 918 

189 25.27 303.00 27.3 31.02 92.07 187 4 8.32 

20·30 2.6 42.87 347 33 27.5 J0.87 86.67 72.6 14.88 18.79 2869 3 32 

93 33.23 342 67 27.5 J0.87 90.93 992 9.07 17.54 22.93 319 

12.5 26.40 325.33 27.4 30.93 92-47 113.4 8.64 15 70 18 95 310 

168 22 33 303.67 27.4 JO 93 92.03 101 • 7 30 15.31 1865 309 

198 2003 297.33 27.4 30 93 92.07 148.6 6.46 22.38 31.73 2.88 
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Aj ~*f J,;;of;,j l'!¾-']oJ11cc 88.0% o]-'1)-.Qj J,;;.g. il);S:. .!;!.9:lcj- (.:J.\'l 2-26c). "r¾'!!.ss. 

1cc 'lJ{l Hl:il} 'ire1 .l!.¾oJl "i'il "i¾oJlAj ci J,;;-& tJ:S:. 7f;c]1'c<~, 0]ei~ "r¾'!! 

1"-.'E >f 011cc 14¾ £1/!-"il '¥-E.'1-"l>il 4EJ-,;J;cJ-. 

(1) gg H1 

¾"1¾<!<>11 tt]-4 ¾4a'-& 9.7-138.6 cm s 1 '/l-'11.ss. 1/j§].;, .s!. 0]1'c 7}¾<~ (.l!. 2-7), 

%:?=-"l£l- 'q-~Al 'r~011 u:}~ %4f.2l ~..¥.£} iPJ-il-21 J.l]7lil· Ai.£. tj-~ Hj~~.AJ 

¾ 1-f Et ljj '.ll cj- ( .::1 'il 2-28a). -t ¾A] le- .l!. ¾ oJ] Aj 4 ¾ ~ .ss. 7 f '1! Ai "II :<i of 'if "l ~ .ss. 

'<)ti: ¾4c-"l '(r$o7} >;s')!a-f>II 4El-41cc 11!-'1! (Dyer, 1986), %¾-'l1cc "r¾-"l <1°1<>11 

lif4 frs!;-o] '(r$o"]~ 7,l .. ,}o] 'f-E.ejo<);,c) ?t~t:l-- ~'le, ii7J--1\-4a'-"l 'llc'il"-& >J-¾-') 

.Qj ;;l4- :f'l!-oJl 100 cm s1 oJ-l}.Qj il);o] 'l! 4'¼oJ!Ai ll--& -'lTic"i] :,!;;j '-fE]-42 

\:f-a:Al~ ¾~¥of! 110 cm s·1 o]"g9.] 7J~ %~o] JI¾~ ~{J.Q..£ .!i!.tj- Zl A]Z} 

oJ] ~;;j -.'-.'E1'f9:lt:l- (.:J.\'l 2-28a). ¾.>,joJ] lif~ 4'~;!1 'llirfrs!/-i "i)c:uj.!l.'/l, %¾ 

-'I 59.9 (.l!.¼), 58.9 (~¾), 53.0 (4¾) cm s1 .:1"12 "f¾-'1::: 95.4 (.l!.¾), 72.5 

(~¾), 67.3 ("i¾) cm s1.ss.Ai 'l! 4'¾oJ!Ai "f¾-ii-71 %¾-ii-oJl "l•l 23-59% o)AJ-

4-'llti: "li:\\%"a¾ li!.'.l:19- (li 2-9). 0J 'll'i'-oJl"l '4¾-ii-91 '\J7]7f 4-"11~ "li:\\%-'3 

,°_ 71 ~.Qj \'l 'r ( ~ '!J o<) e1-'I!, 1983; %, 1998)<>1] Ai .'i'. .s!.2'<) "f ~ '.l/ 9-. <r "; 7\ {!% 

\'! -0-%.QJ >l]-•,}.g. ¾-oj .Qj ¾<, oJ] tt)-ef 118.6-343.7' '/J-'1] oJ) Ai 1/j_§)-;, .!;!. o] 1cc 7h't 

t1], %::f.*S\ ~ "fi"%1:IJ-"'J;-€:- 150· \.fl~£. ~%~.Q_£. 'ft g°" ~:?=-ff"~ frt.J.g.. 32 

0' \.Jl.Qj.ss. l.\-Ai?!f~.ss. ¼~9- (.:1\'J 2-28b) . 

.!/--\\-%',! .QJ 'Ii- .S: le- 40.8-207.8 mg r' .Qj 'll -'11 .ss.-'i 7J-~.ss..!/-ci 'l/ e1 '!lo] 't) "1 "l 

~7a_o_.ss.Ai~ "\iil."l J,;;.g. .J:i .!l.'l!ct (::i',l 2-28c). "r¾'i!l.ss.l=- li¼"i] "\"ii >1% 

<>I\ "i li!.9- J,;;-& ilk~ 7f ;,c\ 9, ¾-oj <>11 tt]-~ .!/-¾%',! -"l * .s: l'l:§J-1'c ¾4a'-"l "i tll 'li "I 

\'! ... 3'c91-1cc '))-0]~ 'a-'a% li!.9:lct (.:J.\'l 2-28c). 'il>fr"l~!a. ci1¾7\oJ]::: 7J-tf ¾"1 

¢\ %¾ % 1/!--0-f .!o.ss. "r"1-"l "r"1 "l ~ ~"!% 01 -'I! .q!:-O-f 711 ° 1-'i' o] '1 .!/-¾ "1 "l %-"l 'r 
¾\!I 'li-.S:*fo\7} {r$o"]'l/cJ- (Officer, 1976). {!¾-'].!/-!el %¾<>I] oJ_;,_7JJJf;,c\ 100 

mg r I~~~ ~:: ~£~ .!i!. 0]:i!. ~S:AloJl 150 mg r11xs.. 7}7g ~_g. ~¾ 1}::i.] 

"'ii'!, '4¾7} i<l•»"l~-'i 1]:>f \it-& .:J:~ 7}'1 ¾>fr.!/-oJll=- .l!.¾oJ!Ai 50 mg 1
1 1Jl 

£1.ss. ',tofo<]1'c 'a '11% li!.'1!9-. ¾-ol"i] lif~ 'llir.:J: ")A\ %¾-'\ 93.9 (.lE¾), 123.4 

(¾%), 138.3 mg r' ("1¾)'<1 >fr~, -t¾-'\l=- 78.0 (.l!.¾), 111.0 (¾¼), 127.6 mg r' 
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(,J¾).s'Ji i\-Ji'.91 e]i:Jl{J ';Aj:il} ',fie] _2.-.Jilj %J:A] ,'t,': .J/,i\-*11"1 'lr.£7f '-t 

E-f 'I! cf (.l!. 2-9). '4 J:-i,-"il "I "11 {l-J:-i,-71 "l'~oJJ .£ -11--r"I :,i %J:7] n%'<l: -¥--fr% 

11e.\ 's-.£7f "fJ:A]oJI e]"11 ,'t,@, .J:¾ '-tEJ-'/!cf, o] 'lJ'lJ.9l "1ie<i,aJ"J%.@c "l11Af 

"i "l %-"- -r'a"' <>1 '.U7J u1111-<>11 (::i ill 2-8) ?¾ ill ""~"' JL '.U i= -'11 ~ 11 e.i -¥-% 

,aJ "J %-& :,1-~'lJ 'lJ e.\ "1i ") \'! .'e..s'. .J/, Ei >J .J/,-fr"i <>] 'ii'--,J-"i '.l! cf 7] .Ii cfi= cf~ c£ "i] 

A1 >1-¥-%-B "1 <!J%ol ~~"J-'11.s'. 01%"1<>1 -& ;l.<e..s'. 1'!-1'!:Bcf. ";, "ill-'!! 01 'll 

'll "i] Ai i= ~DJ '11:"i] Ai >1-¥-%"1 <>I -21 "11 ~ .<e..s'. nf;<j '-t7li= "i "l % "J.ll.cf -21 "11 .s'.-',!

q %'ll"1<>1 .2.i= "J0] \ltcfi= ;l~ .9lo]~cf- o]"i] i:Jl"11Aii= qgoi] il'lH! {!"I 

%~JI} ,¥-%~~Sl %½'\l¾X£1 %~~7-fl~) 5!1%11 ~ 0)%11~ Lr- V.¾ ?;lofq-. %4;=, 

"1 \'! .§1--21- -¥--ll-"i "l * 91 'a-sc. ~ :,i ill ;;f "I ?-ll "l <'-B -¥-% "i "l % 91 ° l % i!-"il t!1 ~ 
A]:,J],;! \'!_§};s 1)-l,j.ll_\'!, '9"J:A]oJI e]8JI %J:A].9l jJi:JI O]%Ji'.£7f ,C )l_<e..s'_ '-tE-t 

,!:cf (::I ill 2-30a). "fJ:Al a>! t!I 01 %Ji'.£ i= 0.5 kg m·' s 1 'll .£ 'l] 'll:'1!, %3:-'] ~ 

a>! i:JI O l %Ji' .£71 cf 'l!-¥-o\J t+E-f i.+ oj o. 9 kg m·' s'o\J 'ifi5f "l '1!-, et J:-'] 91 7,J 4- :,l 

'I! "l .<e..sa. J,t ,g, .J: 0 l <'-~ ~ .<e..sa. "1 ~ ac -'1 '1' 7 l % '<l: -¥-% "i "l * "1 a? 0 l % 'il' 0 I -21 "11 

~.Q_£. ~~}31 9,lg¾ ~~7'\ ~q. 

(2) ~~ H2 

¾Ji'e.\ -']711'>! \'!.§}'; 'll-& 'll'll H1:il} %-'I~,'-~';; .ll. 0 J;ac]'1}-, 9.0-120.3 cm s 1 

\!l ~ .s'. jJ 7J--i,-"1 -'II 7] i= 'll 'll Hl.91 138.6 cm s'oJ] e] "11 .lief "l'~ .J:¾ .ll.'.c! cf 

(.l!. 2-8). J:-'joJI !If~ jJ7J--i,-"1 -'1]7]i= %J:-'] 120.3 cm s 1
, "fJ:-') 117.5 cm s 1.s'. 

'll 'll Hl'il\- 'ire.\ %J:-i,-7f "l':U: 4--'11% .J: ~ 7f;acj:,i '.U"l'1r 'fi!,l~ e]tl)'i]"a ~ 1-t 

E-ft.il"i ?,"JL '.U'.l!cf (.l!. 2-8; ::till 2-29a). DJ'rr%4i'"1 ,'-~ "l"l %3'cA]'(}"1 "l4-

?¾"il !Ifie]- 77.0 (.l!.¾), 77.9 (¾¾), 58.4 cm s 1 ("l¾)o]oj, "tJ:-']:U:o\Ji= 66.0 (.l!. 

¾), 56.8 (-\l'¾), 45.8 cm s
1 (>'1¾).s'.A7 "\J:-il-e.\ ",j,r.);0] 'i}±-i,-o\] •1"11 

29,5-61.6% 0 ]--)} 4--'1I~ Hl 'll'll'il\- 'if<-1 27-37% \!l~<>l]Ai %3'c-il-7f e.rn 4--'ll~ 

.);% !,t'.l):c} (.JL 2-9), c;j\l}"J_<e..s'_ .l!.¾oJ]Aj i\-4,o] 7J-i5f7Jl '-tE-t'-ti= A]7]i= 'lJ'lJ 

Hl'iJ\- i\-Afi5f,\] o\)-J:A].9l _:f'l):Ji\ "fJ:A] -\l''l!O]oj, i\-4,e.\ 1/c~i= .l!.¾o\JAj ls¾!e. 

.s'. 7f\'!Ai "11"1 of~"l.<e..s'. 'l]'i] -i\-4,0] :;/5:o'il ?Ii= 7,J<-J,-£ .ll.'.<J.cf, jj7J-%Jia"1 

'lj-,r,0. %J:A].9l 114- 'f\l} (13:30-15:lO)o\] .l!.¾Ji\ ¾¾oJIAi 100 cm s 1 o]-'d-91 .J: 
0 1 1-tE-\-1-ti= ~'!!, lafJ:A]i= -\l''l!-¥- (17:00-18:30)o\] 100 cm s' 1-]\-e.\e.\ 7J-~ -frJiao] 

E¾oJIAi ¾¾o\J ~"l ,'-~1'f'.<,lt:j-. (::till 2-29a), 'i')-~7]:(}%'<]: -o-*.91 '!}~J,-& J:-'j 

e.\ J: <:! "ii n:f "1- 42.7-360.0· \!l ~ 91 \'! .§I-¾ .Ii o I oJ % J:.21- et J: \!! "J 'rr.@c z\ z\ 
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1l. 2-9. ~ ~"2:JOIIAi£1 {J~£f TI~AIOII CflftfOj A]l} ~~~ -R-:;. #~ . .:;:,g, ~-fc'. . .l:jtif£1~~21 ~5:. .:Ic.l.Jl #7J~S!I ~'a 

Cur. Vel (cm s· 1
} Cur Dir.(deg ) Temp (°C) Salinity (psu) 00(%) ssc (mg r 1

) Qrg Matter(%) 
Station Laver 

f1ood eDO 1100d ebb flood ebb flood ebb flood ebb flood ebb flood ebb 

Surface 59 9 95 4 173 4 303.0 271 27 3 312 31.2 87.5 88.1 93 9 78 0 10 9 13.4 

HI Middle 58 9 72 5 163 1 304 3 26 9 27 0 31 2 31 2 91 7 89.9 123 4 111 0 9 I 10 I 

Bottom 53 0 67.3 148 6 300 2 26.8 26 9 31 3 31 2 91 0 89.3 138 3 127 6 8 4 9 I 

Surtace 77 0 66 0 154 1 277 7 27 0 27 0 31 I 31 I 87 8 87.2 39 9 86 5 18 0 13 8 

"' 26 8 31 I 123.6 A H2 Middle 77 9 56 8 158 8 270 3 26 8 31 I 86 6 89 I 90 3 12 3 10 5 
' 

Bollom 58 4 45 8 157 7 251 2 26 7 26 8 31.2 312 86 3 88 9 1 07 2 153.B 11 3 10.3 
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144.8-148.8° 9j- 281.1-314.9° '£Ai '!111 Hl.il} %A}~ "iii- 'lJ-'J'¾ 7t'l!i:J-. 'i}-±-i,-.s] 

T' ";l-'l)-•J' ,"_ 150' 1.J1.sj 's'. \J-%~ ~;,_ ".s oj '=f ±-i,-.sj ¾OJ',"_ 330° 1.J1.sj 's'. l,\-Ai 
~~;,_ ~5;Ji:j- (.l!. 2-8; ::is,J 2-28b) . 

.!/--ll-%'la!.sJ '\,'5'.ic 23.7-211.2 mg r1.si '/l~'s'.Aj 'll11 Hl"t -/1-Al•IJII "l:iR"i 'it 

g_ .J:% 7}:,( i:j- (.lf. 2-8). 'lJ '/!aj ~£ £"! o] 1-"i! t, '!);:1j oil A7ic ±:>}7} ,1 {I oil II} 

"1- ±-il-4c0J ¾7f%l-.:i! "'1"1\'l -"1"1%.sJ {1613l} >l.!/--ll-71 lr'l!cSll"i ?¾ '-l1 'I-¾% 
'l,!.s] '/;-£71 -;:7f•l'.<li:J- (Allen et al., 1980; Kirby and Parker, 1983). %f0<]'l}, 01 

'!1-ll.sJ '1!~ \J-Ai~"il ~"-I~ Hl '!1-ll"il "iSil -ll-4<.sJ "117]71 "l'~oll£ -l,c','8"f.:i! 
-f\-A}~ ~~9-j ljt-f\-~~ 'tf.£~_¥.~ Ji!.o]t ;;1.g_ ~tfl~.Q_.£ ljt-ft-¥-~9-J O]%i'J'O] 

3: 9-t ;! ~ .sJ P] ~ 9-, "r ¾ \!! 's'. t .lf. ¾ oil "I SIJ "] ¾ oil Ai Ji!. 9- E ,"_ .J: !, 7 f "i oj , 

~~oJl at-e ¥-%~~9-J *.5:.C ~.:£Alofi 1:1]~ 1:f.::EA]ofl ~~]~.Q_§.. E.'.: ~¾ Ji!. 

0it "iLJi'il"I'<! ~:§}";-'8% 7}:,li:j- (::i,l 2-29c). TI±-'l.!/-oJ '=I± ¾'/!JJfO<]ic .l!. 

¾oJIAi;:: 50 mg r1 
0 1•1 ::1"1.:i! "i¾oJIAit 100 mg r1 ol•l.sJ .J:!, 710<]0<]'1} '=I 

¾ +'l!.!/-Ei 11>1 '1t0f0<]ic '1!~~ 710<1\'lAi 'l!¾-']ollic 'l! ?¾<>ii ~;>j 150 mg 

r1 4l~QJ ~.g. ~5:.~ li!.~tj-. %4r0 l <4~ 1{!-~AloJl E-€:- -¥-%~~9.J *.£~ Ji!. 

0 I ;:: 0 I %t J'17J-'iJ-~-il- 7f + 'l!.!/-<>11 J.j-E} \r ~'s'. "1 .2J Sil ~"ii Aj >1.!/-%'<1 .!/-%-"I "I 

%ol 01 'jj,JlJJl0<I £>!-•l7]7Jl"I "l'<!.QJ A]TI0<]'1J¾ 7}0<]71 "111""~'£ Al.il.'<Ji:j-, 'l! 

~A] 0];,J~ .:i!'\,'5'.ic '=1±71 :j•~"J\'lAi 3''/!oll 11"-I ,tg. ill:% 7}:,10<]\'!, ¾'l!.!/

ollt .l!.¾ollAi 100 mg r1 '11.sJ ::J."1.:i! "i¾ollAiic 150 mg r1 01%.sJ 'l,;g. '\,'£!a. 

'i!-~-'l"il "i•l 'l!'l!"l~'s'. .:i!'i,-£5'. %0<].-fic ";,jj~ li!.'.<li:J- (::J.',l 2-29c). t!:~71 

TI-%'<! ~"I'll 'll-rrill::'. %±-'I 39.9 (.l!.¾), 90.3 (¾¾), 107.2 mg r1 ("1'~)'<! 'l! 

\'l, '=1±-'lic 86.5 (.l!.¾), 123.6 (¾¾), 153.8 mg r1 ("i¾)'s'.-'i '!111 Hl-"l- 'l!LJlsc 

'=I ±-'I .:i! 11' £ .sJ 'I-%% 'la! 0 I ?¾oil ~ >1 •I'.<! i:J- (.l!. 2-9). 

'l£ Ai ~-g-~ "19t '()-ol a,j 7J--/l-4,.QJ ,<J] 7] ')) 'lJ il:%4; ,"_ 'i}-¾-l!-71 "J'TI ~"ii~ 
ill:¾ 7}{1<>11£ -.l-'i'%1-.:i!, -'1-%-"1"1%.QJ '\,'£71 '=!~Al ~"ii~ "iLJi'il-'J ~ Ji!.O]ic 

51.g. 01 lloflAit ~1{!-.Q...£.lj!-Ei £j'BJ1~.Q_.£ ¥-%~~~01 lll}A'j 47}::il ,ug % 

"11%'11 ~i:j-. 0 1 '!111.sJ SIJ "l-"l "l% "l-'l "I 'la! A} -"I "I% 's'. 'i'-'.l "I "1 '.l\71 "11 ii'-<>11 

( ::i ,l 2-8) '=I ±Al t,'--g-"It LJI .!/-11-.sJ .!/-%-"I "I %g. t!:~1111 .sJ "11 "1 \'l ~'s'. .!/-Ej ,1 

-'I-¾ "I "1 t,'--g-"I '.ll i:J- 71 li!. i:J-t ~'ll 'l!, "i "I '1111! ;,_ .!/-oi •l-'1--ll-"i "1 t,'--g-"I "1 -& 

;! ~ SC A I li '<l i:j-. ";' "l ;; ~ 0 I 1111 oil Aj t Hl 1111 "t "'"1 ~ 'll \'! oil Aj >l .!/--ll- "I 

"1 .2J"1l~~'s'. 114-"i 47ft -"1"1% 0J'0 1 .2J•J's'..!/-Ei %'ll"i"1 .2.t 0.l'li!.i:J- -'J-LJl"i 

~;,_ ii c\" '5l ¾ .2J O I ~ i:J-. -ll-4; .2J ~ :& 91- -'I-¾ -"I "I % .2J 11' £ ~ .:i! "1 %1-"l <r .;J "1 
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1;'--,! 'i'--1\-"1"1%-"l 0 )%¾0!] Lil~ A)Jll\!l 'l!:§1-¾ ~"1.!!\'l, %3oA]"i] "]/;JI 'f]oAj 

-"I O l %4/ .'r.7f ;a,. lil:% * ,q s-11= r,! E..s!. y-q ,;J:q ( =r 'll 2-30b). 'f ]oAj "I qJ O I % 

4/.'r.1= -ll-4/ 0 1 7,}~ ¾'11.!/-"il 0.7 kg• m·1 
• s1 1£.s!. '-l-Et'-1-1= \ll\'l, %J<cA]1= "I 

qJ oJ%4/.'r.7f ~'11.!/-"il '-1-Et'-l-'9 0.3 kg· m 1 
• s 1 '\l.'r."i] ~:aj-S-fs:Jq (=r',l 

2-30b) . 

.!/--1\-"1"!%-"l 0 ]%0J',J-.,O. ~ 111"il-'i i'f<\'B -1\-4/% 0 1%"1-"l Jl]{!'<! ;,loj-f\-4/ 

:af 'll'll ~ fl-\'! •a g 7 I ;<j :i1 'l/ 7 l «ii <1-"il, .!/--1\- "1 "I % * £ -"I Al 711 'll 'l! §]-7 I 3X, ef 

:;r 'l1 >I"! E..s!. {l:"l -1\-4/-"l 1l'-Y "il II}ef 4q.-,! ct (Nichols, 1977). 2l 111 oJl-'i 4' 

¾~.£ 7.ll~B ~~0:!%4;=-,': ~~.Q..£. '5J:<5}~ 1j";; g 0J: (+)9-l ~, =z.cl.:il. 9-16"~£. 

.s!.-"l "i,-:'. g (-)-"! ill:E..s!. ll-'l"ls:lct. tfc;B ~ 3o-'9'/'71%'1lc"il Lil~ 4'¾\!! 
;,f oj -f\-4/-"J 1;'-.£ i,: =1 ',J 2-31 "i) .'r_Aj S-f '.lJ Cf. =1 'IJ "i) 1-j-E} ';lJ "f .<j- :,)-oj 111 \!! ;,f oj 

%-¾S>l {E-.£~ ~~iil AJJ;fr¥! ~~~"8% 7}7-l.ll V.c:1-. 1~ H19.l 14- ~ ~¾oJl 

',! 'I -"I •1 e;a E..s!. '!I"' 1= ilk g 7 I "l :;, 'll 1= '11 \'l, 1111 H2 "il-'i ::: 5'."' 4' ¾ Oil -'i ill 
'l}E.5'_ "JS-fc: '; 'a% 7}>:j:il 'l/c}. '\I'll Hl-"l 4'¾\!! 1;'-Y;s 1!-ll\.!!\'l, 1E¾"i]>j 

-20.0 cm s· 1.£ 7}~ 'C n,~ 1t-Al.J1 V,..Q..o:j Af~·.2..£. ~4-~ l:,;} 1}-5:ii}~ 1ffJg 
_l;l_oJoj :<j¾oJl"i1= -10.3 cm s1-"l .):g 7},:lc}. s-f.c<j'l}, 'l!\ll"lE..s!. 10 cm s 1 oj',]

-"l of'r '° ilJ:g 7f,:jq (=I'll 2-31a). 111 H2"il-'i1= 5'."' "r¾"il-'i 5.0 cm s1 0 1 
"' !a!. 1 'll Hl Oil "] /;JI 'l)-tjJ -aj E..s!. -aj.,O. ill:% 7f.c<j '9, •,J-~J Qj A) ill 'l!e,' E..s!. ~S-}1= 

i;\:rJl"J"Jg 7f,:lc} (=r',l 2-31b). ¾¾"il-'i ill'll-e,'E..s!. "Jiif1= 4.0 cm s1 ill-"!-"! ;,! 

0:!%4;' ~g 7}~¥-, If.¾31} ~~oj]J,it" ~9.l ~.AH'B"}A] ~'C ~"sg 7}~ct- ~, W 
>;l'l} '>17'-"l \:r-'ie,' (Hl)"il-'i1= -"!'ile;,E..s!. "'l'l'-l-71::C ii;; 0 ] :<]4/"IE..s!. 7JS-f>II 

<"•I s-11= 1/l \'l, -'1-%~ (H2)"il-'11= '<!ill"- -1\-'>! "11= ii ~oJ Sf"f >11 <" •1 ~ E..s!..\\J 

'1! '4 2J •1 -"I % '1 ;?~0 1 °] ','-oj "] >11" %} :i1 'll cJ-. 'l}'>J ,'-"i]-'i -"I 0 12J ~ ..- %-"! ;? 

ti: "J>J.g. ~1\l '1! :af -1\--'l ~ 'll Ell !a!. 'llc,t "1 oJ 'll 1= ¾-S:- -"I Xiangshan 'll-"il-'i .'i'. .!!:il 

"1 'll ct (Gao et al., 1990). 

Nichols (1977)-"l 'l! ,':,I :af "il II} 2 \'l, ~ Oil -'i ;,fl{!-,! {!oj-f\-4/-"l 1l'-& '; 'J E..s!. 

J,!--%£1~%9.l op8-oJAJ% %~~ "r V.t:l-. %}A]~, ~*4r-¥1fr o}Y4 1f-%!il~% 

.!>j °a'.'r.'l!~¾ :ilajS-foj Eq. 2-S"i] -"!'ii 2l 'r¾"il-'i AjzJ:1\lirB .!/--1\-"1"1%-"l oj 

%~, ~ ¥-%£1~~9.l tr01%¾ (net sediment flux, /,)9.l "r¾~ ~~ 0JAJ,': {!-0:j 

- 167· 



(a) H1 

1 25 ---
' ' ' ' ' I ebb 

, ebb ' , 
' , 
' ' 

, 
' -. , ' > - 0 ' 20 • - ..., 

0 11 12 13 14 15 16 19 20 L 

- ~ 
E ~ 6, 
a:, 
~ 
m 

(August 13, 1999) SSTR 

0:: . 1 W,.ler L• v•J 15 
t 
0 
0. 
0 
C 

~ 
>-
c (b)H2 • E 
'c 1 

------ .. -- 25 • "' ~ • flood -~ ebb ebb ", 
C 

, 
I , 

• 0. 
0 -. 
~ > 
"' 0 20 • 

12 13 18 19 
..., 

i ;: 
(August 12, 1999) 

. 1 15 

::! gj 2~30. ~ t! ~ ~ ~ ~ i OIi Ai 21 "t' ~ ~ ~ @ ~ ~ ~ ~ OU rrt E ~ ~ ~ ~ ~ 21 OI ~ i ; 
(a) H1; (b) H2. § 21 kl'§ £1 ~ ~ .£ £ ~ ~r E DI~ I"~ 4 El- WI _j}, 'Y 21 ~ § L/! ~ ~ 
~ £ ~tfE OI~~~ LfEl-~. 

- I 68-



~ 

I -_!'!, 

0 -
0 

0 -' 
0 
'l' 

.... ·~· ...... : .. · :. : : ·.: .: 
:: :: :: : : ::; :: 
:: .:: :: : : ::: :. 

::,.:::::- ::; :·· 

l!L__ _________ _ 

- 169-

N 
I 

I 
-;;; 

'" ' N 

ijJJ 
rl 



-fl-4/.Qj 1,1-.:£0,C: ~-@1'] 'lJ:cH 0J'l}:S li!_O]Jl '.l!Cf (CI;,l 2-32). o]le Jl'jj-,) 'jj'jj.Qj 

4-¾ 41£ ¥-%~~~~ ~i;-'o}t" 71~~ ~~'B.2...£.lfEi21 Aff-¥-% (diffusion)4 

cte 3'~.s!.~.!/-E1.QJ 0]% (advection)~.s!. 'lle1"11 li!.'1!, 1JJ!l -ll'l!'<! 'T' '.lie}. e;, 
Nichols (1977).Qj 0] ~~ ±-;,-4;.Qj 7J~.s!. '11 'ii '11 "1 '1!~.s!..!/-"1 -'I >j %.QJ >ff.!/-% 7} 

,c "1 '1%'<! ',' '.ll7C]'l]-, "il;;l'!! -"1'1%½ >l.!/-¾Al'!! ',' '.llle ±-;,-4/0] 7}"1!'s!c} 

~ "i ai-sc w'll 'll- 'll 'r _., '1:01 '11 "1-"l ,i % ei 'r .,i O 1 "1 '!! Af"" 'r'a -"l oi '.ll oi '" % 

',! -"i>J%O] J1.Qj \ll:S 7,Jq.le 'J,7'] ?,flee}. </:i!}>j~.s!_ ~1\l'l]- 'lJ'J'oJlAi 'i'\"\''iJ 

:i?.T.£9.J -¥-%~~%9.J .:g--g-.sg,': c}~ *.2..5..-¥-Ei 3'::4,-oJl E-]!ff 0 ]%~°"1 ..g- 5j3j 

¥- 01 ~~ 0]~7] aJltroJl ~°'1¾4r-31} -¥-%~~~E-] ~o]%¾E-J ~¥.~-"Jo] .!t!~'o] 

AJ~~ ~31}~ 7}~¾ "'r V.l::" 3:!.2...£. A}E.¥:19-. 11 ~ HloJ]A·H=- ~°'1¾4f-E-1 ~.£ 

9t 'l!>]<5foj -@ 'T'¾"i] '€!"1 .21'11~~.s!. n]-;<j t.j-7fle 0]%~:S li!. 0]Jl '.ll~oj (CI 

;;al 2-32a), 'll 'll H2 <>I] A7 le 'sf oj ¾ 4; o I '-11 'l]-~ ~ .s!. ~"I Jl '.ll g <>11 5' -!1-'r "i Jl ,c ii! 
.Qj -"i>J% 0]%~g 7}7']\'!Ai eJ•ff~~.s!. •,}1'}2 '.lie} (CI\'J 2-32b). Z) 'lJ'lJ<>l]A7.Qj 

4-¾~ ~¥..~ AJ g ~nl.!i!."r!, 1~ H19.] 7a--9- .K¾oJ]Ait -s.sx10·3 kg m·2 s·' :::1. 

'12 t.j-oj;,c] '?¾'4 <1¾<>11Ai5' -1.7~-4x10° kg m·2 s1 '/l-'11.s!. .21"11~~.s!. ~"I 
Jl '.ll~oj, 'll'll H2oJ]Aile .QJ'il~~.s!. nf;<j t.j-1fle 7,j~o] li!.c} 7f4/~-"l"1 .l!.¾ 

<>!]Ai -15.6X10 3 kg m·2 s 1 ::re12 "l¾oJIAiS' -12.7X10-3 kg m·2 s1 'llSC.21 Hlfe 

4/5'.s!. .Qj'5j~~.s!. df:<j '-t7rJl '.llle "; 'l] :S li!.~c} (.l!. 2-10; CI;,l 2-32). 

~3'::7]2] ~ 3'::~Y7]%~ 0 ]%~ -¥-%~~%2] ¾01%~ (net suspended 

sediment transport load, Q;)~ "1 2-6½ 0]%1'1"1 Jil~~c}. "1%11 C!l±7] ~ ± 

~?7]%'<!<>11 o]%-"lle 0J,". ,J-Ai~<>ll .!11•1~ 'll'll Hl.Qj 7,Jq. t:Jl±7] 0.37x103 

kg m·1(P]E]<;t 0.37{")o] -"\-Ai •J-~(296.4" )~.s!. o]%,1oj, "1-%~.QJ 'll'll H2"i],\ile 

0.21 X103 kg m 1(P]Ei't 0.21~)0] QjA] -"\-Ai •J-•J(314.7' ) ";, -21•1~~.s!. ffllf,jt.j

jl '.lie: 51~.sc t.J-Ef\l:ct. q.ait.J-4 Ai'il'tleJ ".l!\!l<>il-'i Jil'll<>il "1-e -"l'l"l-%:: oi 

%11<>11 <il>l '!! -"1'1%.QJ ¾'ll~.sc ,g,0]711 -"12, 71¾11<>ille 7J~ nf'll-<>il'-i"i.QJ 'll 
•J~.s!. '~\!l -"l>J%o] 'tj-oj '-t7}le 510] ')!'l}>jo]q (Lee et al., 1999; Chu et al., 

1999). -..1,q 'l]- ~1\1 'll-.QJ 7,j q. oj {l-11 'll "115' -.!:'r"l Jl 'l]- 'll 'r<>ll Ai -'1-¾-"l 'l %OJ .21 

'ila;a~.s!. nf"l t.J-7fle 51 :S li!.\'l 'll-'-11<>11 'llc'itafl '.llle ".l!\!l<>i]Ai 'll-'t~ {]"1°1 's! 

•J,12 '.lllc 51~.s!. A}Js.-,lc}. ";1'] 7]~.Qj \17' (Lee et al., 1999)0, 'll'll H2"i]Ai 

'=1-±-'l Jl'i,'5'.Qj .!/-¾%'!/O] 0]%-"lle 51½ Jlilj~ "1 (.l!. 2-9) Jsl-%a;a<>ll .!11•1~ 

'1}"}:i!f -;!'Je1.QJ ".J!\!loJ 'll-'11'1'11 •J-±>11 '11!.sc 'llOII {]"1°1 1f4<~'<l 51~.sc <>ii 

-'11-B cJ-. 
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,, ---- -======== 

ff. 2-10 ?.t ~f10{/Ai t! l:~?71@,£.H)l! Clfti~O{ ~lff.@ ~0=!~4;-. ¥fr~l~~ej "G:0!%* ~ oj§,~ 

Sta\)on L3yer 
R( I,, Net sooiment transporz 

(cm s· 1} (x.10·:i kg m· 2 s· 1 l Q • (kg ~--~:J.Q_egl 

Surface -2 D -5.5 
H1 Middle -, 2 2 -L7 0,37x101 2964 

Bo1tom -10 J -4.0 

Surface 0.3 ~ 15 6 

' H2 Miadle 40 -7 6 0.2lx10'.l 3i4. 7 ~ 
~ 

Bottom 00 -12 7 
R1 denotes residual f(ow, Is net susJ;endea sed1ment !Ill,; aM Os nel suspended sed,rnent transsYJct (oad 
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'ii 0J~7" ofl "i .!/-%-',I-Ell.£ o] %~ic- "1 'll '.al -"I :aj %.g. 'lJ >lAf0 1 "I] 4%l>f::: C::,>J 

:ilf 1131-'J.2._ss 'lJ0<Hl:"1 -'11-:o:.:;,~¾ *'II 'lJ0<fc;JoJe.l;; l"J"l"l 11'l!"iic- 'i •;Jg 

7}{!q- (,;s %, 1999). 'lJ;<fc;JoJe.i"-1 1-'ll :'. 'ih,,;;J 'lJO<f3.7]oi] ttj-e.i-Ai'l} <e1l"iic

;!.g. ofyl'j 'll>f:aj.2..ss .!/-%%'.al t.il 'll.s'.'li-%"1 ~'ll':ilf <e~"iofl 7]'<},;p:,_ "1 "1 

"ii "I el 7} ><] ~7" .ll. '11 "ii ttj-e-1- 'll:§! ~q (McCave, 1983). ',·, 'll ;'t, .!/--It% '.al "-1 -'t-

5:., ?i!l"i]t-j:<]"1 '1]71, pH, .g.,;:_ %"-1 %"-I· :§)~:aj'<) .ll.'<):ilf .!/--lt%'.al"1 'll5:.'i'

"-d, JJJ-~'&~ "'diE"34 §]~~SI ~.Ad ::Z.~]l ~A}-{1-sj ~W¾ %.1:c.5}-"C" i/-7]~~ W' 
S, "ii ttj-e-1- -';\-{/-~ Jl. '<l "-1 '\I ~J¾ '1c .Q. \'l Ai 'c) •J -,! ct O] 'l/ >II 'iHl £I i"" .!/--It¾ '.,I_ "1 

'lJ "' 0;J oJ e-1 "1 .=1. 7 I l,l 'ls! .sc. ic- ~ 'll 41- .sc. ;; .t i!1 ,,, "1 'ii "1 \'l "-1 -"l "l ¾ g "1 'll "I 7 I 

II!l~oJl (Krone, 1962;.:} %, 1999), o]~sj lAJJl}l~ n}-~'8-}~ ~o] 'FJl8}c}.-¥

% -"I "l % "1 'll .§1-~ 11 {! 41- .SC. ;; .Il} Q.]-s-f 7 I ~ "'1 Ai i"" ~ 11-"I] Ai "1 'll ><I CJ oj ill "-1 3. 7 I 

2} ',JS'.;, .u]-Q.]-~ic" ;!o] ¾.ll.~0<]\'} ~{!aj.2.5'. oJej¾ 'jjo] tic+. jj?oflic- cl]o] 

:<I :§! cil fl i!l ;; 0 I% iif al .!/-%-"l "l % "1 ~ 11-'ll .SC.;; "1-e.t "lie- 'ii 'i! 'll-"l ( "ii, 

LISST-100; ~~'i1°J'lj'j'-C::,, 1998)~0] 7fl'l)-£!Jl '.,l0<]\'}, .... 'lj'j'-oflAiic- {!~{/"i]Ai 

"1 "ii -1:! •J 'll "' ~ oil t.Jl ~ 'll .sc."' J'. ,l\--'8 :ilf -ll-7 I % "1 ~ 'll' ci ill :s2 'll ><I c;J oJ ill "-1 'i'
~ % ¾ "1-e.t~ .2..ss "I ~ "ii \'}ofl Ai "-1 .!/-%-"l "l % "1 7J % '; >;j g TI'll "l .2..ss ',[O I !i!. 

'.Ve c+. 

(1) gg H1 

.!/--It-"! :aJ% t.Jl ~*"I oj 9J i"" it 7]%¾ ~{! ii] :ail 7j ~ -'11-E!l ofl Ai "ll-1:! ',J 'lJ ,<f ~ 

"1 'll .sc. ic- ~ -"I "-1 ~ <:l "11 ttj-e.i- 'll:§!.,;. !i!. 5:1 c+. .!/-%% '.al "-1 -'t- 'r.71 '1! W"il ttj-e.i- "ll 
-jj <J 'lJ 0<}5'1 "ii i.r'lJ .5'. "1 A] 10.6-33.6 µm 'lJ ~ t.Jl ofl Ai '/!:§};, \.-j-E} \J:cj ("1 ,l 2-33a, 

2-33b). 'l xA] "-1 7" ~ 15 µm t.Jl "-1 "1 -'l] 'll 1'!.s (fine silt)7f ~-'11 "1>11 ;'t J'. "I :il, %~ 

, Ii"" {! -'II :aj .2..ss !i!. q SC;;, ~ 'll .SC."' J'. ¾ !i!. 0 I \'l Ai 20 µm O I >J "-1 ¾ 'll 1'!.s 

(medium silt)71 t.il.!/-;'tg >l><liif:il 9Jct ("'-,l 2-33b). "lj,ij>;j 'lJ0<f:'; "1 %-,}'/! 'll 
.SC.;'t:lc::S !i!.\'l (:J.,l 2-34), {! ?¾"i]Ai 4-16 µm 'il~"-1 's'-'l]'ll--'l];;J (very fine to 

fine)i/.s7f 7}'\r ~-'l]S-f>I] ;'t:lcl>f:il "1 q-g.Q._ss 'll.s'. (< 4 µm)O} ¾'ll-~'lJ{!E 

(medium to coarse silt)JI >l"-1 ir%~>1] t.J-E1-'-l-"1 64 µm o],'-J"1 Af~-"l aJ%o] 

to% 0 ]'6l-sJ ~±i'g=2...£ ~~15}.:i!. '.Utl-. <S}Allfr, %¾34 ;:!;l~oJlJ.1~ ¥-%%~91 ~ 
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a) S.S.C. (mg/I) 
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b) Mean grain size of S.S. (um) 
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c) Sorting of S.S. (um) 
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o~-------~~--------------~ 
d) Organic Matter in S.S.(%) 

25 

e 
:; 20 

~ 15 

0: 10 
I" 
~ 5 ""· n o,~~------~--------------~ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Time (hours) 

.::IE! 2-33. ~~ H1 O\IA-J 4-~~ {!Ii@ ¥f!.~~i2.J f!.71~ ru-~~ ±11~{1 
gix~21 ~Ue.l£ .:::12.12~~£2.j Ai71t'il! ~£~{!; (a) ¥f!.!il~I21 *£ 
; (b) '11i'!l1!5'; (c) li'ilSC; (d) jPll!SI ~'1 
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- > 64 µm (sand) 
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0 
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:J ~ 2-34. ~ fl H10ll Ai el"~ 7\ l_f@ <2.t 4- ~ ': {!I~ t:! i5ff 4- Ul ~ 14 {;! ~ Af 21 % ~ ~ 
?J ~ ~ .¥.. 4-16 µm ~ ~ 21 Ail~ WI Al ~ Ail ~-:.IE Jf 40 % 01 ~ £ £ Jf ~ -'f All 
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5'.7[ 200 mg r' 0 ]-'I,} E.!i!. ¾"1-7[1= %3'cA] .:f'l!"il 20%1'- ,£-5'.1= 'll-,H1-!f~ .!i!. 0 ] 

7]5'. ~cj-. 3',-l}4i'o] op;s 7J-~ 111 .!/--1\--'o'Ell!i!. o]%-"11= o]aj~ Af~-'•1'•!10'-& cJl.!/-

1E- a::\-"i\'ilAf (very fine sand).ia. 'r-'8-"lol :UcJ- (O,u et al., 1999) . .!/--l\--"laJ%.QJ 1E

il' 5'. := 9.9-46.0 µme] 'll .$1 !a. ~>11 aj E..ia. <'!-ill'~ ;;J: ~ 7}0<] 1= 7}¾ cJJ, .!/-%"1 aJ %.QJ 

',;-5'.7} c\'t2 3'c'il~ -"laJ%o] t..]-E}t..]-1= 'ii-¾ 'f'l}"i] 30-40 µm 41915!. 7}'))- %ill'~ 

;;J:% .!i!. 'll tj- ( :J. ,l 2-33c). 

GFC 'l! cj "ii ',l ~ .f 7J-',! 7,} ill' ,Y-'ll E.!i!. 'r-af '<) tj. 3'c "1 "il tt:}~ -1\- 7 l % .Qj 11 'll'-& 

6.6-24.5% 'll'/15!.Ai ~l:ii!.aJ c\'t-& .JceJ 'll~~ !!.'<li:1- r::i,i 2-33d). 9-¾'ll i!Jrrill: 

g 1!-llj!l.\'l, 1!.¾, %°¾ :J.i!l.ic e<j,¼"i]Aj zj-zj- 'i}-3',A] 10.8, 9.0, 8.4%5!. t..j-E}t..]-TI, 

ej-3',A]:: 13.7, 10.2 9.2%5!.Aj 1!.¾"i]Aj 7}'))- c\'t-& ;;):% 7};.<]oj, 'jf¾A]"i] "]"ii 'f 

:EA] Sf {) ';; t .Jc .Qj -1\- 7] % 'iJ- 'l, g !I.',\ tj- ( JI. 2-11). JI. ¾"il "\ 7 }'))- ,t ,& ;;): eJ -1\-

7) % ~rs'% l;!_oJi::- o]%t {'.!-~AJZ}oJ 1:,;!-AJZ}.Q..£ .31,}~~¾ ii}-7] ~~ -¥--fl-AJ A~ 

%:,o] JE¾E.!i!. 1J%°-"i7] ttl;';'-E.!i!. A}.ll.'i'!tj-. 

"1] 'il ?,J. "1 aJ %91 'lJ"]-Aj "il 91 ~ .!/-%"1 aJ% .QJ 'lJ;<\ cj oJ "11= "r!i!. '\J 3'cA] {!"ii 7} 

'le .'Vil :;! '!l--"I:: '.)!E.!a. 1-]-E}\]:tj- (::i'/J 2-35). ;pJ--l\-4i'oJ 1c-!f-a\1= ?J-9-:: 'lJ;,} 

{} 91 7.il w g >1 ~ 'l1 'r :U 1= 'll >fl ~ B "1 ° l 'a" .eJ tl-ll- "il t.i "i 7 l 'l! '] 11 E.!i!. Mi 'll "I 
Cjoje.J!lj :;j'l]-o] "J"il 'l):Ji] 'i'!tj ('f' %, 1999). 'lJ'l}ajE_.sc zj-zj-.Qj .!/--l\--"'laJ% 'lJ 

0<}:, .g. ~"')-£ ~o] '1!:t 'a"Ello];<]'l} ~n}£1= %ill'~ 'a"Eil!i!.A7 Aj.sc{}91 :;Ii)-% 

o]-'f'TI :U t:J-. 'lJ 0<} ca oJ e.]§- 'r-'8 "} 2 :U 1= %~½-& "1 '!I oJ 7}'lr -9-"11-af '11 ;11-!f "I 

o\ "J-'il "1:i!f .!/-%'a ']%.QJ *'" "!a. o]-'f-<>l"l 'V,tj- (:J.'l! 2-35). 

(2) ~~ H2 

ol 1~o!lA19-l -¥--&~~~ *£t' 1::t~Al %~ 0 1 Q .. H}o{I.£ ~-=?-<5l.J1.. ~~ ~~ 
't'5'.;'; !l_o]:: B]cJl%AJ,½ 7}*cj- (::l'lJ 2-36a). J/--1\-%~91 ',i-5'.7} '<!'iJ-"iJ rrfet ill 
iHl 'lJe<l91 i!Jir'll5'. QjAJ 9.4-30.2 µm 'll.$15!.Aj 'll'll Hl:i!} %A}~ .);.ej 'll.$1 ;a 

!!.'<)ct (:J.,l 2-36b). 'f3',A]2]- c\}¾A] cl','l}.ej 'llir'll5'.1= 15 µm oJ;,}91 .Ill.I~ ;11-

.l'.:S !l_o];<]'l), '1}3',A] .:fl']-.Qj ?J~ 25 µm o]'a-91 ¾,l~ .J:o] ¾¾"iJAj t..J-E}t..J-7J 

5'. ,;f '<I cj- ( ::i ,l 2-36b). 'lJ ;<f :, .Qj % "El 'll 'll 5'. ;';'- .l'.1= 'll 'll Hl :i!f >1 .eJ -1,-A I ~ 11-!f 

;a !i!.~cj- (:J.',l 2-37), ~ 'i"¾"i]Aj 4-16 µm t.!/1.eJ ~"il.J->il'll (very fine to fine) 

,:,/.s7I 7}".l- ~"i),;f~I 11-!fi/\TI ::i qgE..sc 'll.'a. (< 4 µm)ot ¾'il-3'c'il'll.s 

(medium to coarse silt)7} 71 .Qj i!-%"1711 t..]-E}\]:t:j,. 64 µm 0 ] 'a-£1 A}~"i aj % 0 1 
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.H.2-11. 1999~ 811! 12-13~ ~{:!Ef~AI ?-~~ ¥~£10i ~-E ~~{j gi;q~gl gj£3':~tt!?-. 
Size Frequency (%) 

Station Layer -----~='--'--===-'--""--------- Mean (µm) St Dev. (µml 
< 4 4-16 16-64 > 64 ( rn) 

Surface 27.3 44 0 26 6 2 1 13.3 15 2 

H1 Middle 25.3 41.2 27.6 5.8 18 4 25 9 
Bottom 25.5 41 '3 27.8 5.4 16.1 20 8 

Surface 28.0 45.4 24.3 2.4 13.8 17.7 
H2 Middle 260 40.3 244 1.6 129 14.7 

.- Bonam 26.2 42 2 28.6 3 I 14.9 18 I 
~ - -
~ 

' 



H1 07:50 (Upper) (Lower) 

H1 13:50 (Uppot/ (Lower) 

H1 19:50 (Uppet/ (Lower) 
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H2 
a) S.S.C. (mg/I) 

25 --- -------i :: ·· ,-.---~ .b~~-~-
~,, ~~ .... • • •. • •o:si::. J. ,,P. · .. :;, ... ~, .. ~ .. ~ 
:::.. __..-; . . ~- . . r. .. oL..-~--~----~-------~---~ 

" e 
:; .w 

~ 15 
J 

ffi 10 
>-
~ I 

b) Mean grain size of S.S. (um) 

------------~- .... 
- ·c::,~·:·:·: .. c::;:Y.: ······~ ~~-.. ,-,· ( . \ 

:·:L. ----------.. 
... . . . 

• . 20~ 

----'-. . ,p. . :..) . . 
oL..-------------------~ 

d) Organic Matter in S.S.(%) 

25 ---------
E - -------~· ,Y -~:-
:; 20 .,;,,;:--.----.-~-;;. ~ ·.to'· : . 

~ 15 

------

"' " I!! 
~ 5 

', 

,. 
> ) 

. c.•-::=--,· ·~·••·· 
--~ ...---1e1 • - ••••• ( ·=. 

p. 0 

9 10 11 12 13 14 15 16 17 18 19 20 21 

Time (hours) 

.J el 2-36. {jfl H2 OI/A1 'f'-~~ ~~@ ¥~~~j2) l'}J)~ t~:i!~ :!:ll~{:J 
?J;q~ ~nru~ :1212 i¥~£21 Al711~ ~JI~{:J: (a) ¥~~~i2l a£ 
: (b) ~~!?J:C: (c) ;':ta£: (d) ~Pli.21 t~ 
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50 

>- 40 

Surface Layer 

[ 
200 

" z 30 w 
=> 

- ~ ~ 0 20 w - I /4 100 U 
0: 
~ 10 -

0 

50 -

>- 40 -
" z 30 w 
=> 

-
' 

0 20 w 
0: 
~ 10 

[ 
' 0 

so . 

>- 40 . 

" z 30 w 
=> 
0 20 w 
0: 
~ 10 

' 

[ 
i 

0 

~ '- l • -
Middle Layer 

'--- / "' 
" ,✓ " I 

LowerLa er y 

C l/0 
I\ I, I\ ...---

v 

~ 

830 9:30 1030 11:30 12:3013:30 1'43015:30 16.30 17:301830 1930 20·30 

Time (hh:mm) 

~ < 4 µm (day) 

- 16 • 64 µm (medium to coarse silt) 

c:::::J 4-16 µm{veryfinetofinesilt) 

- > 64 µm (sand) 

0 

200 

100 

0 

200 

100 

0 

.:J ~ 2-37. ~ ~ H20ll ),J ~ ~ JJ D ~ 2.f 4- ~ i {!I ~ ~ ti! -? Ul 111 iii ~ fil :q QJ 3 ~ 'i!;! 
~ ~ ~ ¥:. 4-16 µrn ~ ¥121 All~ LIi Al ~ Ail 'El~§. Jf 40 % 01 ~ £ £ Jf N ~ All 
tf711 ~.¥ ~fj]_ ~~-
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HZ 08:30 (Upper) (Lower) 

HZ 14:30 (Upper) /Upper) 

HZ Z0:30 {Upper) /Upper) 
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5% 0 ]-ot2J ~£',f~.ss Hl 'll1ioJl •I'll .aj,O. 'lf~.ss li'-3o«t:i1 '.l/,ctll, oJ,c "i7J-,1-

4r2! -'l] 7] 7t -'11-t:JI .aj ~.ii!. S}-gJ-7] «ii ,'j'-~.ii!. 1+ .il. 'i! tj-. «t><l \'!, "f £A] 'F lfr e.) 7J-'/-

~ 4=-¾ 0l1'·i 10%~ ¾.S:."C ~.g. W~~~~ 5!.~t:}- (.:I~ 2-37) . .!j!-%£13i~~ ~ 

B' 5'. ,c 9.1-41.1 µme.) 'il .</1.s'. 'll 11 Hl:ilj- t-1.t-8J-J!l 'l! >ii "l ~.s'. -lo- st~ ;;):% !i!. s:l cJ-. 

'l! lfr.aJ ~.ss 20 µm '-ll SJ e.J ;;J:~.ss li'-cl'. "8J-><l \'!, -\'-% "1 .aJ % e.J * .'i'.7t .., :i1 ± ,J ~ "1 
.aj % o] t.j-E} t.j-,c 1}£ -'f lfr :ilj- \'!£A] <>ii 20-30 µm 1.JI SJ£ 7t{J- -!!-st~ i,):,l- !2_ 5:l tj
( :::J. ,J 2-36c). 

-\'-%"1.aJ% 1.JI %7l~e.J ~',f.g. 6.5-23.8% 'il.</1.s'. 0 ] OJA] 'll11 Hl:ilj- ;,JSJ %'ll 

~ ;;):g 7t><l"1 ±1.JOJ- 'r¾<>il ixt~ ~~;, !i!.s:lcJ- (:::J.,l 2-36d). £-1,j<>il ,xt~ 'r¾ 

'1! 'li,r;;):.g. .lf.¾, "F¾ :::J.a.)Jl. "J-'}<>ilAj ZfZf ~J-£A],c 16.8, 11.9, 11.4%.ss t.j-E}t.j

:il, "f±Al,c 13.7, 10.4, 10.2%.s'.Aj .l!.¾<>ilAi 7MJ- *'°" i,):g 7t><l"1, 'll11 Hl:ilj- ',! 

a.) 't±AloJI •I'll 'i}±AJ ..,.g. ;;J:e.J ,1-7]% ~,:i,g !i!.s:ltj- (.l!. 2-11) . .l!.¾<>ilAi 7t 

')I- ..,.g. ;;J:e.J -1\-7]% ~'if% !i!_o],c oJ¾,c o] 'lJ'lle.J 1'J:~A]{! "l-"l ',tA]{!~.5!. 

'B-W'J g «t 7] .</1 ~ -';'--/1--',j AJ ~ ~ o] .l!.¾ ~.ii!. {I ¾-"I 7] «!l,'j'-o] tj-. 

1'!~-'i! -'i'-41-'•Plio-e.J 'll><t"a<>la.J,c 'll±-"l-tl<>il 7t':l- ='J!I t.J-El-4"1 ?¾<>ii 1It2t 
Aj.5'. op,° .3:J!] ;>t 0 ]7t ,J:tj-. 1!.¾e.J 7J-'/-- "/'.s'. 7H'1!:aJ'l! <l]-\1-',j 'lJ;<t~:ilJ- £':J'e.] 

,g %%"11 ~ .ii!. 'i''J-"I <>l '.ll"' 1fr 'll, "i ¾Oil Aj"' 'll "t ca <>la.] 7t '!le '!le 'it-"I <>l '.ll~ "1 

'll±-"l(l4:30)SJ 7J4- 'll"t"a<>la.Je.J .=!7]7t 40 µm<>il ',!-~t:j- (:::J.,J 2-38). oJ;c; 'll± 

A] {!"11 -\'-¾"I "l % 0] ;<j;} ~.ii!. '!J'«t'll Aj 7H '1! .aj '1] 11 'l! g 'lJ ~,I'= "1-'l! "11-"i 'd-:O: 

:fre.J ¾~"I-%~-"- 'll"t-tl :.!W% 'll~,IJII -"1:i1 1i"'t 'll"t cJoja.J7t '4:<J 7t7I 
tII ,'j'-~.ii!. At li-,! t:j-. 

cJ! 'l! _g. -'!I ,r :il.£ sj :ilJ- 'li 1r "J £ sJ <>ii .</1 ;>] "8J-:i1 'lJ ,\ t 7t ~\'Jc~ ;<) OJ ~ .5!. Aj t:JI £ :,t 

~'ll "11 Aj ~ 'lf 'it-"I ><l I'!, ±-li-01- llJ-'lJ-"1- 'i)-.g. io-e.l :aj "; -',J, cl! '1! .s'. * 'll -"1"' "1 "l 

io-e.J 0J :::1e.]J1 </'~~'lie.! "11 %e.J '\l-:o: -!il-w"l-%"11 ixt2t ><1"1"l "i-".l g 'i!e.l 
~t:j- (Klein and Sanders, 1964; Hayes, 1975). ~e.] '-t2t -"i'ill'!,O. t!l-\'-li'- t!l±"t 
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~12..s'- "1 °1 (ria)'!I "1 -ls-'!!-~ "11 '1!1:1 % aj-i!J- ~ '1! 01 %'iHI-.} '11 'll-.t-"i oJ '.ll2. 

Pj, O l = _g, "1-•l Lj- '11 cJ 'l} ~ 'I! = 3!t ,t;,J ej "11-"-.!/- Ei '!J ~"11 _2_ ~ llj-",j-"i) l-j ,q "i) cJI 
"11 ~;,J•l 'c.½-"ioJ '.<!71 «ll<i'-<>il (Wells et al., 1990; Alexander et al., 1991), Ai•l 

'1! ".J!'i!"i)AieJ -"P•PJ-%-& 'l's!~ ;,il~'l!:§j-¾, !a.OIJl '.llt:J- (-lf, 1995; Lee et al., 

1999; -i,-, 1998). ~'ll:£"1 71-'f~ ;,!'!I"!~ l"-s? (monsoon)7l~.s'-Ai 71¾~"11~ 

AlHJl;,Jof;,l'i:!"1 'lj•Jg 'l,of Jal-Ai71i~¾ol 7J-•f;,I) ~oj2)- ~¾'l!4'£ Jiof;,cl~ ~ 

'cl, oj ~"il C: 'S" Ell "ii 0J7l nei ':al •Jg 'll"0f "f ~ 'if% >ii 'lj "1 ef ,J-ol 4-"il ~ 7ll ~ aj 

"; 'li % !a.~ cj- (Wells and Huh, 1984; Wells, 1988). 

"'i\! 30"1'.:! %'1! 0 1','-oJ{! Ai•l'l! ~'!!<>I) cJI~ 'i'l'r7.e!"1-<>il "1•1\'l, Ai"11'1! 'J! 
'I!:'_ cJl>ll.s'- Af~".)!'1! (sand flat)!a.9- 'llol!'l! (mud flat)OI 4-"il•f2 (Wells et al., 

1990; Alexander et al., 1991). ~%.£';: ~ 01%0] ~o] t:1].iil~ ~1~ -"JEll ~ ~<;(] 

"'l"l, %"1 aJ "1-%"11 "1 "11 'ii "a -"i ~ 'l!~l -"I "I 'r-"' c:: cJl.!/-1l'- ,i,,-pi,i-: '11 "1 •l -ll 
•1'11 .ii'\'lc.s]oJ '.Uc\ (Frey et al., 1989; Wells et al., 1990; Alexander et al., 1991; 

~, 1995). EE~ ~.A~ .-:)!~~ W::i!. ;U';: JE¾~~~,g. ~'-fr~.Q...£ A~&:11o\1Ai 51:t:. 

1:1 "J-•J2..ia. •J,;f\'lAi "11'11"11"'1~ 1'1} (ll:i!t "r, 1978; Lee et al., 1985; 7,l, 1988; 

Wells et al., 1990; Alexander et al., 1991; -j/- %, 1996)% 7}"1"'1'1!, 7j"J-1!1 "11'1!"1I 

'lf'i! -"i oJ '.ll ~ <l!j 'r ::)! 'I! ei 14- TI:3'1:l ""2..s'- 7} \'l Ai -2. •I ill "ii 'II 'ii "'I~ 'l!cJI ei 
1•J% ;!-71£ ~cj- (Yang and Chun, 1999; Chu et al., 1999). ::)!'1!"1 -"l"I•~ -"I 

is' ~, "I !!2-<! 7.e! "1- ."- £1 cJI 30"1 o l "1 "1 '¥-'-'II ;, 7 I "'I Pl ( £1, 1987), "\- •l LJ- '11 cJ 'I! 
~'1!"1- 'i!"1 Pl"f~ -"l"l-%"1 'N-ial-ll£.ia. ~"11 '1}-'\J'3'c',JS1 '111).Ai (transgressive 

sequence)~ 1,!.0].Jl. '.V_tj- (~ %, 1996; Kim et al., 1999). o]S>} ~o] A]"5"7J}A]9.l 7} 

'l!<>ilcJl~\'l'r~I•-"l"l-%"11l'-£~"il";i3"12{!.:i!}lJ%<>ilcJl~\'l'r: 

ol "f'.£ oJ'i-oJ"i :'iJ:;<l'l}, ;aj~"i)~ ::J!'i!"i)Ai Ol'i-oJ;<IJl '.ll~ -ls-'!!-~ ~Pi "1"1'} 

-§-g 0 l•Ji;f71 -'11~ 'r."1°1 'if'll-•l {!•i.s]Jl '.l/2.Pj (-Ii-, 1998; -i,- %, 1999; Lee et 

al., 1999; Yang and Chun, 1999), "; •I Chu et al. (1999)"1 14- ".,I! 'I! <>I) Ai 4'"1 "I 

Of "ii l-i "'l 21- .!/-fl-%~ "1 7l%<>il cJ1 ~ %~'\'!:~Al~ '\l(TIDOS)¾ 01 %-.foj "1 "l "1-% 

<>I) cJI ~ ll 'lr .aj ~ OIi -'>j % Al £ a-f 2 '.ll cj-. 

Ai \J-"11 '1!"11 -'11 "-l %} 2 '.ll ~ ~'ll 'll-& 'l! >11 \'l "I "il •I "11 'l} 'll 'r "1 ~o I 1.8 km ill 

"1 -"- cJI B•l 'II ±-.f :il ~ "'l 21- \'l 'l!-<! e 'rr .£.e] 4' >ll 71 ~ >1-.f "'I ~ ~ 'l! llil "11 ¥! 
3''1".s'-1!1 'l} (tidal inlet bay)olt:J-. -.fotl'I!, 'l}'lJ','-7} 711~%ol *"l-2.~ "\-Ai'lJ-~2-

.£ \l! ill v oJ ~ 'I! oi1 Ai ei ,i1 ~ <>il n:f e 4' "1 "I ~ "l 'l! §f 21- -"I "I at% ei 'l! §17 ~ oivJ

¥1 cJ- (-Ii-%, 1999). aj-i!J-Ai, .,,_ '<!'r<>ilAi~ ~'!I'll ~'!!"i)AieJ ~-'J -"1"1"1-%¾ lJ 
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'l! -at >II ¥! ~-at :iL 1!'--'-1 -at~ '!l-'ll .2..ss 'l} ,fl <ii 'fl 'l! "11 'l!->l--"l oJ '.l.l ~ "1 \!l -'I .aj at% 

"11 qj~ 1H\J-'l .£<!!¾ 'r~-ot:,,., c, t.j-of7f ~•ffe.J Oil?'I! ?¾oJIA7 'lloJ\t 'r '.l) 

~ >'1~\'!'1-!i oj~ lIJ-e)--ot:iLO<f ~cf. O]i,- ~~ '1!'?-\.Jl-§-.£._ss oJ!\!le.) O<]"ili'f~, 

.l!. ¾ -"I "l % "-1 'll £ .,_ .>':, "1 1±% "1, ~'r¾ .::1. "-l :,,. -"I "l ¾ "11 t1l ~ £ 11 &I ,l ¾ 1l Al 

1'f'.llcf. ~7f;,J.2..ss, :,jqj 40 cm .,io]e.J Push coring¾ {!A)1'foj -"l"l'i'-¾9.J- -"l"l 

% 9.) %'a¾ ll]-Sj-~ .£..ss-"i :,j ~oJI 0 ) -'f-oJ 0<) TI '.l/ ie -"i "J t!:'lJ 9.J \'!'l-;if 'lJ ¾ lIJ-eJ--ot 
TIO<f -at '.ll cf. 

~"ii 'l! \.JI <>ii Ai "1 '!! O I 'lf ',f-"l oj '.l) ie 0<) Qj "11 Ai li) .llL :aj 'l) ~ ;,j .2..ss ~ i"-"l 0<) ~ 

TI e<f \'l AJ-qj £ !;'. ~-"l TI '.l) ie ~ 1\l 'lJ: ';J-Ai-'/·9.J it-%/ "-J 9.)- of~ g 3'cAf 0<) Qj .£..ss {! 

'lJ 1'f '.li cf· 'lJ ;>f "J .£. £ oJ! \!l .lf. '/! 9.) 0<) 'i/ \I! 'I- "; AJ -£ lIJ-"J--ot TIO<f 'lJ: 3'c {! oJl Ai oJ! \!l g 

9'"!.2.ss. 71.ss~el {}ac,:,!.£..ss "J'1'lie '¥- 1He.J ~{! (YS--Line, MS-Line)g 'll'll-ot 

'.lief (.:J.','l 2-39). 1999\1 4-%/oJI 'll'll't! ~{!¾ ttfe} 'll-lIJ-;,J"-J'°:''ll7) (Wild T2 

Universal Theodolite and Geodimeter 220)9l, 'r¾Sl (Pentax Pal 2S Level)~ 7}Al 

:iI 100°1Ei {!-~.2.£ 1~~ 'r¾~rs'~ ~A]&J.S!:J,c}. 'r¾~i:JtoJl ~).i ½1:71¾1! 

.g. ~J''f '1! 4r"il Ai •H~,i,0 1 71 'o "I .sc.;,. 'll 'r !;'.e%e.J .l!. -'-1¾ 11 "i"l'.li.£. oi, ~ *I ie 

± 30 cm o) \.JI "1 9.;;plJ ~ ½ 7fO<]ie DGPS½ o] %1'foj ii! 'll 1'f'.li cf. .l!.:i!.ie .l!."i 

(staff)¾ "1'!!9.J Zj- ~"ef0<)'l1"11 "1]~:i!. :i!.£!i 'l,TI '.l/ie *-:l-"i'll (7l¾'ll)oJ)Ai 

Pentax Pal 25 Level¾ Af%-ot"l ~"el'-ot'.llcf. 

11 'll B 21H e.J ~-li g ttfel- 1999\1 4-%/ <>ii 1000] ci <131 .2..ss 'll £.,_-'-1 g ~ ~ .l!. 

¾-"1 "l % g >H 411'foj >ii 3~ "11 Ai 7) '@'-<l ... -'-1 "J-'ll <>II ttfe} 'll .'r. ... -'-1¾ {I A) 1'1'.li cf. 

-"l"l¾ 'H-'iJA)ie ".J!\!l -"l"l"'l-%9.J ;,\\~l'!'l-i!t Tiill1'foj .::1. A]7]!i qj.l!.~ 'r '.l/ie 

.l!.¾.2.SS.-!/-Ei 1-2 cm 0 ]\.Jle.J -"l"l¾!s >H411'1'.licf (.:J.','l 2-39). Zj- ~-l"!oJ)Ai 2000) 

E] {!Zj.£._ss {!'lJ-"loJ '.l/ie oJ!\!l -"iaj~-§-oJ) LJI~ .5'.111'],j 'lj'lJoJIAiie 1999\1 8 

-%! -!/-El 11 ~ -"I "l % 9.J -"I "l ¾, ~'r¾, "11±% "1 .::1. "-l :,,. .l!. ¾ -"I "l % 9.J 'll .sc. .,_-"' I'! 
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~"ii ti!~ 5'.YE1'il¾ 171-%! Z[Zj.2.s!. {)A]811 -2.JL 'llcJ-. 01 -jj'Jla;"ilA1"' 1999';'! 

8-Yi!"il %i'¾4 ¾B'4f~~ <'--'l¾ .!/1~ A]il.'!l- i'7f"l.2.s!. •l~"l'<lcJ- (.:I'll 

2-39). 

"1"lit"1 -"l+, 1999'<'! 5-%!<>11 Z1- 5'.Yt1'il -ll'lloJI 300X300X2 mm ·iP1"1 ~Ell 

~~~ ~¾ li¼.Q...£.1f.Ei Qf 30 cm ~ 0 loJl 7]¾1(j_.2...£Ai J178~ A]7].TI, ii!.~"t! 

"1"1¾01 'r\'!~-'a:i!f 'll'i!'l!-'1!<>11 O]s!..x.~ 27lf< 0]'1)- "J-*l (healing)AlncJ-. 1999 

'd 7 fol llj Y "1 •J! e-1 JJi A'!, Af% "l"l 7] ¾ \'!.2.s!. .!/-tl Ji ¾?Jf ;c] "1 1l. 01 ;, t! "; "!"I 

"i "l l<-"1 \'! ~"ii tiJ ~ 7] ',? ill;, 0.2.s!. Af% "I 5il cj-. o] 'l/ ;,JI t!~'<l ilk-& 1l_ 0] \'! ~.o} 

B.!/1 '1! "l (300 x 300 mm) 'it "i "1%"1 .!/-711 \'!~;, 711 ~;;-f<>j "1 "l ¾ s!. t+E.l-'11 'll c}. 

o I e1 ~ "J-'ll-i'- 1 'l! "1 "1 "l ¾¾ "1-"f "I"' t1] 'll "1 7] "="ii 'll.!ilf (bar) :. Af% ;;-f <>j "; 

-jj~ JL:,laj<j "J-'ll (Frostick and McCave, 1979)g 71-;J~ '1)-'IJ.2.s!. -ll'll'i'.71 -ii 

\') -0.}'1)-"!'ll¾ll' ofye.1-, 'll.!ilf ','\'!<>ii >;,jA,j'i,! 'r 'll"' .o}-;,-"1 'lf>JoJI "1~ '1}.!/1"1 

'11 ~~ (scouring) -2.>f;e ½'ll 'r 'llcJ-. 

Ji ¾"i "J % 9j %"J :ilf ,aj "J %"1 {J "J/ {J cj it \'!§r'{}ej AJ-tJ:i'! ;,j] ;, 'l[Of _J;l_ 7j .!/1 

"l"l Z1- "'c-;J "1 .£. '-1 ti 'll -1J 'll :a; "ilA1 "i "lit% i'l"'c~4 '§-A] <>ii ~"r¾4 11 B g 

"l¾ "'c-lJ"fs:lcJ-. ~"r%-i'- ~'lJ-oJ]Aj ii!'J-.!/-¾ 1-2 cm 0 ]1.]] N.¾"iaJ%g 100 cc 

% 'il' "1 Ell " i'c -i,. .s!. "ii 'it JI 'll -'t-~ cf, {l 1 {l -"- 7 I ,i .oJ. -2. -le "ii Aj <'Ls, , I ,1 ::: '1l- '1l 
.2.s!. Eq. 2-loJI "1811 711~"15:lcJ-. ~lll, 'liB%"1 ~-jj g .!/1811A1 7)-\;-~ >J%a;oJI 

9-15'1 .ii!.~~.A] ?t"-f!:- *~ ~~;<]~2...£ ~tjj"t}'.;i1r:l-. .:::Z.~ q-g, Hand Vane 

(Maruto Co., model 1FTD)"1 '€711/-11-% "i"l% 'l!.2.s!. t!'l!-OI {loj '>'"1 'l)-jj~ 

4;'.x.s!. {!{!>,J %"1\'!Aj "i"l%"1 'i!'1!7f -'t-"1"1"' i?Zl .£3. (torque) il);g 7l>l 

;;-f S?l cJ-. 0 I ilk g O I % "l"l "1 "l % .eJ 'li B% "l % Z!:11 "l .2.s!. 711 ~"15:l cJ- (Lee, 

1991). 

%-%!"1.oJ. of~ 1'1! ~-;J~o]]Aj ,jj-jj:,j .£.ytj'i,j -jj'jj (200 o]tj Z[Zj)a;"ilA1 

1999';'! 8-%! <Jo] 40 cm"1 PVC llj-o]~;, o]%"1"1 Push Coring% {!i_AJ;;-f5:lcJ-. ~ 

'lfoJ]Aj ;j~'<) ',''1)-A]il."' '1)-.!/-.Q} ;;-f.!/-;e '!f 'lJ-'a-~ cf, {)~{ls!_ -.%-;,j.Q} 7,/ 0]'1)-".} 

.2. s!. -ll 11 "f Sil cJ-. -ll 11 '<l .n "1 "11 ti! "l"l 'll *f "l .2.s!. "i "l %-"l "'i '<!: 4 "i "l 'i' ct <>II 
tlJOlAj 7]~% "f5il.Q.'9, }l_O]'!!s!. A].fi.ir fal~"f"J 'lJ.x., ~'r¾, %7]%, \'!~'lJ 

<>II ti! ~ 11--'l % {! "I "I s:l JI '§-Al <>II '-1 ~ "1 "l '1!-"il ti! 811 Aj"' :@ B% "l g "'c-ll "IS?/ cJ-. 
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_,, "1 * 7,1 ° I •J-~J' ~-"- ~ 11 isf 'li % "11, .l!. '1! Oil •f g 1-f Et 1-f ,q U::: LJl -I'- -"l "1-i2 ±% 

\'!-%-S} 7] "'11 "1 3!"1 -"I ~~ ~71 '1! oil -'i >191 ~ ~ '11% X-ray ~',j 7] (Soflex X-ray 

Apparatus, M-1005)!/r o] % 1>}oj -"l "i '/1--"I '; -':l ('ll 5'., ~"i"%) oil u:j-e} 'JI-"! x.½Al 

:(} ',) 7J-5'.% ~'\I~ +, 40 Cffi ;;<Ji']ollAi t[',j;;-j-'ll_cj-. ~'lf,;J '/1-{,-:i!) ,')',)_g. 'l).£ 

2\- !ii "I -i2 x oil "1 ~ !ii "I AJ- g ~ 'll ;;-j-;=, t~ -' 1% "1 ~ .2. o\, ~ 'II -' l .il. ::: !ii "I -'J-11- .;,. !ii: 
'11 ~ % j1 :<} .llc.>'. Al cj-A I 'll .£;,,. "'l ¥l ;,} li 2\- "I .ill. :,J !a. "1 ~ q. 

%l\l 'tl cJ! 'lj gj '1! "i g -'j2'5} 7] '/-l 1>foj 'T' .s'- 'i;" (1983):;Jf -S:-'ll-'l e-1 ~ (1983)0!) Ai 'l, 

•J t, "15'.2\- 'l! '1! 'ii "I -'l 'l! 5'. ;, 0 ] % '5}5:l cj-. ".I! 'lj 9.j 1/! "I % -'j2'5f 7] "'1J •1 Ai;=, o I o\l 

tl~I 7il9.j7f <1!"1 'l/~S-1 o]-'i-"1;:Jot t,q. -c' \'l-i2oJ)Aj;=, Klein (1985)"1- Wang 

and Eisma (1988) 0 1 "11-'l~ "c2t '([ 0 ] ".J!'ll% 'll-"151-Etl) '.U"1 "air±oi 32.£;s 
0 1%of'l1c\-. ~- ".J!'ll-"I ~-'le,"1- efcj-e, 7<l7ll0.2..s'-AiE 421- t!i±7].sj "a"ir32± 

0 (MHWST)-"l 'llir"i3'c1J (MLWST)g o]-§--.j-oj ::I Afo)oll OjJ,J-"];=, ;;c]"ioll til 

~ 'lJ."] g -i2%i-'ll_c\-. "a"if"ix0QJ 7,j-'f- O<]'l/5'.oJ]Ai 7)~.2..£ Af-§-s-f;=, "a"ifoil"r\'l 

_l,!_ L\ 0 }'11 "11 "'11 *I iii o\' "1 5'. "i]Ai 7] € _2.;,_ Af%;;-fE .,"1 "1 7<j X '11-'l q "'11 oil '11 *l iif 

32 '.UL\. oJ'l'l/) ;,J]{!-,;J W-l\l\'J- ".l!'ll.91 ,'!aj.g. 4,681 ha (46.8Jx106 m2)o]q. '11"1 

711 {!-A] ~ >1 "°"Ia;' gj '!J-±"i) 0\) 9.j 'ii {! 'l-<l ;,q "1-f- o] n] ,'f 'll '<! >Jl '/l oj 7] U/111-"il 

7)l'ljOjJAi ,j]2JA],j_cj- (:l;,j 2-40). 

f\--%1 "-12\- 0 I~ oil 'lHt .-f :i!. '.U ;=, cl! 'll -'I '!! B '1! "1 's 'lJ % :il\ "-I .-f 1 I 'll iif oj e; cl 
% "1-4 "i"¾4''2'% {IA]a-fs:l.2.o\, %-'loll '11:x-'l cJ!'l!o] ¥oil 1]-7J'l!g "11 DGPS 

"I- 32'l/'l/ gllj-""-lJ7l(KAJJO Co., model PS-20R);; oJ-&-ii)oj 0<)1!!""'2'% "i"•J.-}'li 

ct (:i'il 2-5). -'\'7f-'l "J'll"l!Ai :i!.'ll'l/ g :il\~-ll1loJ "-I~ "i'!i~'il' '1"/7f ,i_q 

"ii PJ ii} 32 'lJ J,"i o] 'l! 7] "1111-oll 0] ;<f .il. i,- o]%.-f'.l! q. YS-, MS-~0 ~ gj -'I'!! '/l~ 

.£_ >l ¾~ e-12\- of{:]- :Ji 'll "1 zt zt o\l til ~ "i 1!! "i -':l g -il".!!J !'I. 7] ;a. a-f l;'l c\-. %-%1 e-1 
(YS-Line)"f 0f0 7fi'll (MS-Line)-& 'll\1!"12-£ 7,l-'f7f ;,jgj \llE l\111~ :<l'!1% 
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7t>C]vj £i~oj]Aj ,i-~ ',JAt'<J g .!;l.'.ljtj- (.::J.'iJ 2-41). 

%-!:!;el ~'!!% '11'li-:1~!e..!/-E1 Of 200 m7Jt>C]1,; £')!-ti! (supratidal flat)!e. ',"1,l 

.sj ]l .::J.£j e.J 'll 'I'!'<! ,0. ')f.!/-~ '!! (upper tidal flat)!e. '-1-EJ-'-1-"1 ~ '!! £1 ~ 7,J At'<J Oil 

Aj %.!/- (middle tidal fall) 'a! %}.!/-~'!! (lower tidal flat) 0 ] 1±%f:,j 1-]-Ej-1-]-]l '.U 

i:J- (.::J.'il 2-41a). of,U ~'!!.£ ?!e.'lf'it<>il n:f~ 7P,hi ><"= 'll\'!'<! 0 1 ,;JJI] 1,l!l:5} 

]l ~'!! £j~oJIAj ,j-~ 7,jAf'<Jg '-]-Ej-'1j]l '.,li:J-, ~'!!,& 'f"1,l%f'<J, 'li'\'!'<J:'_ %.!/

~ \l! £ '-]-Ej-1-]-vj, 7,j A f '<\ oJI Aj %}.!/-~ '!! o] 1,l !I: -aj-]l '.,! tj- ( .::J. '1J 2-41 b). %-!:I ;eJ SJ- Pf 

,U 7J! '!! :'. >C] Qj .aj ~£ o] {-s-f vj, >C] 'il 'it'<! ')I- H],.;; ~ '!! E\I ;a .!;l. o I Lt %-%! ;eJ cl!'!! Oil 

Ai 1= ')I-.!/-cl! '!! 0 I 'ol 711 'le 'it%} ]l, pf -u cl! '!! oJI -"1 1= %.!/-cl! '!! 0 I ,;j >ii 1,l !I: -at ]l '.U "= 
'51 01 'i 'll .aJ oJ q. o I ~ zt cJ! '!! e.J "'l '!I ,a'<! oJ1 ti! ~ "'l '!I 'i 1J g .!a.'<! t1- g :i!f .}i:J-. 

(1) ~f!!2.1 >J!'o! 

%-!:l;eJoJI ~*l~ Y5-Linee.J 7,l-9- £')1-ti!i!- >11£1-aJ-'<! 2.5 km 1).'r.e.j -11-¾ 7f>C] 

]l '.,l~nj 'l]-£,:1oj]A1 '(}£-:1~~£ 1.0 km >C]1j7Jj->C]1,; 1: 857 (0.001' )e.J 'i'•H ;a 

7f >C] >CJ 'l}, .::J. Hf~~.!/- E1 ;,J e.J 7,jAf 7} \l/.1= 0 f'r 'll '1'!~ >CJ 'il g .!;l. 0 I ]l '.U t1- ( .::J. '1l 
2-41a). @'l]-~ 7,jAf;, 7}>C]]l '.U1= 1 km o]'1j 'l}~oj]A11= ';'l].aj~s!. ';'c"f's!.e.J 'jj

'i!-01 {ls-fJil 0]','oj;<j 7f'll- 'l}~oJI ~*I~ £?!e.e.J 7il-9- Of 3.5 m 1)5'-e.J <10] ;a 
7f>C]]l 'lf'g-.sjoj '.,l~nj, .::J. Hf~~oJIAj1,; ')i-ti!.aj~;._ ~ n-5'.e.J £",'£7} 'lf'g-.sj 

>C] e,t ]l '.,! '.,/ tj-, '; -aj 1.1-1.4 km >C] Qj oJI Aj 1'; of"r 'll '\'!~ >C] '!/ ~£ £",' !e.7t 1J aj 

'!l-'it.sj>CJ e,t]l '.Ui:J-. Klein (1985) .::J.;ej]l Wang and Eisma (1988)e.J cl!'!! (£'(} 

ti!) 1,l-l,- 7] ¾oJI n:f 2 '<!, -ii--%! ;ej £j cJ! \l! ,0. £')!-ti!, %.!/-cl!'!!, %.!/-cl! \l! .::J. ;eJ ]l %}.!/

~ \l! £ '-]-'iJ >C] 'fr, @'l]-~ 7,j Af 7} fl- >CJ .sj 1,; ti! .!/-1,'-e.J cJ! '!! ( £'(}ti! ),0. ')i-.!/-cJ! '!! 

(MHWST-MHWNT)oJI "1J'il-£!1= ';'l)g .!l.'.ljtj- (.::J.'il 2-41a). %.!/-21- s-f.!/-cl!'!!:'. ,q 

'il e.J 'i' •H 7} ,J-s-f Jil \'! "1l 7}1= "1l 'l}-:,j ~;._ .!/-E] 2.4 km oJ ')I- 'll oj ~ >C] "l <>il Aj 0.15 

km l.Jl~-21 ~% 7t-Al.:i1 ~~&J.Jl 9).~ ~o]~cf-. o]r.~~ ~7cl~ ~Jil-3i.Q..£ %-1f--
7J!\!lo] 7f'lJ- ,;j,0. ,tg 7t>C]]l '!f'g-%f]l '.,!1,; Ai"1J'l} B'±'fr cJ!'!! (~~"1] 0.J''lj'f' 

±, 1992; 'll-, 1995; Lee et al., 1994), ti!§. ~'!! (Lee et al., 1999) .::J.;ej]l "'i"r 7J!'!! 

(Chu et al., 1999) %<>1JA1 .!;l.]l,;! ;acJ 'il ~ :i!J-1= of'r i:J-~ 0J')}o]i:J-. 

%-!:!;el cl!'!!e.J £AJti!1= 1fllf~ 7iJAte.J ,';%"'I %A§ti! ~PJ'll- ¾:&!a.!e. 'j'Aj,;! 

~"'l !e..!/- Ej Of 200m'1j e.J >CJ "l ~£ 'll '\'!s-f nj "11 'li-::! ¾ n:faJ- 1,l .3'. s-fnj, -"I .aJ %>"- 'r 

;.. QJAH,) , \..jAf',i_!e. 'i'"'.J.sjoj '.Ui:J-. 1e- >C]QjojJA11= 'r!e. 'lJi'.i'>C]oJIAi Ai6J.-t1= '51 

~s!. 'llcal~ >!ti! (Phragmites communis)1t .!/-1,l.aj~;.. 'll~ Ai6j5}]1 '.U1= '5!0] 
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!';"i]ajo]q (:J.i/l 2-42, 2-43a). 

'i}.l;'-:J!'l!"-1 '\}J;'- (~<rtil '-1J..:\') Sf 1.1km JJf"]<= 1-J'!/_ia. 'r'a"1"1 9J:;, * Sf 
2-23m, :,io] Sf l-4mo\1 ',!-O-fe ?.ia.71 <i'-3!.iifnj % 0J.l;'-(1.1-1.4km)o\]Ai1= "'Jiilzt¾ 

£.~~ Afilli}.£__ia. -,'oj,ajoj '1Jll, 'lJ\S!:~ ;<j'i)o] 1-J-Ej-',;J;tf. :J.ejll "fJ;'- (~<}til 

"-I"\' : 1.4-2.4km)1= Yill.ia. -i'ol"1"1 'Ull, * Sf 1-2m, <1°1 Sf <r-llcm-lmo\l ',! 

"lit<= cl;c 'ij-£ 'r £7t <i'-£ iif '.11 Cf ( ::1 i/l 2-4la). '11--i'-ol! '1! .Qj 'if-i'-0<] 2j .Qj 'r !a.~ .!a.\'!, 

ol['l! Aj~.£__ia.J;'-E] -l\-'ll'i! * 23 m, <101 2.5 mil- 7f0<l::C ll!-Ai-'iJ-% "J•J.QJ ','!a. 

7} 1t{Tg-"5}.Jl ~£.uf, "T"~Ol]Ait ~~ "r~~ 0 1 %'iJ£l:i7., "r.£. if1f-ojJAlE ¾~* 
(Mytilus sp.) -l\-'11 7f 11 'i!"l .£_;a_ t..f Ej-t..f ll 9J cj- ( ::1 i/l 2-42a, 2-43b ). .:I el ll 0 1 ;; 
'T's'- 'r'\'!<>l}E .l;'-<i'-:aj.£_;a_ ~% (slump)'i!'ii- 0 1 4Ej-4nj, '11'11 Y'll "1"1%.QJ 7}'/1: 

'l)-'tl :o:}- 7J'l)- % ~ .se.7f x.½B cj- (.:I '!J 2-42a, 2-43c). 'r s'.9]- 'r s'.Af0 J .Qj '1l \S!:tl, A] 

2jo\]>i1= -\'-<i'-"l.9-5'. ~'1L<'- (Suaeda japonica) (.::.r,;J 2-42a, 2-43d)7t \il>ll Ai"Jiil2 

'Uc/ . .:.raj:;, %0J.l;'-"-I '!l\11'! JJf-'1'= * Sf 2 m 'ij-£9.j Af•J-\l (meanderring).QJ 

~ -;Hll-'i (tidal creek)¾'tol {I: '/1:.!:'9 2 9J cj- (.:I i/l 2-42a, 2-43e). %-i'-:l! '11 !lJ ¾'!J

-i'-1= oij 4- '!l \Sr t} "I Qj E-5'. Ai "1 :aj ~.g. A I'll s'. 'j'--\l £] "1 :l.l E- '9 "'1 0<] "1 oJI sJ "l °'" 
il/l z[ ¾ 0 1 lil >JI <i'-£S-f:lj cJ- (.:I '!l 2-42a, 2-431). AJJ;'-ol[ '1! !lJ %f-i'- "'1 \'l .l;'

(1.4-l.8km)oJJ Ai<" '1 il/£ -r-\l-"] oj '1J 2, cl;c-iJ' £ 9J 'r .£7f '1)-',l""f nj 'r .£ '? \'! o\} Ai 

::C -et 1lJl zJ-¾;; 0 J {:!: '1)-aj .9-!il 1-J-E} 4 Jl 9J cj- ( ::1 i/J 2-42a, 2-43g). ::1 el ll iif-\'- ¾ 0J 

-i'- (1.8-2.2km)oJ]Ai~ *%-"'i'ir 'lf~}E-!il -0-_ia.E * l.5-2m, </ 0 1 Sf lm.QJ ','5'.7f 

'1)-'iJ-S-f Jl :l.!E- nj, ? '1! oJ1 E 'ii ~-i,- ( algae)7f \ii 711 Ai ")-.} 2 9J cJ- ( ::1 '1l 2-42a, 

2-43h). ojaJ~ '11~-il-1= :,j)~oJI "1-4 <i'-£"JAJ¾ ',!a.j-0-fnj, 'J!'l!oJIAi <1]'/lil/ "l"l 

%9] 'l!"l¾ 7f4;':o:}-t}cj-:;, .!i!.Jl"]Jl 'Utt (de Jonge, 1995). -ol--'1- 'l!'i!-i'

(2.2-2.Skm)E 'll \S!:isf nj "1 "l % .l!. \'l 0 1 iR\'! "1 "1 9J E ~ 'if g .\!. '11 ct. %.J;'-,J! '1!.eJ 

.l!. ¾ .i!J- 7J .Qj % 'll ~ £ fr g .... '.11 cj-. 

%-'/-cJ!'l!.i!J- ~f-'/- 7J!'l!-€, cJ!'l! al-°lz\ 7,jAf\'Joj} z\z\ 0.15 km '-1J-°1!lJ '§',°_ *.£_ 

!a. <i'-3'. ~t'l! ct. ¾ .l/-ol! '1! o l A) "1-"1 ic 2.4 km X) ~ oJI Ai E 'll \S!:\'J.£__ia. J;'-Ej i,- Zj t} 

x)'lj'l!~:a .\!.Ol\'lAi 1 : 45 (0.02) '\l.'r..QJ i,-~ 'r•i:a 7t"ltf7f Sf'(} ~'lr'11'<1cJ

(::Li/l 2-41a). 0] 0<]QjoJIA1E ','!a. '-1ill"l"l%.ia. -i'ol'<l .lf_\'lol A~%~"1] !lJ'il -ll-.J-

711 iR\'!¾ '1)-Jl 'llic !'; "il% .s!.'.<\cJ- (.:I'll 2-42a, 2-43i). 

(2) Dftf 31J'lj 

of-0; cl! '1! .Qj 7,J 4- 1.6 km"-1 ¥t .'e.!a. %-%1. el ojj Bl "1\ ¾-€cc *% 7f>Cl:i1 '!l,',!iif il 
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.::IE! 2-44. MS-LineOIIA-J2j ~~~1e.] £!~~~ ~~~ .!i!.O:I~::: Af~~(Df~ ~%!; !t~~:XI 

::: .:::IE! 2-42 ~JJ.). 
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:l).!'-Pj, ¾~?l ?J!'il<>il U]'il 'll-.t-"1"1 '.ll<c ¾?5!."l -rr5'.7t 4t 's'll% 7};l!cj

( ::i '!l 2-41 b). ¾ -\r t:!l "l- -'ll-'1-?J! 'il oJ] Oil 'a" -"1 <c >'1 S!j .g, ~ ~ 'lf 'it -"1 "1 :ll >'1 I\!""-Pj , 

¾ 'I- ?Ji 'il O I 1.5 km o I % .eJ ** 7 t "I :il :.l >ii li'-3'. %1-<c 'a 'll ¾ .I!. ~ cJ-. ,sf'/- ?Ji 'il .g, 
1.5 km "l'll'l-'1 S, 0.15 km.ej ¾.g, *~ 7t:<l2 t+El-\t 1',"olc]- (::I'!l 2-41b). ¾ 

'I-7j 'il <>ii "1 'ii 'l! 11 <>II 7 }7Jt¾ "' "l t ,t '-I '.l -'-1 AH, "1 .aj % 01 li'-.:I'. <>}<c '-I "' "1 .aj -\r 

o] :<] \'!, Oil 'l)c{l "J 4% E-.s!. 'l-tj i'/-if '<l :0,7«~ ',l 71 "1 ~ 01 ~ <;< ~•ff "1 "1 '.ll c]-. >] 

~ t Oil'llc1l"--"''l-'1 o.9 kmllf"l uff4- "<l-.!<>12 ?J!'il '1P'f.!'-.s!. .-J'<>tol * e, 
30-SOcmQ.] ~it .51..Q.] ¾ff-AJJ~Jlt &4"..£.. ~ 0 1 E.. ~ 711 ~lg-'8} .:i1 'U tj-, &9" §~SI A} 

'1l 4 7] xi '1l oJ] -"1 <c ~7J"~ >,,l 7] l'}~ol 'l! 'I- :<] "l <>II "1 2r. ½-"1 Pj 01 ,j- '1--'I! <>ii <c ~ 

lljzj-:; 01 'IJ\:!:.!'-5!. "1-'l li'-.:1'.<>}<c ;l.!'-5!. '-tE},tc]- (::Ii/l 2-42b, 2-44a, 2-44b). 'ii 

'llc1l-'<-.s!.'l-tj st 0.3 km o]-jr '!l"1~ :<l"J<>li"1'1-E1 *"1-'<r% '1)-0-J'¾ 7t:<l<c st 1 
m"l ~4 20 cm 78£.\lj ,1°];, 7t:<l<c ,p]•J.ej ¾-il-"1\'J-O] 11- '/l->t-"1"1 '1/c]

(::I'!l 2-42b, 2-44c). o]aj~ ¾i,-"1\'J-%.\lj ,to\oJl<c ~-rr5'..eJ lE-"l ~ ~•Ji,tl,j :JIU] 

~ 01 J1% (Cerithideapsilla djadjariensis)o] {l1t!'Ai~½ ~7]£ 5}-:il. 0]~oJl 9.lt!- -"] 

~o] li '1l Oil 1','0I '-\-le}'-\-jl '1/ c]- (::I '!l 2-42b, 2-44d). o] aj {t 0J,-'I}- t :oj-7J"~'(,! 7] 

,;J-~ o I 2r. ½'<! ( ::i '!l 2-42b, 2-44e) e, 1 km "l "l "t"I "l 4f '<l c]-. ,sf :<l '1!:, ::i .I!. cJ

'll "1 '!l"1~ ?J!'il<>li"1<c "f 2 m.eJ *41 m.eJ <,!ol;, 7t:<l<c *%-'<r-"1'lJ-O-J'.ej ¾ 

"ft'"'l~~ 0 l '!l"~'f>l-3!. 9,l~~ "r~ 4-~ClH:: ~~ 0 1 ~~A16}ii}Jl ~i:" ~7cl% 22. 

~c]- (::Ii/l 2-42b, 2-44!, 2-44g). 

:J!'il .21-"1-<>II ir:a!{t 7<!"t (1: 132)~ 7t"l<c 'J,.eJ <>t'l-?J!'il.g, ?.s!.Sl 'll-.!01 71 
Jlj ~<c "<l'il:'ll¾ ol','-'1 'l)_!'_Pj, ZEiitt:!l.s!.'I-E1 ~'ll'il.1.<c ¾'ll"l<c "f 1.20 ms\ 

,1ol.2j- 20 m.e! :,,J.g, *~ 7t:<l<c ?!i!."l- •,H!-"1~9- (::I'!J 2-42b, 2-44b). -"1"1%"1 

'il¾i!-~ 01 P]S,,sj-;,JJ l!J.J;\-<>}'1 :l)~c]- (::I'!) 2-42b, 2-44i). 

,i111oi1 tt1-~ cl!'il-"1 "1"1~7<14 R¾"1.aJ%"l 1'-"a'll~¾ -"l-"1-<>f7J ~•t"l 1999 

\'! 8%! 'I-E1 l7H-%! :n:ai .!'-.sc 1178 '<l ?Ji 'i1 78 'll <>Ii -"1 "1.af %"1 'll.£, W'r½, ~ '<±% 

el .::i ?l '1 -"I .aJ ~ <>II t:!1 ~ 5'. '-I E1 'll ¾ {! -' 1 i,f '1 'U c]-. li ¾ "1 "l % "l % 'l1 ~ <>II t:!1 ~ 

5'. '-J '7 'lJ % {I_-']~ .!'-5!.'"i -"15!_'(}-.\lj -\ri'ri'r:,fli, 'i'iit<c ;l _g, 1 'i! oJl "1 JlJ 71] 'lJ <>I] lij 

~ "1 .aj 4 % ~ "1-"} ~ 'r :ll >ii '5]-'1 'i,'-~ .aj .!'-5!. ,cc :<] 1.eJ '1l ~ a:'' 7)! 'l! "1 'l1 ~ "1-
"~ <>II t:!1 {t ?el 'ii¾ 4'78 711 {tc]-. -,,. \'.! 'i'<>ll-"1"' ~•M 11 ~ "t"l •J" 'll ¾ {!-'I"'~ 
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~ oj , O] "F "i] Ai '!l-~ % , ~ '1% ,j :::1 i!) Jl -"J :aj il-"il tJI ~ 1;'--'l .g. ~ jj_ 'fl -'11-til O] "i 'fr, 

-"J :aj % gJ 'lJ .'r. i= B-%1 "' .il. "i] tJI "11 Ai 'fr {! A] 'fl -'1J-EJI O] 7] Uil 11-"il O] \I! .!i!.Jl Ai "i] Ai 

.l!. ¾ !>) :aj % eJ 'lJ .'r. '; '\J .g. al¾~ "i] 'ic~-o-,aJ 7] i,'-0-, :,,_;;c, -o-r'.11 ct. 

(7fl %il2.I ',l!'li! 

%-%1 ie] ~ \!l ej 'jj {I \!! .l!. ¾ !>) ,j % .Qj % '\l 'l) 'lJ .'r. '; '\l % .l!. 2-12.2} ::i ;,I 2-45<>11 

Y-Ert.il'.?:lct. 'll'rr'll.<r.~ 5.6-8.08¢ '1J~O]oj 1;'-,a'.'r.~ 2.33-3.91¢ 'll~s!. i:IP/·1;'- ej 

{1'-1 cE~ t.1{1"1:aJ%01 1i'-.£-o-,Jl :u~ui "i"l"il II};,. 'l!~;;J .. Jc:: -'F'l!-o-r>11 1-tE-r 

1-t"i \'j_,I '.Uct (::1;,l 2-45). 6¢ t.lJ.Qj.Qj -'11-til"l~s!. ¾'IJ~ 'll'rr'lJ.<r..2} 3 ¢ 0]-'11-

.Qj ~.<r.s!. *"~ 11:icr.<r.;, 7r"lic 1i'll 1, 12, 13 ::iie]:,,_ 21:, ,iJgJ51-Jlic 7.5-B.o 

• '1l ~ ei ,11 '!l ~ 'll 'rr'll .<r. ::s 7r "i "i, 1i'-B' .<r. "1 Ai 2 • t.il ei !a. -ll-til ,i ~!a. 0
.} .f:. ~ 

.J:% .!i!.'.l!ct. ~"l~Oil ~*1-o-r"l 6.04 ¢ eJ 'llir'll.<r..oJ- 3.6¢ eJ *"~ li'-icr.<r.;, 7r 
"i'° 'll'll 1:: ¾AJ-til "i"l"il "11's'£Joi "11'll11-'1"1 Ar{/ "1"1%.eJ i'B'~s!. "1'"1 
{/Af Y ((g)sM) .!>) :aj-j} g .I!. 0] Jl '.U ct. 'jj 'jj 12.2} 13.g. ~ s!.7r 'lf'e:£1 oj '.Uc<] \'j !: 

'll I'!~ :<] 'iJ ~!a. -,c "11 z,:; o] f€0] 1/:.l'-"1 oj '.U oj 7r'll- -li1: "~ '""" .'r. (3.4-3.9 ¢);, 

.!i!. o I :,,_ '.U cJ ( ::i 'll 2-45). 'll .<r. «- '1: .QJ >ii .<r. i= -0.5-0. 9 '1l ~ gJ .J:% 7, :s] oJ , 'll 'll 1.i!f 

~'tl~'?..l 111 129} BoJlA~ g ~ ~¾ !il..~_Q_.£.~ z~~ ~_Q_.£ ;i.J--1-~l~ ~£~ 
.l'-'; Aj ~ <>IVJ-i'il ~ct- 1l.'r.ic 1.7-3.3 'll~.QJ .J:% 7}:<]oj 'll'll 13.i!f 14"i]Ai '; ')) 

,j~!;!. 3 o]-j}.Qj j3' .J::S 7}ollc\ (::i'IJ 2-45). 

7J-'ll 'fl-"J' •J-'ll"il gJ'il -,'-~ !>),j;,-t.lJ i!-7]{.-.QJ ij:l-"J'.g. 3.6-5.5% .J:~.<a. c\e- ~ 

'1l;;;oi1 •l•l S].ii1"1 ,t.g. '1! 0]oj 'i"l 'll.!a. 'lJ-"J'O] 7r'l} ~"1~ 'll'll 71!} 9"i]Ai 

5 .s % 'll .<r. eJ 7 f 'll- '1t :: .J: :, .!i!. '.11 ct ( ::i 'll 2-45). "'i , % 7 I % eJ '!I-"J' .g. "1.aJ % 'll ,cf 

.Qj 11 "r AJ :i!} i'! '!! "1 oJ 7r'l} -'11 'll ~ 'll .!a..Qj '!1-"J':i!f a] i!Q 51-"l ,tO r"i i= 31 ~!a. Af .il. 

-'El ct. \'! ~ \'l gJ 'lJ- ".g. -,c "11 zto I 1;'-.l'-"ri= 'll I'!\'! Oil Ai 27.7%5!. o,"1' s't.g. .J:% .I!. 

0 I Jl "1 'I! :aJ ~!a. -'11 'll ~ y {I -"I .aj -'11-"il Ai i'c O I O I -0-, ;,j \..t ;,j .Qj ii ~ '; ')) :, 7 f "i :<] 'fr, 

'll 11 5 't! gJ '-1 {>! "1 ,i % 0 I ~ "1 ~ s, "1 {I '-1 -"I :aJ -'11-'ll Oil .<r. -li1: 'r -o-f :,,_ 5. 7% 'll .<r. eJ '!I
¾;ye~ .!il._O]j]_ ~tj-. 

.l!..;}!>),j¼}.Qj 'IJ-~½.g. 29.1-37.3% '1J~!;!.Aj 'li'it 32.2%.Qj .):% 7rollct (.l!. 

2-12). ac-l}til Oil "11 's'"l i= 'll 'll 1 .g. 29.06%.s!. 7r'll- ',!:.g. .J:% .!i!. o] ;c,~, 01 ic cte

:s] Sl Oil •1'11 1j~A]<}o] ~Jl <j7]%"il x½"lic A]<}o] ~';1!%'ll :<]4;-"!7] "1111: 
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.H. 2-12. 1999'c 81f!' 15-16~ YS-2f MS-Line~ f.Lj-~f j:fj~I~ ~l_f[)j .H.~£1~~ 0 1 %11.5:.~'2:\9-2t ~~-
Station Composition (%) Textural Parameters Sed Type by Water Shear Org. CaC03 

(YS- ) Grav. Sand Silt Clay Mz(• l o(•) Sk. Kt. Folk{1980) Cont.(%) Streng.(kPa) matter(%) (%) 

3.40 25.92 43.37 27.31 6.04 3.57 -0.05 2.41 (g)sM 29.06 9.48 4.01 0.21 

2 0.23 0.93 58.20 40.64 7.91 2.67 0.25 2.10 (g)M 

3 0 1.22 59.21 39.07 7.66 2.42 0.47 1.93 M 33.27 0.99 3.71 0 

4 0 0.57 69.79 29.64 7.20 2.33 0.90 2.49 l 

5 0.11 1.32 65.70 32.88 7.29 2.36 0.58 2.62 (g)M 30.99 2.17 3.71 5.71 

6 0 0.74 61.23 38.03 7.80 2.66 0.48 1.69 M 

7 0 0.21 56.72 43.06 8.08 2.47 0.40 1.66 M 37.27 3.75 5.47 0 

8 0.16 0,42 58.47 40.95 7.94 2.56 0.31 2.04 (g)M 

' 
g 0.08 0.89 58.58 40.46 7.99 2.64 0.27 2.07 (g)M 35.19 2.17 5.45 0 

N 
0 - 10 0.03 0,80 63.98 35,18 7.59 2,62 0.52 2.04 (g}M 

' 11 0 0.63 70.37 28.99 7.25 2.47 0.85 2.36 ' 36.33 1.18 3.68 0 

12 6.65 16.11 51,97 25.28 5,60 3.91 -0.37 2.40 oM 

13 4.39 10.35 60.18 25.09 6.09 3.37 -0.48 3.13 (g)sM 29.85 4.15 4.18 27.74 

14 1.46 2.97 67.35 28.22 6.99 2.87 0.13 3.33 (g)M 

15 0,14 1.36 73.20 25.30 6.98 2.49 0 92 2.78 (g)M 31.91 0.32 4.02 0.73 

16 0 0.95 66.35 32.70 7.37 2.53 0.68 2.10 ' 
17 0 1.10 70.57 28.33 7.10 2.52 0.87 2.35 ' 30.95 0.79 3.87 0 

18 0.05 1.30 65.59 33.07 7.44 2.66 0.60 2.09 {g)M 

19 0 0,80 74.08 25.12 6.86 2.37 1.06 2.80 ' 30.04 0,35 4.17 0.43 

20 0.55 2.46 66.83 30.16 7.18 2.76 0.36 2.86 (g)M 

21 0 14.27 64.25 21.49 6.14 2.98 0.38 2.78 sZ 29.10 0.95 3,60 0.04 



il 2-12. ~IC; 

Station Comoos1t1on (%) Textural Parameters Sed. Type by Water Shear Org. CaCO3 

i~$~ ) Grav. Sand Silt Clat Mz(• l a(•) Sk. Kt. Folk(1980) Cont.(%) Streng.{kPa) matted%) (%) 

19 55 55.47 14.65 10.73 2.13 3.91 1.21 3.43 gmS 22.29 1.S8 3.08 0.39 

2 7 60 33.20 33.38 25.82 5.01 4.39 0 10 1 .82 oms 

3 0 3.70 53.48 42.83 7.92 2.77 0.12 1 .92 M 28.33 1.78 3.75 0.34 

4 2 99 8.10 55.40 33.51 6.91 3 40 -0.36 3.19 (g)M 

s 2 76 28.11 44 20 24.93 5.57 3.89 0.12 2.11 (g)sM 24.94 1.38 2.88 0 17 

6 1 15 31.53 44. 77 22.55 5.36 3.79 0.17 2.12 (g)sM 

7 1.57 24.82 43.48 30.13 5.98 3.83 -0.11 2.06 (g)sM 23.66 2.37 2.57 0 

8 1.54 11.10 48.28 39 09 7.21 3.45 -0.41 2.70 (g)sM 

' N 9 1.04 917 52.07 37.72 7.32 3 30 ---0.22 2 58 \g)M 34.65 1 18 4.89 0.17 
0 
N 

10 1.18 4 32 55.62 38.88 7 51 2.96 ---0.18 303 (g)M 
' 

11 0 111 50.39 48.50 8 34 2.60 0.12 1.65 M 37 79 1.38 543 0 

12 0.04 1.83 53.07 45.05 8.11 2.68 0.15 1.83 (g}M 

13 0 2.36 54,"\1 43.53 7.91 2.68 0.15 2.01 M 36.'\6 1.38 4.86 0.04 

14 0 3.21 55.09 41.69 7.86 2 7S 0.17 2.01 M 

1S 0 2 80 62 36 34.84 7.56 2 61 O.SO 2.08 M 30.57 1 S8 3.79 0.26 

16 0.72 11 57 5225 3546 7.06 3.45 -0.29 2 60 (g)sM 36. 71 1.S8 4.42 0.39 
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0 1 t:.\- 'l! \l}:aj .Q._s!. '-l ~ ".I!\!! oil Ai 'fr~~ oil Ai Z!:¾~.Q.5!. Oji;}\'! Ai -"I "l %0 1 'l! lJ i;f 

.:i1. ~'l}~ 7,JAf;, 7}~ "<l-'f- ¾"9<>11 "1-~ {l"f'/'r.½ A]-(!¾ 'iteli;foj ~'r¾o] 'lJ 

*f ¾7}'11 '!f 1).Q.5!. ofl'if-,!tj-. ";' cJl7]oll 'r.½A]-(!o] \ll{>- ¾-",J-cJI !Ei"- %-I'- ".I!\!! 

.ej ~'r¾ 0] ',!: .:i1. {l '?A] -(} o] \ll {>- i;f-1'- "./!\!!oil Ai i"- W'T'¾ o] "5' 71-,! tj- (Christie 

and Dyer, 1998). ;;f:<l'lJ-, YS-Line.e] :<I'll (.::1,J 2-41)<>1Vi 'llc"11"- •1'1- :,,0 ] ll'll 
20!1 Ai 21'71>'1 ;a. .:il..£ -"1 *IO I 71 ;,J .e] \ll oj ¾ '9 oil -"1 ~ {i '?<t 'r. ½A]-(! -"1 *I O I 7f 

-fl-Al i;f 7] u'JI 11-oll ll 'll oil "1-~ ~'r¾-"1 '<!_ ~;a. ;,j-"] t.j-E} t.J-:<I \lli"-t:.\-. "./! \!! -"] "J % 

"I %-1'-¾ <>ii ~ll B 'l! 'cl-%"! .g. 0.4-9.5 kPa-"1 'il qi.s!. ll 'll oil "1-i!l- e '<!.:ol-e\-¾ 7} 

'.lt tj-, "; it] Af-.! :i!f "l -.!-"l "l%-"1 W".l' 0 1 'ircJI "i _Q__s!. e ll 'll l:i!f ll 'll 13<>11 Ai ;a. zJ

zJ- 9.5, 4.1 kPa.s!. of',' ,t{>- ill:¾ 71:<].:il. 'Ut:.\-. ~'ire!loll '11';},aJ;a. ll'll loll"i W 

'T' -&- 0 1 '>t .:il. 7 I'll- e .i: .eJ :,i 'cl-% "I ¾ ;;. o 1 ;a. o 1-fl-;a. A,~ -"1 "i % w ".l'-"1 ¾ 71 u'JI 11-

0 I 7 I .x. ;;f "'i 'lJ- cJI 7 I oil -"1 x ½-" I n ° I 7 HI- -2- ial! %'1! "'i 4c "1 7 I u'JI 11-<>il -"I "I % eJ 'lJ" 

'll ll .x.7 I 3. 7 I u'JI 11-.Q. .s!. A I.,,_ B t:.J-. J!. ~ -"l "I % -"1 ¾ "l 'i'-'>l :'. {el .§. <1- 1) .se.7 I zJ- zJ-

43 .4-70. 6 % <t 21.5-41.0%5!. 7}')1- -'/-Al]i;f>ll 1,'-_¥ci;f.:iJ. ,U.Q.nj, Af'l!:i!f "l~-"l"i% 0 ] 

ll 'll oi1 "1-i!l- n ~ "J _Q_ 5l .¥: ~ "1 <>1 ,u t:.J- < J!. 2-12, .::1 .i 2-45). "1-.1 -"l "I % :: 

0.2~25.9%sj ~~ ~ _!!o]t 7}-,£-r:,! ~~1)6)~ ~~~o] i1-'E'~jl '.il~ 7al lof]Ai 

71')} '1t:'. ;;J:.Q..s!. 1"-.¥:,,.1.:il. 'U.Q.n! 'll'1l:\'!<>il qi*]~ ll'll 12, 13 .::1el.:i1. "i.21"1-i!ic 
.Qj ll'll 210!]Ai 10% 0 1%-"1 ;;,1:¾ 7}"'].:il. 'Ut:.J- (.:::J.\'l 2-45). "11!!-"1"1¥--l>- ll'll 1, 

12, 13 .::1el.:i1. 14¾ >ti.2li;f\'! 0.5% 0 is-f.s!. ""::O".l' .¥:W"l<>l 'Ut:.\-. "; s-1 ¾'?':l.71 

's)i;f '1/',f,;jo] 'U~ \ll.:il. :<]~"J_Q__s!. "s'i!i;foj ,Flli12fO] \llO] 1,'-3'_S-}.:il. 'Ui"- 'lJ'lJ 

129} 13oJ]A1t:" ~7c]~_Q_£. 6.7, 4.4%£. ct~ 7al~otl l:l]f;~ AJqf3:j.Q.£. 'E~ ~~ 

"] "i % -"] W 'lt a; !;!. 0 I JI 'U tj- ( J!. 2-12; .:::J. \'l 2-45). -ll--!l el "./! \!! J!. ¾ -"l '3j % -"] % A;j 

{i"".£.£. B-'c!oil ~ lllJ oj\~{161.Q..5'.. <do!\ 4'A].£-¥-~ .:g-"B"£]'C %§:1-£~ 3':.-"JtJlotl 

'11'3""12 '11'1!~.Q..sc.l/-El "f 0.2 km'lf:<l 'll'll¾ "i*li"- 1).Q..sc Af.i,.-,!tj-, "1-i!l-"i 

~ >j "./! \!! ¾ ,'-".j S-f .:i1. 'U i"- tJI .l/-1,'--"] -"] "J l,-{>- .2J •J .SC-\'- E] i';'j'} ,;j oJ s@- 1) _Q_,l_ -'& 

'il-B t:.\-. 

(L..f) DfH ~'li 

"'-u ".I!\!! ll 'll 'l! J!. ¾-"l "l %-"l %'a "1 'll .x. "i -'>l ¾ J!. 2-129J- .::1 \'l 2-46<>11 i+ 

Ef 1.J1 'l/ 9-. ",j if 'lJ .£ i"- 2.1-8.3 ¢ 'iJ qi .SC "J ~ l-j Af (gmS), "f "l 1'/Af l-j ({g)sM) .::1 el .:i1. 

'-l~ (M)-"1"1% 0 1 -U>l"l<>l ,U.Q.nj, %~el ".l!\!!:ilf 'itel 'lJ-¾~"i]Ai Z!:¾~.Q..sc •J 

i;f \'! "i -'II \'l '11 "'i ;a. 7<J 'll¾ .!i!. '.l! t:.J- ( .::1 \'l 2-46). '11 <tl ~ 7 I"' 0 I qi *I ,,., .:i1. 'U ;a. ll 'll 
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1 <>II Ai 1=- 'II ir 'll .£ 2.1 ii £ 7 I'll- il'o ,J ~ "r 11 ii:¾ J;!. 0 I ::i!. '.ll 1=- ti], 0 I 1=- "11 ~-:-:! <>II .!/l 

:>]~ :§}7.)-'l)-'(1"1 %:§f.ss 'li-B"<>li 7]'<)~ J!~_ss ~11¥\t:J-. .:J.aj::i!. {!3,{-:!?i,'~.ss "J' 

t;f\'!Ai 11:>f "1ltl"11"'11=- 711".J'l, 1f;:]'1l, 'it;] -1\-"'l?i,' 1'11<>11 "1"11 ::i!..£7} Sf 0.5 m 

'li.£ \.t>ll .!/J:>]i;f::i!. '.ll1=- '\111 8oJ]Ai-!/-E11=- (.:J.,l 2-41b) 7/1 0]%"1 -'11,J~ t.j'(j 

-'•P·HJ-0 I 1i'-.,,_ "' ::i!. '.ll cJ- ( .::i ,J 2-46). "°" .£;,,. 2.6-4.4 fl 'll .!/l .ss o I 'r' ill "'l "r .£.ss 

-l1-".l'~ .J:¾ 1fc<l::i!. '.ll~"1, -1\-%"1 %~.ss"1 *""' eft:J-.ss-1'-EI 'ii'-B""ioJ .2.::: t.J 
~-"J"J-,!-o] ~>j"i::i!. '.l)1',- 'lJ'Jl 2oJIAi 4.4{1.SS 7f'lf -11-".f~ i<¾ J;!.O]::i!. '.l)q. 'l): 

3'-:-:! ~9.1 'll 'll 33l} {!3,-:-:! ~<>II .!/l :>] ~ 'll 'll 10-15oJIAi 1=- 3 /I o] t;f _ss %til "l ~.ss 0J 

~~ iJ:% J;!.O]::i!. '.l)tj-. 'lJ.£1'-3'.£1 -'li.£1',- -0.4-1.2 'iJ.!/j_ssAi ¾~aj ".J!'/1-"f ¾Af~ 

ii:¾ 1f"l"1 §J-7J-'ll~ %~£.7f 'il-B""i::i!. '.ll1=- 'll'll 1oi1,.i 1.2ei 1H, e ilJ:g .I!. 

'lJ~_ssAi il'o,J~ ?i,'~.SS :>]4-:>]1',- 'lJ.£1'-3'. 'i-';J¾ 7f~tj-. 1).£1',- 1.7-3.4 'iJ.!/j_ss 

o] ep1 ¾~el ".1!'11-"l- ¾Af~ il:"1 'iJ.!/jo]oj, ::i!..£7} 'lt::i!. 'll.£71 3',l~ -ll-"'l?i,' 

£1 ¾-'I- ".J! '/1 'll 'll ii oJl Ai "I .iil "J >'<.g. ii:¾ 7 f ~ q ( .:J. .) 2-46). 

-"I "!%ill ¾7]%9.I ~".l'.g. 3.1-5.4% i):~.ss ::i!..£"1 I'!§!-½ J;!.011=- "11~-:-:!~.ss-'I

Ei 0.8 km;:; 71l;,j_ss ~~oJIAi 3% ill.21.21 i):% 7f;:];:]'l):, {,l_s.o} 'IJ.ss~".fO] ¾7f 

t;f1',- ef'l!~oJIAi1=- 4-5% ill.21.21 -'1)-tiJ"J~_ss >'t.g. ii): g J;!.5!ltj- (.:J..) 2-46). ";, ¾ 

~el ".,l!\!l"i]>i.21- 0 f%7f;<]_ss :J!'/10!]-'1"1 ¾7]%.21 ~",t.g. "1],l~ 'll.£"1 1,-3'.~".f 

-"I 11 e I "'1 t;f oj ¾ 7 f "I-::i!. '.ll 1=- ;! ~.ss ~ 'i! '<! tj-. "I'±~ 'll "1 ~ ".l' :'. 0-0.4 % 9.1 'll .!/l ill 

<>li'i 'll'lloJI u:f4 e 1'!§1--ll-¾ 1f"'i"'l'l!:, 'l!'l!"l~.ss of'r' ,.t.g. ii:¾ t.J-Efill::i!. '.ll 

tj-. ";, of~ ".1!'11"1 7114- llli4-ll-"1 A§~-';jo] Of? ,.tg¾ A]Afi;f::i!. '.l)tj-, 

.lf.%-"l"l-lo-"1 ~'T¾.g. 22.3-37.8% 'll.!/l.ss QjA] -l\-c<]?i,'<>ll .!/J:>l~ '\I'll loJIAi 7} 

'll- ,.t :: ii:¾ .,,_ S!! t:1- (.lf. 2-12). ".l! 'l! "1 ::i!..£ I'!~ 1f O l-','oJ "'i;,,. o.8 km "'i 'll ¾ 711 '11 

.ss -l\-"'l~oJIAi1=- 20-30% 'll.!/1"1 i):g 7f"'i"'l'l!c .:J. ef'l!:~oJIAi1=- 30% o]'J-"1 .Jc¾ 

.l!.'.l!t:1-. ";, ~'T'-&-.g. Christie and Dyer (1998)"1 '1!-i'-ia!"i-.21- %'l!t;f;,j ".1!'1!"1 ::i!. 

.£.21- ilo-'-1"1 il'o'<,~.SS '<!"11 til7]oJI ~½-"11=- A]<J:01 ,re}~~.£ '<l•l <c \"!.o:f:s 

.I!. 0 l 1=- ;! ~.ss Af il. B t:1-. "' ;ac] 'l):, :,! 'il:% "l :'. 1.4-2.4 kPagj 'll .!/l .ss 'l! 'l!"l ~.ss 'st 
:'. il):g 7}"'19, ~'T'½"1 l'l~.21- 'ital 'll'll<>ll u:f;,. I'!~;, J;!.o];ac] \'l::i!. '.l)tj-. 01 

e-1 ~ "141=- ".l! 'l! -"I "l ¥- "1 ~ "l / {l -ol ¾ ilo 'll "i-1=- -"I "l "1-% Oil '.ll oJ 'l! :>} "l ~.ss " 
-"I "l %"1 'll .£, ~'T'¾ %"1 %'a 4 'i'l:\'! o] '.l);ac] 'l!c .::i "1 <>Ii q;,. .8. '<):, ("ii, algae, 

mucus)£. t' "JtiJ:~ o]:tlc}t ~~ W~"T°.Jl. ,Uc}-. JI¾~~~~ 5:~T,,,~..g.. 1lS. 

3lf 'lJ £.7} Z}Z} 14.7-62.4%3lf 10.7-48.5% 'l! .!/J oJIAi 'li 'Jl 1 % ,I] £1 "f ::i!.1',- 7}'lf -'/-<]] t;f 

71] ~.¥.<5}2 V.2-~ 2£.7}- ji".g.. ~Al~~ ¾-¥-~~o{!Ait 7al0ll u:}c} A}~i!} ':!:l 
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7.,! .,p,j-!,- .!lj W ',f O] --)l-'g-',f ¾ 7)-5)-.:iJ. 'll "1 %-%! i!1 '?I 11! .!,I_ tj- '-/t-& ii);¾ .!,I_ 'l! tj- (.l£ 

2-12; ::I;;j 2-45). A)-~"i:aj%-& 1.1-55.5%.!l] 'iJ.!/J~ .!,!_o]c: 7)-¾t~ 78'jj loi]Ai 7)-'l} 

'-1<.g. ii);_<>_;;;_ l1-2<. 8]- .:i1. 'll.<'-nj, 78 'll 5, 6, 7o]) Ai "1 -'l 30% t1l .2j e.] ia _<>_;;;_ '-it t % 

'lf ¾ .!,I_ oJ .:i1. 'll t:.]-. 0 l 78 'll :'i o]) '-it-& ii);¾ .!,I_ 0 l .:i1. 0 l *"" 'T ;;;_.!l] 'lj-,to l 01 "J'oj-nj 

tl] -"' aj 'lJ lfr 'i'! ¾ -f/- 7'] 5)-.:i1. 'll"" "'l 'll "J "; 'll "i- t! \'j o 1 'll"" ;,;! _<>_;;;_ A)-.E. :,j tj-. Sj ~ 

"i:aJ%.g. ~7']'l'f<>1i 'lj~]~ 'lJ'lJ 1:i!]- 2"1iAj Z,Z, 19.6, 7.6%.'a. 7)-'l} '-/tt ia¾ .!,!_o] 

.il :U~r~l (Jf 2-12), 0]i:" ~A]~ "8Jl~~~4¾.Q..£. -t?-~¥1 ~7J~~ ¾~£21 ~ 
~,, _<>_ 5'- -\'le"\:! 'il t:.J-. ";, of{! '?I '1! "1-'l ~ 7'] .'a.-\'-Ei -lr1l"'il 50 i/l ~ "1 ~ "I :aJ % .g. "l' 
0.2 km o]'"°"~ ~~~ ';:: ~ A,3% 7}:>.lJJ. ;Utj-. %}.J.l'oJ-, ~~~ ;i.p~ g 7};;r.].J1 'x). ';:: 

'l)'jj 4-8ollAj9j A)-~"i"J%.!l] 7]i'!oll til~ ~7}:aj'1] '<J'i'-7} ~-']7} -"J"10) ~ ;,;!_<>_ 

£ Af .E. 'flt:.]-. 1111! oil Aj "cJ/-:aJ _<>_;;;_ x ½-"J "1 'l/ "° :§}7J-'lJ-~ 71 'l}'lJ- ( ::I i/J 2-43e)_<>_ 

s!...!j!-t.~ i}"Et~ ~~Al o}Y~ 7.1~~~ ~%~ ~~_Q_£. 3::t,\.~5..-¥-E~ %~~ £l 

"J¥-ol 'll"l (Lee et al., 1994)-"l.:il. 'll"° ;,;!'1]7']oll til>il-'i"" of"JJJf7'] ~~5}7'] \l!" 

t -'Jtil O l t:.J-. 

(2) 711~0!1 'rf::' ~~\"!~ 

oJ:i.1/J/-Ej i'\~'iJ ~','-£,"- %-%/i!l.2} of{]:11'i!ollAi Zj-ZJ- 41.6-62.1%, 

29 .7-63.6% e.] 'll .!/l .s'_Aj 'll 11 oil n:\ ~ 'll :§f;, .!i 'l! tj- (ll. 2-13). 21- ,, 111 o\1 "i e.] 'll it.); 

.g. 50.3% e.J- 52.2%.'a.Ai 71 e.J -f/-A)-~ ii);¾ .!,I_ 'l! tj-. -'l 71 'l!.'a. "° of{! '?I \!l e.J ~ -i- 10 

-!,oil 68.15%, ¾-%!"1 '?i'l!i'- 11-'!!oll 61.29%.'a.Ai 7}'l]- '-1<711 4e1-4.:il. 'l/t:.J-. 01 ~ % 

'r½ "-1 ZJ- 'll 11 '1! -%! '1! 'll :§f 'll ti1 :. .!i 'll, 0 )-{! 1! 11! .g. 20 ~ 40% :. 7 l ¾ £--"- '1l 1l 
MS-3, -491 'T-" 7'1"1oi1Ai t:.J-± 7P,hi .!,1_014, ~'l}:aj_<>_;;;_ .2l"c£-5'- '!}5foj 'll'c! 

"l -"--"- '1f of "I"° '1FJ ~ .!i 'll t:.J- ( ::i i/l 2-47b). -'ll '1! 'll ~le- *,.,'l! o l 7,J-~ oJ :a ~ s 
-%!oil ,f'l]- ';l::i! 10-%/o!l '-itt .J:¾ 7\~t:.J-- %-%!"1 'l'l!t 60%;. 71¾£_5'. {!50"1 

.<'-5'- '!f 5\ '1! Ai 'jj ;<f ';to )-7'] "° ;,] ~J¾ .!,I_ 'l! tj- ( ::I ;;J 2-47a). -%! '1! I'!£}"° 11 'l! 41 "; "'l 

"1 ~ ,Jj£j5f.:il. 0 1-U 1111!"1- 0 f%7\7']£ ~'l},sj_<>_s!. 8-%/oll ';l:t ;,l~¾ .!i'l!t:.J-. "; 

o]-~ 1!~ ~ .z!-£{1.Q.~ 'O"J<S}ol tj-5:;. Eo}AlC" 7aa-J~ ~~ol .!i!_ol~ ~\1, %,%li!.l 

11 'i! 2_ "J' '(r .2j ',.l:O )-7'] "° .I:¾ 7)-;<] 7'1 '/! 7'1 "j oil n:\~ -'f' iJl ~ 7J "J-'8 t .!,I_ 01 7'1 \lf .:i1. 

'll tj- 0 1 21 ~ !; 'll .g. 'll •I :aj -"--"- '?I '!! .2j "l 'ii "1- i'l \"! -"I " ;,;! _<>_5'_ A)-.il.-"I uj ' pf -u 
,i'l!.2J ;,)-i- :(}50{"!£-.'a. '!}5f'i'!Ai 'jj~f .:il..'r.7f ',.l:Of7']"" ;,)"J'~ 7f7']"° '/!-'ll, ir~ 

i!1 '?I '!! :'. ¾-I'- '?I '!! 0 l A I -'I- -"I ::: * ~, 7'] 71.21 'll 11! '1! ¾ % 7'1 5} .:i1. '.U 7 l n1l 11: oil 1l 
{l',1-'a. x½/{l'r >l{!.21 •foJ7)- '4-"1 \l;l7] n1]1/:£-5'- Af.ll.'<!t:1-. 
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ll 2·13. 1999~ 8·11~ 7llJ-§~ t!-~-E.! ~~ .H.8-£.J~~2j ru=r~nf ~~¥§Dl1Ai ~~ 

-El t:l8~~ '121 ~~ 

Area Station 
August October November Average 

W.C • {%) S.S.• (kf--'a) W C. (%) S S (kPa) WC (%) S.S (kPa) w.c. (%) S.S. (kPa) 
YS- 1 29 I 9 5 60.2 44 47 8 11.1 45.7 8 3 
YS- 3 33 3 I 0 52. 1 22 68 8 I. 9 51.4 I 7 
YS- 5 31 0 2 2 49 7 I 6 64 7 1.0 48 5 16 
YS- 7 37 3 38 66 0 1 7 70 7 38 58.0 3 1 
vs- 9 35.2 22 86 6 1 4 64 6 0.6 62.1 1.4 

Yuweolri YS-11 36 3 1.2 51.0 1 3 64.3 I 4 50 6 1.3 
YS-13 29 9 42 50.1 68 62 2 3.5 47 4 4 8 

' YS-15 31.9 0 3 47 8 1.4 88 5 03 56.1 07 
N 

YS-17 310 0.8 52.3 1 I 4!.6 1.0 0 -
00 

' YS-19 30 0 0.4 - 67 0 30 48 5 1.7 
YS-21 29 1 1.0 - 57 9 06 43.5 0 8 
MS- 1 22.3 16 38 0 1 1 28 7 1.6 29 7 1.4 
MS- 3 28 3 1.8 68 1 0 8 62 0 10 52.8 1 2 
MS- 5 24 9 1.4 45.3 1 3 58 6 1.9 42 9 1 5 
MS- 7 23.7 24 64.2 I. 7 59 I 2. 1 49 0 2 1 

Masan MS- 9 34.7 1 2 71 1 0.8 56.6 f.f 54.1 1.0 
MS-11 37 8 1 4 79.3 1 4 70.2 1 6 62.5 1.5 
MS-13 36 2 I 4 80.6 16 74 2 1 7 63.6 1.6 
MS-JS 30 6 1.6 66 9 1.7 68 7 1.9 55 4 1.7 
MS 16 36 7 1 6 71.6 I 6 70 0 27 59.4 2 0 

• W C denotes water conten1 and S. S shear strength measured by hand vane 



i 
c 
-" C 
0 
u 
' I 

i 
c 
c1l 
0 
u 
" j 

(a) YS-Line 
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:1\!J 2-47. 1999\'l Bij!j!Ej 1111m,q21 ~'!j li§"i"i.!21 ~'rii l!J~; (a) YS-Line; (b) 

MS-Line. 
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".I! 'I!\!! ~'ll '<l ~ 1<!%"1.QJ 'll it ill:~ .!I.\'! 0},tc ".I!'!! o I 1.6 kPa, -fl--%! e.] ".I!'!! o] 

2.4 kPa!a.Ai ¾-%! e-1 ~ '!! oJJ Aj -'11-til "l .2.!a. sl' Jil 4>'1-4 :il '.U tj- (.Ji 2-13; ::i ;,J 2-48). 

-%! \!! '!J fr ,0, of~ ~ '!! oJJ Aj 11-%/ oJI 1.7 kPa ::I e.] :il -fl--%/ e.] ~ '!! ,0, 10-%/ 1lj- 11-%/ oJJ 

2.6 kPa!a.Aj sl'Jil 4>'1-4-"- '.UcJ-. oJ:, zt ~1±%"1.QJ 'jj~\!! I/!§]-;; .!I.\'!, of~ ".J! 

'!! ,"_ 0.8 ~ 1.6 kPa ~ 7] ¾ .2.!a. 'T !a_.Qj- 'lJ .!\'! oj -l,'-.¥:-of<c '1J ~ M5-9'1J oJJ Aj <c '1J ~ 

~ 7]*g ~'8"}}!] Ji!.o]~l1ll, ~~ ~~ "'r&.7} ~£'5ti=- 7sl MS-lllj!-E:]"C" 1.6 

kPa 41.QJ.QJ 7'1.QJ 'll'll~ ~1<!%"1 ~ 4>'1-'1!:il '.UcJ- (::i;,J 2-48b). ::ie.].:a,_ 'll~ 

M5-9 '1J .Qj '1J ~ "i] Aj 10-%/ oJI 7}':J' ,,- ,':'_ ~ \'!%"J ~ 4<t'1J :il '.U tj-, it-%! cj 7)! '!! ,0, 

;<] '1! "l .9 !a. ~-'11-til oJJ OIi 'b' "1 nj Af ,;! "1 "l % .QJ ~"J'oj ¾ 7}8"f<c 'll ~ Y5-1 oJJ Aj '-I 7] 

oJJ o:]-e} 7.9~11.1 kPa 1~.QJ s\',O, ~1<!%"1½ 4>'1-'1!:il '.U.2.nj, 'll'i!\'! 0] l/:.¥:-of 

<c 'jj~ Y5-J3oJIAj tj-;tc s\':il 'y'.£7} -l,'-,¥:"Of<c 0J~"1JAj "]~~ ~\'!%"J-£ .!;l_oj 

:il '.U '.l,l tj-. -%/ \!! I/!§]- ;a .!I.\'! '1J ~ Y5-1 "i] Aj <c 10-%! ,£ >l].QJ 8"} :il ~ 1<!%"1 oj 7}':J' 

sl'Jil 4 >a-4n1, '1l ~ Y5-13"i] Aj 10-%! oj 7}':J' sl'Jil 4>'1-\l:9- (::i ;,J 2-48a). 

~ >fr "l .2. !a. ¾-%! e-1 "1- 01-tc ".I! '!! "i] Aj .Qj ~'r½ "t ~ 1<!% "l .Qj '-] 7 l "i] o:j-i", '1! §]-" 

'll>fr:aJ<1_1 %t!:t1:,11 'a"a"1- cJ-e -'11->fr'<l '1"1-:a 4>'1-41:il :UcJ-. ~, c!e "1"1%.eJ 

¥-AJ ~~C" jl~ ~1 ~jl vJ-4--i-.ilt ~ "c!-%,?;J {!-E.j ~7-ll lfr ~ -9-11 ~_Q_.£. .:c. ~ 3\1 .!i!. ~, 

~'r~ 0 1 ¾7HloJJ o:J-e} "1"1%.eJ ~1<!%"1,0, ~~I 401,q;,, 7a.-J~ 7f;sJ;::Jil 'l1 
'/}:ajojtj- (Lee, 1991; Christie and Dyer, 1998). -of;ac]'l]-, ~'!l'l! ~'l!.QJ 7J4- ~'r½ 

,". "1¾'11"11 1f,:J- ,,-,o, ill:~ 7f-"ln1 7f½1!oJJ ~~I ¾7}81]7f<= ?J.-J½ 7f-"l-"l'l!, 

~'i!%"l,"_ oj.ej- -'11-t!:~ 0] "1:S'll"il <c ilk~ 7}-"ln1 7}½'1l!a. 1Joj:::;\'!Ai .2.-o]aj 

~'r½.eJ ¾1f"IJ.s:c. *'r-of:il ~1'!%"1°1 'll~I ~7181] 7}<= ?J~~ 1f~cJ-. "1"1% 

.Qj ~1<!%"1 1/!~<c i''s'"l.2.!a. "1"1%.QJ 'll"l/{l~½ ~1!-o}Jil '<le!. o:j-e}Aj, 'i! 

,ff,,1-"l t!~'ic! ~1±%"1 ilk.eJ ..!"1-<= "1%1!oJJ 7}~ ,,-,". ilk~ .!i!.'ll.2.!a."'1 7]~oJJ 

li!.TI'e ~'!J'l]- ".J!'/l.QJ "1%1! {)~4% (-lf-, 1998; .jl- %, 1999)½ oj:'='jj.'r. 1)'!j%f 
jl '.U tj. 

".I! '!! "1 "1 "l ii- ,". 'i! >H ,,, -"l <l-~ '<l 7 Hl O l 471-%! oJJ -li!-:ilf a-f £ !a. \'! <'! "7 "1 "l il- ~ 

'i'-"I 71 oJJ ::: 'i'-'1 7f o:J-e cJ-. o:J-e.J-Ai, 1e- li!..:i!Ai oi1 Ai;,, <J-~ 7J n (1999'd 8-%! -11-%1) oJJ 

'i;~"ilAi 1999';'1 7-%!oJI tic~.,! 7]¾\'!oJJ til~ ;;/ 0].QJ- "1:aJ"J'.Qj 1/!~oJJ tilo]] 1)-.!!j 

.!I.~ tj-. ¾-%! e-1.QJ- of~ ".J! '!! oJI Aj 7] ¾ \'! oJI tiJ ~ -%j ',! "1 "l "J' I/!§]- cl 7] ;:: .ll. 2-14 
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"''"'" November 
Average 

' ', . :-· . '--·"'····:. ···-···· 
0 ~-:c~-',--';---:--.._-'"---'--",--'--'JC--L....._J 

YS-1 -3 -5 -7 -9 -11 -13 -15 -17 -19 -21 

(b) MS-Line 
3 

, 
2 / 

1 

0 L---'-'--"----'-, __ ,1,_ __ J._ •--'---.L . _ _J''---'---' 
MS-1 -3 -5 -7 -9 -11 -13 -15 -16 

Station 

:I~ 2-48. 1999'.::j B~~Ei 11i!mAI 3,1!~2.J ~~.!¥!§0l1Ai ~~-El ~8~~ 't1~; (a) 

YS-Line; (b) MS-Line. 
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R 2-14. 1999\:1 8-11~ 7llJ-§~ ~~-El -3!1~ ~~~21 ~~/~6.J ~~. ~01~~2.j. ~Jil 

\!1:of£"i -'"i~a~ LfEfL.ff'/l:a; 

August September October November Average Net value 
Acea Station 

O.C.*(cm) SW *(kg) O.C.*(cm) S.W.*(kg) D.C.*{cm) S.W.*(kg) D.C.*(cm) S.W."{kg) D.C."(cm) S W."(kg) D.C.*(cm) S.W.*(kg} 

Ys-1 4.19 2.22 -0.10 -0.05 0.09 0.05 0.17 0.09 1.09 0.58 4.35 2.31 

Ys-3 0.35 0.19 -0.38 -0.20 -0.02 -0.01 -0.05 -0 08 

Ys-5 0.28 0.15 -0.31 -0.16 -0.36 -0.19 0 35 0.18 -O.Q1 -0 01 -0.05 -0.02 

Ys-7 3.86 2.05 -0.81 -0.43 0.01 0.01 0.29 0.15 0.84 0.45 336 1.78 

Ys-9 -0.29 -0.15 0.43 0.23 1.07 0.57 -2.95 -1.57 -0.44 -0.23 -1.74 -0.92 

Yuweolri Ys-11 -3.78 -2.00 -1.13 -0.60 -1.18 -0.63 0.92 0.49 -1.29 -0.69 -5.17 -2.74 

Ys-13 -0.31 ·0.16 0.38 0.20 0.31 0.16 -0.83 -0.44 -0.11 -0.06 -0.45 -0.24 

Ys-15 -0.69 -0.36 -1.94 -1.03 0.70 0.37 4.44 2.36 0.63 0.33 2.52 134 

' Ys-17 0.06 0.06 0.06 N 0 11 0 11 0.11 

N Ys-19 - -1 88 -1.00 -1 88 -1.00 -1.88 -1.00 

Ys-21 0 34 0.18 0 34 0.18 0.34 0.18 

Average 0.45 0.24 -0.48 -0.26 0.09 0.05 0.10 0.05 -0.07 -0.04 0.12 0.06 

MS-1 0.08 0.04 -0.60 -0.32 0.62 0.33 -1.50 -0.80 -0.35 -0.19 -1.41 -0.75 

MS-3 3.57 1.90 -1.64 -0.87 -1.82 -0.97 -0.28 -0.15 -0.04 -0.02 -0.17 -0.09 

MS-5 -0.83 -0.44 2.30 1.22 -1.77 -0.94 -0.46 -0.24 -0.19 -0.10 -0.76 -0.40 

MS-7 -0.88 -0.46 2.56 1.36 -3 16 -1.68 2.43 1.29 0.24 0.13 0.95 0.50 

Masan MS-9 -2 58 -1.37 -1.18 -0 62 -0.62 -0.33 -1.15 -0.61 -1.38 -0.73 -5.52 -2.93 

MS-11 -1.33 -0.70 -1.31 -0.70 0.58 0.31 -0.90 -0.48 -0.74 -0.39 -2.96 -1.57 

MS-13 -1.23 -0.65 -4.68 -2.49 2.85 1.51 0.15 0.08 -0.73 -0.39 -2.91 -1.54 

MS-15 -1.13 -0.60 -0.58 -0.31 0.18 0.10 0.25 0.13 -0.32 -0.17 -1.28 -0.68 

MS-16 -1.03 -0.54 1.81 0.96 -6.15 -3.27 1.67 0.88 -0.93 -0.49 -3.70 -1.96 
---

Avera~e -0.49 -0.26 -0.38 -0.20 -0.92 -0.49 0.06 0.03 -0.38 -0.20 -1.57 -0.83 
• D.C. denotes depttl change from datum (stainless steel plate) to surface, and S.W. weight of sediments deposited on unit area (30x30cm) for each measurement 

period; positve value indicates accumulation and negative value erosion of sediments. 
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oj) L-tE)\IJ B}9t :,/t:j-. cj7)Aj 0J-"I j;}: (+),"_ 1999\1 7-%)oJ) j'f"J"'tJ 7]<,'\'!2_.se..lj!.£) 

-"I ;.;, 0 l 7} '\? 7} ~ .z. .se. "'1 "1 "I g c+ E) 41 2 g -"I .J: (-) .g, <I O l 7, 7c!-± ~ .z. .se. "'1 'il 61 

~ c+E),J:q. ~'11, -li'll't! ,Hl\'!"l (30X30 cm)oj)Ai-"i yo)\'!§!-:: o)¾'"l"1 'i!$J 

\'! "I Oil cJ1 ~ -¥-"11'!:ol::: ,iJ {f'"} .:i!. cj 7) oJ] "I "I %-"I "1 'llx::; ~ •IH~ 2-.se."'1 111 ~ Oil 

u:};,. Z, 'lJ 'Jl oJ) Ai -"i 'lJ "J / 'iJ -6) -"i \'! :oli'a- ,;) "J % -"i .!/- >I] 5'. ~{f '5} 5:l 9- ( .Jl 2-14). cj 

7)oJ)Ai "1"1%-"I s!'llx'Ec 4 ')!'l!oJIAi 1'!:';'t! ~'r¾-"I "ilir.J:g 0 ]¾ii}cj -6) 2-2 

Oil -"I •1 'i' ii) 5:l t:1-. 0 l 'II >11 .R ~ -'fl "1 "I % -"I 'll "l / 'll 61 I'! :ol ::; '!l \!1 "1 "I ii: .se. ~ -U 
%)7) $J•JAi'Ec 'i!$J %~7]'1,2..s'. i..J-'r-"1 .lj!.llj .'E'Ec oJ.z..se. jj_A)~q. 

1999\1 8-%) ljL Ej 11 '!) 77) :>] j'f~ 7) '1,oJ) cJI ii)cj 7}{!- 'tJ 1,",;) "J "J'-€c -f\-'!) cl ')! 'iJ. -"i 

;;l .!/- o .12 cm (0. 06 kg) .se. "I' '1c -"I "1 "I g .s! o l .:i!. '.ll 'Ec 'l! \'!, ") -U ')! 'i! -"I ;;l .!/- -1.57 

cm (-0 .83 kg) 5!. 'ii -6) 't! 0J 'I} g .s! o] .:il. '.ll t:1-. -1\-1! "1 21- "){! '?I 'i! ',! 'il Oil ti! ~ "' "1 

"I "a' .9_ !a. ~ uj -1. 45 cm (0. 77 kg) 'll x 7} 'il 61 "1.:i!. '.ll 'Ec :;.l 2..s'. i..j-E) ,Jc c)-. 4 ')! 'i! 

oj) Ai ¥!:~ 7 l '1% \'} -"I "il ,r j;J: :sf "' "1 "I ,Jc-€c % ';' Al 7 l 21- 'll 'll oj) u:} 4 ~ \'! :of ::; !;! 

5:lt:1- (l!. 2-14). 

-1\- '!l "1 ')! 'll Oil "1 ¥!:~ 't! "1 "1 % -"I iJ "I / 'il 61 -"I \'! :ol "\ 'a % 'll "'1 1l' •l :,,_ \'! , "l 7 l 

\!! .s'. .£ la- 'll 'll oj) ti! ii)cj '!) ,r ,;J j;J: -"I \'! :ol'Ec 8-%) oJ) 0.45 cm (0.24 kg).s'. "i "I' TI: -"I 

"1"1% );!o):,, 'l!\'!, 9-%)oj)'Ec -0.48 cm (-0.26 kg).s'. "1'<1-"I {l-6)% .s! 0 ].:i!., 10-%):,,f 

11-%!o\\'Ec Z\Z\ 0.09 cm (0.05 kg), 0.10 cm (0.05 kg).Z..£. 7\-"I \'!:ol71- \ll'Ec .!\'-"1"1 

'l'VJ-% .s!s:l q. 7,;!;,f aj 2-.£. "a ir-€c -0.07 cm (-0.04 kg)o) :>) \'} 8-%! oJ) ,g-<j "1 aj "1/ .Z. 

.sc 'd '11 j\; "1 "l "el-€c 0.12 cm (0.6 kg)'ll x.s'. 71 -"I u) "l ~ \'l :ol¾ .s! o] .:il. '.lJ q ( c:1 \'I 

2-49). A)7]o\\ uc\-e 'll'll'l! "\"Jg {j-1'j.s!'l\, "1%~ 8-%joj)~ 1FJ *")iJl'oj) $)~)~ 

'll 11 1 :sf 'r .£. '; ','l oJ) $] ~] ~ 'll 1! 7oJ) Ai Z\4 4.19 cm (2.22 kg), 3.86 cm (2.05 

kg).sc 7)~ ~ -"I aj ,Jc ~ !;! 0 l ,cc 'l! \'!, :>) '!I "l .2..£. '!l \'f \'! 0 I A) 4-"l 'Ec 'll 'll 11 oj) Aj 

,cc -3.78 cm (-2.00 kg).£. :;,JcJl-"i {l-6)7,;!:,,f::, 4E)\ilc\. 0 ) A)7]oj\ 'lJ1J lo\\Ai ~ 

~ ~cJ:% .!i!._o]t o]%'C' ~H<'tl~6}.2..£ ~~ ¾~.£.21 ~i;fo]~7} .!i!..Cl~ 7],eoJ] 

'ii \'} -:) oj) '1- .','. '5) .:il. %\ 'Ee A)~ "1 "l % ( ::I \'J 2-3)-"i sj % ?,;! :,if£ !;! cj 'd t:j-. 9-%J 9.J 7J -i-

8 '!) oJ] "l•l 'll'lloJl u:}~ \'l:ol~oj 47\1 i..j-E)i..j-'Ec 7)-,'c<il, 'll'll 7oj)Ai'Ec -0.81 cm 

(-0.43 kg).Z..sc -2.•l"i "1''1:-"I 'il61% !;! 0 ).:i!. il'll 11oJ)Ai'Ec cj'!.!iil -1.13 cm (-0.60 

kg);;!. 'il61-"l.:i!. '.ll'Ec 0J-j}~ !;!:ljt:J-. 10-%1-"I 7J-i- il'll'l!.sc 9~.ilf 71-"I %•}~ "1 
~ 0J,,.Jg .!i!.'Xft:}. !;~~.Q..~ 78~ 110l]A1~ -1J8 cm (-0.63 kg).2...£. o:]{!15] ~~ 

"]"1 'f,cc OJAJ~ 7}~t:j- (J!. 2-14). l]-%j_sc 'lJ"1~\'!Aj t:j-{o A]7)9j-~ 0}-? -j/-o)~ 

78~~ ~~~Ad~ 7}5',c.}-. !;~l ~Y~.Q.J A}JBojJ .$1~]15}.:i!. ~C" 78~ 92] 784- q 
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(a) Seasonal sedimentation 

E 5 ,, 
August ~ ' September C 

g "''"" '. Noveml)er JS Average C • ·~ .• 
·-·-·'::,.~-

. ,...,,,,..,..,._, :.--7•·- .. '. e . . - ' • ·• 0 . 
al .. _··-~- '< y ·, ';s. r,</•.,,. • . 
0 ' ·., 'v' '· - ,. 

' 0 
' c ' . ' " 0 

E 
<( . 5 . 

YS-1 .3 .5 .7 .9 -11 .13 -15 .17 .19 -21 

(b) Net value for the period from Aug. to Nov. 1999. 

E 
~ 
C 
Q 
]! 
C 0 • E 
'6 • 0 

;; 
z 

-10 
YS-1 -3 -5 -7 

Station 

::l's 2-49. -'1-!a~I ~'o!(YS-Line)OIIAJ21 1999\1 8i,i-11i,i 71{!~021 $J"l•21 \!!~. "i 2 

LIEi~ ~~Oil 5-flOll ~E:11<2.!cllA ~(300x300x2 mm)~ .H.'2:1°£~Ei 2f 30 cm?:,! 

OIOII 71~~.2.£ ~;ti: i5fo~ 21HW.~<21 ~XIA!~ c~~ 7WOll ~~'El '1~ 71~'1° 

£ ,1g;;1s;~. 
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~ A)7]of] -¥--"1"1 111"] "1'<1"1 !>J"fo) oJ+oJ:ll'<! 'll:I'!, -2.95 cm (-1.57 kg).ss {l 

61 °,}'A,}o) 3.71) Lf E};;J:cj-. ~'/l, q-~ A) 71 ol) :<)4,:aj .Q._;a_ 'iJ 61 o) 'll oJ Lf Ci! '.<) ~ ,;J 

'll'll llof)Aj,c .2.-0-)?;j 0.92 cm (0.49 kg).ss "i:aJ"],c 0J%¾ 7f0<)oj, 'll~'lJO) 'lf'-1 
Ci! ~-il-~)"fo) 'lf',f"ll 7},c 'll 'll 15of)Ai<c 4.44 cm (2.36 kg).s'. --'t'il-'lf"1 "i "l:, 

.!il_\:lc.f (.ll. 2-14; :i\'l 2-49). ~>il:aj.2..ss ¾-%1"1 ?l!'i/"1 11"1/{)61"1 \'!~,c 8-%/ol) 

1:€ o] 1' 0 ] Ci! 9-%1 of] 1')-0] <c Ai !a. %'1}'<! 7., :i!);, .!il_ o] <c ~\'l, 10-%/ :i!) 11-!,I oil <c 0.1 

cm 01111.QJ ojo]~ \'!~1,- .!il_\:lcJ-. 

cf~ ?J! 'l! of] Ai {!<'\'--'f! ~'lJ .Q__,a_ .!i'. c' 'lJ 'lJ ol) t1J iifoj 'lJ if-'f! ;;).Qj \'!aj. :'_; ',1 Ai 

11--"l.!il.\'!, 8-%/of] -0.49 cm (-0.26 kg).s'. ¾-%1"1 ?J!'i/:i!) ',re1 {l61°J')j-:, .!il_o)oj, 9-1,1 

ol) -0.38 cm (-0.20 kg), 10-%lof] -0.92 cm (-0.49 kg).ss :<)4/"1"1 {)61¾ .!il_0Jcj-7f 11 

~!a. -lloJ~'llAi 0.06 cm (0.03 kg).ss Sf<}.QJ "i"f 0J')J-.Q..ss ~oJ,J:cj- (l!. 2-14). 7., 

'4"l-"--"- t!<'\'-7lTI%"1:"1 'llir.l-ie -0.38 cm (-0.20 kg);, .!il_o)oj (:i;,J 2-50a), ~ 

"i "l 'lf i,- -1.57 cm (-0.83 kg).s'. ¾-%1 e1 ?I! 'l! :i!) ',re1 %'t'ls'-"1 {l 61 '<! 7., :i!)i,- Lf E} 

;;J: 4. ( ::i 'll 2-50b). A] 7 J ofl a}~ 'll 'll '11 \ll ~ '; -'J ¾ {l- JJ.j .!il. \'!, 8-%/ "1 7a .</- '1) 'll 3 of] 

A~ 3.57 ems:.. ~~ £1~ 0J% 4El-~Jl 5:1,c}. 01 78~.g. B]<t!-1i~.£.~Ej '4 0.3 km 

~ o-J :;tj 'U i:- 3:: Y £.2] ~ 1r'! ofl ~ ~l ii} J1. Y ~sq~ ~o] -9--"11 i5}7l] ~:£ i5} .JI '.U 'C ~ 

'll % 7 f "] "' '.U oJ >J-~Al ~ "r .,,_ ~ lI} a} * 'll "1 oJ .g, -'I-¾ "i "1-ll-"1 -"I "I " 4 .,,_ A I 

,;. '<! c.f. ::i cj :il. Y-"1 ''1 'll -ll ~ of] Aj c: 'lHI: 51 '11 -'\'- ,,pj LJ1 "1 "ti'l -"1 {l 61 'IVJ- :, .!! 

\:l"t (J!. 2-14; :1\'J 2-50). 9-%/-"1 7,j-'f- S1A) ~'j}:aj.Q..s'. {)61 OJ')J-¾ .!il_oj_:;, '.<):<) 

'1!, ~,".ss.Qj 'l[',r0] P]Sf-,,J-"1 1\l~'lJo) ~sff-,,J-c: 'jj'lJ 5.Qj- 7 (:1\'l 2-4lb)ofl<ic: 

Zj-7.j- 2.30 cm (1.22 kg), 2.56 cm (1.36 kg).s'. o;--'/-aJ.Q..,a. "i"l"1'° 0J'1}~ .!!'l\c.f 

(:i\'l 2-50). ~'/l, TI~{l?!s'ofl -'11*]~ 'll-ll 13of]Aic: -4.68 cm (-2.49 kg).ss {lzj-~ 

{l~g Y-Et1:d'ct (.:::Z.~ 2-50a). 10~ Q;jA] {!i;fr19-.£ {l-6lg s!- 0]C 7}-8_-riL 1){1 

7:il\ 16"\lAi zj-z\ -3.16 cm (-1.68 kg), -6.15 cm (-3.27 kg)ss'•i '1"1-"\ofl !/1~111 78 

-jjof)A7 7f'lJ ~ {l61'l,'~ .!il_'.1/cJ-. ~\'l, 'll-ll 13ol)Ai'° 2.85 cm (1.51 kg).ss 's--\'-"l 

'11 "i '; ~%¾ .',1_'.1fq (.ll. 2-14; :I\'l 2-S0a). 11-%1<>11'° 11'll 7 (2.43 cm)il} 91-"l?!s' 

ofl '11 >I~ 11-ll 13, 15, 16ofl"i z)-zj- 0.15, 0.25, 1.67 cm.s'. -S:--'l-"l '11 "1 "l 0J,AJ ~ .!il_ 

~'!!'-, '-1-"1"1 '1J'll~of)Aic: -0.28-1.50 cm 'll!/1.s'. ~'j}aj.Q.g 4161"1"1 7)E 0,Jc>J

~ Jil..<,zltj-_ ~~7]Z}%~~ ~-rr.g. ~~'tH:!2-£-'f--Ei 0.8 km Al1f% 7]¾2-.£. ~Al 

?!a' 1!'$J~ofi"i'° Sf<}.Qj '\161111"1 -¥-"1"1 ~>J-:, .!!0 lc: 'll:\'!, efcj~ 'll-ll~oflAi 

'° -0.32--1.38 cm (-0.17--0.73 kg)'ll!/1.ss %'1l"l.2..s'. J,,:'. '\161*:, .!!'.1/cJ- (:I\'l 

2-S0a). :,!~7)i'}%'l}.QJ "1¾"1'11 ~"i"J'lf-,'e 'jj-jj 7of)Ai 0.95 cm (0.50 kg).ss Sf'" 
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(a) Seasonal sedimentation 

10 ,--------------------

"""" September 

"""'"' November 

•··... ,,-··-·;:-:>'-,. ,......,.,........_ Average 

0 i-----1':'.s::""7~··,~·/+....:-.,~· -+-~'',"'cts~-f?=?= ..... =-'..,:;'~·2-2·0~·~-+----:.-_.~~ . .::__ ~~-- -=····;;.?.":"':7•:':.s·.::~:::.': ............. );..~·, :c~.,.' 

-- ·,. ,/ "\ ·,. \ 
\ 

-10 ~ .. ~--;--;----';---':,--,~--'.,--~,--~·__J 
MS 1 -3 -5 -7 -9 -11 -13 -15 -16 

(b) Net value for the period from Aug. to Nov. 1999. 

10 ,--------------------

0 

.10 
MS-1 -3 .5 -7 -9 

Station 

-11 -13 -15 -16 

:l'ei 2-50. oftt 'li!'lJ(MS-Line)O\IAi21 1999\1 Bt,l-11f,i 71<)§021 "1"1!121 \'j"f. 
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-"l :<Pj % i+ Ej-';!l ¥ y-Pj ;<] 'll 'll ~ oJ] Aj ,cc 'll '11 :aJ .".!a. 'il "l B <s! 3lf '!!- .s!. 'l! .:i!. "i •L 

3''r.s'.9.I ~\:lo\\ ~-"l•f:;,. ~,cc 'll'll 99.I 1)4" -5.52 cm (-2.93 kg)-". 'i)-!-joJ AJ's" 

.-1 ~•~"1.:il ~g% y-Ej-',;l:q. 0],cc "l'll"i\'} "i's3lf -i'!:\'!'8°1 e 3!."..s'. Af.il."1 

uj, o] 'lJ'lloJJAj,cc cJ!'i!o\\Ai ~•J"1.:i!. ~,cc 3c'r.sl.-"i o]%o\\ 7]\'}S-f,cc 3!."..s'. '\'!-'cl 
,;1q 

¾~ e1 "} of{! '-1! 'i! o\\ Ai ~ ;<Jl lJ]-;<] i'J:~B "I "I ¾-"I <;! '4% .s!. \'! 47fl ~ %'<lo\\ 

'll 'il "I ."..s'. -1.45 cm-"I 4/ .'r..s'. 'll "l "1.:i!. ~ ,cc 3!."..s'. y-Ej-',;l:q. 'll 'l!"i ."..s'. \lt-l"

oJ 9.1 "11.J~ "i.aJ¾o] "1%1lo\\ "i.aJ"l,cc 0JAJ:. .s!_o],cc t:1-e c.l!'i!~ (Lee et al., 

1999; Chu et al., 1999)'4 ',raj oj;; ~ oil 5'. 'll "l "1 "° 0J% (¾ %, 1999)-l"- \'}'lJ 'roJl 

Aj i'!~ B 1/-% "i :aj ¾-"! 0] %0J-'2} 3l} .'r. 'll-"I S-f .:il ~ q. o] aJ ~ 'iJ "l %-l"- 31} :>j 'rt! 

\'! %'<]:oJJ cJ!'i/9.i ").aj%O] 'r mm '11.e].s!. ~oj .g. 3)% '>f'<r"f\:l, cJ!'i/.ej ;<J'!!\l! 

~:s %'il-•l nf.is>II 0l7Vl~ 'r '.Uc 4,5c.0Jt:1-. ~'ll\'!-"I ;;14- 1/J:JJll<ll-'il 'i!Eil;; 

C,, ~ jl il % 'Ii':\'! O I '-1 2-} \'! .ej 'll-r lsl-Ai ~ .ej "1-o\\ ,CC '¥'4-e1 '-1! 'il_ O l \ii J!I 'lf ',f •f 

:il iloJ ;,J%~ lsl-Aj~."..s'.1/-Ej 1Jc"1oJ .2.,cc ll}"<!-oJ\Li;<].'r_ :>j.ej J:c',!1'! 'r il,cc 

-'l 'ii "l "i i % 7f 'll t:1-. 0 l o\\ ttf 2-J- \'! '11 oil '-1 ~ "I :aJ ¾ -"I '-1! '1! 0 l "11 'll-1l! 'r il c if 
.g. -'I '!I "l 3c i'! % 7 I "l .:i!. ~ q. .::i ;,! o\\ .'r. %-r -.J-.:i!. 1'- \'! -r <s! 3lf '-1! \!l "I "I ¾ 9.1 {I 

-6jo] ~614.TI '.Ut ,;!,?;. ~i.lloJlAi o]~c>jA].ll ~'C" ~ 0J:~?f ~ l:IJXAj] :(i1i % 

3l} 'If .g. 'l] ~ :aj 'l] >-l '!! 11! ~ .s'. \'} "11 0 pl "1 ,cc 3! ."..s'. \'1: 11 B cJ-. * 'ir Ai {! '11- 9.1 7<j 4-
.'r. "J3ce<ll-"I i'!1!.s'. \'}"1] -"i"l-oJ] 'fr~"il il:: -.J--¥-c.l!'ilollAi ~ -10 cm/yr-"I {1-!-j 

iJ'O] .s!..:i!."1:il ilt:1- (Lee et al., 1999). 

(1) if~"-1 ?l!'li 

YS-Line% ttfi'-} •fl'<!<:i."..s'.1/-Ei 0.1 km '!loJ~ 'll'll (YS-1)% A]")."..s'. 200°1,1 

tl-'a."..s'. 2.1 km -'I'll (YS-21)771>-l ¾ l11fl9.I '?%"].il. (7.Jo]: 16-35 cm){; >fl~S-f 

'.II cj- ( .:J. s,j 2-5). :@ 1/_l;.aj .".5'_ "c'AJ-A\ ,Lej >] ¾oJ\ ej ~ '\J ~ 3i'_ \'!")% :,_ '1):0f 'l) "-l-"1 

:aJ-rz (primary sedimentary structure)7l :>1-"I .s!.~"1"1 il>-l \',t.".uj, YS-13l} -13 

% e<ll-"l•f:ilc Af~3l} "l~"i:aJ¾o] :>1Sl ~¾"1"1 ~-'l ~.g. '-1~"1-'l¾.s!. TAJ 

"1oJ 'UcJ- (:!!. 2-15; :is,J 2-51). ll'll~ '?'<}A],Lej "1"i-r3'Sl- %"8o\\ qj<I\ -%ll\.s!. 

'1!, t:1-% 3l} :,} q 
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.H 2-15 Q:JB~(1999t::l 8'l!l 15'i.!) YS-Line:;: cqc.t tH91~ ,:j,-{;l'AIS.91 ~{"J~~f (.i:H~I ¥1.;::1::_ 7 El 2-39 'a.:i!) 

Deoth(crnl 
Compo'lItIon (%) Textural Parameters Sed Tyoe Water Shear Or11arnc CaCQ:i 

G,a Sand Sill Clay MZ(Ph1) St De Skew Kort by ~olk.(1980) Content(%) s!ren.(kPa) Matter(%) (%) 

YS I -0 3 66 18 ']4 44 80 33 ~o '2, 3 63 -r:i ~1 2 49 (q)<,M 29 OG 8 8' 4 0 I 0 21 

-8 2 10 17 67 49 87 30.36 6 18 3 46 -0 47 2 64 (g)sM 31 02 5 85 4 25 0 13 

- 16 0 70 10 73 53 58 34 99 6 90 2 92 -0 71 3 57 (glsM 28 28 10.90 3 93 0.26 

YS3-0 63 33 36 67 7 65 2 36 0 62 2 01 M 33.22 2 69 3 71 0 00 

-6 57 04 42 96 7 87 2 25 0 4 7 1 98 M 39 16 5 91 0 00 

-10 50 85 49 15 8 41 2 57 0 16 1 50 M 41.55 3 95 5 73 0 00 

-20 54 26 45 74 784 2 22 0 40 2 12 M 40.58 2 84 5 84 0 00 

-28 49 65 50 35 8 26 2 27 0 21 1 77 M 39 33 3 95 5 65 0 47 

YS5-0 70 23 29 77 6 98 1 96 0 87 2 90 z 31.00 3 79 3 71 5 71 

-10 62 08 37 92 7 48 1 98 0 61 2 45 M 34.96 4 58 484 5 71 

-20 60 76 39 24 7 71 2.30 0 52 1 96 M 35.26 3 95 5 33 5 71 

-28 61 20 38 80 743 1 96 0 54 2 34 M 32 70 4 90 4 92 0 21 

' 
-30 67 43 32 57 717 2 11 077 2 59 z 34 02 5 06 4 53 0 30 

~ YS7-0 0 50 57 97 41 53 8 00 2 63 0 38 1 60 M 37 27 3 32 5 47 0 00 
Q6· 
' -5 0" 61 50 37 76 7 56 2 27 0 51 2 OB M 36 38 3 79 5 55 0 00 

··10 0 '° 58 71 40 80 7 69 2 24 0 47 2 06 M 39 19 3 48 5 53 0 00 

-15 0 89 57 13 41 98 7 66 2 20 0 42 2 ,, M 39 90 2 37 647 0 00 

-20 0 79 57 24 41 96 7 58 217 0 32 2 04 M 39 96 2 53 5 97 0 00 

-25 0 50 52 54 46 97 7 86 1 99 0 13 1 96 M 36 87 5 21 5 85 O 00 

-30 0 40 52 40 47 21 790 1 99 0 24 211 M 38 95 3 95 4 65 0 00 

YS9-0 0 70 68 56 30 75 716 2 06 0 78 2 55 z 35 19 2.69 5.45 0 00 

-5 4 35 0 30 62 07 33 28 6 86 2 66 -0 98 5 77 (g)M 41 68 2 69 5 58 0 22 

- 1 0 0 60 62 13 37 28 7.49 1 93 0 63 2 51 M 39 33 3 32 6.02 0 00 

-15 0 40 61 42 38 19 7 51 2 14 0 63 2 46 M 41 85 2 37 5.93 0 OD 

-20 0 50 57 81 41.69 771 2 12 0 47 2 12 M 37 22 3 95 5 44 0 00 

-25 2 44 62 54 35.02 722 2 13 0 65 2 52 M 36 93 5 53 525 0 00 

- 30 0 99 59 11 39 90 7 56 1 99 0 53 2 47 M 33 02 4 90 5 78 0 00 

YS11 -0 0 BO 56 66 42 54 B 03 2.62 0 35 1 60 M 36 33 2 21 3 68 0.00 

-5 1 28 69 60 29 12 7 23 2 52 0 86 2 26 z 32 40 269 3 37 0 00 

- 10 1 09 60 51 38 40 180 2 62 0 49 1 71 M 34 36 221 4 96 0 00 

-15 0 70 63 72 35 59 7 61 2 57 0 61 1 86 M 33 86 3 63 4 76 0 00 



1l. 2-15. 11"< 

I 
C0rnr,0s,t,0n (%} Textural Parameters Si:!O. Type Water Shear Organic , CO(¾ 

Depth(crn ----------- -----'=='-"===-- ,a a 
Gra Sand Silt Clay MZ(Ph,) St Oe Skew Kurt by Folk(1980) Content(%) siren (kPa) Matter{%) 

-20 0 89 63 92 35.18 7 42 2.25 0.64 2 21 M 31 57 3 32 4 48 0 00 

-25 O 40 59 20 40 40 7 70 2 30 O 53 2 03 M 32 59 4.58 3 71 0 00 

-30 U 20 ':Jl 74 42 06 8 04 2 67 0 35 1.51 M 29 33 4 90 3 64 0 00 

-33 0 99 61 35 37 66 7 74 2 73 0 49 1 64 M 27 12 8 53 5.14 0 00 

YS13-0 3 73 7 62 55 05 33 59 6.86 3 62 -0 41 2 89 {o)M 29 85 4 18 27 74 

- 10 2 53 6 82 67 45 23 20 6.05 2 83 -0 30 3 89 (g)M 27 22 3 98 29 24 

YS\5-0 I 29 63 36 35 34 7 61 2 68 0 59 1 77 M 31 91 3 16 4 02 D 73 

-5 0 50 59 20 40 30 7 85 2 54 0.43 1 69 M 34 38 3 24 4 20 0 56 

-10 050 6189 3761 7.63 243 058 192 M 3290 395 4.30 026 

-20 64.66 35 34 7.59 2.42 0 69 1 99 M 34 12 3 16 4.09 0 26 

-30 60.26 3974 790 261 047 162 M 3106 632 356 017 

~ YS17-0 1 48 60 79 37.73 7 69 2 64 0 51 1.73 M 27.33 3.95 3 87 0 17 

.~ -5 050 6633 3317 745 2.44 0.74 2.10 M 21.30 4.27 357 017 

' -10 OTO 7289 2642 704 218 105 293 Z 2323 395 373 004 
-20 1 48 62 46 36.06 7 51 2 27 0.60 2 12 M 28 15 6 32 3 26 0 13 

-30 0 60 63 02 36 38 7 55 2 25 0.62 2 10 M 28 33 6.79 3 55 0 34 

YS19-0 1 09 63 87 35 04 7 55 2 59 0 62 1 90 M 30 04 6.32 4 17 0 43 

-5 0 76 63 00 36 24 7 56 2.46 0 60 1 96 M 31 14 6 79 6 25 0.47 

-10 087 5888 4025 791 270 041 158 M 3235 664 443 030 

-15 091 6364 3545 764 264 059 180 M 3236 474 446 0.13 

-20 0 70 5!.24 48 06 8 12 2 23 0 28 1.91 M 33 18 4 74 4·57 0 39 

-30 0 79 57 44 41 77 7 74 2.32 0 45 1 95 M 31 33 7.90 4 29 0 30 

YS21-0 199 6318 3484 755 273 058 176 M 2910 269 361 004 

-1 0 0 20 73 38 26 42 7 02 2 23 1 02 2. 78 Z 30 48 4 11 3 25 0 00 

-20 t 09 70 55 28 36 6 96 2 29 0 94 2.68 Z 32 10 5 69 3 40 0.21 

-30 0 60 66 37 33 03 7 46 2.58 0 71 1.97 Z 30 62 7 27 3 08 0 13 

-3~ 0 70 ___ 69 18 30 12_ 7 35 2 5L___Q_83 2 16 Z 27 91 2 97 0 00 
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(f) YS11 
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X-radiogr Texture(%) Mz(¢) cr(¢l Water Cont.(%) Shear Str.(kPa) Org. Matter(~) CaCo,(%) 
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Core YS-1 

'll'll YS-lsj .'il:<>jA]J'l.<e 18 cmSI ~o].'E. 7l'lf !11-Jil •l~-"]'.U.Q.oj, <'I~ 

(0.7-3.7%)"1- -"l~'•i"l% (10.7-18.0%) 0 1 -'i'-<i'-"'J.Q..'E. Jo'll' ~,ff-"J<>l '.U<= -"i-'1/--r3cSI 

(g)sM ,,jaj-'1/-% .!l5iltj- (:J.i/l 2-Sla). "1"'!%"1 .;]j',c,': .l!:¾.Q..'E.4'-Ej %el!'..;]j 

(SY 4/ 3)-'lr:§i .;]j (SY 4/ 1 )--% el!'. .;IJ-'lJ-~ .;IJ-¾el !'. .;]j .Q..'E. ¾el!'. .;]j :a]- 'lJ-~ .;]j O ] iit~l-"l 

'<l-"i l-f Ehti:J-. 'l! >ii "'I .Q..'E. >] %"11 .s] ~ 11 ~ .iil \'!:4%% '1!-& 7h£, ,~, 'll it'll 5'. 

(6.2-6.9 ¢ )<= ,)ii>,}3c 'II :§1- 'il ",}% .!l 5(! tj-. 'ii-'i'-¾ "i] Ai 3c 'II ~ "1-"l % .s] ~'lJ'o I % 7} 

8"}'C .<i!~ ~ ~Al.£.11-Ei i>ll~~¢f2...§.. ~~ ~~~~ ifitofl 7]~8-}'C '.1!2...£. A} 

:a~c}. £1~~.fij ~irS.C" 2.9-3.6qi 'ti~.£. "c}Jf..£ ~Y~ o}'r ~~tTIX]t 7JtrJ 
~ .!lS(!tj-. ~4'%-& 28.3-31.0%.sj iik:l 7l"l"l, "1"'1%"1 .:i!.~'i'! 'jj.5'7} 11 cm 1:/ 

0 1"1]-"1-'i'-"1 ia--3f!cc'll>ll %7}-"]<>J ":''ll'i'! 'l!B%"1 (5.9-10.9 kPa)-& -oJ--'i'- 16 cm 1:/ 

0 ] "I] Aj 7l'lf 'a:-& ii<¾ .!l 5(! i:J-. -l\- 7] % "1 ~ ill'-& 3.9-4.3 % 'ii '11 o I "l, ifr~'ll ,"_ 

0.1-0.3 % 'ii '11 "1 'st .g. ~'ll' .Q..'E. ,;'--". %}5(! tj-. 

Core YS-3 

YS-3 'u oJ A] il. <e 28 cm"1 ~ o] ¾ 7}"].:i!. '.l).Q.oj, 'l!>il-"! .Q..'E. {/.§. (49.7-63.3 

% ).2J- 'll 5'. (36.7-50.4 % )-"-'1! -r-'il 'i'! '-l ~ "1 "'I%-"- o I 'r-<>l "i '.l).Q. "l, -'11--'i'- s cm 'll 

oJ o] \.j\ o\l Ai {/.§..2} 'lJ 5'.71 ii[~'@ "a~ 'll el 71 -'i'-1i'--"l .Q.,a_ .!l ~-") oJ '.U %'la', 'l! 'fr 

:aj.Q..sc ']% iil"ifr4%-% {lo-fJil '1,,"_ -'1!-ieil5ili:J- (:J.i/l 2-Slb). "1"'!%.s] .;]j'{!-.g. ~>ii 

-"!.Q..'E. ¾el!'.oli (5Y4/3)-% "1<= 7}¾t~, .l!:¾o\lAi 9 cm 'l!o]7Jl"1 >]%'3J-%o\l "1 

"II "r "12-.sc ~ -'j '@ -r '1J o\l Aj 'lJ- :§1 olj (SY 4/ 1) 0 ] '-\-cl-,;l: tj-. "1 >j % 9.\ 'lj it 'l) 5'. <= 1:/ 

o l o\l u:f<"- '!! i:J-<"- 7il "J' i .!l 0 ] ;,.J ~ .:i!. 7.7-8.4 ¢ "1 'ii '11-"- -'11 i/l ~ iik-% .!l 5(! cJ. 1i'

i'f 5'.::: 5'.'\'- 2!1 °]-'1/-(2.2-2.6¢)2-.ss 019 %'Jl'~ .ii .!lS(!cJ. ~9%(33.2-41.6%) 

.g. YS-1 -']il.o\l "1"1\ "1''1 %71~ ii% 1};,.]uj, ~B%"i-& 2.7-4.0 kPa 'l)'lj,a. o} 

2r 7.ricB .ii .!lS(!tj-. -fl-7]%"1 ~'ll'-& .l!:¾oJ]Aj::: 3.7%,a. ,t;,.]'l}, Cl o]o-f 1:/o] 

oJ]Ai~ 5.5% o]-)/-2-!a. "iiil"l ls:-& i/% .!lS(!tj- (.l!: 2-15; ::1.'!J 2-Slb). ifr~'ll~"d' 

~ ~t}-¥- 28 cm ~olotVl 0.47% ~% 12.~~, ct-f: ~o{\Al~ 1!~ 4Et\..tAl '?§j]_ 

'.l)cj. o]_ia_.\\j \'f\i<II¾ llj, o] 'lJ'lJo\lAj >]%"11 "1~ .iil\'!:4%.:'c lljzj--1}.!ltj-<e tj

<"- '11 'i] -'j "i -'i % % oj] "1 Oil O] 'f- <>j "] Jl '.l) <e ,;! 2-.'E. A} E 'ie 9-. 

Core YS-5 

YS-5 "?-'1/-A]il. (~OJ: 34 cm) <!IA] {/.§. (60.8-70.2%).2} 'll.ss (29.8-39.2%),a. -r'\J 
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"161 :u:.i *" (2.0-2.3¢)01 -ll:'il'~ '-1-~"1"1% ('llrr'll.sc., 7.o-7.5¢).sl 01'1-61"1 

:u.2. 9, 1l ~ 'f % ~ <± 31-%% '11-0 t 'l! *t"i "1 "I "I ',Lac1t ,i .ei t..J-El t..\-"l ~'.llc.)- ( ::i. 

~ 2-51c). ~~~~ /211~-.:?:- ¾~!!.~ (5Y4/4)ol 'T~ o]~J!. ~'i::" 1}-£-t~l, ~-¥-¾ 

1.0-1.5 cm ;Qo)oJIAi 'l}~"'i (5Y4/1) ¾ 0) '11>1"161 '.l/.2.nj, :,J-o}-!/-¾ 31-34 cm ;Q 

0 I <>ii 'i .'L % e1 " "'i <>II -'i 'll- .oJ "i 2-.sl-"1 ia-"r"° \':! "'i 'l!-\ll~ 1t t..\-E\ \le.)-. ~+% t 
30% t.Jl 21, 'l! 11%"1 t 4 kPa t.Jl .21 ::i. e1:;,. * 7)%91 ~'if t 3.7-5.3% 'ii~ "1 ilk¾ 

_l;l_ S1 c.)-. "\1-~'ll ,0. .lf_ ¾<>1)-'i 20 cm ;Q 017J}e<I 5.71 %.sl 'll 'll ~ ilk¾ .!1.,1 c.)-7} 28 cm 

i/ 0) <>il-'1-\'- Ej 0.2-0.3% "1 ',!- t ilk.2..sl -,j-Zj ~ {rel:½ _l;l_s:J c.)- (::i. ;,l 2-51c). 

Core YS-7 

30 cm.91 '1015'.. ,j'}i-,! 3'.61 YS-7,0. 'lJ'lJ YS-3.i!J- -5<>IJAjej '/'-'iJ--'lil.oJIAi ,;l"\ 

t..j-E}t..\-e<I ~,:l -'t',l"l"i% 01 ±"el (0.4-0.9%) ~%"161 '.l/2, {/.§. (52.4-61.5%)"1- 1J 

.ss (37.8-47.0%) 7} Cil 1/-::1-"1 Ci!J "J-'i' ace] t.J ',! "1 "i % .sc o I 'I- 61 "1 '.Uc.)- (.lE 2-15; ::i. ;,i 

2-Sld). ~~%~ ~~.g.. 10-15 cm ~o]~ ;>J:-4]£ AJ2f-¾.g.. ¾cl~~ (5Y3/1)g u:J 

::: ~'ll. i>l-\'-¾<>ll>i~ 'l}~"i (5Y4/1)% 7}7,:!c.)-. i,!oj 7 cm.2) 20 cmoJ)Aj ztzt c.)-

5'.-il-<>IJ ej~ ~"13)-%.2..sl _l;l_oj~ ',L'l}o) ~>l"i>J-5:lc.)-. <;-ol, 20 cm ;Q 0)oJ)-'i'° 'i' 

'll 'r' ~ oil ~ :§f -¥1 ~ "i O I "1 "i % eJ "I ,.i--" t..J-E\ LJ-:;,. '.U c.)-. "1 "1 % eJ 'll .sc. ::1-.l' 'i -;J t 
7.6-8.0¢ 'il~leJ '1l,l~ "ilrr'll.sc.:. 7}")'1, ::1-ia".SC.~ 2¢ 0)-'i}.2.5'.. ot'c' *"'~ 
'lloJI ~'!le\. 21).sc.~ 0.1-0.s 'il~o)nj, 'ii.SC.~ 1.6-2.1 'il~5'.. ::1-.l'-ots:Jc.)-. ~+%t 
36.4-40.0% 'il~5'.. 10-20 cm '1°1oJl-'i S.,{!ej ¾7};, _l;l_,1c.)-. o;l\1%"1,0. 25 cm ;Q 

o]oj]Aj 5.2 kPa"i £1Cililk¾ _l;l_o)nj 'l!'/!:"1.2..sl 4 kPa 0)-o}ej ',!-,0. ilk~ _l;l_,1cj. * 
7]%~ 't}i!J,.g.. 4.7-6.5%5-- 1:1]..u.1.~ ~.g.. ~c]~, ~"6] WT% 0 ] ~7}-~ '?..lil"Jl {ili:!% 

;,jo] ',t~ 15-20 cm <i 0)<>1J-'1 e.J'{!"i ~7};, _l;l_s:Jc.)-. "1"1%t.!I "\1-~'llt 'l!"l ~* 
"1 :<I ~'.llc.)-. 

Core .YS-9 

"'- 61 YS-9( '1 ° I : 32 cm) ~ ,VJ-'i' ac eJ t.J ',I "1 "i % .sl 'i'"a "161 '.U .2. 9 , -of','- ;;" <>il 

Aj ~ti-'<! "1"1% "i'<l-Sl ::1-.l'7} 'i'lJ"Jo)c.)-. >J--lj'- 5 cm <10)71f:<)~ %"1!'."'i 

(5Y3 /I) .0 . .sc \'1- 0 I 'i'61 "1 '.U ~ 'I!:\'!, ::i. oj -of "OJ--\'-¾ oJ]'j ::: % e1 !'. "I .i!J- 'l}.ol "I 

(5Y4/1)"1 ~t!-0) ';'li"i.2..sl t..J-E)\J:c.)-. <;-o) '~-lo-'i''ll '/'\'!oil-'i~ ~.ol3J-%<>1l "I 

~ " <! "I ~ uJ s:l c.)-. "1 "1 -l,-,0. "'- 61 YS-7.i!J- 0 I~ 7 t :s) -"- ± 'if "I -' f ',! "1 "1 % % .l' ~ 

~ -;JE2} 1l.>a..sc 'i'-'ll-'1'.llc.)- (.lf_ 2-15; ::i.,J 2-51e). 'llrr'llxc: i/ 0) 5 cmo!l-'1"1 
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6. 9 iii ~ ;<JJ .2j ;;f :i1 <e 5'. .!j' 7 ¢ oJ '1} .2j -'fl ;,J ~ ill:% 7f ;t] :i1 '.U£. uj, oJ oJJ o:f a} ii' ,J

S'. QjAJ of"T' -!1:'l!'~ ill:% .!l..'.l)cf. ~'i"½-& 5 cm.oJ- 15 cm ,ioJoJJAi 40% oJ'1}£. 

.£ "f{!.2j ¾7f½ .!/..O];t]'l}, y.aj;tJ ,loJoJJAi,e 33.0-39.3% 'lJ'1j.2j ii):% .!;1_'.l)cf. 'lJ 

'cf%"!-& 2.4-5.5 kPa 'lJ'1jia. -Of-\'-¾£.ia. ~;;f'l!Ai "fi'}.2J ¾7f;;f,e 7,1~% .!l..'.l)cf. 

%7]%.oj ~ill' (5.3-6.0%)-& <1o]oJ] tJ1-a} 'l!cfj;. 7,1~{1% .!;l_o];t] l',°:il '.U£.uj, 11!, 

,;1-'ll-& 5 cm ,1°]oJJAi.2J 0.2%* ;<J].2j~:ilie 'l!~ ~¾"i<>l '.U"l l',-,e !;{!% 71:l/ 

cf. 

Core YS-11 

.'ii<>j YS-11-& 35 cm ',/ 0 ].ss •1~.sJ'.lj£.uj ~:§i"'i(5Y4/1)% tt],e 3lj-'-J.2j '-l'>!"1 

"1%.ss 'i'-'.l"i'.llcf. ;;J-;t]'l}, ;;J-J/- 27-35 cm ,ioJoJJAi,e ~!s.oj- 'll.se."f .ii!§"i<e l\l 

•J'llal "1"17'50~ .!1..'.l)cf. ,i 0 J 5-10 cmoJJJ<J %7]%.2J t!-~"1-%£..ss 'll-\l-<l ~ .". 

'll-'ll O l ~ ,1 ;;J-'.ll cf. 0 l el ~ % 7 l %.g. >il ~ "l £..ss '1! 'I! .2J .lf. 'I:! oJJ 'l! {I ;;J-,e "f '11 
(algae)7f "1 "l %oJI .2j "11 Yi~ Ai ,;1-±~il- i 'l!-;t] .>;:-~ ;!£.ia. Af .ii.-,! cf. -"I "l % .2j 

'llir1l£ (7.2-8.0,1).o} 1,-'i]-5'. (2.3-2.7¢),e <10).oj- '1/-'i'f(llo] ,1.oj 'lJ11;;f,j -'fl;,j;;f 

:i1 -l,-'lJ'~ 1,-'i]-5'.½ 7f;l!cf (.lf. 2-15; :::J.'/J 2-511). ~'1"%-& .lf.'S'oJIAi 36.3%;, .!;l_o] 

;t]'l}, -Of.!/-.ss •J;;J-'1!-<1 'll~I ;;,±;;foj a<j8-f-\'-¾ (33 cm)oJJAi,e 27.1%¾ .!l..'.llcf. o] 

oJ] o:fa]- "1"1%2\ se'ilc%"1 (2.2-8.5 kPa)SC. li½oJ1>1 2.21 kPaia. ,,-.g. .):% y.E.fy. 

")'l} J'./ 0]oJJ o:fal- 'll~I ¾7fi;f,e 7,l•Ji .!l..'.l):il ~;;J, a<j-Of.!/-¾<>l]Aj,e 8.53 kPaia. 

iJ-"]~ ~7f;e .!l..'.l)cf. %7]% (3.4-5.1%)-& .lf.¾ (3.7%)oJJ "1"11 10-20 cm ,1°] 

(4.5-5.0%)0\- a<j-Of.!/-¾ 33 cm (5.1%)oJ]A1 S}i']-2] ¾7Hl: .!l..'.l)£.uj, '1:-;l-'ll-& 'l! ,l 

o]oJIAj 'l!s-J "">li;f',l l',°,e !;'l}% .!l..'.l)cf. 

Core YS-13 

YS-13 111/-& li¾oJ]Aj.!/-Ej "l'>!"f Af',!"]"J%O] ±ill' ~¾"i<>J 'U:rr, "ilzt:'i 0] 

.!/-'i]i;f7JI 1,-3'. (:::i.'/J 2-5lg)"I'= !; 'll¾ ~'= :s]Qj£.ia. .'ii<>l QjA] 10 cm 7.10].ss 7} 

'll- lll :~I •B .;,I "1 'lJ. cf. 'ti 'il Oil ~ "l ~:§1 "'i(SY4/1) ~ ttJ;:: "1'11-'i' 50"1 '-l "'"1 '1% o\\ 

"11 zt ;a; 0 I cJI ill' ~, ,1 "I <>l 'll cf. -"I "l % .2J 'i' -\l .". 'r' l'l "l "1 "f 'it al Di1 zt 'ii''<!- 0 I '-l al 
Qj ',! (2.5-3.7%):ef A}'(,i_'>\"J% (6.8-7.6%)0J ±'lJ' ~%,aj<>J ,U,e "{Qj',!1-J ((g)M) '>\ 

"I% .ss O l -'i'<>l :l! cf. Di1 zt¾ ,i\ .2J ~ "1 "l % .2J 'II it'll sc. ,e 6 0-6.9 <I '1l ~ -"'- "f '1 so 
~i5ff.A]"2° ~'5J¾ 7}A]tJi, ~'Ef.5:."2° 2.8-3.6\D ~~_£ o}~ ~~~ t{~ _ll5!lc}. ~4-
¾~ 27.2-29.9% ~.$1£ ?~Al~o!l 1:l]i,fl ~~ ~% .!i!.$!lA]1?}, "r!-{!-~~ ?Ji'-- {!,Afi 
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"i<>l it1'c JJilzJ-½"l 'll'lf-2-.£ '1!"11 27.7-29.2%.£ o}<ja "".g, ill:% .!i!.'llt:l- (.lE 2-15; 

.::1 ',l 2-51g). % 7]~.g, 4.0-4.2% 'il-$] !lj ~rd'ill:% .!i!.'ll tj-, 

Core YS-15 

.i!.<>l YS-15 (~OJ: 32 cm)1'c 'll-~"i (5Y4/1) H}'\!'<>IJ ~~-'i! %el.!!"i"l '1!1 ~ 
0] t.j-1'} t.j-1'c '; 'lJ % 7}:<] j1 it-2-nj, "1 A] ") %'i"3'-"J '-J {! ") ;aj % .£ T-'8 ,aj oj it tj-, 

"o1--¥-¾ (0-15 cm).g. ¾tl.!!~Ol ~~ o]1f-~ ~lB, ii}-¥-½ (15-32 cm)OilJ..lC' ~~~ 

o] T'it oj-'j']l it1'c 7}-£-Lj), >;l;,lJ¾<>IJAj1'c Aj.£ ~~"i<>l 7}1'c 0J%% .!i!.'ljtj-. 

7-12 cm <10]<>1] 4'"1-2-.£ '!1-'il-'i! '~¾<>I] "l~ 'r'll'i'-3'7} {!~,ajnj, 21 cm <10]<>1] 

Aj JJilzj-o] ~>l"i<>l itt:J-. %-'\'-¾ (0-10 cm)<>l]Aj1'c A}',j"];aj%o] J::rd' (0.5-1.3%) ~ 

¾"i<>l it1'c 7}¾<~, 'll>il"l-2--" 'lVir'll£1'c 7.6-7.9¢"1 ,JJ',l~ ill:% ;tjl .,_'1-£ 

1cc 2.4-2.7¢ 'iJ-$].£ ~rd'~ ii):% Ji!.'ljtj-. 'V-'r¾_g, 31.1-34.4% '1J-$j<>l)Aj <l.o]<>I) !If 

e ~Cfe ;,;J~.g, Ji!.o]c<] @c<]'I}, 'lJ\'l:%,;j_g, .lE¾ (3.2 kPa)oJ] H]oJI :,)"6)--';'-¾ (6.3 

kPa)<>l]Aj 371I ¾7}"6]-1'c 0J%% .!i!.'l!t:l-. ;', "1"l¾"l 'lll'l:%"elo] ~'r¾<>IJ -"J"ilAj 

'1} ~J/-,aj c<]1'c @1'ctj-1'c A}{!~ '/!',I ~tj-. %7] %_g, 3.6-4.3% 'lJ-$] -"j ~',J'¾ _la. OJ 

nj, 11!~\!Jej ~rd'_g, 0.2-0.7% '1J-$jt.Jl<>l)Aj JE¾.2-.£ .Jc'r~ !j'ijj-8] ¾7}"811'c >;J~J~ 

.I!. 'll tj- (.::1 ',l 2-Slh). 

Core YS-17 

.il.<>J YS-17.g, ~o] 33 cm.£Aj %-'\'-¾Oi)Aj;: 'lf~"'i (5Y4/1) H}'\t<>IJ ¾el.!!"'i 

(5Y4/3)o] ~o]-01711 ~~"i<>l itE-nJ, ';-OJ 17-25 cm <10J<>l)Aj1'c !j';,j~ >;J;,JJ:. 71 

c<j]l ¾el.!! "'i "1 "l %0] ~ >l "i oJ it tj-. .::1 el j1 25 cm 11 o] o] -0}<>1] Aj 1cc 'l)-~ "'I 
(SY 4/ 1) 2-.£ '1! oJ-'j'oj {I "1 "l % oJ ... .l'. "6)-j1 it tj-. "1 "l 'r 3'1'c '] %<>I] "1 ~ .ii[ \'l:"l 

% :, {l -01711 '11-:'. "1 'J-'i'-3'"1 '-l ~"1 aj,.-o] -'/--'II~ 71-£-<i], TI~ "l-2-£ A}~"1 "l-ll

"1 "1=.'!l¾el (lenticular bedcting)7} 3, 14, 20 cm <10JoJ)Aj t.j-qt.j- '.U'llt:J- (.::li/1 

2-5Ji). ")aj%ej '!iif'lJ£1cc 7.04-7.69¢ 'lJ-$]£ -Of-'\'-£ ~-0}'1)Aj SJ'TI -'J]',J8flc<];: 

;,;J ~J g 7f "'] nj, ... B" £ (2.18-2.64 ¢ )1'c 'l} >I] "l-2-£ o If' ~ ',l'~ ii): ej 'lJ-$] t.Jl <>I] Aj -of 

-'\'-.£ ~J-Of'/'!Aj 'jj~f 0Jco:_8fl,c];: >;!~Jg 7f'.l!c\ (.lE 2-15). ~'r¾ (21.3-28.3%),", 5 

cm <)oJ<>l)J.j 21.3%£ 7f'l} ';!-_g, ii):¾ Jf'(,j ¥/'-, <l.o]oJ] !Ife 7il~J.,:j:'_ Ji!.O]A] @'.l): 

;i;],n., ~~%?.] (4.0-6.8 kPa)£1 7aq.. i5}1f-.£ t>J=%}~Ai ~~~;,j] ¾7}'5f-i=- 1t>J:~ 7}

c<j]l '.Uct. %7]¾:'. 3.3-3.9% 'll-$1°]nj, "\'l~'ll,", 0.0-0.3% 'll-$1.£ J:,,',j' ~¾"i<>J 
:lJ -2- nj "i -Of-'\'-¾ <>I] Aj 7 f 'l} ""' :'. ii): ~ Ji!. 'lj cj. 
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Core YS-19 

cit "1 YS-19~ 30 cm 7,l 0 1 ;a_ •N ~ "1 '.liE-"l, 'l!*l "1-'•frXo!a.Js 'll--'i'-¾<>IJAi ~ 'l1l 

~'!I ¾"1 ::J."1:il -.J--'\'-¾oJlAj~ ~§.9} 'lJ.ss7f .iit~!ij~ '!!•~'lJ"17'-Xo7f 'ic-'\'-.aJE_ 

.£. {,'-.','_ i;f J1 '.U "i 'lr, 0 I ;,f .aj Z!a. ·~ ¾<>ii .ii[ \!!-'I-% :. ,jJ -.J-'11 'I)-~ AJ-111 5:l q (:::,_'ii 

2-Slj). ;;,1°] 11 crn<>l]Ai 'll.!l-~ 7Jlll\'!:. 7}"]:il 'll--'i'-¾oJIAi~ \'!~ ¾"1.!:!•~ 

(SY 4/ 2)% uJ ;<] \'1-, ::i t;f-'\'-oJl Aj ~ ~:§! "'I (SY 4/1 )¾ JI:j J1 '.U q. "1.aJ ¾ .Qj '!I it 'lJ £9} 

,',-,l-£~ :Qo].Qj \'l:§i-<>11 a:fel- '; \!!~ 7J'J'"il¾ 7f;<]Jl '.l,l;<] \'lE-"l, zj-zj- 7.6-8.1 ¢ 

91- 2.2-2.7 ¢ 'il~ ;a 7}"]11 '.,lq. ~'r¾ (30.0-33.2%):i!f 'l\<l:%"1 (4.7-7.9 kPa) "l 

-''1 \!!ct,.,. ;,J~:, .!/_0];<] \',f;<]'l]-, :,jt;f-'\'-¾oJlAj 7.9 kPa!a. 7f'lf ," 'lJ\:lc%a,j i\l¾ 

7}"1~ '; "il¾ .!;1_5:lt:}. %7]¾!'. 4.2-6.3% ~,rE-!a. ;;lo] 5 cm<>i]Ai 7f'lf 'It~ .Jc¾ 

7f"lj'_ '.l!E-"l, sHJ:'ll.QJ ~'lr~ 0.1-0.5% 'il~!a. ,',:i'.t;fs:Jq (.l!. 2-15). 

Core YS-21 

ci!"1 YS-21 (7.1°]: 36 cm)~ '1-Xo~<>I] 7f'lf 7}77fo] ~•I~ '!l'll<>IIAi •l~'il 'r" 

'll-A I il. 5:l c\. "1 .aj % .Qj "'I '<} ~ 'll--'i'- 5 cm ;;,1 ° I 7Jf "l {! ~ 'il "1 :aj % .Qj 'lj •J z !a. !;I_ 0 l 

~ %"1.!:!"'i (5Y4/3):, JI:jJl '.U'.lizoj, ::i o]-.j-oJlAi~ ~:§!"'I (5Y4/1)¾ 7f;<]J1 '.U 

ct. "1:aJ'i'-Xo~ _oj~AJ- (convoluted).QJ 'll"1'i'-Xo7f 7]-l'-"IE-!a. {E-3'.i;fJl '.U~ 7f¾ 

,11, 0 l ,1 :aj E-5!. A~ % <>II .Qj ~ .ii[ \!!-'I-% :. ,jJ t;f ;,JI 'I)-0 I 'l! ,1 "1.aJ 'r .'?o 7 I \'l '!l :. \'l O I 

'/)-'.l):c\. !>J:ajj,-.Qj 7'--',j~ Af~!>J:aj¾o] ±,r(0.2-2.0%) ~%!iJoj '.l,lzoj, -'r".£. ~E 

(63.2-73.4%)91- 'l!.ss (26.4-34.8%)!a. o]-'f'"1"1 'Uc} (.l!. 2-15). '!!ir'll£9J- {E-iel-£~ 

:Qo].Qj 1<\~9} 'l}'\'l-\l!O] :,j.Qj 'l/'!J~ .):E_;a_, zj-zj- 7.0-7.6¢9} 2.2-2.7¢ 'IJ~;a .!;I_ 

5:lq (.l!. 2-15; ::i'iJ 2-Slk). '11£9} 'Jl£~ zj-zj- 0.6-1.0 ::Le1Jl 1.8-2.891 'il~!a..,_i 

~ ~~~ -'a~JAj ~ 7}A]Jl '.;UAl ~~tj-. WY¾..e.- 27.9-32.1% ~~§.Ai ~tj-,e ~o]~ 

§]-:a, _l;l_O]j_c 'il"l \'<f;<]'l]-, 'd'i!:%"1.QJ 7J4- ;;,101<>11 a:fe.1- i" 'i,'7f'!, .!;l_cj .l!.¾<>IIJ.i 

2.7 kPa :::i."1J1 «f-'i'-¾(30 cm)<>l]Ai 7.3 kPa.Qj .Jc¾ .!;1_5:lq (.l!. 2-15; ::i'iJ 2-Slk). 

%7],c~ 3.0-3.6%5!.Aj q,.,. '!l'll~<>il •l•l AJ-tj:ajE-5!. ',;':~ .J:o]l'J, s}{!'lJ "!J.] 

0.0-0.2%.£. ',;':~ ~'lr¾ .!;1_5:lq. 

(2) Df{:f ~',;! 

Core MS-1 
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o){!,J!'ll ~~ (MS-Line)oll-'i 7f'l} ~c<]~oll ~Pl~ .'il.oj MS-1 (:,/O]: 35 cm)!'. 

ct~.QJ "lc:l (14.3-34.9%):i!f -'l'll-"l"l% (37.2-64.5%) ::i."1.:i! i:c~"l '-1':l-"l"i%eJ 

~~_q_"' '11~ "VJ'r3'c;a .sl.5:lct (.lf. 2-16; ::i.rJ 2-52a). -"l"l%9l i'-'il !'. "l':l"1"1 

1,- 01 .lf.¾ (34.9%)"11-'i 7\'ll- '\'t!'. ~~"",,,,_~ 7\"iol, s-\J,-.ss 7\'li-'i 1l•l -,,s:cs-f 

oj 3'1 S-\-'/-¾ (35 cm)"il-'i" 14.3% ~~;;):% .sl.5:l ct. 0] Oil n:]E} "il ir'll.S: (1.6-3.2 ¢) 

"JA] S-f-'/-!c. 'i}S-f'li-'i ",{! "il,lo\10<]" 7J•Jg .sl. 0]"1, ,;'--,l-.S: (3.4-4.6¢)" 'll'l!"i 

_q_.£ "'s- .s: .ss 1': ~ ~ .J: g '-I El-,J; ct. 3'c ,J '(,! -"l "l % 9J 4-"11 ~ ,;'- 'f"' 'll OIi 'll 'l! "l _q_ 

ia. '#!'. ~-?¾ (14.7-23.4%)% 7f0<]oJ, 'llB%"1!'. 5-10 cm i/ 0]oll-'i 10 kPa o]AJ 

.QJ o I~ '\'t.g, .J: :. .sl. 5:l ct. ¾ 7] %:i!f l'l:{!'ll .QJ ~sr.g, zt zt 2.0-3.1 %, 0.3-0.4 % 'II -'l1 

9l i,):g .sl.5:lct. 01 ~-'11--'].ll..Qj 'i1.g, "lo;!:i!f -'l':l-"l"l% 01 ct~ .'il.<>l"il Bio\! 'it 

::'._ ~;:rJ:% li!_o]C- }!..Q..5-.Ai, o]C- 'T"~!?.J 6~~~.61 ~Ji!-~ ~~<5)-'C" ?!.Q..5-. A}.E~ 

ct. 

Core MS-3 

.'il.oj MS-3 (:,lo] 34 cm)" 1,0] 3 cm;, 7J;,i]!c. >J-';'-¾<>il-'i" %"1.le.-'-'i (5Y4/3) 

:. txj0<]\'l-, ::i. S-f-'/-¾"il-'i:: 'll-.oJ-'-'i (5Y4/l)g n:]" ";1% 7f0<].:il 'l!ct . .si.oj 

MS-1 <>ii ej OIi "lo;! :i!f Af ,;l-"l "I %.QJ w~01 :;J-i:c<>ls:l ct. "; "' .lf. ¾"11-'i:: "l '1 

(2.0%):i!f Af';!-"1"1% (13.8%) 01 7f'l} '#!'. tj-~,;'-'f~ .sl.5:lct (.lf. 2-16). s/O] 3 cm 

"i]<i ~'ll~ ~Eli.£ -\)-o\'l!" .:il.% (gastropod) 01 '-IEl-'-1"1, 22, 28, ::i."1.:il 31 cm 

s/o]oJl>i" Af,;!"1"1,l-ia. ¾-<l"l<>I 'l!:: >]~ (i'-'l:!) 0] ;<c>19Jct. '£~ 33 cm ,1°] 

<>il-'i" -'i"-'l_q_!c. "11~1"1 ~"I'S (in-situ)_q_!c. .sl."1"1" -"l%½1]1f 1>1"1<>1 'l!ct 

(::i.'/l 2-52b). -"l"l¾.QJ ,'->.j.g, l:c~.QJ "lo;! (2.0-10.4%):i!} 20% 1.Jl9j (13.8-29.8%).QJ 

Af,;!-"]:aj,.-g W-1,--o\:: ~§. (38.2-49.8%)9} 'l).ls (21.6-34.5%)"1:aj'!,-ia. O]-'f-oj;,j, 11 

'1"1"1,,-0] 4"<1J~ "1'•V.J- ((g)sM, gM)¾ 7Hlct. -"1"1%.QJ "ilir'l!.S:" 'll1l MS-1 

Oil e]ojj -il-1'! "il,J•l"I 4.5-6.8¢ 'll-'l1<>11Ai s-\-';'-!c. 'i}-a]-'/lAi ~,l•l"]:: 7J•Jg 7\ 

:acJ-. '!/:,l-.5'." 3.6-4.3 ¢ '11-$1.£ ~.S:.£ ""~~ i,): g 7\0<]9, .211£91- .s:" z]-z]

-0.2-0.0-4 1.9-2.5 i,J:% 1\=acJ-. %-?¾ (29.8-33.8%).g, S-\-'/-ia. 7\'/l-'i ",{!.Qj :;J-s:ci>\ 

" 7J •,} g 71"1 ol, o] "ii n:]E} 'll B%"1 !'. .lf. ¾"ii Ai 4.6 kPa 0 10<] 'l}, J1 S-\-'/-¾ <>11-'i" 

6.3 kPa.ss ~7\"5]-:: i,):g .sl.5:lcJ-. %7]%.QJ W"s'!'. 3.1-4.5% 'll-$1°]9, l'l:(!'ll !'. 

0.0-0.4 % i,): _q__;a_ iSf-'/- ia. 7\ '/l Ai -,l-Zj ~ :;J-i:c ;a '-f E} 1.JI 'lJ. cj- ( :J. '/J 2-52b). 

Core MS-5 

MS-5 .'il.O,:: 32.5 cm :,Io] ;a 7\0<].:il 'l!_q_oJ, "1 "l%.QJ 6!j ~oj 'll--"16!1 (5Y4/1) 0 1 
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'P ;, 0 l 'I-:i! :U ;:: 7 hi,~ {! ~ '<! -•Pl % -"1 'iJ ~ °'".ss ¾ "1 1e. olJ -"1 'l! 'll O l ~ <I O l <>IJ 

~~ .,_.'L%f:.! '.ll1= 3!0) ";;l)o)'.ljq. -"1"1%-"1 ','-'\l,"_ ~Pf.'r.7f -!1-".f~ Sfll 

(4.6-12.7% ), A}'li (23.6-40.6% ), ~.§. (32.3-43.8%) ::2 cl :i! {j.§.!,J "J '!,' (18.7-24.4% ).>'. 

o)-'f-"1:<i Qjq (.l!. 2-16). 'llir'll.'r.1= 3.8-5.o; .>'. 10 cm <1o)<>l)Ai S,{! x;,l~ .i:g_ 

7fll '1l'- <i 0 J<>IJ II)-4 \!!ct~ 'a~¾ Jl.oJ'll \lf:i! '.U"'-"l, 11cil'.SC.1= 3.8-4.2; 'll~ 

.s'. 's-.'r..s'. -!1-"8'~ .Jc¾ 7};$. tj-. ~'T'% ,"_ 22.0-24.9%.s'. e] .ii! aj '5!-.g. ~",f ~ .!I. oJ Dj, 

~'i!¾"i (3.6-6.8 kPa).g. </ 0 )<>1] II]-4 3.71] ¾7},tl7}1'c 7a-.J% !i!'.l!c}. -l\-7)%.g. 

2.3-3.0% 'll~-"1 ~"a'ii 1}0<)Dj, \'i:{!',l.g. 0.1-0.4% ~"a'ill:¾ 7}:l\q (::i',J 2-52c). 

C<Fe MS-7 

5i"1 MS-7 (:,lo): 33 cm).g. MS-5 lJ'lJA]il.<>I] e],tJ "l'll-"1"1¥-"1 ~"a' 

(0.7-7.1%)a] ±'H'"'-"- 7,J-±%f'.l!"'-"l, A}'l,j!<jaj,.-o] ~W'<! '-l'll-"laJ-",J- ((g)sM)% .!I. 

'.lie} !<J"J%-"J "'i'i)-.g. ,l)-J;'-<>l)Aj %"11e."'i (5Y4/2),if 'lJ-.ololJ (5Y4/l)a] ;;.~51"1 

'-1-El- '-1- Dj , 17 cm <I o I Oil Ai ->;'- Ei 'll *I 'll-.ol "I "'-.£. 'I! ,ti :U q. .lE ¾ 2 cm <I o l <>I] Ai 1= 

0.3 cm 'f-"1 "- <}'ll -"I aj ,o-0 ] "il •~ %} 711 'll >~ 51 "1 :U 1= ,'-xi,: .!I. o) :i! ~"'-Dj, .l!. ¾ 

"'-.>'.->;'- Ei 16 cm<]- 25 cm <I O l Oil Af'li-"l "l % .s'. ¾-<! '<! sJ -lo-'i'-'ll oj t.]-E]-1.]-:.! Ql q 

(::i',J 2-52d). -"l"J,o--"] '!lir'll.'r.1= 4.6-5.5; 'il~<>il-"i %)-->;'-.>'. ~%f\'!-"i Sf{! "11',J 

•~ -'l;:: 'a ,.J¾ 7}:l\ ct. ~'ll, '1cil' .sc.ei 'a-'l- 3.5-4.2 ¢ "- 's-.'r..s'. -!1-i!J'~ i\l % 7t-'l 

oj, 211.SC.<t ~.'r.ic 44 -0.1-0.2<]- 1.9-2.1-"] .Jc¾ 7f:l\tj- (.lE 2-16). ~'T'-ll-,"_ 

23.7-32.9%a]oj, ~'i!¾"i.g. 3.2-9.8 kPa-"l 'il~.s'.-"i .lE¾4 15 cm <1o]<>l]A7 -",l-<il"l 

"'";.. ',t.g. .Jc:?. 7t");::c11, 0 11= 4491 <1°1<>1] -'i\'1-aJ"'-;.. '!!>~51"1 ~1= •l'll31\

"l ,i -"I aJ %-"1 'iJ •J "'-.£. -"I il. '<! r:J-. ¾ 7J %-"l ~rJ'.g. 2.6-3.9% ::i "1 :i! \'l:{f -.1.g. .ll. ¾ 

Oil "ltl:51"1 0.2% ~i!J'¾ .l;!_'lJ!/l'- '-1-"1"1 <1°loJl•i1= ~"1 ~¾51"1 '.U"l ?t-1= 'lj

'll g_ !i! '.l! q ( ::i '1l 52d). 

C<Fe MS-9 

'll ,l M5-9oJl-"i ,jall'<! 5i"1 (:,1°] 34 cm)"il-"i'1-Ei1= x;,l~ -"laJ%91 ~',lo) 

il' Zj %] {} ± %f oj , ::i cj g ll 'll (MS-11 )-"1 -,p,l)--" J il. <>I] Ai 1= '11-~ t, '-1 :,! -"I ,,pJ "'-"-

1'! •1 :U "1-. oJ 5i"1"1l-"i1= "l'll:i!J- -"t'll-"1"1%91 ~i1JoJ 44 0.3-1.5%, 11.3-20.3%.s'. 

{} 5c: ,,oi ~ .§. (45.0-62.9% )'1- 'lJ .§. (22.7-39.9% )7} -'l-"11 tl: "1-ll'i'-x91 '-1-ll -"I aJ -ll 

((g)sM) g_ .!I. op, :U tj- (.ll. 2-16; ::i '1J 2-52e). -"1 "l %-"l olJ 'i)-.g. ~ >ii "l "'-£ ¾"1 le. 

olJ (5Y4/3):i!J- 'll-.ol"'i (5Y4/l)OJ ~W-"1"1 '-1-El-'-1-1= °.:f-ll-% t<l'.llcJ. </ 0 1 10 cmoJJ 
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li 2-16. Ol.S~{1999'.:::18~ 169J) MS-Line~ a:t2.f j,ff41~ ?~AIS.21 ~{lit!~! (;i:l!~I ~lfa.l::: .::J.~ 2-39 MJJ.) 

Composition(%) Textural Parameters Sed Type Water Shear Organic CaCO3 
Deoth{cm) 

Gm Sand Silt Gia~ MZ( Phi) St De Skew Kort b~ Folk( 1980) Content(%) siren (kPa) Matter(%) (%) 

MS1-0 34 93 37 20 ,:, 46 12 42 1 55 4 34 0 83 2.47 msG 22 29 4 58 3 08 0 39 
-5 18 18 60 89 12 40 8.54 1 70 3 53 1 29 3 79 gmS 16 16 10 90 2 02 0 39 

-10 19 38 61 05 11 19 8.38 1.70 3 42 1 30 3 84 gmS 17 36 10 90 2.31 0.43 

-20 17 02 45 79 18 77 18.42 3.18 4 56 0 69 2 I~ gmS 23 42 4 74 2 70 0.39 

-30 14 69 56 72 16 21 12.38 2.42 3.81 0 92 2. 71 gmS 18 50 7.27 2 20 0.34 

35 14 25 64 45 12 33 8 97 1 86 3 50 1 33 3.92 gmS 14 72 1 96 0 30 

MS3-0 197 13 78 49 77 34 49 6 82 3 58 -0.30 2.54 (olsM 30.57 4.58 3 95 0 26 

-5 6 33 24 20 45.06 24 42 5 24 3.81 -0.21 2.18 gM 33 83 3 48 4 51 0 39 
-10 2 98 24 10 46 98 25 94 5 73 3.90 0 00 2.14 {o)sM 31 98 4 58 3 07 0 13 
- 1 5 8 30 21 21 41 05 29.44 5 61 4.31 -0 16 1.97 gM 30 12 5 06 3 27 0 13 

-20 3 58 26 79 40 22 29 41 5 69 4.21 -0.07 1.89 (g)sM 29.82 6 95 3 53 0 13 

-30 10 41 29 84 38 18 21 56 4 49 4.31 0.13 1 88 gM 30.95 6.32 3 37 0 00 

' 
-34 6 61 21 36 47 51 24 52 5 40 3 85 -0 17 2 24 gM 

~ MS5-0 6 42 31 10 43 80 18 69 4 58 3.83 0 06 2 06 gM 24.94 3 95 2 88 0 17 w 
00 -5 10 72 34 70 34 03 20 55 413 4.19 0 22 I 82 gM 23 76 3 63 2 33 0 30 ' 

-10 12 74 36 21 32 26 18 79 3 79 4.20 0 29 I 86 gM 22 03 6 40 2 45 013 

-20 4 63 40 56 33 71 21 10 4 29 4.23 0 28 1 83 (g)sM 24 42 6 00 2 97 0 39 

-32 9 42 23 56 42 65 24 37 4 96 413-014 1 93 gM 23 27 6 79 2.87 0 26 

MS7-0 7 09 32 04 39 51 21 36 4 78 4.22 0 18 2 01 gM 30 54 6.00 2.57 0 22 

-5 2 75 40 79 36 39 20 07 4 57 3.78 0 21 1.97 (g)sM 30 77 3.16 3 91 0 00 

-10 4 26 31 40 41 82 22 52 4 92 3.73-011 1.99 (g)sM 31.33 4.11 3 32 0 00 

-15 4 27 38 13 34 58 23 01 4 77 4.19 0 24 1.87 (g)sM 32.91 9 80 2 80 0 00 
-20 3 46 33 38 38 20 24 96 5 08 3.96 0 04 1.90 (g)sM 23.66 758 2 78 0 00 
-32 0 72 29 99 44 62 24.68 5.47 350-0.13 2.13 {g)sM 32 39 5 85 3.21 0 00 

MS9-0 I 13 12 72 49 92 36 23 7 09 343-014 2 31 {g)sM 34 65 3 32 4 89 0 17 

-5 0 42 20 34 49 06 30 19 6 18 3 20 -0 23 2.48 (g)sM 33 38 3 95 3 95 0 13 
-10 I II 14 03 44 99 39 87 7 19 3 65 -0.38 2 37 {g)sM 31 80 5 06 4 82 0 22 
-20 0 28 12 21 47 57 39 94 7 18 3.16 -0 39 2. 72 {g)sM 33 91 6 00 4 81 0 13 

-30 14 38 62 93 22 68 6 20 2 72 -0 13 3 27 ,z 31 62 6 95 5 00 0 17 
-34 1 45 11 29 51 37 35 89 7 07 3.42 -0.25 2 57 (g)sM 27 88 6 95 3.99 0 00 

MSl 1-0 0 20 52 25 47 55 8 33 - 2 64 0 19 147 M :nao 2 37 5 43 0 00 



H 2-1G 711 _;, 

ComposItIon (%) Textural Parameters Sed Type Water Shear Organic CaC03 
Oepth(cmJ 

MZ( Phi) St. De Sk.ew bY Fo/k.(1980) Content(%) siren (k.Pa) Matter(%) (%) Gm Sand Silt Gia~ K,rt 

-\0 \ 66 50 44 47 BB 8 00 2 14 0 27 2.08 M 40.72 2 2\ 5 74 0" 

,0 I 67 55 02 43 31 8 04 2 59 0 30 I 64 M 35 17 4 58 5 07 0 00 

-28 0 93 'i'i 06 44 01 7 78 2 2A 0 3\ I 95 M 34 50 6 95 5 48 0 30 

MS13-0 3\9 53 91 42 90 799 2.71 0 27 I 57 M 36 16 3 16 4 86 0 04 

-5 I 73 52 35 45 93 8 19 2.69 020 I 53 M 39 36 3 16 5 14 0 22 

-\Q \ 94 54 80 43 27 7., 2.52 0 32 1 75 M 38 06 4 27 5 60 013 

-20 I 54 53 76 44 70 8 10 2.65 0 25 I 59 M 36 08 5 06 5 30 0 30 

-32 I 77 56 39 41 85 7.81 2 54 0 37 I 78 M 32 34 5 85 4 41 0 69 

MS15-0 1 86 60 99 37 14 7.67 2 71 0 49 I 71 M 33 27 3 79 3 79 026 

-5 2 36 60 32 37 31 7 48 2 41 0 50 I 98 M 25 68 4 II 3 88 013 

. - IQ 2 86 58 91 38 23 7 68 2 74 0 43 I 69 M 26 04 4 27 3.48 0 17 
N -20 2 27 71 57 26 16 6 99 2 52 0 98 2 52 26 81 7 \I 3 41 013 w ' "' . -32 I 78 67 83 30 39 7 25 2.63 0 79 2 09 ' 27 41 6 00 3 19 0 26 

MS16-0 2 49 l 7 57 43 85 36 10 6 64 3 93 -0 30 2 19 (g)sM 36 71 2 69 4 42 0 39 

-5 0 90 18 63 43 58 36 89 6 77 392 -031 2 15 (g)sM 38 60 2 53 5 25 0 39 

- IQ I 19 14 00 43 59 41.22 7 27 3 74 -0.43 2 37 (g}sM 33 51 5 85 4 90 0 09 

-15 0 83 13 88 46 12 39 17 713 366-038 2.40 (g)sM 30 40 4 74 4 33 043 

-20 I 43 11 !6 52.02 35 39 6 71 3 QI -0 68 3.39 (g)sM 

23 2 84 12 29_ 52 17 32 70 644 3 28 -0 58 3 06 (g)sM 31 47 5 77 4 26 0 43 

------------------------------------·---
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(a) MS1 
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~ •l"i.e! -'8%%-& ¾¾ i:J-4"- a\l"i.e! -'8%%'4 "J:u,t;foj i:j- 0J-',j.ej AJ-rJl"i'll a 
7l_sl "J:U,t;f~ ~i:j-. A8%i:J-0J-',j.ej 3.7J~ 1/!.SA] ¾'r.eJ 3.7JJa. tjJ1/j,aJ~ ?,!c>_ Of 

'-l'-1-, '!l°lf£Af<>ll .eJa\lAi 7f°lf s'ciJ;,J] ~=;~ 'r '.ll~ O<f.!l.71 ¾.el ? 0]71 "11'1-<>ll 

'l! 'l!"i £.Ja. ¾'r.el 3. 7] Ja. i:j-0J-',J g 1-j-Ef ';!! i:j-. cl!'!! .g, "1 Ai -'8 ,.-01 7,J-£"1 ~ -'8 Ell 711 

o]nj, :i\':! .ejo]<>l]Ai ;,JAi-'8%.eJ ½'!l ¾'r~ :i cl!'!!.e! -'8%AJ% tjJJ!.~i:j-:,,. ~ 

4- '.il c+. 
~ 'll '11-& cl! 'll .e! "i % 0 l ~ I.JI '1l £.Ja. i:j- 0J~ '!I Ell .el cl! '1l O I '11 'l} {:! g ttf"' 'lf" 

•l '.l)i:j-. 0111! £Al~ il='r Of~"i'll 'l'!,"71 ~"1°1"-}7] .ll.i:j-~ £Af0<]"j'1] ~>,I 

'1l c)!'ll 0l 7fO<]:iL '.ll~ ~7,l!;-'8°11-J- -'8%%4 -'8111711 ,"£:S Jif"}t;foj, 01?-!~ 0<] 

£:§} ;sf~ c~ 'l!:>l"l '11 ~"l O I '.ll i:j-. 7f'i,-;sf i:J-\'l '11<>11 Ai 61 ;sf~ 'l! "11 A8 %AJ- o I ~'d 

£l £~ :t:AP'J!:tJ ¾ ~AJ <5}5!:l tj-. 

e<jAi-'8% £Al~ 61%-& ½'lf-lt, %'!1"1Ai%%, Lil'!l0<1Ai%%<>1l Lil~ £Af;, ;sf 

'l!i:J-. 'll-'861%'<! 7<l-9- o]o] £Af7f 'l)- "ioJ '.l)oj ('ll, 1998), £AftjJ')l<>l]A1 >\l-"1-&-I 

S!;l.i!., ~ 1~HH=:· ~~~a~ 0J=~ {!1li>}aj ~JJ/l tfE},4l~tj-. :lc.].::il ~'ff.9} 5:'fi"1f 

~ .'E ~;sfoj cl!'!! "1- 'll t!-<l -'8 % 91 ~ .... ~ -'r-'8 ;sf'l! i:J-. 

cl!'ll91 -"l"l%<>il~ ½'lt-it, \t£-it, ",-£-j,- % i:j-0Jt, ;,jAj o]-'11£-it:SO] Aj-6j;sf 

1-j- ¾%-'8°1 '.ll~ ;,jAj %'l£-it7f '?Ja. -9-1J;sfoj 1-J-Ef'di:J- (Admiraal et al., 1982). 

01:S <jAj 0 ]"11£-it~ O<jAj -'8'11711.eJ 'l!:>}-'8~0<}Ja.Aj -"l"l% i.Jl<>l]Aj "1°] 0J-S1 "r 

.ll.~ 11!±'8-ia'~ (Sullivan and Moncreiff, 1988), -"1"1%.eJ 'll'll:§1-, -"l"l%'4 'r~ 

Afo].ej 'l! 0J'll "'~ £~ (Rizzo, 1990)% i:j- 0Jt, 7]1,-aj "i~% <a-'il-t\i:J-. ';;sJ O<j 

Aj %'l£-j,-9l 0 ]%1,-"l_g, o]:,9l -']Eil"J 7]1,-<>I] '.l)oj %{J"J "j~;', 1-j-1'.fi.Jl7J£ ~ 

i:j- -9-i!] 42f Aj'1]'l}:il} {[O] £;>f7f 3.:iL 7,jAf7f 'i!:'l!t;foj \iJ c'_ 'l'!AJ £'{rtjJ7f 'lf 

"~ ~7,j<>l]Aj ;,jA1%'l£-itS1 ¾%-'84 EPS (Extacellular polymeric substance)Sl 

1,'-"i 9t .cc'. oJ "ii~ -'] Ell !; -'J 0] ~ '11 -'8 Ell ;,JI <>I] o]"] ~ 'll ~.g, Oil ')I -"1 Ja. -,,. 7f 'i,--'J 

~ s,!..Jl 9,1.tj-. 0] S:A}Stl ~~*-¥-~.g. W~lfr ~~oU Ai~t>},=- ½Wff£1 ¾ 5:"'d 

:il} 7H>il'r ',) '1'1->1-±-a-"1 11'£ ii'-.'E:S £Aft;foj 7J!'!! -'8Ei171l<>IIA1 7}°l} 7],'-"i'll 'r 

AJi1J'{J ~~},W{!A}~ ,Z-5: ~ A]~~~~~ ~o}J!t!=l ii}S!lcl-. !Ev! ~W'fi"~ A}~ 

.s:'1!:g ;,JJ,<!Jt;foj ',{2-Ja. ?•8~ cl!'ll'll'r<>il 7].'lo"i'd ;<f.!l.Ja. ~%~ 'r '.lj;,J] .-f'l! 
i:j-
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3.7171 Jmmol-.f'il %'\!"1A1'&% (meiobenthos) %%'1'.g. :::i. 7H>ll-"l 3.7l71 61 

cj-,c ;!.2.5!.-'/-E] 'l! 'T '.l)*ol !ii"l% 'lJ:<}, %~ {!-lo., >aJol a,zj % Aj6J0<le] ~ 

7a .a "1 <>11 ll'.\-"1- '11 cJ-\'l '& "'1 :at ia:§1-~ 4"1-';!l cJ-. 1H >11 "r ~.i sc. l'c 'r !i!. -fl- 11 ..--"l 0.l', 

~{1 {]-~ -N-Z!?J' ~ Zl-~9 ¾E-1 {!~i'ifoj] E.Je~ti. 3i1l~ OJE-1 ~~o] ~-B'-£1 
"), {J-:§j-:aj a,zjol ;J,4'"):<l:iJ. !f.~ 'lJ£7} 7)~") :{}>ft'{!Ol Ji.g_ -"):aj,.-ol]:C: J 

.l\l",l- ojE) 'il" 1<>\ 1H>1J<>1l 'iti;\-l'c cJ-"r'-"l ¼'\!;,J-']<&,i·~ ~ 'T '.l)cj-. ¼'\!>)AjAj,.

.c:>. ~~~.2..£. {.1¾*.21- %~¾ff-7}- J?-~<5"}-TI OJA~ ~~~ ~~l 7~~"rsJ ~ 8 
0 ~ 90% 7a 5'.;; .,,,1 ~cj-,c % 711 7} '.l) cj-, 'l! 11!:aJ .2.5!. 11 ¼-il-OJ- -f\-'t'¼-il-l'c 7) -"l '>f 

~ ~£. 4E1-Y-t9, ct~2..£. ~~.Q..£. ~~ %~~~ AlJ.·PdE-1 .B..Zf*'ll benthic 

harpacticoids-i,-ol r:\-. ¼ '\! %%aoA},c 'l!*}"l '11 a,Afej 'l! ~ .2.5!. 1!-"il 'l!--"l -"] :aj %o\l 

Aj 6j %},c ¼'\!:<]Ai '/I %.ej sc'lJ Ta,~ ll)-ej-%)-,ct~ 'lil-"J g f :i1 "r'& t;fs:J cj-. 

~Jil_ t\l'\!:<jAj%% s,Af,c 'Jl'l!<>1l ej;_:jl g_ 'Jt4'!aj s,t;ft\1£ 'l/-'/-1/: 78:jl g_ 1178 

t;fcj s,Aft\l,j/-o\l ¥_1)-Al~cj-. s,{!t\l s,A},c qja,Al 11"}¾ 01.g.~ s,Af.2} s,Af><l 

{i~A}.£ T~t5}~9-- S;A}A]1! ¾A}<?] ~4- ~~~ ~~,?}~ .."i13°1<5}cij a:A}Al~~ 

78 t;f 'lJ.j<_, ~"J-"i]A1 'l/-'/- .I'. 'l1_ ¾ %\'lJ. cj-. s,%\t\l cJl '1! ;,j A7 %% s,A\'i) 7,J 4 f s, 

{!tlJ-"l §. ~ (trawl)"il -"l ~ ¾Af~ 'lJ •& -.f'l:l r:\-. §.% ¾A},c -';' ~{!tll s,A\o\l Aj •l 

{l-.f7I <>Jil1¾ ~til'1! ']%%% til'J-.2.5!. ~ 3! 01'.l.t.2."l, !f.~ "1¾ "l-il-"11 til~ 

•I'll g ~•JA15'. §.~ ¾A\,c 'l!Sl.~ ;;io)'l/_cj-. 

'l! 11! "l .2. !i!. '] "11 ¾, I o\l Aj l'c ¾ <>11 tiJ '11 A~ 'll ~ 11:-il-~ :aJ 7.l .s'..I'. cj-,c ¾ "r' '-1- Jj >ii 

",'.2} '(lc.g. %>II 11:61°1 7f'o~ "r"l >\.ll.:S g 11:o:.~cj-. :::i.e]y- ol'l) \'!'i'"ilA1l'c 

3::A}A]Q:JQ:J ,W%cf-OJ.AJ£ 'frs1 A}~-"d¾ tl¾iiH::· 7]tro] ~ 9 V..2..Ps!_. ¾E-1 1 
~~ 7,l.s'.7) 'l!Sl.%fcj-. a:fe\Ai li',-l,-uj-:<\:S-"l %"l7} 'l!Sl.%\:il., •l'll 01 B qg'1J 

ol] :,i .s'. 1, 7f-'%'-.f £ ~ ll.-l'--"l .I'. <!"'1- <!"17} 01 'i-<>J ;<Jo l ~ cJ-. 
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Ala-l'l)c]-. 'lJ->fj:-a ~Al.!/1*1 4071 '\111:i!f %',!fl- ~Al.!/1*1 2671 '\I'll:'. .::t'/1 3-1 

<>I) JEA) "I'll tj-. 

"1<1 P),<JJ~.\'1--"I •~>i)"ef-& 'll->f±-a ~",f£..£. Al%a-l'l)c]-. A)il.l= j:"3 'l!:'11 >1 

'-]7) (van Veen grab, 20 x 20 cm);, o)%%toj, "1¾-"I -"1'1%s'.; >Jc;,!~+ s:l'ifoll 

Aj .n"i (1117<!-"l¾ 0.9975cm):S Al%%l"i >J{l%l'l)c]-. "Pl%-& J!.\'l<>i)Aj ,1°) 1cm 

771-"l 'l!'<!-a-1"1 SOm! ~,jj1,'-e.) *-"-<>11 '>':llc]-. oJaH} AJil.>lc;,li° ~ 'll'li<>IJAj .!j'-

1':!1'1 ~A)a-l'lJtj, A)il.i° 'll% .!i!.1'!:a-1"1 ~1)~.£. -£-TI + "l±~½s'.; .!/I'll 90% 

o}Ail~ 30m£g 2f i'i-1:1..0!l ~:i1. 0}1H~ ~:i!., tM · ~~oj]Ai ti}~%0 .!!{}-"5"}~c}. 

"J j: ~½ g '1'! if") "I 7 l .!/I "l"i T ~ oil 7.l "i Alli 71 'il TI ii"-"- ;; ;o," "1 'r:ll tj. 

-9)~4'½0] o]-¥'-~{] A].E.t ~1J~i!l7l5.. q: 4000 rpmoJ]Ai 20~{!- 4t.£. %Al%} 

1r!A1 -'(!{l~e.] A]~tj-. -'tl.1HE-i!l:i!f-7Joj]Ai ~,W~i:" ~oJl 9-1~ ~5::E<l ~lg 7}~ 

~ ~ 0]7] .$j"6}0:j Ai..g.oJ]Ai ~{l~c.] ii}St:i!., -'tl{J~e.] .:f "'J%~g lJV -

Spectrophotometer (HP)<>l)Aj ¾~.S:;a ""'\1"1"1 'll~5:-a *.S:;, ;,jj{!c;,f'l)tj

(Parsons et al., 1984). 

¥-W*Stl 1H~l-'r ~--q~ qj~ A].E..'C' _jfft.17]~ 0]%.S}O:j A1¾£1 ~~~g jH~ 

~ + -,l'i}<>i)>j .n"i (11171]:s);; 0.9975cm)~ Af%"1"1 >l'll"l'llcJ. -"1'1%:'. JE'll 

oJJA1 ;1°] 1cm 77}A] ~BcS}O:j 50mQ -lt:!{J{ti!.] ff"!!.oJl ~:il. ~~E}~r~]t"]c.£. x_7J 
~+ \11%.!i!.tf %f'l)tj, i,c','E]-'l,El)"ic.£. ll,)J'i! A]il.i° -"H'I~.£. -£-;,je} •H-?(0.2 

µm pore size -"I "i"t-").£. "1:i!f~+ \!lirAl'!J) .£. 1/10, 1/100, 1/1000%£._sc. ~-'-l 
A]:{} '>Ubsampleg 'I!-~+, ~'§:}~o]7ati}oJlAi 6l~~rJ,3.~9.1 1H~'T"~ 1H'T"%}5!l 

c]-. c:/ tj ',I :i!f 1 /lO_sc. .ol -'-l ~ subsample,"_ -"I '1 % 'll -"I:', oil -"I "ii ") % ~ 'll-3.1e- g 

7j7"5}7) ojaj~j ",'.£. 1/100.£. .oj,'-j~ A)il_;, o]% :,j71]<5}'l)tj-, 

~~*~ ¾&:.AJ-& A].fi.~ ~l{loQAi 3iJ:1:1J{!{! ~~.i!t ~{!¾ ~.Jl. -fl-7]~% 

~
0J-.W9.J ~.W-~17-ll~ Simonsen (1979)9.] ~'ff";\flJ.ll~ 7]3':5L%}~Ai -¥-~~.Q...£ 

Round % (I 990)-"I >II 'Al ;, .s: 'll "I'll c]-. 
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~'!1'1! 1!'1!91 8~ ll.¾ 'll:.f±-a 'ii".£~ 5.51~214.06 mg/m' .Q..s'. y-tj,!-q 

(.l!. 3-1). 'll :.f±-aic a<cAt'lJ 'll :'i Atol 91 ~ ~fol;; _ll_'.l/.Q. oj, '!I TI ii".£ ic 52.87 

mg/m' 01ci-. -le, a<cAt"'l"1¾ a<c.(]:qj.ef a<c5]-qj.s'. i..J-'r-"1 •l.iitoj_ll_\'! a<c5]-qj<>l]e 47H 

'll'll (8, 16, 31, 48, ::J.'/1 3-1) 01 '.Ut:1-. a<c-.fqJ91 'll:.f±-a i= 471 'll'll ¾ 3¾ ('ll'll 

16, 31, 48)"i)Ai'1): ~'lJ'1'llJ2, i\"S-i= 11.99~45.65 mg/m' 'lJ-$];, _ll_'.l/Jl '!in 
27.20 mg/ m' .Q..s'. a<c.(]:qj 'll :.f±-a ii".£ (54.96mg/ m')_ll_q ';!-'.l}q. 

~'!1'1! 1!'1!91 .l!.¾ 'll:.f±-a91 'r'li1i'Ye =r'/1 3-2.e} :,lee\. 'll:.f±-a il".'r.ic 

~ lfr~ .Q...£ '?}Q.j ~ ,2- li!. tj- ~~ol ~.g. 7a '8"J:¾ .!i!.~Jl, '?!--9.l *~ l;!.tj-'C" ~~o] 

Ci :lt'.ll:cJ-. ::J.iejJl a<c5]-qj _ll_q £.(]:t1JoJ1Ai 'll:.f±-a i\".£7} ci :\'t>II i..j-tj,l-c\. ~ 

'!1'1!91 'll'"f±-a i\".'r. 'l!-$lic 8~ 7J-:§f.£ oj~tieJ '1!'1!91 7.8~24.6 mg/m' (~-'i;oj 0J 

\'li'-±, 1999)4 %.£ a<c:;1'1191 4.8~90.l mg/m' (~-'i;"t~>Q'cr, 1991) _ll_q :\'tJl, \l! 

~ £:;1'1191 31.3~402.l mg/m' (Koh and Shin, 1988) _ll_q ';!-Jl, "'i-'1 £.(]:rJl91 

7~244 mg/m' (Cho and Kim, 1988)"1- •15=~ 'l!-$1;; _ll_'.l/q. 

0 I -'ll a<c-il-91 >J >ii 'lf.g. -'11 Y 'r, 'll :.f ±-a 'ii".£ J!;.g. 'll "'1% 91 % 11 '1!:± ~'ll' "--" 

i..J-E}-.1 'r '.U.Q. Y-, "'i Ai ol-'lla'c-il-91 14-<>il i= 'll:.f±-a 'If .'r. i,- \el ieJ Af%-.f J2 'll 9-
(Cadee and Hegeman, 1974; Fielding et al., 1988). £.(]:rJloJlA1 'll:.f±-a91 ~'ll'.g. 

'r'li"J.Q..s'. 3.Jl "}.g. <.JojieJ;; 71"'1"1 'l!'lJB 1,-Y¾ _ll_oj ¾.g. "'1"1 t.lJoJl-'15'. 

il"x.91 \l!:§}7} {l-.foj, ;,fl'l!aj~ 2/'71-;Jol 'l!1l-.f"'l \',j"q (Leach, 1970; Catlee and 

Hegeman, 1974). Estrada et al. (1974).g. New England 'llir"'loJll-1 til.!/-1!':91 'll"l

±e -"1"1%91 .l!.l'!-.1 0.5cm olt.lJ<>il 1!':Y-.J.e ;:l.Q.ia. _ll_:;r-.f'.l)c\. "1>11.s'. -"l"l>foJI 

,1 -"l"li'!-91 '!1°l<>il u:t~ 'l.!91 il-'l~ ±'l! «111-oi1 *~'.lg -.,e ""*" -"laJ% 

91 .l!.I'! 'r mm 011.JloJI '1"'1"1°1'1! ~q (Williams, 1962; Perkins, 1963). -lee £.sf 

oJl 1'1 ll. ¾ 'll "l-±-aic -"I aJ % .l!. '1l <>I] -'i lcm'lt"'l 'l! ,a-.,oj ~ 'jj-.f'.l/Jl, 01 i= -"I "1% 

~ li¾ ~~~-a ~5=.~ cJlll~ 4- V,~ 3!.Q...£ "Jzt-¥!ct. 

-"I '1% 'll:.f± ~'ll t 'l'l:.f±-a.ef -"1"1%1.Jl<>i] 'llic '/'l:.f±-a91 :<t\'l"l~ 1!':oll~ 

%21 ~"--" '-l-E}>dcq. 1!':oj~-l,-.g. pheophytin, pheophorbide, chlorophyllide oloj, 

665nm<>il'1 "irJI ¼'!l-.£;; _ll_'.l)q. Lorenzen (1967)91 6j.g. pheopigments 

(pheophytin "I- pheophorbide) 'If.£{!- .la. 'll -.t JI 'll "'l '1!, chlorophyllideic ¼'!l-"i-'ll 
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,Hl ~~.±-a~£ ,l 'll <{!~±-a~£ 

I 44.910 47 59.491 

2 27.781 48 11.994 

3 28.215 53 188.556 

6 20.913 54 214.061 

11 34.986 55 108.687 

13 23.748 56 65.950 

15 19.776 . 59 33.036 

16 23.947 61 34.632 

20 32.802 62 27.611 

21 36.400 63 59.202 

22 36.166 65 80.536 

23 72.080 66 63.357 

25 19.912 68 119.983 

29 5.505 70 47.585 
~-

31 45.656 74 23.538 

36 51.850 75 60.226 

:;7 20.698 82 15.053 

44 65.948 84 57.856 

45 29.698 86 92.217 

46 36.204 88 74.389 
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~.Q..',c 'll->t'"'-a.2J- -i11"c~ 'r' \ll';dq (Fielding et al., 1988). Barrett & Jeffrey 

(1964).2!- Jeffrey (1974)"'" Oil 0J:il} ".l! 'ii oil "i chlorophyllide7f 'll->t'"'-aej 'r .8. 1"c•l 

~%'>I g ~t"'llc.]-. !Ifc}<i 1-'- ¾<fej ''Pl% 'll->t'"'-a 'o'.<r.oll;:: chlorophyllide7f {1 

1'19!( g ,;!o],1, 'll->t'"'-aej l-'M- ~1)~ .". q'"' :il}i:Jl '!)1f'<! {!:,,};; _l;l_'l) Jlo]q. 

'E ~ Fielding et al. (1988)-& 11c'M-'M-.<r.>il 1-\- 'al 'M-~1) ;,J];; <f%t;f;a. '1}~ o] HPLC 

(High Performance Liquid Cluomatography)la: 01%-,,lc 'l}~_l;l_q ,iqJ 12•l7Jf;<] 

"1-i:Jl '!I 7f ~ 'r '.U q ,1 a-f '.ll c.J-. '\I'~ 0 1-'ll¾-\'l-"1 1l ~~ ,~ -'II "el'¾ nfeJ-a-1 ,1 ~ '11 <i 
'll->t'"'-a ";1J"ilc HPLC o]% "J-~o] .<r.'ll"1"10) ~ :,;!o]q. 

~"i!~l 1!.½.'•J'alll-"1 :<1<111 lat'lf-11-:S %1)~ {!,if 2e} 13:il} 384s' 79¾ 5\1!¾ 1 

¾¾.Q...£. ~fi-£1'.(j_tj- (lE 3-2). ½~%% ~gW-&(Pennales),': 59¾ 5~¾ 1%¾.Q.. 

£. 20¾ 01 Y-Et1d- ¾1l~W-&(Centrales)o\l l:l]~~ tj 0J~ ¾a:AJ% .!i!.5:ltj-. ~~w 

¾oJl ~ Diploneis, Gyrosigma, Navicula , Pleurosigma, Nitzschia4,=-o] 5-8¾~ i..fE} 

L}, ~uJ.w,~ ¾9- 0J1J ~ E'~ct. ¾1l~W-&of1Ai'C Coscinodiscus, Thalassiosira 

Actinoptychus4,=-~ ~W*~ o] ~.£. 4El-i+tc1], 0] ~.g. ~Al ¥¾¾~.£.Ai uJl.£.t 

¥-%-"821 A~i;Jt~-'8~ .!i!.~tj-. ½~¾~ a:"8~ .!i!.1a ~~1i!21 1~oJlt ¾1l~Wli!. 
q- ~ ~ ½ uJ ~ o] 'T .£. Ai~ i>H.=- ~.2...£. ¥}-1tf-¥_! q-. 

~'!)~I ".l!'/l"il"ic -ll-ll'1!.'.c 21¾oll"i 50¾-"1 ~'lf-\'l-71 1-\-E}\;l;q. -l'- ¾"l"l"i 
g 3'c {1 <11.2!- 3'c a-]- cJ1 .'.c '-Fr "1 BI .iR '11 !a. 'l"! 3'c a-f <11 "il ;:: 471 1) -jj (8, 16, 31, 48, i 'lJ 

3-1)0] 11Cl,. ~Wff£1 ¾a:AJ.£- 47~ 78~ ¾ 2'.k" (1{j 16, 48)oJ]Ai1i}- ~~£]~.il, 

½'il¾'r'c 1l-ll 16"11"1 23¾ 1l-ll 4B"il"i 20¾o] '-!-Erl± ¾D:i:Jl 1l-ll;;-"-c.J- "I-& 
½ '!l ¾'r';, -5!.'.ll q. ~"ii 'l! ".l! 'l!-"l % 'llc-ll- ½ 'il ¾'r'-"l 'r'"il 11c Y c i 'll 3-3"1I "i .2J

,;to] 'll\l!"i.2..ss 'l!-"l 'll'r _i,_q ~~01 Ii.". 11.-J¾ -"-'.llc.J-. \.Jl'l! "il-"ic "'il:ole1 

"ii 'll ~ ".J! 'l!-"l 1)-jj 'i oil "i c.J-0J~ ½ '1l ¾ g 1-\-Et~ c.J-. \l!'l"! -oJ-~ej .2J- ~'ire1 "ii 

'll~ ".l!\ll"il•12 1-ll 23g "il.2Ja-f,1 <11.!/-11c"11J-llol "I.". ½"'il¾'r':s 1-\-E1-~c.J-. 
0 f0 'l"! "ii 'll qi. ".J! 'ii "il "i c 1l -ll oil !Ifa:f ½ "'!! ¾'r-"l \I! :o) 1f 3 Jil 1-\-Et ;;J: q 

?)!~oJ1Ai ~~~OJ 2j=-.£ Ai~8"}t 3!,': Ol~.9.J {t-%';~.il} ~~i>}O:j ,1,~zt~ 4' 

'.U q. ".J! 'l! .° <1 ¾-" I I1l 1 I "ii x. ½ 1'I oil !If e1- 'r'-i'-, ~ ii'-, ~ -\l .<r. % -"l t!: 7i1 \I! :ol 7 f .=1 

Jil 1-\-E1-\:!c.J-. 7J!'/l"1 7,!%'llc;; .". 'r'"JoJ%%-"l ¾%'8'"1¾ *'11 's-{l~ t!:7il'l1:ol 
~ nj5}f::- f[~~~ ~%'o~¾ .;!-32. '.ll~ 3!2-..£. ~~~ <V_tj.(Heckman, 1985; 
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Order: Centrales ¾11•~& 
Suborder: Coscinodiscineae ~ ~ -W-0 ~& 

Family: Thalassiosiraceae E-~ 11!-~ ~ ~ 

Genus: Cyclotella (Klitz.) Bfebisson 1938 "c"a}~~ 
Cyclotel/a sty/arum Brightwell 

Genus: Planktoniella Schutt 1893 ~~½~ 
Planktoniella hlanda (A. Schmidt) Syversten & Hasle 

Genus: Tfulassiosira Cleve 1873 -E--'t! ~~ ~ 
Tfulassiosira eccentrica (Ehrenberg) Cleve 
Tfulassiosira nodulolineata (Hendey) Hasle & Fryxell 
Thalassiosira punctigera (Castracane) Hasle 
Thalassiosira sp.1 
Thalassiosira spp. 

Genus: Triblioptychu.s Hendey 1958 ~~W 
Triblioptychus cocconeijormis W. Smith 

Family: Melosiraceae -fl¼~ ~,J. 

Genus: Hyalodiscus Ehrenberg 1845 ~-?§-~ 
Hyalodiscus scoticus (Kiltz.) Grunow 

Genus: Melosira Agardh 1824 -'tl.%~~ 
Melosira nu.mmuloides Agardh 

Genus: Paralia Heiberg 1863 1. ~ W 
Paralia sulcata (Ehrenberg) Cleve 

Family: Coscinodiscaceae ~~'W"~ 

Genus: Coscinodiscus Ehrenberg 18.38 :i.ll ~ ~ 
Coscinodiscus asterompfulus Ehrenberg 
Coscinodiscus jonesianus (Greville) Ostenfeld 
Coscinodiscus radiatus Ehrenberg 
Coscinodiscus sp. 

Family: Hemidiscaceae ~~~~'W"l!I

Genus: Actinocyclus Ehrenberg 1837 1:1t.:;1J~~ 
Actinocyclus octonarius Ehrenberg 

Family: Heliopeltaceae A~-\4-~ll"~ 

Genus: Actinoptychus Ehrenberg 1841 Li¾~~ 
Actinoptychus senarius (Ehr.) Ehrenberg 
Actinoptychus splendens (Shadbolt) RaJf 
Actinoptychu-.; annul at us (W aJI.) Grunow 
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.Ji: 3-2. 741~ 

Suborder: Biddulphiineae {!Jil~,to}~ 
Family: Biddulphiaceae Kfttzing -!l'l~'l!:,f 

Genus: Biddulphia Gray 1821 11 nJI ~ ~ 
Biddulphia reticulata Roper 

Genus: Terpsinoe Ehrenberg 1841 
Terosinoe musica Ehrenberg 

Family: Cymatosiraceae ~t:ll½'l!llf. 

Genus: Campylosira Grunow ex Van heurck %ti]"€"~ 
Campylosira cymbelliformis(A. Schmidt) Grunow 

Family: Eupodiscaceae Kfitzing ¾c½'l!lll

Genus: Odontella Agardh 1832 JI]~½~ 

Odontella obtusa (Klitzing) Ralfs in Prichard 

Order: Pennales ~ % 'l!-lt 
Suborder: Araphidineae ,I~~~ W-o}~ 

Family: Rhaphoneidaceae f-61~~~ 

Genus: Delphineis G. Andrews 1977 ~ "IIJj 01 ~W
Delphineis surirelloides(Simonsen) Andrews 
Delphineis surirella (Ehrenberg) Andrews 

Suborder: Raphidineae %~½ W- 0 }~ 

Family: Achnanthaceae 'lt,W:~1ll"34-

Genus: Achnanthes Bory 1822 ~%½ W
Achnanthes brevipes {Ag.) Cleve 

Genus: Cocconeis Ehrenberg 1838 ~~½ W
Cocconeis heteroidea Hantzsch 
Cocconeis scutellum Ehrenberg 

Family: Naviculaceae ~HI§-~~ 

Genus: Amphora Ehrenberg ex Klitzing 1844 .!li!.j ~W" 
Amphora arenaria Donkin 
Amphora coffaeformis (Ag.) Klitzing 

Genus: Berkeleya Greville 1827 41M-½~ 
Berkeleya scopulorum (Breb.) Cox 

Genus: Caloneis Cleve 1894 ..2. 0 ] ~ ~ 
Caloneis liber (W. Smith) Cleve 
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.H. 3-2. J:1I~ 

Genus: Diploneis Ehrenberg ex Cleve 1894 S:.-B'~~ 
Diploneis weissf]ogi Ehrenberg 
Diploneis ovalis (Hilse) Cleve 
Diploneis smith (Hilse) Cleve 
Diploneis novaeseelandae (A. Schmidt) Hustedt 
Diploneis notabilis (Greville) Cleve 
Diploneis crabro f. suspecta (A. Schmidt) Hustedt 

Genus: Entomoneis Ehrenber 1845 41:l]½~ 
Entomoneis angustata Hendey. 
Entomoneis alata (W. Smith) Reimer 
Entomoneis pa!udosa (W. Smith) Reimer 

Genus: Frick ea Heiden in A.Schmidt 1906 % c.l llff ~ ~ 
Frickea lewisiana (Greville) Heiden 

Genus: Frustulia Rabenhorst 1&53 ~~~~ 
Frustulia interposita (Lew.) De toni 

Genus: Gyrosigma Hassal 1845 4{2%W 
Gyrosigma balticum (Ehr.) Rabenhorst 
Gyrosigma balticum v. sinensis (Ehr.) Cleve 
c;yrosigma fasciola (Ehr.) Cleve 
Gyrosigma obliquum (Grunow) Boyer 
Gyrosigma sterrenburgii Stidolph 
Gyrosigma worrnleyi (Sull .. ) Boyer 
Gyrosigma sp. 

Genus: Navicula Bory 1822 ~llff~~ 
Navicula carinifera Grunow 
1Vavicula granulata Bailey 
Navicula marina Ralfs 
Navicula lyra Ehrenberg 
Navicula lyra v. insignis A. Schmidt 
Navicula directa v. incus (Grunow) Cleve 
Navicula molis (W. Smith) Cleve 
Navicula ramosiss1ma (Ag.) Cleve 
Navicula sp. 

Genus: Parlibellus Cox 1988 
Paribellus sp. 

Genus: Plagiotrovis Paddock 1988 
Plagiotmpis oblonga (Grev.) Paddock 

Genus: Pleurosigma W. Smith 1&53 7J_t.}{i%W' 
Pleurosigma angUlatum W. smith 
Pleurosigma elongatum W. smith 
Pleurosigma falx Mann 
Pleurosigma formosum W. smith 
Pleurosigma naniculaceum Brebisson 
Pleurosigma normanii Ralfs 
Pleurosigma sp. 
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.li 3-2. >ii~ 

Genus= Scoliovfeura Grunow 1860 
Scoliopleuro tumida (Breb.) Rabenhorst 

Genus: Stauroneis Ehrenber 1843 1l ;;i;~½ W
Stauroneis amphio;cys v. obtusa Hendey. 

Genus: Tracmmeis Cleve 1894 *8'1~~ 
Trachyneis aspera Ehrenberg 
Trachyneis antillarom Cleve 
Trachyneis brunii Cleve 
Trachyneis johnsoniana Greville 

Family: Bacillariaceae -l-i>''lt"l

Genus: Baci/laria Gmelin 1791 -i~'H" 
BacillariJJ paxfllifer (Millier) Hendey 

Genus: Cvlindrothem Rabenhorst 18.59 ¥{I% W 
Cylindrotheca closterium (Ehr.) Reimann et Lewin 
Cylindrotheca gracilis (Breb) Grunow 

Genus: Gomoh.orheca Hendey et Sims 1982 
Gomphotheca sinensis (Skv.l Hendey et Sims 

Genus: Nitzschia Hassal 1845 %{! ½ W 
Nit2schia uidolvichii (Grunow) Mills 
Nitzschia sropelli,formis Grunow 
Nitzschia sigma (Klitzing) W. Smith 
Nitzschia sigma v. sigmatella Grunow 
Nitzschia vermicularis (Klitzing) Grunow 
Nitzschi.a sp 1. 
Nitzschia spp. 

Genus: Psammmodictvon Mann 1990 .£.?.Jl~W 
Psammodictyon coarctaro Grunow 

Genus: Tryblionella W. Smith 1853 
Tryblioneffa acuminata W. Smith 
Tryblionella cocconeiformis W. smith 
Tryblionella didyma Liu & Chen 
Tryblionella ganulata Grunow 
Tryblionella pu.nctaca W. Smith 

Family: Surirellaceae 'i~½Wlll-

Genus: Surirella Turpin 1828 tlJ-~~~ 
Surirella aravirn Grunow 
Surirella gemma Ehrenberg 
Sun·rella voigtii Skvortzow 
Surirella sp. 
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Hudon and Legendre, 1987; Degaldo et al., 1991). n:f2J-A1 ~el '-1-4 A1•1"1 cl!'!! 

.i1f ,1- 01 3',-"joj "1'11 ~7,l\1!~7f ci71l '-l-"1-'-1-1= *<>IIAi~ ¾%'o"1°1 i"- 7,!½'lt-i,-

7f %1l½'l/-i,-.!i!tj-1= .it.il}:aj.Q.sc Aj.;J~ ~o]oJ, 0]1= 1-1- 3',Af '1.ilf<>IJA1.'i. y-qy. 

JC '.l.lcJ-. 7,/½'l/-lt7f cl!'i!~1lon .ai-t5J-1= 'lJ-'lJ.Q.sc ¾%'\f"1"1<>1l.'i. cJ-'i<*-"- "' 

'a'i'l 11°'1"1 ti:% 'l}-::;oj tl:4s'oJA1 A1.;J•f1= 'll-'ll 01 '.l)tj-. lloJI~ <!O!IJ.1 J.7.;j-af 

1=(tube dwelling)~'lt-i,--::; :'. i:Jl7]oc½"l '-l-"1-'-1-1= ~1l\l!:§fi..} 4'1!'-%'!!%9.1 'll~ 

:, ;;j :,J- A] ,] 1= ~ .Q.sc 'l, aj "I '.l.l tj-. 'I} 'll '1!-9.1 I'§ :'. 3c"lll ll Oil Aj Gyrosigma4i'.ilf 

Navicula4f£j ~lQ--W.~oJ ~Qlj~ ¥}-~ 1~%}9 ~4:i'oJlAi ~;jj]~ o]ir,.Jl 'x)_go] t!

~"1'lic'f. Gyrosigma1= 'l!llll<>IIA1 ½~-oloJ '11::'. 1J>1]4'::; .!i!"l '1l-'ll'll:9.I 7J!'!!"il 

Ai~l5}:::: ½~ft¾ uH-9- ¾..8.~ 4;:-.2...£ 1-tE}Y-.ll ';j_t:}. ~ ~,q ~3!} 3::c5}tjJ~ ½ 

~%4'7f .aj~I c.l-E}i..}1=<11 o]~ 'l}'lJ'l}oJ y-E}y-1= 7,)i!f'l/o] 3c{ii:Jl"il 'rsc Aj-'j 

'I} :, '-1-Et \11 c'f. '1l- 'll 'll: .i1f :it -& ~ 7.l oJ A1 4' sc on -'11 *l ~ "'•I 11! 1= '11:-& '2t .'i. sc '<I "ii 
7l-~i"'J~-~ft7} A-F~i5}7]ofl~ :i!J-~{! 0J§..%};;i;] ?J-~ ,;!.2..£ A}.fi...@ct. EE~~~~ 

.Q..sc 'r£<>1IA1 Y."Et'-l-1= 7J~%4? ~ o].sc <j~ ,,pj'1)-9.j \l!:§f? 3c'dci:Jl"il Ai.;J•f 

~ ,1,.1 •J ½'ltW-9.1 -"1-"l~?J.Q..scAi;,,; i'"'1 l£g ½ oJ1'11-~ 'r '.llcJ-. 

1'- 3',Af 'l}'ll 'l}o!l J.7 '-l-"1-1± ½ 'l[-i,-9.j 1!'-W-.l!.::; ll el •l'.ll tj- (.l!.. 3-2). ½ 'l/W-9.1 

~* ~ Simonsen (1979)9.l it*~lJ.11 ~ 7]&.£ i5}1BJ..i -¥-ft~ .2.£ Round% (1990) 

9.j -'II :>ii ::; .'i. 'll •I'll tj-. 0] 1= Simonsene.j 1!'--lt>il ;,fl 7f 'l!;<f ~ n] 1l ~ '8-<II 'l! "1-sl Tl 

Zl 9.j nl ,11 T 3c:. 7] 3'£ ½ 'l/ l,- ::t¾ ii n 9.j 711 '8-'!r'~ t! 711:. Aji',- ~I 'll ;,J sf 'll 7] 

nff~o]tj . .:I~ ~Efl4 ,w6P=1J-1tlsJ ~}o] llH~Sl %1r-%oJl 9.j't~ ~~*~ (Centrales, 

Penna/es) 27He.j -a:-(§).Q.sc 'r1i'-•l'.llcJ-. .::1ejy- 0].fe.j 'c!'rii :'. Simonsene.j '"1711 

'4 ¥~3:1.2...£ tj--e A]zt~ 7};i;]Jl '.U7]5:. i5}tj-. Round ~ Crawford (1990)i:: ~ 

W'ft~ ~ 4-¾E...£ ~~Al9-J 0 l= ii}-~, J.]61'=;,>,Jofl Uf2.l- T.::I¾.2..£ T~iil-~ ?;!,': 

7.l~i>l-Al1i!", f§Ell~.£..£. T.::1¼~ T~Wg. 7..!~~o]~ 1:1]-\ll-i>l-~t:l-- =Ev} Round 

%(1990).g. ~{f-,iJ]Al~ *c~ Ai]~"5l-°'l ~w*~ 31ij~ i!}, 111n2J o}.il}, 451R!ll ~

.Q..sc 'r1i'-sf 'll q. 0 I 1!'--lt>il 7111= 0 1 "11 'r 3c9.I 'iHl :i'J 7] '\f 01 1/f '1 "'l "'i !£ :'. -'J Ell 'll 

: ~~~tj-~ ~~9.j 1!'-W--'11,i]oJ ~~ ~· "1]1,1-:§f~ 19~ '.ll~ ::i~y
Simonsen o]+ o]-'f-~{l o]"1]T3:: '7BT~ ~~.£ 1]~~ ~"ff"~]:if!o]7]oJl ~,': Ad 

12. ~].:g-"5}7] n1!~ofl ~~W-&i': Round7} Aj]~1i.!- ~"ff"~l7ll~ tq-.s_;: ?;! 01 :f]-C~ 
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,1--l}~'j'-i!- 0J"11~cc-!] .'r.%0] 'fl 310Jq ,1-.j}i,'.sj q-e.J'lt oJ;;,g. -'I % (1995)"1] 

n:J-'l/-c]-. 

&A}oJ]Ai 85%-1}.QJ %'lf-1}7} •l'§l%'ll~5:!E-'-l-, .s!iEAj"i];,; ½'1!% % 53%.QJ 

A};j¾ -'i'-"t 4 (.'r.¥f 1~9)"1] '-]-Ej-)Y.c]-. 

~'lj'I} .l!:¾"i"l%0il Aj61~c %'lf-l}c 'll'll"il n:J-e-1- 3.6 x103~2.5 xl04 cells/ 

en!_;,_ 'll1l'lJn-,@- 1.2 x104 cells/co/ .sJ 1l>il'?'is t..]-Ej-)Y.c]-. &~til"il -'il"l~ 'll 

1l 16:,,J. 'll1J180i]Aic 4.0 x103~5.0 x103 cells/en!.£ i,t,g. 11>1]9'71 t..]-EJ-,;J:c]-. ;,jAj 

% 'llc * .si "r Ill l1-.,,_ C 'I} ~ T .sJ 'll 1l " .!i!. c]- \.JI 'I} .sJ \J-~ "i] -'il "l ~ 'll 1l " Oil Aj 'st 

,g. 1ij >ii 9-l!- .!i!. 5:1 cc-!], ~ :§J-e-1 ~ 11 '!! "i] Aj ~ >fr"l -9-£ it~ 11 >ii 9';, t..J-Ej-)Y. c]-. 'E 

~ af{f \'l ~Oil -'11 "l ~ 'l!-¥-'li 1J "i]Aj .'r. ',t,@- 71 >ii'?'~ .!i!.,:I c]- (.l!: 3-3, :2 ;;J 3-4). 

½Wff-9.l 1ijjjJ"r {t-.£~ chl-a2l -a-£~~4 ¾A}~ 7J~oJl.}-, chl-a9.} -a"S:.~ u}{!, 

\'l 1J!'!!"il -'11"1~ 'll1l 53, 54, 55oJJA1 'st,@- 'lf.'r.:S .!i!.'1!<11 "l"11 %'llc*c '1!~e.J 
11 '!! eJ 'll 1J aa Oil Aj ',t,@- 71 >119'1"- .!i!. oj c]-4,<"} ;.}017} t..]-Ej-,;J:c]-. o] c af{:f \'l ej 11 

'l! "i] Aj Af-lJ->11 '111'11 "1 ~ & * 7} t..]-Ej-t..]- chi-a 'If .'r. ¾ 'st'1! ;! -9-.£, % 'll,-1}.sj 11 >ii 9' 

C" chl-a"5".£t?.!-% ~.g.. ~~~¾ Ji!.ol.Al ?:i'.U-ct. 
01 cl'cA}"i] Aj c ~'lj 'l]- 11 '!! "i] Aj 61 ~,::: % .8. ~ % 'llc-1} .£::: Gyrosigmae,:,,J. 

Pleurosigma4r~ ~W"ff"~.£. Lf-E}JXtj-, Gyrosigma4i-.g. tll1~W{t.£..Ai (.£~ 1) 

'll°ll\!!£ 0.4-66.7 cells/en! .sJ 1l>iJ'?';o t..]-Ej-)Y.tj-. Gyrosigmae, ½'llc-1} 1l>iJ'?'Sl 

9'~11-¥.c chl-a'lf£.QJ 9'~11-¥..o} %Al~ 7<1~;. t..J-El-41 oJ'lj-.sj ll-¥.71 chl-a'lf£ 

Oil 'll'\f¾ a].>]iE 'll&;. t..J-Ej-)Y.tj- (:2,l 3-5). Gyrosigmae, ½'llc*"1 'l!-¥-71>1l:S 

,g. °lJ <llj '(,! i'fe,"i] Aj 61 %}ir:'ll c <11 °] c cl'c<"}qj ~;;j "i] .it:,,J.aj -9-£ "l %~ Pl •~ 'lr~ 
% t.}E},9.c}. Pleurosigma~2l ~Wfi-~.£ Gyrosigma4r ~W%9t fl-A}~ 7H~JY£1 

'?' 'll ll- .,,_ ::: cJ-El- li'l cJ-. & ~1 til .!i!. cJ-c "° n til oi1 Ai, 'l!- ~ 'i' .!i!. cJ-c \.JI 'l!-ei \J-~ 11 '!! 
Oil Aj ,,.,g. ,1 >ii 4';; .!i!. 5:1 tj- ( ::i ;;J 3-6). 

cl'cAf {! :,,J.c ~~ 'l]- \J-~.sj cl'c<"}qj Oil -'11 "i ~ 'll 1l :s Oil Aj % 'l)c-1}.sj 'l! ,.,,» {f 0] l'f 

g ~.Q..£. ~11-~Pi, Gyrosigma4f-31} Pleurosigma4r3J tll~ ~Wit~::_ 7)!~2] ¾.fl 

~ a I <-!] "° .;,- 'll ¾ '-1-El- \.JI 'll cJ-. 
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~~ Gyrosigma~ Pleurosigm~ Other group Total cell 

number 
2 500 41 3791 4332 
3 458 375 5333 6167 

11 375 83 6167 6625 
13 56 333 4722 5111 
16 46 231 3750 4028 
21 83 250 7583 7917 
22 417 333 9000 9750 
23 1667 1000 10250 12917 
25 1417 250 9667 11333 
29 97 83 3333 3633 
44 5333 250 12833 18417 
45 1250 333 7000 8583 
47 2417 500 11667 14583 
48 250 83 4667 5000 
53 1750 1083 15250 18083 
55 2250 1917 12525 16692 

~- 59 167 167 7583 7917 
61 500 0 7583 8083 
62 1167 167 5750 7083 
65 2857 1190 15595 19643 
68 2750 1667 15417 19833 
70 917 167 6375 7458 
75 6667 83 18333 25083 
84 3083 1333 13500 17917 
86 4167 1917 15833 21917 
88 2667 2000 15250 19917 
~~ 1666 609 9568 11847 
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1999\d 8-%! ~ l\J 'lJc .9j 'lJc :,\_ >I\ o\] Ai "J-!i\ Jl 'li '\c ',f 'lJ :sj "] ~ %% acAj-'oj-7] $1 i/j-oj 

'il-l'il, 'l!-"1 '11'1!--::!% 1Ife.J- '1lc.!-"1oJ 'lie ~'l! acz!t:!lo\JAic 'l!-"1 'll'i'-!a.-'i'-Ei \'J
AJ ;,fl 'll-'J' 2-;a. &A\"1-l! 1 - 671\"l ;; {') 'll -.\:ll q. zi- acAl-"1-l! 'l! ;a. c \'l '1!-2-!a. ¥-

1'\ 1/t"1 'l! ¾~¥-;. .-J-.\<>\ % '1'42-S.. 'llll 27H ~ 47l¾ s1'll-o\:ll"1-. %""1, 'l! 
ei ¾~J-¥-o\l ~2 ac-.1-t:11"1 11-9-'\c 'l!-"1 'll'i'- ~-1-o\JAi A\4&<>\ 'l!-"1 1HJ- '1!-~o\l 
0 ] .s7J 7J\;<] £A\;<]-:! g 'l! :', oJ % <")Zj 2-!a. 'll ll % {') 'jj-o\:lj q ("'- ;;J 3-7). ¾ 771 

£A};<]{'):i!f 2471-"1 'llllo\]Ai '!%A]Jl.ej •H~-°1- 11:-'1% AJ•S-o\:ljq. 

,,pj;.-t •H\.-J7] (van Veen grab)½ A\%&"1 •ff~i,\:lj2-nj, '11"1 "1"11!-"il Ai 

"]-of:: % '!i ;,j A,'j,l--"] ;,'1J ,'-£, 'l) £, .2. 'lJ :ilj--"] '\'J:;,fl % g £A\"Oj-7] $1-o\<>\ 3! 7<! 

3.6cm 3.7]-"1 0\3-;,j;a_ "1 >1\.-J'\'l:% A\%-.\:ll"i-. Zf ll'll ",!- %'!iC<iAi'E%0l 60 ~ 

90% 'll<i."1 Ai"J"],l-g >\;<]-o\nj, 7\~ l't-& Ai"J'll.£:e .!i!.O]c O~lcm¾e1 "i"l 

{.- A]Jl.;a ~9!).q. ZfZf-"] '\}2_!a_ C<\i"- A]Jl.:',-& !a_2',"!Jilc (rose benga!)% ~W~ 

s% % 'a cf.s w\'! 2-;a. JJ.'ll 9!! "1-. JJ.'li .i ,i,.. ,1 li '° \'l 'i'-± ~ ~ ~s.. -& \'J-"1 "1 zi
zt -"1 .3.7j "1 'I] (1mm, SOOµm, 250µm, 125µm, 63µm, 37µm)!a. .3.7] ,!!!a. ~ e1 Lil "1 'll "i\ 

'ljPj7<i-.fo\]Aj -l/:"ft" ~ ;,j\'r½ -oj-:ljq. 

3'~ '!lP]7<i A\~:ilf 'lJ,'-J;l.""% !lji,\<>\ ,;'ej-'1]\'J, o\J\1%, ?f-lt'r;, ~W~ %"'! 

2-S.. JJ.'ll"'i% •JtJ:Aj;,j <1£7] (hot oven)o\] 'o<>l AjAj-o] ¾'lfA]'{) ~o\1, "11'1'7] 

'1]-o\] 'i'<>l aj,1!-ol 'i"-!1:% ¾'lfA]'{) ~o\] H-5 ~a}o]E. (Shirayama et al., J998)o\] 

"It % el,'-~ -"I- canadian balsam g A\%-.\<>\ 'l! ,'-.!i!."" 11 {.-A] .ll. ½ 'l! :','liq. 

1999\d 8-%!-"1 Zf ¾A\:,J-::!"1 Zf £A\'llll-"1 .ll¾ O~lcmo\]Ai ½'ll~ %'!1C<iAi 

'!%-"1 ½ 71>1\'i"c, £A\;<]-:! 1-"1 'llll 25o\]Ai 7\~ l't-& 2,122 7H>ll/10cm'¾ .!i!.:ll 

JJ., :i qg2-;a. l't-& Ai"J'll.'i.c £A\:,\-:! 7-"1 'll'll 3o\JAi 1,418 1H>i1/10ca1, £A\ 
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"111 5"1 'll'll 52<>11Ai 1,312 7H>IJ/10cm', :Q.g. 3oA};,.l1J"1 'll'll 5l<>liAjej 1,304 11>11 

/10cm' s," Ol'l/t:j-. 7}'lf '5!-.g. Aj-6J'l)£~ i...j-Ej-'<!i_ 'lj'Jl-@- 3oA};,.l{! 2ej 'lj'lJ 46<>ilAj 

"1 229 1H>IJ/10c,/, ::i t:J-%~3' ',;!-.g. iU-& ~A};,.11) 3"1 'll'll 86<>ilAjej 292 71"11 

/lOcm'OI 'l/ t:j- (1!. 3-4). 

~A};,.J{!\!! zJ- 'lj'Jlej ¾ ½f/! 1fl>l)4'ej J!lif 11>1)4' ;;!% 1j-J'i.!;I_','! 3oA};<j{l 1 

"11 A7 1,267 7J >li/10cm'3S 7}'))- ,l'7II i...j-Ej-',;{:i!., 3oA};,.l 1) 4<>11 Aj 786 71 "il/10cm'3S 7} 

".l- ',;!->ii i...} Ej-',;l:;<l \'!, ::J. 0 l SI "1 3oA};,.j -tl <>II Aj"' 'll 'll \!! ~,01"' cJI \1itl .3.>II i...J-EJ

t! :ic.x. 'il"ll'! 'llir 11>114'<>11 'll"11<J,c; soo 1l>IJ/10cm';; 3oi? "IJ-~~"' "15'~ 

iU¾ .!;1.S(!t:j- (::J.~ 3-8). 

zJ- 3oA};,.j{l.ej Zf 'lJ-lJ<>liAj "9--jj~:i!. '.U,c; Zf 11,.jVi;'\!! 11>1)4'¾ .!;I_','! £A};,.l1J 

3.ej 'lj-jj 86<>11 Aj \'! ;,j Aj '\I .8.z}-l,-7} 1J ¾-l,-.!;l.t:j- ,l'7II i...}Ej-i...} 119 71 "il/lOc,!¾ i...}Ej

,ll:i!., ::J. 21 "1 "1 £A};,.l 1l .e] 'l! 'll 'll "11 Aj 1l ¾-ll-7} +-ll ~ >il i...J-Et ',;let:]-. 1l ¾-ll-,c; 

£A}"l 1l l "1 'll -ll 25<>11 Aj ?f 'lf >\'-& 71 "il 9' iU 'l] 1,772 7H "ii /lOc,/i, .!;I. 'll:i!., ::J. 

cj-g~_;._ >\':'. Aj-6J'l)£,c; 3oA};<l1J 7.ej 'lj-jj 3<>ilAj 1,328 7fl>li/10cm', £A};,.l1J 5 

S) ll'll 52<>11Ai 1,228 7l"1l/10c,{, il-:'. £A};,.]{le) ll'll 51<>i1Aj.s] 1,184 11>1]/lOc,/ 

s,"~3' ¾'!/;,jA7'J'j1-.ej ¾ 71>1)4' i;l:,j- %A}~ 0J')J-% i...j-E},ljt:j- (::J.~ 3-9). 7}'lf 

'5!-.g. Aj <-j 'l)£ i,- .!;I_ 'l] 'lj 'jj .g. £A};,.l 1J 2ej 'lj-jj 46<>11-"i .e] 104 7ff >IJ/lOcnf ol 'l/ t:]-. 

01 ll'll-&, £-"}7-lS'\ 3"1 ll'll 86<>\l-"1"1 ,1>11,;o ½ill iU'll 112 ,1>1111oc,1 "1- ~"11 
'l! 'll'll ¾ 200 7l'il/10cnf olit}.e] op~ ',;!-.g. Aj-6J'l)£i!- .!;l.oj9',= 'lj'lJol'l/t:J-. 

cj- g _q_ _;._ + 'lJ ~ :i!. '.U ic "' Aj '\I .8. zJ- -l,-S) 7a + i= "°"'} "l 1J 7 .e] 'll -ll 31 o\l -"i 7} 

'lr >l' :'. ,1 >114' .);'l] 123 11 '11 /lOc,/~ !l.'l!:i!., ::J. t:j- g ~.'ic E.g. -"i-'!'ll.x. i= £A} 

"111 3.e] 'll'll 86<>11Ai 119 7l"il/10c,! oJ'l/cj-. £A}cxj{l 3.e] 'll'll 86-& t:J-lc 5'.-e; 

¾'/!;,JAj%'j1- 11,-l,-;r ¾<>li-"7 7}'lf >\'-& Aj-6J'l)£i,- i...}Ej-'<!i_ ii);Oj'l/c}. £A};,.l1J 5ej 

'll-ll 50<>11-"i,c; ol ~ .!;1.t:j- ~is" ',;!-.g. iU'll 118 7l>l1/10c,{Oj'l/cj-. ¾ 247H"l ll'll ¾ 

<>II A7 100 11 >11/lOcnfoJ ')J-.e] iU¾ .!;I. oj ,c; 'll 'll-& ¾ 671 'll 'll l/1'-~3', 'l! 'l!"l ~_;._ t:J

-e Oil 01 <>II "I "11 "I -"i AJ .8. zt-ll-"1 iU O I ',;!-Jil i...J-EJ- ',;le~ nj ' cJ--e 'll 'll ;, "1 iU .g. Sf 50 

71 "11 (10cm' 'l! .:f.e] 'll£;; i...} EJ-'-1\ TI 'l\ t:j- (::J. ~ 3-10). 

e<jAj'\1.8.zt-ll--"1 ,l-<Joj cJ1 .!/-11:% ~,"l"}TI ',\cj-TI oj;,jcxj,,_ >J"zt-l,-"1 %<J 01 

::i cJ- g -"1 -9--ll 11: -l,-;r ~_;._ ½ ill~ 'll cJ-. 0 I ;. >l-zJ--li--"1 -ll--'ll -& 'll-"1 1l ¾it i.+ "I 
Aj AJ _8.z}-l,-Sj- P}~ 7}CXl 3S "1 'lj-jj <>II /4l_ 3'j A7 ½ ill ~'l) ie" <~, ½ ill 71 >\I ','-<>II ',\ oj A7 'cc 

7}'lf >\'-& iU¾ .!;1.'l] :i,ol zA}cxj{l 7"1 ll-ll 48<>11-"i-"1 65 1ff"il/l0cm' oJ'l/t:J-. qg 

oj 60 1ff"il/10cm';; .!;1.'l] 'll-ll 25.2j- 'll-ll 70 oJ'llt:J- (::J.~ 3-11). ::J. 'll-"1 'll-ll:."11 
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JI. 3-4. ~~'2.)- ~ 2:_A~Al~2l ZI ~~OflAi §~~ %~A-IA-1~~2j ir~T~ 
l:!"-1'-l /10 cm I 

Jun-98 

Line I une 2 L,ne 3 L,ne 4 L1ne 5 Lone 6 Lrne 7 

/ Stat,ons . " "~ ,,. "~ -~ " " "~ • 00 -~ s,~ s,~ . " s,~ -~ .. , $1 ~? . " St?? . " ., 
"' . " "" "~ 

Nematodes 1 772 301 10~ 212 1033 1082 255 '" 282 292 374 1 086 722 419 1184 1228 329 ;'83 1012 1328 354 278 592 1002 

Harpact1coids ,08 38 ;z " " '" 63 "' 96 '°' '° " 63 SS8 68 '5 53 " " " 27 " '23 78 

Nauplius 60 '3 " ' " 60 7 27 ' 35 " " 30 " 2S " rn 5' " '5 9 6 38 65 

Sarcomast1oophorans '5 26 " " 27 " rn " " 
,, 53 2 " " " '° " " 7 " 8 7 " 28 

Polychaetes 6 6 ' rn 3 6 3 2 7 " 5 ' 5 2 ' " 3 ' 3 5 ' 7 

K1no1hynchs ,03 " 6 5 7 

C!liophorans ' 2 ' ' 3 ' 2 6 3 7 ' 3 ' 3 2 5 8 5 ' 3 '° 5 6 

Ostracods ' rn 3 3 2 5 ' ' 3 7 2 

Turbellarians 5 3 2 ' 5 ' 3 5 2 2 ' 3 3 5 3 3 

' 
Bi\la\ves 2 2 2 7 ' 3 ' 2 3 2 6 3 2 3 ' ' 

~ Amph1pods 00 3 2 ' 3 6 3 2 " 2 

Gnathostomuhds 2 2 2 2 ' 3 6 2 3 ' 
Gastropods ' ' 2 5 ' 3 2 

Nemertines 2 2 2 ' 2 

Olrgochaetes ' 2 2 ' ' 2 

Cumaceans 2 3 ' 3 

Halacaro1ds 3 2 2 2 

lsopods 3 

T anaidaceans ' 2 3 

Cn1dar,ans 2 2 

Holothuro1deans 2 

Insects 

Sipuncuhds 

Echmoderms 

Others ' 2 ' ' 2 ' ' 5 2 ' 3 2 ' 2 2 ' ' 2 5 

Total -----1..!1?_ "' 229 296 1159 1290 3'8 292 '" ,ao 526 1193 862 __ 595 1304 1312 '36 932 10§18 1418 '28 383 808 1208 
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Ai;,, ti) .ii[ :aJ ';i--& .l:'l! 10 - 20 71 >11/lOcnl:. .s!. cj 'roJ' 0 l ;:; '1" zt-li-"l i\-'J "l ,:J 

-9-.£ ;<JAi-'lJ _8.zj--;i-.2} 'lfOJ :,! 1111"1J {!;;j ,.-:\':%j-;<j'<}, 7l>IJ9' .):j>. :1 t:j-;,j ,tj?, 

~~ t.}E}\.JlJ.1. ~Al ~.g.. OJ-'c}¾ J!ril~9J.tj-. %i1-%-¾£ o]siJ- %A}~ ~¥."JAJ-~ 
.s!. cj 'r'.ll t:j- (:I '!I 3-12). 

½'1! ,.--;i-;;_c ¾ kinorhynchs"l ll-9-1= ¾ 2471-"1 1111 ¾ 571-"1 1111"iJAi'<lc ½ 

~ %}5:l 1= <ii, ¾A};<]{::) l.Qj 1111 25"ij Ai 103 71 >11/lOcn/~ '-tttt1J 1= 6}'r ,tj?, .J: ~ 
.5!.5:lt:j-. :I qgoJ ¾A};,]{::) 2.Qj 111146"iJAi"l111l>IJ/10cn/0J'.lj2, :I oJ.Qj.Qj 11 

'jj"iJAi1= 10 7J>il/10cnfOj;<f.Qj .J:% '-ttt~t:J-. 'le t}7f;,j "; 'l)~§.1= ¾:{}cj.Qj ~f.Qj 

'lJ 'lJ, "; ¾l<}cj "iJ 'lJ 'lJ ~ 'lJ 11 "iJ Ai "r" £ ½~%}5:l t:j-1= 11 o] t:}. -\:1.£. ¾-;i

(ciliophorans).Qj ll-9-1= :,! 11'll<>IJA1 ½'1!%}5:l;sJ'<} 71>114'"11 'UoJAilec o}'r ';i-,°_ 

10 71 >ii /lOcn/ o] %]-oj '.ll t:}. 

½~ ~*;c 'F 7J-2fit.'il 7J 4-t ell )jl-~2] .:f::A}Al ~ 011 Ai ~.tl-r:ll SJ "cr¥-J!Cl-t 

%f4'-"l "1 <>ii Aj ½'1! %1-1= 7;j ~J¾ .!i!.s:l t:}. cumaceans.Qj 7,l-9-1= .,'cAf;sJ {:j 2-"1 7f'l)- ¾ 

%fcj<>IJ '<Hlt! 'll'll'l! 'll'll 46<>1]A1 2 11>11/lOcal, ¾A);s]{:l 6"iJAi.5'. ¾l<fcj<>I] '1Hl 

~ 'll'll 21"iJA1 3 1J'1l/10c,/, 3'cA};s]{:l 7<>\]Aj.£ 3'c%}cj<>IJ 'l!1lt! 'll'll'l! 'll'll 3, 

'jj'jj 8<>\]Ai zj-zj- I 71>IJ/10cn/, 3 7l>IJ/10calia- 4,t,!lt:}. 0 ]c1t} ~',}j>. i"¾-!i

(insects) <>11>1£ i...}Efi...j- ¾A)"l11 4, 5"iJAi zj-zj- 7f'l)- ¾7,!cj l/t.eJ 'll'll<>IIA1 ½~%1 

'.ll t:j-

~"iJ•j-.Qj zj- .,'cA};s]{:j.e] zJ 'll'll<>IJAi ½~t! ¾ ,.-.;,-o::j?, 2471.'a. of'r ',;,°. ½ 

'1! oJ-'1)-g i...j-Ej-,!lt:} (.lf. 3-4). 7}',)- \ltj?, ½'ii ,.--;i-;;_c 4'~ .s!_'l) 'jj'jj ,"_ 3'cA};<j{:j 1 

.ej 1111 259j- 3'cA};s){:j 5.e] 1111 50 :Iilj:iI 3'cA};,)-;i 7.Qj 'lJ'jj B"iJAi.eJ l47Jo)t:j-. 

oJ :; 'll'll.eJ i'-'8- '1!-'11-j>, 3'c:{}cl.eJ 1,'lJ- l/t<>IJ ~*ltl: '\I'll ;:; '='i, ¾%\cJ"iJ 2-'ll 
t! 1111°1~1= ;;! 0 Jt:}. oJ•1~ 11!',}j>, t:j-l,- ¾Af;s]{:l<>IJA1£ i...J-Ef,l-1=<~ 3'cAf:Sj{:j 2 

"l ll'll 46<>!JAi.eJ 1271 ½~ ,.--;i-;,', ¾A};<]{! 4.e] ll'll 59"11>1"1 1171 ½'1! '""* 
;,', 3'cA);sj{:j 6.ej '\111 21<>!JAi.Qj 1371.Qj ,.--;i-;,'.e] ½'i'!OJt:j-. 3'cAf;<j{:j 5.2} 7.Qj 'lJ 

'll ;:; j2- ti) .ii[ :aJ 3'c nc1 "l ~-t "l 'll 11 o] ~ 2 ,n zj-t} t:j-\'! ¾Af ;<j {! 3<>11-'1 'll:0 I O I c1 t! 

'1!% 0 1 'l!"14"l ~~t:J-1= ;;! 0 1 'i!t:J-. 1f'll- .aJj>, ½~ '""*"-' 4'ia- .s!.'l! '\I'll:'. "" 

A};sJ-::J 2-"1 'll'll 55.2} 3'cA};,J-::J 3.Qj 'll'll 82<>!]Aj.Qj 871'<}-"1 ,.--;i-r ½~ 0 ]'.ljt:}. {l 

>ii ;aJ ~ j'< 247H "l llt j2- ,.--;i-r0 I ½ 11! %)'l/ ;sJ '<}, Z) '\I 'll 'l! £ 1= 871 "ii Aj llt 71) 1= 1471 
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oJJ o] 2-;c, 1!'--11-ii'E-l ½~~'.l/c} . .::1~;,]\'} Z} ll'll \!! ½~ ,;'--;I-ii'% e].ii1t"f'1l "i 
.g. '9'0];,]\'} q~ ,;'--;1-i,'E.] 'r'ao] t:J-%% 'l!- 'T' 'il:l/t:J-. 

z, '1l 'll \!! ;a..;,,, ½ ~ ~ 1!'--11-ii' E-1 3'c 'a "l -1!- 0 I t:J-± cJ-.ss 711 t..f E1- t..f-e, 'll 'll £ 'il "i 

\'} Z} 3,Af ;t] {! ',J- Z} 'll 'll E.] 'll ir 3'-';l "l ¾% 11-l!J .!i!. ~cj- (.::1 ;,al 3-13). .::1 ;,al 13 .°_ 

'lJ 3,Af "i {! E.] 'lJ 'll 'll E.] ½ 'll it 3'-';l "l ¾ oJI Aj 7f 'lf ilk% .!i!. '1J 57H E.] -li'--11-ii' :ilJ

.::1 .2j E-1 -li'--11-ii':; ,o_ 7] E}oJI .'i'. 'i- 3!. ~ Al '<l "l -/!-% "l .ii1 t"f '.l/ c}. 3'c-';l e] ¾% 11-"I .!i!. 
1?! .£.'E 5:A}A]{1oJlAi {!,¼%7}- 7}~ E".g_. 5:.AJHJ-i-% ~}-A]~.ll V.'tJ.tj-. 5:A}A]{! 

3oJIAi\'} 11-¼-ll-71 7f'l} ';!-.,0. 61%E.] 3'c'J"i-/!- .!i!.0]JL 'il:l/JL .::1 .21"1 ¾Afe<]1JoJlAi 

'C' YT 80%~ %:§:1<5}-'C' t1J¾g tfEl-~Cl-. 7}~ E.g. 1:l]-i-~ .!i!.'il *.g. 5:A}Al~ 

sei 88%o]q . .::1 qg o] 3'cAf;,]{! 6E-l 87%, 3,Af;,]{! 7E.] 84%0]:l/cJ-. 

:1 qg _Q_.£. E.g. 5:.AJl:l]~g .!i!.'il ~{t-'i[".g. AP,iAJJ3..Z}ft.£ s:1+A]7} 30l]Ai 7} 

1} *'°- 26%:, *l"lt"fJL 'il:ll~"l, 3,Afe<l1J 6oJ]Ai 7}1} ';!-.°_ 5%91 ilk~ .!i!.'.l!cJ-. 

.::1 .2J 91 3'c A I;,] 11 oJI -ct 'l! 'l! "i ~ ;a. 10 % 'l! .f E-1 ilk% t..f Et ,ii c}. .::1 cJ- g ~£ ';,:.,0. 

Ai~~£~ l.f"E-J-\!l ~ft~,':_ 5:A}.A]{! 3:i!} 5:,q.A]{] 4oflAi~ %*¼'ff'7} c}S: E° 

711 t..f Et ',J; .:il, .::1 .21 91 'l! 3c A I;,] -ct <>ii Ai ,,. \l" 21--11-E-i * ,g O I 7 I 11- ';,:.,0. "l -I!- ~ *f ;,] 

%}.ll ~~q-. ::i q-goii"C -R--=8-¼%, 7)!.A]t!jO]% tr"Ai.£. i...}E}Jf-i:-t~l ~Z}"ff"£1 *"'~ 
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Line 1 

Sarcomastigop 
horans Polychaetes r 0% 3% others 

6% 

Harpacticoids 
6% 

L 
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Line 2 

Nematodes 
82% 

Sarcom astigop 
horans , Polychaetes 

1% 

Nauplius 
3% 

Harpacticoids 
10% 

3% I 
) Others 

2% 
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Nematodes 
81 % 



I~ 

I 

Sarcomastigop 
horans 

4% 

Harpacticoids 
26% 

Sarcom astigop 
horans 

3% 

.:J.'EJ 3-13. J.11~ 

Nauplius 
4% 

Nauplius 
3% 

Line 3 

Polychaetes r 1% Others 
4% 

...... . ~.!.~,•.·.· . • • " 
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Line 4 

Polychaetes 
r 1% 
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Others 
2% 

Nematodes 
61 % 

Nematodes 
80% 

' 

J 



Sarcomastigop 
horans 

Line 5 

Polychaetes 

Nauplius 1% 

~ 
r 0% 

2% -
•• • •• - -

Others 
2% 

.. - ........... . . . . . . .. . . ~ ....... ~. ~ ........ . Harpacticoids 
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Sarcomastigop 
horans 

1% 
L 

Line 6 

Polychaetes 
1% 

·••1111 .. ,,, •. ,.5~ 
111,;"- 'lJ 

Others 
3% 

Nematodes 
88% 
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Harpactico1ds 
5% Nematodes 

87% 

:::t ~ 3-13. :>ll<!\ 
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Nauplius 
3% 

Sarcom astigop 
horans 

2% 

Line 7 

Polychaetes 
1% 

·•11111 ,~• -.. :.!i 

Others 
3% 
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Nematodes 
84% 
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Nematodes 
82% 
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H. 3-s. ru-~EJ- ~ 35_A~x1t:1~ .zt ~~w it°!! !1'-l1-ii':.e/ >I/ EP/0// rr/e Ai!s/1!/£ 

E'--9-1' /10 cm 2
) 

Line 1 Mesh size (mm) 

0.5 0.25 0.125 0.063 0.037 Total 

SI. 25 

Nematodes 5 14 218 1 01 8 517 1772 

Harpacticoids 9 86 13 108 

Kinorhynchs 6 84 13 103 

Nauplius 3 46 11 60 

Sarcomastigophorans 6 21 18 45 

Polychaetes 1 1 2 2 6 

Turbel1arians 2 3 5 
Ciliophorans 1 3 4 

Ostracods 2 2 4 

Amphipods 1 2 3 
Halacaroids 2 1 3 
Bivalves 2 2 

Gnathostomulids 2 2 

lsopods 1 
Others 2 4 

Total 8 26 333 1192 563 2122 

SI. 29 

Nematodes 2 3 117 131 48 301 
Harpacf/coids 3 31 4 38 
Sarcomastigophorans 6 17 3 26 
Ostracods 7 11 18 

Nauplius 3 8 2 13 
Po(ychaetes 2 3 6 

Bivalves 1 1 2 

Halacaroids 2 2 
Amphipods 

Ciliophorans 1 1 

Gnathostomu/ids 1 
Others 2 2 

Total 5 8 171 171 56 411 
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R 3-5. 7il~ 
(0~ /10 cr1/1 

Line 2 Mesh size (mm) 

0.5 0.25 0.125 0 063 0.037 Total 

SI. 46 
Nematodes 1 26 49 28 104 
Harpacticoids 2 7 43 18 2 72 
Sarcom astigophorans 2 16 18 
Kinorhynchs 3 6 2 11 
Naupl1us 2 7 ? 11 

Ostracods 1 2 3 
Bivalves 2 2 
Ciliophorans 2 
Cumaceans 2 
Polychaetes I 

Sipunculids 
Turbellarians 1 
Others 1 I 

Total 4 9 78 87 51 229 

St. 55 
Nematodes 3 38 151 17 3 212 
Harpacticoids 3 37 11 51 
Sarcorn astigophorans 3 6 11 

Bivalves 6 7 
Ciliophorans 3 4 
Naup\\US 2 2 4 
Polychaetes 2 4 
Arnph1pods 2 2 
Others 1 
Total 13 41 164 63 15 296 

St. 62 
Nematodes 5 36 445 513 34 1033 

Harpacticoids 3 38 8 49 
Sarcom asllgophorans 18 6 3 27 
Polychaetes 5 3 9 I 18 
Nauphus 6 4 3 13 
Ciliophorans 3 4 
Oligochaetes 2 1 4 
Turbellarians 3 3 
Cnidarians 2 2 
Gnathostomulids 2 
Nemertines 1 2 
Others I 2 
Total 11 46 527 534 41 1159 

St. 70 
Nematodes 3 67 351 634 27 1082 
Harpaclicoids 19 81 11 11 I 

Naupllus t7 37 6 60 
Sare om astigophorans 9 ti 4 24 
Cil1ophorans 2 3 
Palychaetes 2 3 
Oligochaetes 2 2 
Tu1be!tarians 2 2 
Amph1pods 
Gnathostomulids 
Others 1 
Total 7 88 463 695 37 1290 
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fE. 3-5. 7:11~ 
(8!fl. /10 cm') 

line 3 Mesh size {mm) 

0.5 0.25 0.125 0.063 0.037 Total 

St. 82 

Nematodes 3 93 114 44 255 

Harpacticoids 6 36 21 63 

Sarcom astigophorans 2 6 10 

Nauplius 6 7 
Polychaetes 2 3 1 6 

Ciliophorans 2 2 4 

Gastropods 

Turbellarians 

Others 

Total 3 14 136 149 46 348 

St. 86 

Harpacticoids 2 17 81 19 119 

Nematodes 13 73 24 2 112 

Naupllus 1 18 8 27 
Sarcom astigophorans 4 11 6 21 
Amphipods 1 3 

Polychaetes 2 3 

C1hophorans 1 1 2 

Nemertines 1 2 
Bivalves 

Cnidarians 1 

Others 1 
Total 3 35 163 75 16 292 

St. 88 

Nematodes 52 194 27 8 282 
Ha1pact1coids 11 74 11 96 
Sar com astigophorans 3 8 13 
Ciliophorans 4 2 6 
Turbellarians 2 2 5 
Naupllus 3 4 
Gnathostomulids 2 2 
Nemertines 2 
Polychaetes 2 
Gasl1opods 1 
Others 2 2 4 
Total 3 65 283 54 12 417 
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H 3-5. J.11~ 
(~~ /10 cm 2

) 

Line 4 Mesh size (mm) 

0.5 0.25 0.125 0.063 0.037 Total 

St. 59 

Nematodes 11 142 118 21 292 
Harpacticoids 2 5 52 42 3 104 
Nauolius 13 18 4 35 
Sarcom astigophorans 3 11 7 21 
Polychaetes 4 2 1 7 
Bivalves 3 4 
Turbellarians 3 1 4 
Ciliophorans 2 3 
Ostracods 2 3 
Insects 

lsooods 

Others 1 2 5 

Total 7 26 227 190 30 480 

SI. 68 

Nematodes 2 7 231 73 61 374 
Harpacticoids 3 43 14 60 
Sarcom astigophorans 2 27 16 8 53 
Polychaetes 8 4 12 

Nauplius 4 6 11 

Ciliophorans 2 4 7 

Gnathostomulids 2 

Hatacaroids 2 

Oligochaetes 2 2 

Nemertines 1 

Others 2 2 

Total 12 18 309 116 71 526 

St. 75 

Nematodes 12 31 501 424 118 1086 

Harpacticoids 6 38 29 2 76 

Nauphus 6 4 11 

Polychaetes 3 1 5 

Bivalves 2 3 

Turbe1Iarians 2 1 3 
Sarcom astlgophorans 2 2 

Ciliophorans 

Gnathostomulids 1 
Ol1gochaetes 1 

Others 1 2 4 

Total 18 39 548 463 125 1193 

-298-



tt 3-5. J:11~ 
('2~ /10 cm') 

Line 5 Mesh size (mm) 
0.5 0.25 0.125 0.063 0.037 Total 

St. 49 
Nematodes 15 219 381 107 722 
Haroaclicoids 3 33 24 2 63 
Nauolius 8 18 4 30 
Sarcom astigoohorans 3 12 4 19 
Amphtpods 2 4 6 
Turbellarians 3 2 5 
Polychaetes 2 2 4 
Ciliophorans 3 3 
Gnathostomulids 2 3 
Gastropods 2 
Bi1Ja\11es 1 
T anaidaceans 1 
Others 1 2 3 
Total 4 28 268 443 119 862 

St. 50 
Nematodes 5 131 211 72 419 
Harpacticoids 2 17 62 31 6 118 
Sarcom astigophorans 3 3 7 2 15 
Nauplius 1 8 3 12 
Gnathostomulids 3 3 6 
Gastropods 3 2 5 
Polychaetes 3 2 5 
Ciliophorans 2 2 4 
Nemertines 2 3 
Bivalves 2 
Amphipods 
Holothuroideans 
Insects 1 
Turbellarians 1 
Others 1 1 2 
Total 8 30 202 264 83 595 

St. 51 
Nematodes 6 428 488 261 1184 
Harpacticoids 3 46 18 1 68 
Nauolius 5 14 6 25 
Sarcom astlgophorans 4 B 3 16 
Amph1pods 2 3 
Ciliophorans 2 1 3 
Ostracods 1 2 
Tu,be\la,ians 1 2 
Potychaetes 1 
Others 0 
Total 3 13 486 531 271 1304 

St. 52 
Nematodes 4 341 572 311 1228 
Harpacticoids 2 29 11 3 45 
Nauplius 2 8 4 14 
Sarcom astigophorans 3 5 2 10 
Ostracods 2 2 1 5 
Cfhophorans 2 2 
Gnathostomulids 1 1 2 
Halacaroids 2 2 
Polychaetes 2 
Holothuroideans 1 
Others 1 1 
Total 12 378 601 320 1312 
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-----------

JI 3-5. J.11~ 
(Lf"11· /10 cm2

) 

line 6 Mesh size (mm) 

0.5 0.25 0.125 0.063 0.037 Total 

St. 21 
Nematodes 2 184 127 16 329 
Harpacticoids 1 21 24 6 53 
Sarcom astigophorans 3 5 4 12 
Nauplius 3 6 1 10 
Kinorhynchs 2 3 6 
Polychaetes 2 3 1 6 
Ciliophorans 2 3 5 
Ostracods 3 4 
Bivalves 1 3 
Cumaceans 2 3 
Turbellarians 2 
Amph1oods 
Gastropods 
Others 1 1 
Total B 8 221 171 28 436 

St. 22 
Nematodes 4 19 383 276 101 783 
Naupl1us 2 37 12 51 
Harpacticoids 2 26 17 4 49 
Polychaetes 6 7 1 2 16 
Sarcom astigophorans 2 1 8 2 13 
Cil1ophorans 2 5 8 
Turbellarians 3 1 4 
Bivalves 2 
Olioochaetes 1 
Sipunculids 1 
Others 2 2 4 
Total 14 29 421 348 120 932 

St. 23 
Nematodes 3 25 581 342 61 1012 
Harpacticoids 18 11 2 31 
Nauplius 4 B 7 19 
Sar com astigophorans 2 5 7 
Bivalves 4 1 6 
C11iophorans 1 2 2 5 
Gastropods 2 3 
Gnathostomulids 2 3 
Polychaeles 2 3 
Turbellarians 2 3 
Ohgochaetes 2 
lsopods 1 
Nemert1nes 1 
Others 1 1 2 
Total 11 31 610 373 73 1098 
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.:tt 3-5. :Jll~ 
(~'~l 110c,.,) 

Line 7 Mesh size (mm) 

0 5 0.25 0 125 0.063 0 037 Total 

" 3 
N-,.atodes ,, 

"' 4ti;> "' ~/5 1328 
Hatp.ac.ltcolds 2 " ,3 3 3' 
Naup1,us 3 8 4 ,s 
Sa«:Offlastigophorans 2 3 5 " Kmomynehs 2 3 5 
C1ll0Phorans 3 ' Ostr~ ' ' 1 ' Polych-les ' 

, 
' Bivalves 2 ' 3 

T urtiellanans 2 3 
Cu,r,aceans 1 
Insects 1 
Olhe1s 2 

Total " 123 '93 "' 285 1418 
s, 8 

Nematodes 1 26 16' , " 29 "' Harpact1co1ds 2 ' " 5 21 
Nauphus , 2 5 9 
Sarco,r,astu;10pho• ans 1 J 3 8 
T urbellar,ans 2 3 5 
C1lmpnorans 2 3 
Cumaceans 2 3 
Oslracoas 1 2 3 
Polychaetes 2 3 
Amph1pods 2 2 
Bivalve,; 2 
Cmdanans 2 
T .&rn11daceans 2 
lsapod$ 1 
Olher!I 2 2 ' Total " 39 "' 155 30 '28 

"· " Nematodes • 86 134 52 216 
Ha1pac\1co1ds 3 " " 1 49 
Amph1pods 7 ' " C11,ophorans 1 6 3 '° Ostracods 3 3 ; 
Sarcom ast1gophorans 2 5 , 
Nauphus ' 2 6 
Polychae!es ' 5 
Bivalves , 2 3 
lsopods 2 3 
Holothuro1deans 1 2 
Ottiers 3 1 ' Total " " "' '68 59 383 

81 31 
Nematodes 3 ,. 35' "' 10< 592 
Harpact1co1ds 6 6' " 

, '23 
Naupl1us 2 8 " ,, 38 
Sarr.om ast1gophorans ' " 5 " Kmo,hynchs 2 5 , 
C:,tioohorans 1 2 2 5 
8wa1ves 2 1 1 ' Pol~chaetes 2 2 ' T ana,dacean, 2 3 
T urbella11ans 2 3 
Ost,acods 2 2 
Echmoaerms 1 1 
Others 2 2 
Total 10 28 '" 198 128 808 

SI 48 
Nematodes 2 10 '" •26 '3 1002 
Harpacllcoids 3 '8 23 4 " Naupl,us 6 " 25 65 
Sa rcom ast,gophorans , 

" " 26 
Polychaetes 2 3 1 1 7 
c,110phorans 3 3 6 
B,valves 3 ' GnathostomuhdS 2 2 ' luroetlarians 2 3 
Amph,pods 2 
Gastropods , 2 
Nemert1nes 2 2 
Others 2 5 
lolal s 21 "' '°' 1" 1208 
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"1'.ll ct. 

zJ- 3'c • f "l {! otl 'll "1 ..17 zJ- 'll 'll 'l! 'r 'll 11: .£ ~ -% ll\ .!i!. '<! 3'c,\} ;cJ {! 1 oJl ..17 <= '11 '1! "1-
• I :u, "J 7f-'lf¾ 'll11 29 otJ..11<= 411 7l>ll/10cni_;._ '5t>il 4"1-42, 3'c%]-J:il.oJ- '<!~~ 

'll 'll '<1 'll 'll 25oJI ..11 <= o f"r i'i:-& ii!'<! 2122 71 >ii /lOcni~ .!i!. Sil ct ( .::i i/1 3-15). o I <= 
?¥! q.-~ ~*r~ -z!¼ff"9t ~A-P.Js.zt*7l- ~~9l- ~~~ l~E..~ ~'T~ "H" 

%ofSil7I •IH!'- 0 1'.llct. !E~ 'll'll 25oJl..11<= 11:-lhi'.'r. 'll'll 29.!i!.ct ct 0J-ofuj >l-zJ--11-

7 f -'J i:Jl "l .2. _;;:_ lll" 0 I 4 E1- 'it ~ .!i!. "l 2r '.ll ct. 3c..1 f "i <:! 2"1 7.l -f-<= ~<le i:Jl "1 -'ll--'1- 'ii 
'll '<! 1111 7ot]..1j 7f'l} l'i:-& 7l>il'r'<l 1,290 1J'i]/10cni~ .!i!."l"r'.l/2, .::i ctgoJ 

.::i .!i!. ct ~ i< 0 f '11 'll 'll '<! 'll 'll 62"1 I, 159 1J >ii / lOcnl o l '.ll cJ. 0 l ;:; 'i- 'll 'll oJl • I oil 

.::1.!i!. ct C7 3'c<}J:il eJ •f-'/- 'lJ 'lJ '<) 'lJ 1J 55, 3c -of J:il -°t '<J ~ ~ 'lJ 'lJ 46ofl ..17 <'= zJ-zj-
296 7l>i]/10cn/, 229 71"11/lOcni.£. 'll:"1 'i- 'll'll 0I 1,000 7J'i]/10cni o]A.J-ej 7l>ll'r;e 

!i!. 'll <>ii "i •l "l' 4 •l '5t-& 1J >ii 'r 'll .'r. ~ .!i!. Sil ct. ~ 3'c<lci:il -'ll--'/-<>ll ..11 -of-'/-_;;:_ <l-'r 
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'll'll 88 "1 111-<= £<le i:Jl '<! til, _ 'i- £TIJ:il 'll 'll-& 11 >II 'r ;;loJI 'lJ <>1..11 •l ~ ~ ii!~ 
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'.V_g ~ t.}-E}'.,!ltf. ~~ ~fi-"iroJl '.V. 0 P·-1~ ~¾ff"~ 7a~t:" Xtlr.Jl ".J--¥- 1l~ 1 

'll 75<>1I ).1 7f'l} l'i:-& ;;!'<! 1,086 1J 'il/lOcnl;, 4"1-1.Jl 2 £-of i:Jl -of-'1-oJI ..11 <= 7f 'l} '5t 

:'. ii!'<! 292 1J>1l/10cn1;; .!i!."l"r'.ll.2.4, >1..11-'J.8.zJ--li-<= £:fri:Jl -'ll--'1- 'll'll'<! 'll'll 
75<>1] ..17 76 71 >ii /lOcn/~, £i']-J:il -of-'/- 'lJ 'lJ '<] 'lJ 'lJ 59 oJl ..17 <= 104 7J >11/lOcni.sc '/! 
rJlej ~-')}--£ .!i!.oj '?'.l/ct. S7..l7-',j.8_zj--i,-ej o].oj- >I":'_ ~-'l)-_g. £..lf;,c]{! 6oj]..l7.'r_ ~ 
0f -l,- 'r 'll'.l/ct. ¾ 7H>il'roJI 'l)oj..lj £:frrJl -'l)-J,!-oJl..17 l'i:-& 7l'il'r ;;!:, .!i!.O]j]_ 

•l-'l-<>11 ..11 '5t-& ii!-£ .!i!. 01 <= ~ -'ll--& 3c..1f "'l <:! 5-°l- £..If "'I<:! 6<>11 ..11 .'r. -11-..1f-of >il 4 E1-
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~cf. ~'ll 3,-o-fqj 'll'll ~ 'l}.Q..S:. 0 1-'foJ~ ¾Af;acJ{j 7Ej ',l~ojj~ 'l!- 'll'i' !/tEl 'll 

'll'<l 'll'll 3olJAi 7f'lf .,.g. 7l>IJ'r 'll!r.* y-E}t1j 1,418 71'11/lOcn/~ !/.'.l!]l, 'l!
%{} 'lJ'lJ'l] 'l!'lJ 8:ilj- 'l!'lJ 16ojjAj~ 7f'l)- ',tt i,):'1) :z}:z} 428 71>1]/JOcn/, 383 71 

>l\/10m;; '-J-E}';/l.cf. -'1/-cJ!"J.Q..S:. 'l!- 'llEl 'll'll'<l 'll'll 31oJPi~ 808 11'11/lOcnl.S:. 

cf± -lt-& ;;):¾ '-l-E}';/l..Q.Pj, 7f'l)- '11"'1' 'll'll'll 'll'll 48oJ]Ai1= o] !I.cf.£ cf± cj 

,tt 71"1'1" 'll!r. i,l:'1] 1,208 71>1]/lOm~ y-E}';/l.cf. 

~'ll'l!- ~'iloJl Ai-'i-o-fc "!Al%-!!- sc'sl 'i'¾~ llJ-"J--o-f7J ~-o-foJ ~'ll'l!- ?\l!oJI 

'/! 'g ~ ~ '/l ¾ qj--)} .Q..S:. 371 ± ~ -lj 'lJ-o-f ]l Z} 'l)-± of cf '1! 'l}{!.Q..S:. .!j!-Ej ;<j ¾ {! 77f 

;ac] ~ 711'j Ej £A}{! (transect)¾ -i! 'lJ-o-J-'.l! cf. Z} ¾A}{!-.',, {!, ',l-i'.] ¾A}{! (SN 

line), Aj e\-i'.] ¾Af{! (SM line), of{!,aj ¾Af {! (MS line).Q..S:. 'lJ 'll -o-f '.l!.Q. oj, {!, 'J-i'.] 

£Af{j.g. '(}3,A] oJl'l}{j.Q..S:..!j!-Ej ;<jifc{J77};<] SJ' J,JOOm, A]e\-eJ ifcAf{j.g. SJ' 2,000 

m, of{!,aj £Af{!.g. SJ' 2,600 m 7Jel'.l!cf (:J.;,l 3-16). 

(1) Lfl{JJ ~~21 l<H~ 

Z} ¾Af{! ojj Aj c oJl 'l}{!.Q.!a. .!j!-Ej ;<j ¾ {! ¾ ~,}'ii 100m of cf ¾A} 'lJ 'lJ-£ -lj 'lJ -o-f 

'.lief. <s', {]:',raj 3,Af{!ojjAj~ 1171 'lJ'Jl-£, AJe\-eJ 3,Af{!ojjAj~ 2071 'lJ'Jl, of{], 

el £Af{!ojjAj,= 2671 'll'll¾ -ll'll-o-f'.l!.Q.PJ, Z} £A} 'll'lloJ]Ai~ 20x25x30cm 3.7] 

El can core~ Af%-o-foj 2:§1 ""I "I "l %¾ >1 ~ -o-f'.l! cf. >1 ~ B "I ~-ll-t A] il. % .:I'. cJ! 

oJ] ~jl 'l!-3:A] {!")-½ o]-§--o-j-oj {!-)f.Q..sl '<)O,}"O"j-'.l!cf. '1)0,}-,! sJ~,!--.',, -lJ-'1/-oJ]Aj 

1mm 'll-el-El J!.¾>l] ~ Af%-o-l-"l >!l'.1-o-1-"l '!!¾ '1]:,J~ cf%, ~""%% J!.-le-'ll"il 

'a" ]l %--\1 .:l'..s 'l! \'l .Q..S:. 10% "1711 ]l'lJ ~ cf% ;,j_ ~ 1/!a. ¾ \l!-o-J-'.l! cf. ;,j_ ~ ;,j_ ojj Aj c 

"\A1%%0J¾ -l!'l\1'f'.l'j.Q.oj, ?.lt 1"-*si''l!.S:. ~%ill' (wet weight, wwt, g)½ ~'ll 

%}'.lief. ~%ill' ~'ll .f. % 'J"¾77f;<] %'ll-o-f'.l'j.Q.Pj Z} %'11 71"1'1"~ -<IJ'l!cf. ~% 
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'is':ilJ- 1» >ii 'l"'° \:le~ •1Pl ( m')-2-!a. ~~""l"l <+ El-'-11 '.ll c.J-. ii' {l 'i' 2 :a uf QJ-s-f 1J ~ 

sj-aj ¾c.J- 0J.£ "l '," (Shannon and Wiener, 1963).2} ~% .£ "l'l" (Pielou, 1984) ;a 

'i'""f'lJ..2_uj, z} 'll1l'1S1 1,-A}.£ "1-Sf% ~t} {l.ilH/-,,j.g. ½'il¾'ll 1»'<11'1" :>fll.;a 

Af%""l"l chord distance;:; 0 1%.-f,1-2-oj, 7f¾',l~'ii!W'll g Af%.-f51cl- (Pielou, 

1984). ;;<-,,jo!J Af%'<! E:JLJCj!J.g. MVSP 3.Jol'.ljc.J-. 

(2) ft~ ~~21 ls'.£ 
~''ll z} sAf{!ej z} ll1loJJAi'° 50x50cm =171-"1 "J'il'i'~ Af%.-f"l li'~ '~% 

ej 'iJ.£;:, ~Af.-f,1c.j-. 4 lJ{lofq 'lr'il'i':a 5:§11'! !j'-'}.!/1-". iJ~J.-faj "J'ilT '-1J 

o!J <j6Ji'if1=, .'i'."" 'l')f.-Sj 7ij>JJ',"~ A!J'.ljc.j-, 0 1 ,1J i'f¾ !l}Jl Aj"')i'if1=, 7]J 

(brachyurans) 91 ?J -9- i', (burrow)-"1 '," ;a Ail '.ll c.j-. 

(7f) {j\Jcl ,:C:Af{j (SN line) 

~\tel s-"l{!oJJ>11=c 37¾-"1 :<]Ai%%oJ ½'il.-f"l c.J-~ 2 1H'"'oJI •I'll ½'il¾'l" 

11- 1f7g "l'.llcl- (.ll 3-6). ~1%%:ilf 'll>11%%ol 44 11¾ 0 1 ½'ili>faJ 44 ~>il 

½'il¾'l"S1 et 30%;:; 1lil-""l51c.J-. 'l/.'r.2 9691»>11/m'.li'.-"i 'll>11%% 0 l 6461H>il/m', 

~'i/%% 0 1 !627R>il/m's:lc.J-. '~>il'is'.g. 38.31g/m'.s'.-"1 'll>il%%oJ '@'ii '~>ll"ci'-"1 

5B% 0J 22.17g/m'';; >f"ltsf'l!c\-. 

~~~~, ~S:. gJ {!!;;;~l~ 

Number of species 
Abundance Biomass 

Taxon 
(ind./m2

) (wwt.j;!"/mil 

Annelida 11 (29.7%) 162 06.7%) 3.32(8,7%) 

Mollusca 11(29.71 646(66.71 22.17(57.91 

Arthropoda 10(27.01 113111.71 12.35132.21 
Echinodermata 1(2.71 !(0.l I 0.0710.21 
others 4110.BI 4714.BI 0.4011.01 
Total 371100.0I 969000.01 38.31 (100.01 
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(L-f) Al~2.I ~Af-;'1 (SM line) 

1-]-&"1 :fcAH:191 "il-9- ¾ 62¾El "\Ai%%Ol •l'll"l'.l/.£.oj, 'l).<r.;a; 1,12711>11/ 

m' 'al '§'il'll'-& 55.41g/m':, '-l-'EJ-t1J'.llt:]- (.l!. 3-7). ol 7}¾<-11 t:]-5'.-i!-7} 25%.£.!a. 'l) 

'ii ½~¼4'91 40%-lt 'll-fi-"}'ll.£.oJ, '1!'11%%-& 16%2-!a."'1 26%~ l-&&'llt:J-. 'll 

.<r.;a; '1l>il%%oJ 69771'11/m'!a.Ai 'l!'il 'll.<r.E] 62%~ *}"l"}oj -9-l&'l!.£.oj, t:]-5'. 

.;,-;a; 37071'11/m'!a.Ai 'l!'il 'll.<r.El 33%;a *r"'l"}'llt:]-, '1!'11%%-& A§'i]'lf.'r. -9-l& 

oj 38.32g/ m' !a.Ai 69% ;a *}"l &'ll,.£.oj t:]-5'.-it.21- '1-zt-it;a, zj-zj- 7.94g/ m' 'al 
6.72g/ m' 'll t:]-. 

-~%-?, ilI ~ ~~~I~ 

Tax.on Number of species 
Abundance 

(ind. /m2
) 

Biomass 

(wwt.i;z/m2
) 

Annelida 25(40.3%) 370(32.7%) 7.9404.3%) 

Mollusca 16(25.8) 697(62.0) 38.32(69.2) 

Arthropoda 4(22.6) 41(3.6) 6.72(12.1) 

Echinodermata I( 1.6) 1(0.1) 0.34(0.6) 

others 6(9.7) 18(1.6) 2.09(3.8) 

Total 62(100.0) 1127(100,0) 55.4HIOO.0) 

(Cf) • ftt2.1 ~Af-;'j (MS line) 

o}{l-"1 .'fcA}1JE] "iJ-9- ¼ 58¾EJ "\Ai%%ol ½~t;}oj Al-&"1 .'fcA}1JE] ½~% 

'r.2J- -fi-<}%}'lJ.t:j- (.lf. 3-8). 01 7}-8,<-fl t:]-5'.-i!-7} 25¾.£.!a.Ai Al-&"1 .'fcA}1J:ilj- %'l/%} 

'lJ,.£.oj, '1J'i)%%-& 11¾.£.!a.Ai Al.!/,"1 .'fcA}1JoJl "l'iJ ½~¾'r7} c,j'.ljt:j-, '!l-'1% 

%.°. lS¾ol ½~qoj Al-","1 .'fcA}{!oJl ")'iJ ';t,le 0,)',)1-ol'.lJt:]-. =1'1'-J- 'l).'r.;a, 

3,7477J'il/m'!a.Ai •l-"."1 3',A}1JoJl "1'11 SJ' 3•1 :\'t-& 0,l'AJol'.lJt:]-. '";t;l, '1l'il%%EJ 

'l/.'r.7} 3,33171 'il/ m' !a.Ai 0}{!"1 3',A}{! "1l Ai ½~ ~ 'll.<r.E] 89%;; 1j-fi-t;}'ll, t:]-. ~ 

'ii%%-& 21671'11/m'!a.Ai SJ' 6%, '!l"'l%%-& 15671'11/m'!a.Ai 4%-lt *r"l&'llt:J-. '§ 

'il'lf-& 127.36g/m'!a.Aj ol 7}¾<-11 '1l>ll%%Ol 102.68g/m'!a.Ai 81%;'; *}-'l%}'ll,.£.oj 

'!l-'1%%-& 11.0lg/m'!a.Ai 9%;a :>};<li;}'lJ.t:j-, 
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H. 3-8. of~2.I "'Af~ (SN Line) OIIAi 19991, B!l!Dil ii~°ef C/l~XjAjli,i,21 

Q~~:;::. 1ilI. 'i! ~jj]~ 

Abundance Biomass 
Taxon Number of species 

(ind. /m2
) ' (wwt.i;r/m) 

Annelida 25(40.1%) 216(5.7%) 8.79(6.9%) 

Mollusca 1109.0l 3,331188.9) !02.68(80.61 

Arthropoda 15125.9) 156(4.2) 11.0118.7) 

Echinodermata 2(3.41 2(0.1) 4.12(3.2) 

others 5(8.6) 420.11 0.76(0.61 

Total 581100.01 3,747000.0) 127.36(100.01 

(7f) H\st2.I ~Aftj (SN line) 

~'i/e1 3'cAf..>.je.j 7,1~, 'lJ11 9oflAi 14¾ 0 ] ½~-.foj -'lfcJl"J~£ \ll-t W~¾"r 

~ '-tEfl.Jl'j~Dj, 1]'Jl 7ol]Aj 7¾0] ½~-.foj ')}cJl"J.'.'.£ "J-/!: ¾ "r'.lJcJ- ('1,l 

3-17). i•1c+ cj-~ 3oAH:!otl "1"11 11'llZ!" ½°l'l¾"r,:c e ~1°171 gj,'lJ,cj.. ct.'i'.-l,-,:c 

3¾-7¾ 'iJ-$]'.lj.'.'.oj, '1'!>1]%%-/!: 1¾~6¾ '1)-$1'.lj~t.j- 'lJ11 lot)Aj 6¾0] ½~~ 

~g ~~ii}Jli:" 11'rfr~~.£. 1~3¾ ~~~ct. 
',/5'.,:c °ll'll 2'-1 !707R>l]/m'~'ll11 8'-1 5,08071'11/m' 'il~£Ai, '!I'll JOoflAi.5'. 

l,92071'il/m'7f ½~%foj "I.ii!"! l't-1!: 'l).5'.'.ljq (CI,l 3-18). CI 2121 11'll~oJIAj,:c 

290 ~ 46071 '-11 / m' 'il '/1 '-l 'll 5'. 'll cj-. uJ.5'.71 'lie-I!: 11 'll 8:ll} 10"11 Ai ;c, 'cl >ll %11- o I 2f 

4 4,3001fl>ll/m' 'l/ 1,57011'1/m'71 ½~-.f"l 'li:-1!: '!l-fi-¾% t.J-Ef'-ll'llcJ-. 'll'll loll 

Ai£ '1'!>11%%0] 3707fl'il/m'7f ½~%f'lj.'.'.i..f r::J-4"- 'lJ11~oJ]Aj,:c 10~6071>11/m' 'il 

-$1 '.ll c\-. c\-5'.-l,- c: 11 'll lej 5071'11/ m' ~ 11 'll 8'-l 26071"11/ m' 'il '/1 ',\.'.'.Pj, U:4-1,-;c, 

ll11 8, 9, 10"1]/•i"' Zf4 3807R>il/m', 2401fl>1l/m' 'j,! 1001R"11/m'7f ½~h•f"l "i.il 

"l W5'.7f 'lt'.l]:.'.'.t.j- 1111 1~1l'll 7 Afo]ot)Aj,= 10~907H'il/m'9.I 'l)5'.£ ',1--& 0J 
')}o]'lJ,q. 

'\l/>11~-& 1111 39.j 3.17g/m'~111l 109.I 90.42g/m' 'il~'<\.'.'.oj 3'c<}cJI i;f.!/-£ 

%"i"-"i- ',tt A~;J]~:, t.J-Ef'-ll'dct ('1,l 3-19). 111l lOot)Aj,:c \'l'il%%O] 78.34g/ 

m' ½~i;foj 11'Jl lOoJ]Aj ½~~ A~"1]~.Q\ "f 87%:, 'Jl-fi-sf'<).'.'.Pj, 111J 8Sj 7,l~ 
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oJJS: 73.56g/m' 0 J ½~-oJ-oj 01 lMloll"i ½~~ ,g>JJ'li'9.J S, 84%;; ~\,cj-oj-5:lc.J-. 

~'ll%½:: "ll'll 19.I 0.36g/m'~"ll1l 49.I 7.o/,g/m' 'll.!/15:l~oj, '1!!>-1%½:C 'll'll 3 

9.1 221g/m'~ll1l 69.I 71.48g/m' 'll.!/15'-"i, '!I'll 6oll"Hc 0] "ll'lloll"i ½~~ ,g 

>ii 'lf 9.1 92 % ;; 11-fi-i;f 5:l c.\. 

(Lf) Ai~.cl ~Af~ (SM line) 

,1~ei ¾Af-;!9.1 ½~¾"r 'l,'-'(i- l,'-3':ic ¾TIC!I %.!/-oil .!/l"lt1- "ll-!l 1, 2, 3ojJ,\i 

'° 6-9%0] ½~i;\oj -'ofcjJ"\~5'- 7\'l} ',!,U~oj, ¾7,lcjJ %.!/-"1oJ1 .!/1~1~ 'll'll 10 

3!f ]]ojJAj,c zpj- 22¾ 'al 21¾o] ½~t;foj 'J-C!l"!E-.ss 7\'l} Ill"-& ¾0] ½~<>15:l 

c.J- ('1,l 3-17). 10¾ o]'l}0] ½~~ xTIC!I £1%.!/-sl 1111~:i!f, 20¾ 0]•J-o] ½\'1 

~ °ll 'll 11 Afo] oj] .!/l"l ~ 'll 'll:;: (1l 'll 4 ~9)oJ]Ai ,c 12 - 15% 'll .!/I;; '-1-E\ '115:l~ 

oj, 1l-!l ]]oj\Aj.!/-£1 xTIC!I i;f.!/-'11 >1x.;l7Jf;<] Afo]ojJ -'11"1~ 1l-!l~"il<1,c 10-

17¾ 'll.!/1~ t+Ef'-115:lc.\. 

'll 'll 10:,f ll"il>i,c c.\5'.-1!- ¾ y7f zj-zj- 12¾E-.ssAi c.J-,s. 'll'lloll BJ•R \g-'.l):.O_ 

oj , 'lJ -jj 5 2j- 18, 19 oil Aj S: zJ- zJ- 10¾ "i, :J. ~.j-9.J 'lJ 'lJ ~ oJJ ,1j ,c 2 ~ 9¾ 'lJ .!/I ;a: '-t £f 

'11 5:l 9. 'll '11 %'>1-s: ll 1l 10"1] Aj 6¾ 01 ½ ~ t]- 31 ¾ "119.1 -oJ- ]1::: 'll 'll -!l oil "i 5¾ 

oJ>,\7f ½~irf,:lc.\. >l"zJ--1!-1'c 'll'll 13'4 180Jl"i1'c ½~tif;<] \'€'.ll:~oj :1 -"19.1 'll-!l 

oj) Aj ic 1 ~4¾ '1J $j 5'-Aj ',!,& OJ-'ofo] 5:l t:.j-, 'l) £9.1 '5-'(i- l/-_i: OJAJ- ,0_ 'l) -jj ]7oll Aj 

11,8207Q'1l/m'7\ ½~-ol-"l 7\'l} 'lt'.ll:E-oj, 'll'll 14ollAiS: 1,26071'1l/m'7\ ½~t;\5:l 

c.\ (.ct,l 3-18). oJ~ '¥- 'l)'jjojJAi1= 'll>il%%9.J 'llS:.71 'ii:01 zj-z} 98071'1/m' 'J! 

n,1801H>1l/m'!i!-"i 'lt-& 11-fi-½~ t+E\'115:lc.\. ~'1! 1,17071'11/m'71 ½~~ ll-!l 

10oj•i1= 'll'1l%%:.f ~'ll%%oJ zJ-zJ- 5801H>1l/m' 'al 5307H>IJ/m'7\ ½l'i"l°l -ll

,f~ 'll-ll-½015:lc.\. :i•it+ 1,0107l>ll/m'7f ½~~ 'l)-jj SoJIAi,c c.\S.fi-71 90011>11 

/m' ½~al"! s, 90%9.j -!l-fi-½¾ t+E\'115:lE-oj, 'll>il%%9.I 'l)S:1= 7011"11/m'"il 

',lei'\ t\ '.ll q. £'{):cjJ >J.!/-oJl $1 ~l ~ 11-!l %Oil Ai::: c.\ S.-ll-7\ 120 - 1607H >ii/ m' 'll $1 '.ll 

E_ oj, ¾{" cjJ irf .!/-.£ 7) 'i! Aj % 7f i;fic OJ-'of o] 'l! c.\. \'j >JJ %%,& 3''(1-cjJ %.!/- "'I ojj Aj 

si \'! "] E__s', 'lJ £ 7f li Jlj '-t £} ,X ~ oj AJ.!/-21- i;\J,'-ojjAj ::: 'l) £7} ',;!-'lJ:q, 'l/ cacj %% ,0_ 

s! ll ll "11 '1 "I 9018 '11 / m' o 1 i'i\ej uJ s: -!r '-\ E\'-115:l t:.j-. 

>~>!I'll'-& 7Hr 'll£7f 'li:~e! 'll'll 17oJAi 409.46g/m'Oj ½~t;foj 7f'l} 'ii:'ll:::: 

<ii, '11>11%% 01 382.07g/m'.ssAi 93%;; *l><lirl'.llc.J- (:i,l 3-19). ll'll JOoJIAiS: 

100.12g/m'9.I ,g>J)'li'¾ t+E\'11"1 B]~~ 'li:-i'c .J;o]'l/1=ti), 'll"1]%%o] 85.24g/m'.s'. 

Aj '?AJ Sj-§-oj E'lJ:tj-. :J. !/J-9.j 'l)-jj~ojAj1= J0.89g/m'~61.18g/m'sJ 'lJ.!/1;_; '!/ 
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'il'lf~ '-1-El-'-l1~i:J-. i:J-5'.-ll-c- llll 17"1- 18oll-'i ztzt 25.Slg/m' 'la! 24.39g/m'oJ ½ 

'i!-ofoj 'll-cJl"l.Q.ss J,t.g, .J:0]~.Q.y- .::1 'lf.QJ llll;;oJ]-'ic- l.68g/m'~ll.35g/m'.9J 

11J~ss-'i ',!-.g, oJ'l}oj~cJ-. 

(Cf) Dftt2.1 :'::Aft! (MS line) 

0 1{1-"1 x-'HloJIAic- llll loJJAi 5%01 ½'i!-ofoj 7}"J "l~.Q.Pj, llll 7ollAi 21 

%01 ½'i!iifoj 7l"J \lt~i:J- (.::J.'/l 3-17) . .'£~ llll 12oJ)Af'r. 18%0) ½'i!iifoj 'l}qJ 

cj.Q.ss la:711 '-1-El\/:c-til, .::1 ~1-.QJ ll'Jl;;ollAic- 7%~15% '1l~:S t+El-'-l1~i:J-. ~ 

'ii %~.0- ll 'll 12oll Ai 10%0) ½'ii iifoj 7f"J- \lt~.Q. Pj .::J. .9J .9j ll ll Oil Ai c- 3% ~9 

%.eJ \!i ~ :a t+El'-11 ~ i:J-. \'!'11 %%.g, ll ll lD"i!Ai c- ½ 'ii iif;,cJ \ll"~.Q. "l ll 'll oil n:f 

4 1~5¾2l ~"1-]~tj-. ~~l 1l 154'--E.~ A~;?:{"!7/}Al'C" Musculista senhousia9.] ~5=_ 

71 s'c.0- 'l!'c! ½'il%"rc- 0 1-9- cj,O. 0,l''l}¾ .l!.'l!i:J-. 'lj;,c)%~t llll l"i]-'ic- ½'i! 

iii ;,c) \ll"~ .Q. Pj .::J. ~1-.QJ ll 'll ;; "I] Ai c- 1 ~ 7 %.QJ 1/: 3'.;; .la. 'l! q-, 

½'ii '>/.'i..QJ i'-:fr 1/:3'.:S .l!.'1!, ll'll 23oJ)Ai 14,9901J>il/m' '>/S::ss ½'i!-ofoj 7} 

'fr '>/£71 '1c~.Q.Pj ll'll 11:,,J- 13ollAi£ Zlzt 10,7607j>i]/m' 'l,) ll,8907l>ll/m'71 

½ 'i! iif oj la:.0- '>/ .'i. :S '-1-El iJ1 ~ cJ- ( .::J. '/J 3-18). 0) ;; ll 'll Oil Ai c- \'!>I)%% .9j '>/ .'i.7} 

";ii) -9-'Jliiloj llll lloJ)Aic- 10,2201J>i]/m'ssAi Sf 95%, ll'll 13oJJAic- 11,48011 

'11/m'ssAi Sf 98%;; t+El'-l1~i:J-. ";~l ll'll 11.!/-Ei "lx">l"l"'l 01.ss::: x<l:cJI -of 

.!/-oJ)Aic- \'!'11%%.QJ '>/£7} l't~c-ti) Musculista senhousia71 cJl'lf ½'i!ii}'l!7] nil 
~o]c}. 

>~'i)'lf.g, llll 23:,,J- 240!)-'i ztzt 485.56g/m' 'a! 512.92g/m'.Q.ssAi 7l'lf J,t.g, "r 

>j'lj.Q.Pj, \'!'il%%.9J 1l-fHo·0] 90% 0VJ-~ >f;,c)iifoj ztzt 481.47g/m' 'la! 462.83g/ 

m''lli:J- (.::J.\'l 3-19). ll'll 1"1- ll'll 10Af0)ollAic- 14.55~80.29g/m'.9J ',!-,0. "!l>il'lf¾ 

Lt El- '-119).Q. "l, x :frcJI ¾.!/-oil Aj -of .!/-0!] '1 'l >~ 'i) 'lf O ] J,t.g, 0,l''l)-0] 91 i:J-. 

(7f) tt\et2.I :'::Aft! (SN line) 

{!-'if'i:.l ~A}1}oJ]Ai ~~l ~£~ 1% 0]-"c}% 1Jfi-<5}'C" ¾.g.. 12¾.Q..£Ai cl.£% 5 

¾, o]oH~* 2¾, ~~ft 1¾, ~Z:,-f} 2¾, 7]E} ~%~ 2¾.Q.& T,1,~~~ ~~q
(.ll. 3-9). 

7}7g 4'--11~ ¾.g.. 0]uHlfll%9.] Musculista senhousia.£.Ai ~~l ~.£9.] 44%~ ::'t}A] 
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i;f~.Q.oj, 'lJ 'lJ'jj 'lJif 'lJ.5'~ 43071>!]/m'.5!.Aj 271 'lJ'Jlo!iAi'fr ½~i>f~C,. 'lJ'lJ 

Boli'i 4,29071>11/m'.21 'll.5'~£.oj, 'll'll 30!Vi 101l>il/m'.2J 'll.sc~q (::i,l 3-20, 

~~ 1-1). 

o]ulllJl-il-'1! Latemula sp.~ 371 'll'JlollAi ½~%f~~<il 'llir 1597l'i]/m'.5!.Ai 'l! 

'ii 'll.SC.21 16%;; >f;,]i;f~t:}. ";%] 'll'll lOoliAi 1,560 71>11/m'.5!.Ai c\'i:,O. 

y-1'} LJl 'X) £. oj, 9-~ 'lJ 'jj ii oil Aj ~ ½ ~ %} ;,] @;,j y- -"j- i;] \.l 2_ 'lJ .5' ~ C,. 

Ilyoplax deschampsi;: 871 'll'll"i]Ai ½~i;f~.Q.oj, 'llir 6511-'ll/m'.5!.Aj 'l!>ll 'll.SC.21 

Sf 7%~ >};<]i;}~q. 3cZ}qJ A,l--lj!- 'll'll 1:i!j- 2o11Ai;: ½~i>f"'i ?.l'.ll:£.4 i;f-¥-O!IAi 

c uJ_sc7} ¾7}i;}oj 'll'll 83!]- 9ol1Aiic zj-zj- 1107J'il/m' 'JI 2107J>ll/m'.2J 'll.5'~ 

t:}. 

H. 3-9. ~\st2.I 'lcAf,'J (SN Line) Ol[Ai 1999\:'! Bi!OI[ §~~ Cfi~!j:<jAj~l,,21 

Species name station occurred 
Abundance 

Ond/m2
) 

% cum% 

Musculista senhousia (b) 2 4.300 44.4 44.4 

Latemula sp.(b) 3 1,590 16.4 60.8 

llyoplax. desclnmpsi (c) 8 650 6.7 67.5 

Heteromastus filiformis (p} 9 550 5.7 73.2 

Glycera chirori (p) IO . 390 4.0 77.2 

Cerithideopsilla djadjariensis (g) 4 290 3.0 80.2 

Perinereis aibuhitensis (p) 6 280 2.9 83.1 

Ampithoidae unid. (c) 3 270 2.8 85.9 

Nemertinea urlld. (o) 8 250 2.6 88.5 

Turbellaria unid. (o) 5 190 2.0 90.5 

Po!ydora ligni (p) 5 140 1.4 91.9 

Lagis bocki (p) 3 llO I.I 93.0 

Euspira fortunei (g) 2 90 0.9 93.9 

p: polychaetes, g: gastropods, b: bivalves, c: crustaceans, a: others 

(Lf) A\1,\2.\ 2:'_Aft! (SM line) 

A]efe.) 3'cAf<:JoliA7 ½~~ ';'-Jl. 4-'lJ¾,0. .l£ 3-100i]A70} ;,1-t:}. zj- ½~ ¾'ll_ 'l) 
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.:::r~ 3-20. ~\:t2.I ::E,,l.f{:j (SN line)OllA-J &~"ft CHiP::iA-l~ii 9-R ~~§"21 

~TI~.£. 



.£71 {!-'II 'lj.£.2] 1.0% o),<J¾ :>f:sJ5}ic ¾-€- 14¾2.ia.Ai t:j-5'.-l,- 9¾, ',l>!I%% 4 

%-, {l-Zf-lt 1 ¾ 2-ia. 'i'- -';l s,J <>I 'll 'll t:J-. 
7f1/ -9-'llt:!- ¾-€- Musculista senhousiaia.-'-i 471 'll'll<>ll-'-i ½~iil'.llle-ci) {! 'll'll 

'l!ir 608,j-'1)/m'.2] 'llx'.llt:J- (c:r,l 3-21, 1/-',- 1-2). oj ¾.2l 'llxle- {!>I} ½~ 'llx 

e1 54%;, :>f:s)iif'.llle-c~ 'll'll 170!)-'-il=- 11,1407j-'IJ/m'.2l 'Ji:-€- 'llx:. t.j-E}i.Jl'llt:J-. 

!ft]- 'll'll 14"1JAile- 9701N>il/m', 'll'll 13.ilf 16oll-'-il=- ztzt 207N>il/m' 'll 3071>1I/ 

m'.2l 'llxia. ,iJtJ-B 'll'lloJl-'-i'l! ~-"'"f'.llt:J-. 

'i- \ll "1 -9-'ll ¾ ,". Tharyx sp.ia.-'-i ¾{}cij "1 %'1-.2t iif'/-oJ] .!/I :>J t:1- 'll 'll 1 .ilf 12, 

::ie.J:;, 19, 20,; ,iJ.2J~ 161N 'll'lloJl.,_i ½~"l'.llle-cil, 'l! 'll'll "i!ir'llxl=- 7771>11/ 

R 3-10. -'-1~~1 ~Al~ (SN Line) DIIAi 1999\1 Bt,/DII il~-e:f cJl~XjAj~l,,.2] 

9-R ~~% 

Species name station occurred 
Abundance 

(ind. /m2
) 

% 

.\1usculista senhousia (b) 4 608 54.0 

Th:iryx sp. (p) 16 77 6.8 

Heteromastus filiformis (pl 18 62 5.5 

Lwnbrineris nipponica (p) 16 43 3.8 

Batillaria cumingi (g) 7 35 3.1 

Aricidea pacifica (p) 6 31 2.8 

G!ycera chirori (p) 18 31 2.8 

Goniada maculata (p) 17 Z1 2.4 

Cirrifonnia tentaculata (p) 5 25 2.2 

Nephtys oligobranchia (p) 8 16 1.4 

Cerithideopsilla djadjariensis (g) 8 15 u 
Moerella jedoensis( b) 3 12 I.! 

Macrophtlnlmus japonica (c) 10 12 1.0 

Lumbrineris heteropoda (p) 14 11 1.0 
p: polychaetes, g: gastropods, b: bivalves, c: crustaceans 

cum% 

54.0 

60.8 

66.3 

70.1 

73.2 

76.0 

78.8 

81.2 

83.4 

84.8 

86.1 

87.2 

88.2 

89.2 

m'!a'Ji {!-'II '11£.2] "f 7%;, 'll-fi""f'.llt:J-. 'll'll 5ol]J.i 5307fl>ll/m', 'll'll 6oJ)Ai 290 

,ij>l}/m'ia.-'-i •1.iit"l E:'. 'llx'l!2.nj, 'll'll 42.)- 13ojAi5'. zi-zt 11071>1}/m', 1601~ 

-'II/ m' .2l 'll 5'.ii'. Aj ';,:.g. 'll .£ '.ll t:J-. 

ct!ic-ll-'<l Heteromastusfilifarmisic 'll'll 1.ilf 3~ ;,JJ.2]%f2187ij 'll'lloJl-'-i ½~"f 
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Station 

~~ 3-21. Al~2.I ~A~t:J (SM line)OIIAi @~e1 Cff~AiAi~~ 9-R 5f.~%2J 

t5-ll ~~. 



'.ll~"l, 'Yir 627fl'il/m'sl 'll.£5!.Ai S, 6%;. >f;<]-.J-5:lcf. 'lHl 160!]Ai 2007R>ll/m', 

11 'll 17oJ] Ai 15071 >ii/ m' -"l 'll.£5!. ½~-of'.lJ.Q. l>j, ll 'll 130!] Ai.£ 1407H >II/ m' -"l 'll 

.'r. 5:1 cf. 

Lumbrineris nipponica'c 1671 11'lJoJIAi ½~-.J-'.ll~"l, -,! 'll'll 'Yir 4371>!1/m'-"l 

'll .£ 5:1 cf. ~{]-t:il -of.!/- Oil '11 •I ~ ll 11 ~ Oil Ai "; -oi 'a: :'. 'll .£;. t..} E} '11 "1 11 'll 18, 

19, 20oJIAi ztzt 14071>11/m', 29071'>11/m' ~ 10071'11/m'-"l 'll.£5:lcf. ~\'l <l-~-i,

\'! Batillaria cumingi'c ~{]-t:IJ ¾.!/-"l \'! 'll 11 10:;,J- 11 Oil Ai ztzt 2607R '11 / m' ~ 180 

7l>il/m'5!.Aj ?1!'-J'.ejo] ,!]~£1"1 :,l~.Q.l>j, Aricidea pacifica.'r. 1l11 9-"l- 10, 110!] 

J.j ztzt 11071>11/m', 25071>11/m' ~ 11071>11/m'-"l 'll.£5:lcf. cf.£..;,-\') Cirrifarmia 

tentaculata'c 'll11 2-"l- 6Af 0 1 'll'll~O!IAi'l} ½~%15:lcf. 

(cf) Df-t!2.\ "EAf{:j (MS line) 

Pf-U,"1 ~Af{!.Qj 7,j~, Z/ ¾'l/ 'l).£7f -,!>ii 'l).£.Qj 1% O]-lf¾ >}7]%f'cc ¾<', 

3¾.Q.5!.Aj \'1'1]%% 1¾, '{J-zj--jj- 1¾ ::J."1:il cf.'i'.-jj- l¾O]~cf (JE 3-11). 

7f'J ~'ll~ ¾<'- 0 ]n1"1\il-\'! Musculista senhousia5!.A1 187R 11'lloJl>1 ½~5)-5:1 

~ l>j, -,! 11 'lJ ,Y if 3,29571 'i]/ m' .Qj 'l).£5!.Aj 0, 88% ;'; 'lJ -\l-ilfaj Cf~'jj-.]-5:l cf (::1 

9-R ~"2:1~ 

Species name 
station 

occurred 
Abundance 
God. /m2

) 
% cum% 

Muscu.lista senhousia (b) 18 3,295 87.9 87.9 

Jlyoplax desc!nmpsi (c) 18 90 2.4 90.3 

Heteromastus filiformis (p) 20 59 1.6 91.9 

Glycera chirori (p) 20 34 0.9 92.8 

Pennereis aibuhitensis (p) 17 32 0.8 93.6 

Ceraronereis sp.(p) 29 0.8 94.4 

Ampithoi.dae spp.(c) 10 24 0.6 95.0 

\'l 3-22, .!/-"f 1-3). ";-a] 1111 11.ilf 13 ~ 23oJl>i'2 10,00071>11/m' 0 ]~-"l 'a:<'- 'll 

.£5:l.Q.l>j, 11111-'ll'll ID >} 0 10!1 '11•1~ '!l'll~Oil>i'c ½~ 'll.£7f ',\-:,I-cf. 71lil

\'! llyoplax deschampsi'c 187H ll'lJoJIAi ½~%fs:J~"l, 'Yir 9071>11/m'-"l 'll.£5!. S, 

2% :. •I -'l %f 5:1 cf. ~{]-t:il AJ.!/-Oil Ai C: ½ ~ -.J--'l i'.i7J t..} 'l/.£71 ',l-'.l} .Q. l>j ¾.!/-"l .Q. 
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::l!ei 3·22. Dft;21 3',>I~ (MS line)OIIAj ii~~ Cj/~:<jAJ*lil .,S.2 ,;>§;;SI 

tl?.J {e.£, 



.£ ¾'r..,_ ',)£7\ %7\%)'.,jcf. Cl;;ji..j- 'r.£ 9'\l!oJ] ~:>]~ '!i'lJ 12, 13, 14oJ]Aj;e

½'!\-Of?-] ?,-~~"! <>f-'i'-!a. <l''r..,_ tj-A] ',l£7f %71<>\;e- 0J-'1}-o] "llt1-. tj-5'.-l,-'1] 

Heteromastus filifonnis;e- 2071 '!l{loflAi ½'!!-0\'l\~o\ "<\'IT ',)£;: 5971'1]/m'!a."i 

s'l'i] 'll£21 e, 2%¾ >\J-J-0\'.,ltj-. oJ %£ xD:Lil %-'i'-"1"1- -Of-'i'-"ioflAi 20071>11/ 

m' 0 I -'1l- 21 'll £ ;; '-I EJ-\.Jl "ll t1-. 

(7f) tf\et2.I 3'Af-tj (SN line) 

~\j-e.j xAf-,joJ]Aj2I % tj- 0J£;e- '!i{J 821 0.82-'!i{J 521 2.41s.j 'li~'.lJcj-. X 

'QtJl %'-'/-01 oJ] Aj AJt]j aj ~£ -r,:-l'c t1- 0cf £;; i..\-E}\.Jl "ll~ o\, <>f-'/-01 ~.SS "'T"° {f J:c 

iif:C 0JAJo]"llt1- ('1'!1 3-23). '\I'll BS-/ 7;J4- 15%0] ½'!!%\oj :,! '!I'll %ofl-'1 7\1!" 

½ '!! %? 7} \ltQJ-g oJ] £ -\1-'i'-Of :il t1-0J£ :C 7}1)- st71I i..\-E},J:cf. o] '!I {j oJ] Aj C: 

Musculista senhousia7} 4,29071"1]/ m' ½\'!-O}oj '!I'll BoJ]Ai ½'!!~ 'llxs./ 84%;; {j 

{l--Of'.,l7] t<l]~o]q. 'il:%£;e- '!I'll 821 0.30-'!i{l 221 0.93 'll~.ssAi t1- 0J£.2j- % 

Af~ .,,~ OcfAJ0j"lltj- ('1'!1 3-24). 

zt '!I'll'!!"- ½'\'!~ %'!! ,1>1!? J-f.ll.¾ A\%-o\"1 'll-"1"""1~ s:14, xtlt:il ii 

-;}-'/-oJ] ~ -"l ~ '1l 'll ]1lj- <>l-'i'-0121 '!1 'll 8¾ ,i] s./ -Of:;, ;e- 5'.'\'- *Al~ 'll 'll si' ~.ls 

-,'lJ'-.2j"llcf (Cl'!J 3-25). n:faj-Aj, 'lJ{j ].ls 'j'--'J-,! AJ-'\'- '!i{J;;', -\;'-'\'-ejoflAj <>f-'\'-ofl 
0 l g_ ;e- '1l {l ':a .ss 'i' 'a 'il 'll 'll si', :i e.J :s1 'll '!1 8.ss 'i'"" "1 "ll tj-. :'; , ~ ,J- 21 x ,\} cl 91 
"i'i%-!,- ,i''l)~ r.½ A]D: 0 ] TI '\l{j I~ "i].2J<>f:il;e- 7-js.j *Af~ ,i''l}-,'x;s i..j

E} t.tJ l::" J;! _Q_ _£ ~ 4- '.U q. 

(L..f) Al~2.I 3'Af-tj (SM line) 

"l"l-e.J xAf-liofi'is./ % t1-0J£;e- '\111 1721 0.41-'!11! 721 2.ss 'll~'.l!~o\, 

~z!-t:ij ¾-¥-<;!{ JJ}Al~ J:Jlfil~ ~t tj- 0cf£~ %Alti°l~E...Y- '%}~£. ~"T-~ 7t}±iil 

'.l!~nl, >ix-l'!oJl ~•!~ 'l){joflAj;e- 2.0 °)AJs.j ~% .!.!'.lief (:II'! 3-23). 'iJ:%£;e

'lJ{j ]7s.j Q.16~'l){j 7s.j Q.93 'II~¾ i..j-E}\.Jl"lltj- (Cl'i'J 3-24). 7f'l)- 1\i-l'c %OJ ½ 

'!!~ '!l{l 10"1- llof)Aj;e- tj- 0J£7} ztzt 2.50 'J1 2.515'-Aj 'l){j 7ofl •loll '>lt:il"I~ 

-"- st Ql-~"I, 'IT%££ st 711 i..j-E} ,):cf. 

2f 'lJ 'Jl 'l!>'- ½ i'J ~ -% 'l! 71 'i]'r ?-f E.;, A\%-Ofoj 'l)-"J """' ~ s, "t, '\I {j ,i' ," 

=1711 371 :i¾~!a. <ll1-"1"llt1- ('11'! 3-26). "; x:(!-tll "J-'i'-"ioJl ~-"l~ 'll'llsi'"l-
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acnI11 ¾-\'-"lo!] ~"l~ 'll'llsc, ::1."12 zTicJI -s-f-\'-o!] ~*ltl: 'll'lJsi'.Q..ss 'r<'-"i 

'licJ-. 'll'll 1.u} 3, 17~ '1!.SC..QJ 'll{lsi'.Q..ss 'r<'-"i'li1=c-!J, 'll'll 1-& a,{}qJ "i'll--1'

o!] ~;,]5)-2 'lioJ 7}'l} :'r.½ A)'(}o] {! 'l}±_ssAj ½~¾'T'.5'. 7}'l} "]-@, 6¾0] ½ 

~-s-fs:!cJ-. 'll'll 3-& 'll'll 2.uf 4" :>foJ7f filoJ ½~¾?.SC. 9¾.Q..ss %'ll"fs:1.Q.oJ, 

¾ 'r-'ll o!] Aj .SC. 4" ;>}o] 7} (rt 1= :,! .Q..ss y-E} ,;J:cJ-. 'll 'll 17 ~ M. senhousia.QJ 'l/ 5'-7} 

's--S-l 'l<o} ]l,1407ff'il/m'7} ½~ti: 'l}±_ssAj cj- 0J.5'..5'. 0.4].ssAj 'l! 'll'll 7},'1:-c-!J 7} 

'l} "' ~ .!% y-E} 41 'li cJ-. 

at 2-J-,1 A 1 ~ ~ 'll -& ac n I1l 'll--1'-, ¾-I'-, ,,,.,,_ 11 'll sc .Q..ss I1l '1! "I 'li _Q_ oJ , 'i 11 ¾ 
01 + 'il "I 7l y- ½ ~ ¾? 7} "l-& 'll 'll :a ~ '1!71 "1 'll 'll :a .ss 'r<'-"i 1= 'i 'll ~ .I'. s:1 
cj-. 

(Cf) • f~2.\ 3,.Af{j (MS line) 

of{!"1 zAH:-!o!)Aj.QJ ¾ cj- 0J.SC.1= 'll'll 23o!)A1.QJ 0.24-'ll'll 7.QJ 2.65'11~'.l!cJ-. 

'll'll 8"1"'11= 2.0 °1%-"1 ?"lii- .ll.5:l.Q.4, 'll'll 9-\'-E-!1= 'l!'l!"l.Q..ss 2.0 oJ5J--"1 .l 
~ y-E}l.Jl'lJ_2, -S-}-\'-:s'_ ,,\','-~ {}±%}'.l!cJ- (::ii'J 3-23). ,t-'g-.5'..5'. '\J{j 23oJIAjej 

0.09~'\j{j 3<>1]Ajej 0.96 'li~s:1.Q.oj, £{1:tjJ %}.!/-.£ :,/',"~ :,}±5},= 7J&Jo] -'/''lj 

1'}5:l cJ- (::1. i'l 3-24). 

'll .i!\<'-'-4 ~ .uJ- ~ '1l "1 <f%% -a' 'll-& £:frI1l a1 'll-.!/-"11 ~ o>]~ 'll 'll 1-& :s;. ,l "l 

~ si' 11 'r x :e 4 EJ- '-11 1/ .Q. oJ, ac n cJI 'l}-\'-o!] ~ *I ti: 'll 'll si', ac n I1l ¾-I'- o!] ~ > I 

ti: 'll'llii', ¾-\'-"lo!] '!Hl-<! ?.ss 'i'\'!<>11 ~"It!: 'll'llsi'.uJ- ?.ss-\'-EJ "1£~<>11 °1-"-

1= O:Hl ;a .ss 'r 1\' "1 "1 ;a q ( ::i 'II 3-27). 

(7f) ~\et2.\ 3,_Aftj (SN line) 

-:C''il""-1 ~'11"1 1+ £{1:cJI 'll--\'-"1 'll'll l<>IJA11= ~•]½0]2% (C. djadjariensis) 

o] +'ll"l.Q..ss Aj-oj;;-}oj 314 7ff>il/m'"1 'l/.5'.s:1.Q.oj, 'll'll 2.u} 3<>1]A11= 'l/.5'.7} {)-± 

.S}oj Z!ZJ- 5571>11/m' 'J/ 467ff>il/m'5:lcJ- (:J.'!I 3-28). o] ¾-& 'll'll 7 o]~-\'-E1::: 

½~-S-f,<] \)f'.l}cj-. ~;,j-'lJ 71]-l,-ej Aj"i-.r-& Cjj{j 2o!)Aj 657j/m" 0]'1l :,)o] 'lJ{j 8oJ] 

Aj 14771/m'.ssAi ci!I1lit y-Ej-1.Jl'lJ_.Q.oj, 'll'll !Oo\]A11= 321ff/m".ss '1±-S-ls:!cJ-. "f~ 

'1)'i) 0 ] (Bul/acta exerata)-91 1+ 'll'll 1.u} lOo!)Aj Z!Zl 1771>11/m' 'll 167H'il/m'7I 

½~.,fs:1.Q.oj, 'll'll 2£} c;J{l 9Alo]oJ]A11= ½,il;;pq \lf'<-tcJ-. 
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iP-l ~ Jll ~(burrow)2.j ~l!~~ 
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(Lf) AJ"12.I ~Al~ (SM line) 

"-]&~ 7}tt,loj]A1 ½~~ 9°..9.. 4'-1i%9.l :g-,z}- ¾~~ !i!_\?! ~{!tj\ -"J-¥-"J Aj~ 2 

oJ]'-~ 7J!B]:ei]j1%c] 3807Hjjl/m'9..J 1?J.X..~ l-tEl-i.H<>l ~2~]~..Q..Pj, £;;:}r.H ¾-¥-Q::J 

'/1 "asl 8, 9, 1DoJJAi£ Z/Z/ 1827H-'ll/m', ]667H-'ll/m' 'lJ 17211>11/111"1 ',!£~ l-j 

E}i.iloj .!/-',lo)'ljq (.::Z~ 3-29). {/Z/-i,-"1;:, (Upogebia maia,);'_ 111 5.21 6oJl),i Z/ 

Zl 2471H~l/n ~ 3611H~l/m.9.J ~£ii. ./f-¥-5}5!:lt:t. ~'t!- ~?lift (Macrophthal11111:, 

spp.)i'° 'asl 4oJJA7 207!'11/m's'Ji "ltll>l:S c+EJ-i.11912.Pl, >J',J 8oJIAi£ ID7H-'II/ 

m%- qq~o] T.£ 1)1:J 42} g,qo]ojJA• ~_¥_5}'.:::: ~7J~ .!i!..~c}. ~~ ~o]~fr 

(actmarians);c- >J',J 15oJJAi 137H-'ll/m''1l.£.Pj 7J',l 17oJi-'i IOD71-'ll/m'7f ½\'lofoj 

~ltll 0Js:c:.S '1-c\';ll qg 'a1i 19"1- 2DoJ1>i;: Z!Zl 7D,1-'11/m'"1 ',!s:c;a L-fE}1.Jl'll 

cf. 

(Ci) 01~2.1 ~Af~ (MS line) 

c}-8-c.J 7)!11J011-l.1 t!J~-=f~ A}-§-iS}°i ~AH:!- 1:.It ~~~.2..S- ½~~ '\1;€g li!. 

~ (i'\'~ 3-30), .::c{!-r.H AJ-¥-oJ]:::: 7J!1:1]~0].J1% {C. djadjariensis)o] 4'-{J~.Q..,£ ½~ 

of5:l".Pj, ~Zfcl\ %-'i-oJJAj o\-','-oJI 7,l_>\ ~\-i,-7\ ½\'lo\'ljq, ';ol 'a'J 15-'/-Ei 'a 
11 25 ,f0 Hi;: '1f'11-il- (Enteromorpha)7f -"I£ 100%5'.Aj ',!•~sf;: 7,l 0 I ,"-cl},;:J'd 

:::,11. ~1-il-"1 <jc,J,! 'i"£ 20-4071/m' '1l!/1s!. ½'ll"f'llcJ- ';ol s,-'1I ~Zfc!loJI l! 

~ ~1£:::: \J:E-4, if'}jj (Uca arcuata)Q.J ~B "1"'1oJ -B:{l:£\~cl-. 

~1"8- ~pJnJ 7J~oll Ai6J~}~ qj ~AiAi%%.9.J ¾fi-2} Ai~~£, ,W¥-i:'J' %oJ] ~ 

ojJ--JO~ !i'-.1'.0JAJg 3tej-S}7J !/1'111999\c 8'1JoJI l/!-jj-~,\f7} 7"o]eJ9lcj-

't} ifs TL} ~{}-r.H 9-J z! It!-~ '?l Ai A·Hi-~~ ~ ~ lil-9..J-~t 7] ~ t>f O:j ~ {) {]: ~ 500 mz!

"12. ce % 77,R 7,J sJ % ti 1l "f'll31, ~~ 0J:'-ll "1 'i°' .s'."'1 "l <>ii tll i'!- ,1 <t "1 '11 "~ 'lc'J
~"f ,., !/1 Sfoj \'I- 1/ 'i'Oil >j 1.JI '1'"11 °1 2 ;: ;,cJ "l oJJAj 47R "1 1l ',l g ti 7,J Sfoj ¼ 81 

·]JJ · 

i 
i 



7J 'll -ll O l 11 'll "1-'l! t:J- ( :I '1l 3-31). ¾Z!til ;acj "l ol] Aj \'}¾A] ol] ± 'll 11 "1-% 0 l %-of "I 
\'}¾A]o\] >H'lJo] oj-','oj'.lj.Q.oj, >H'll'l!.aJoj 0.04 m'~ "1A1AJ%>ff'll7J~ ±'ll ::i'llJ 

(grab)¾ Al%"1-"i ZJ- 'll-ll"il" 3:§)""I "1"1%~ ~ 0,F<l"i 0,J-~37] 0.5 mm~ >iJol] 

:;! el 'it-& ;! % 10 % %'a 2<..s. 'lt\'! Oil?%~ o\l :;:,.'!I "1-91 t:J-. 

{!~{!o\]Aj,e ir.8. ll-{hi'\!!.sl s,l\!!iil"i %%~% ~'lliil'l,:;:,., 7F,,-~~ % 'r 

¾771"1 %'!!~ ~ ?H<riil'l!t:J-. 2l '!I'll\!! ½~1J>il'r :<l.a:a 0)%<>1"1 Shannon-"l 

¾t:J- 0.J"a"]'r-"t ir%.'r."]?:a 'riil'l,:;:,. (Pielou, 1966), .'E~ 'll"!ll--'l~ ~•l '!I'll 

n ½~%9.J -ft-A}.£.£.t ~~¾-ft-A}£Al~~, ~'iftE...£.-E 7}%~n-:~.wt g A}% 

iii"! 'll'llZl:-"l 'r"l.'r.ia- ::i!,lt:j- (Pielou, 1984). ii''llll--'lo\J,e -\\'-711:U:5'.::I,l~ 

MVSP 2.1;; Al%"1-'l!t:J-. 

¾ 8171 'li"Jol]Aj ½~~ tiJ'lj:<jAj%%-& 153%0]'.,l:;:,., ½~ 1J>il'rie 5,2087H>IJ 

'l!t:J- (','-'>, 1-4). 71~ \l!",& ½~%?;; .I!.~ %%ii'-& t!-'11%%-"l t:j-.5'.{t (',)!;<]•,j 

01).scAi 53%0J ½~iil'l,.Q.oj, 'l:!>1]%%ol]Aj.SC. 50%0), 'l!:<]%%£1 {lzj{to\JAi.SC. 44 

¾OJ ½~iii"! o] a, 37H %%ii'o] '1'-<l ii''ll¾'il% ;acJ•Hiil:;:,. '.U'.llt:J- (:I'll 3-32). 

½~ 7H>il?-"l %%ii'\!! ¾'iJol] '.UoJAi<"" 'l:!>11%%o\JA1 ~>11-"l 63.2 %;; ~fe<]iif'l, 

:;:,. , t:j-.5'. .;t (24.2 % ), {l ZJ--lt (10.6 % ) '5c .Q..sl '--]-E} ',J: t:j-. cl! 'i! ;acJ "l :il]- 'r .sl ;acJ "l 2. 5'. 

'--l'r<>l e<jAi%%si"'ll% l;'--'Jiil"i.SC. -'i' ;acJQJ .5'..!/'o\]Aj t:j-.5'.{t, '1!>11%%, {!ZJ-.;t % 

37H %*-~o] ~~ TAJ¾Jo]'.x:l~, ~lf.]%~2l ½ft!,g.. ufl.5jL ~~tj-. A~-¥-%1'~ 3:;~ 

o\] '.<!"1-'i'.:: 'l:!>11%%0] ~>ii A~%~-"l 90.6 %;'; *l"]iifoj CJ-iii 1--lliilS'l.Q.oj, {l 

ZJ--lt (4.3 %), CJ-lli%% (2.2 %), t!-'11%% (2.0 %) '5c.Q..5l '--]-E}\J:t:J-. 

o] ej ~ ~ ",j \'} .eJ ".)! 'i! :<j 'i % % ii' 'll -"l ¾ •,j ,g. 7,1 7 J \'} .eJ 7,J-:§f .SC. c)! '1l o] '--]- tiJ ','-.sc. c)! 

'll-"l ii''ll¾',jo\]Aj.SC. ~ 371 %%i!'OJ 1--Jls}:;:,. '.UoJA1 .,.. ¾Afe<]Qj~ ~Pll'll-:i!J

un1- %Al~% .l!.S'lt:J- (~-SCOl] 0J'l:!'r±, 1998; a<! %, 1998; 'll:i!J- >ii, 1998). 7,J-;:f.'r. 

".)! 'i! oil Aj oj {,-~ oil ± 'lj :I ,!I o\J .ej ~ Aj Aj %% •H 'll o\] Ai 157',-0j ½~ iilS'l.Q.oj, :I 

% t!-'11%%, 'l:!>11%%, 'l!e<J%..--"l %?71 ZJ-ZJ- 52%, 35%, 45%.Q..sl 1-}E},J::;:,., til 

','-.SC.c)!'l:!ollAi<"" 'lf;<f'lj aiOlo\] -"l~ ¾Als,l ¾Al71 <r•Y"1'.ll<""•~, 38¾ ½~o\l t!

'11%%, 'l:!>11%%, {l2}.;t£1 ½~¾'r<"" ZJ-zj 21%, 7%, 4%.Q..sl '--]-E}',J:t:J-. 
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,-
\ 

I 
24 

abundance (%) 

Biomass(%) 

2.19 
4 33- ·0.96 

90.64 

!.!Mollusca 
Ill Annelida 
Ell Arthropoda 

• Echinodermataj' 
I• others 

.!.!Mollusca 
Ill Annelida 
Ell Arthropoda 
• Echinodermata 
• others 

!.!Mollusca 
Ill Polychaeta I 

Ell Crustacea I 
[• Echinodermata i 

1• others 

-------- _J 
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'? Jl. 4-11 ¾ E.!a. 1cc cl! \!l ;,cj "I ,!J- "r !a.-'] "I "ii Ai c]-~ "Io] ;, .!l. 5:! 1'c cil, cl! \!l "ii Aj 1cc 

\'!'1\%%"1 ojuJlli\-\'l-'ll ¾".< (Musculista senhousia)o] 1571 781j"i]Ai ½11!-o\oj ',1>1] 

1U '1\ 'r-"1 53.9 % ;, "l"l iifoj 7f~ Jg- 0 ] ½ 11! iif5:!32, c]-5'.-\'l--"1 Lumbrineris nipponica 

21- Heteromastus Ji!iformisS'. "1'1\ ½'1l1J'i\'T'-"1 3 % o]',}% "f;<]iifoj ?Jl. 4-11¾ 

oj 'de]- (1!. 3-12). EE~ \'!>1l%%-"1 ~?,-it'll Stenothyra edogawaensis (2.3 %), :,J-zt 

-i,-',1 Ilyop!ax deschampsi (2.0 %), ojuijllj\-jj-'l] "f"l"l- (1.8 %) %5'. ½'1l"\"i.g. -jja;<\ 

\" ]g' _g. ½ 11! 7j 'i\ "f' ;, .!l_ 'l) ¾O\ '.lj c]-. ~'B "f' !a_;<j "\ "i] Ai i'c {f Zf ft ',J \:J: Zf-lf £1 

Comphium sp. (32.5 %).2} Pholis Iongicaudata (7.3 %), c]-5'.-\'l-'li Chone sp. (ll.1 %), 

L. nipponica (8.0 %) %0 1 4-'ll¾E.!a. t.}E})±q (.::1;,l 3-33, .l!: 3-12). cJ!'!l;ac\"\"iJA1 

i'c 4-'lJ¾!lJ -\J-")*1°\ ,aj:aj-,i--");<f7f \i'.l{E_t>j, 'r-".;<\ej"i]Ai,= oj,lj--");<\Jf ~'lJ 

iif,= 7s ~J g .!l. 5:1 q. 

1},~ 1?} ~ ~ fl1 ;i;i J.i %¥- ~~ 0J1} ~ .!i! 1rJ. Ai~ ¾~t° ~ .£ Qf oj] Ai 7}7cf {'G.ll ]l 

'!! 91 ',I-.!/--". '1:"r's- 'll '"-ii\1'c 7a 't'% .'l 'l! q ( .::1 ;,J 3-34). 'i" 'T'-". "i "1 7811 31 "1-

16"1\ <1 :ztzt 29¾'4 23¾-"1 ,,,,1%% 0 1 ½'1liif'l\3l, ol!'!!-"1 'l}.!/-"l"il ~"l~ 111 
4lil\- 61 Oil Aj ,'e 4¾\'}oj ½'1l i/f'l! tj-. .::r i!] Lt "r !a. "I oil 7}771¾ ;<j "Io] e} .'r. "I :aj ',}o] 

5'.'1\7\ 4"<i\~ 7,j~"i]i'c 'a-ii] 'l)q~ ,g;..')}% !,l.oj 78'lJ 8, 670i]Aj1'c 2¾\'l- 0 ] ½ 

'cl -of 'l! q. 

Ai-'i'llS'.Oil '.1!"1Ai1'c ½'1l¾'T'-2t1'c .tel cl!'!!-"1 ¾.!/-"loJ]Ai %\.!/-"loll e]8JIAi .2. 

ii]ej ';e.g. Ai-")'lJS'.;e .!l.5:!c]- (.::1;,l 3-35). ~"i!'<]:"i]Ai 7}~ ';t_g. Ai-'i'JlS'.% .!l.'l) 

-Jc,° 'll'll 54, 55, 560] ~"I~ j,E.!a. ilell'll.£7\ 7,1331J'i\/m'"il ,tii\5:!32, ~l\l 

1'1--"1 "f;;, cl!'!! Oil ~ !<] ~ 7811 17"1] Ai.£ 4,58371 'ii 7j 'ii/ m2-"1 ';e.g. Ai "I'll .'r. % .!l.5:! 

c.}. 0l*o1Pi.9.l E".& A~~~.£:= 9'.£ ~~1%~.9.l 0]oUll\l*~ ¾ 0
). (Musculista 

senhousia)-"1 ell ill' ½ 11! Oil -"1 ~ 31 o] c]-. 'l! \'! "ii cl! '!l ')l-.!/-£1 'll 'il ~ "ii Ai 1cc 30 - 80 

1j "11 / m 2 'll .'r. 9l '5c .g. -'1-'i 'll .'r. :S .!l. 5:! 't • 
>J{,-'IJ'.sj <i'-.£0!] '.1!"1Ai,= Ai~'lJS'.9} nff-'/- {\-A\~ <i'-.£ 0.J'',}% .!l.5:!E.t>j, ½~ 

>]%£1 ¾-\'l-"il a:fe.} >]½'IJ'9J <i'-.£7\ ',!-e}5:!q (.::r;,l 3-36). ~' 7fl'i]-"1 ¾,l'o] ~ 

\'! >1j %% o j \i o] ½ 11! ~ -Jc "i] Aj l'c >J ½ ,J' o j ';t ;,J\ '-]-E} !d, :it, 'if Zf ft'-]- tj-5'. -i,-.sj ½ 

'l!'IJ' 0 1 Jg-,° -lc"i]<i1cc ']% 0J 0 1 -i!JojAj A1-'!'ll.£.2} 'lJS<]S-\1'c 7,l~¾ .!l. 0 ];ac]1'c i'l 

'.llc]-. ~ ~ '<!Oil Ai as! ell >]%a,, a; .!l. 'l] -Jc," 'll 'll 47 !a.Ai 676 g/ m2 .sj "]%ill' a; .!l. 
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a) 3:J}rjj 

Species Fauna! group frequency • abundance • feeding type 

Muscu/lsra senhousia Bivalvia 15 19.5 2651 53.9 FF 
LI.K!/tJr Iner Is nippon1ca Polychaeta 27 35. 1 394 8.0 SSDF 
HeterOfllastus fi I I form is Pol ychaeta 58 75.3 176 3.6 SSDF 
Stenothyra edo(Jawaensis Gastropoda 5 6.5 112 2.3 SDF 
I I yap I ax desch8/lf)S i Crustacea 18 23.4 96 2.0 SDF 
Rud1tapes phi/ipo,narum Bivalv\a 7 9.1 90 1.8 FF 
A>nphito,dae un1d. Crustacea 5 6.5 87 1.8 SDF 
Sternaso1s scutata Polychaeta 18 23.4 82 L 7 SSOF 
Nemert,rea unid. Nemert inea 34 44.2 68 1.4 CAR 
Cer,thidea rnizopnorarWJ Gasstropoda 19 24.7 54 L 1 CAR 
Nepntys ol11Jobranchia Polychaeta 21 27.3 47 LO CAR 
Mll)el1sca so. Crustacea 16 20.8 45 0.9 SDF 
Bat·l!ar,a curnmgi1 Gastropoda 6 7.8 41 0.8 SDF 

(Ff, i 11 ter ferding, SDF: surface deposit feeding, SSDF: subsurface deposit feeding, 
CAR: carnivorous ) 

b) 5: 3}i:11 

Species Faunal group frequency • abundance • feeding type 

Cor0f)n1L:r: so. Crustacea 2 50 94 32.53 FF 
Chone s~ Polychaeta 3 75 32 11.07 FF 
LUll{)r mer is n1pponfca Polychaeta 3 75 23 7 .96 SSDF 
P!Jotis 1ongicau<1ata Crustacea 2 50 21 7 .27 SDF 
W;ntr icc;-:i,rJea toveo1ara Biwtlvia 3 75 19 6.57 FF 
Nephtys oli(l0branch1a Polychaeta 3 75 11 3.81 CAR 
~el isca sp. Crustacea 2 50 10 3.46 SOF 

(FF: filter feeding. SOF: surface deposit feeding. SSDF: subsurface deposit feeding. 
C,.l,.R: ..-:arnivorous ) 
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$.12, Ad{:J 7oJ]J.-j5:. 607 g/m2 !2j AJt:Jl,aj..Q...£ 13}",C: ~~~<'g'g .!i!.5,1..Q..uj, ¾ 0)9-] ½~ 

0 1 li'/Jel 11-ll ssoiJ,i.<r. 400 g/m2-"1 'J%'ll'% !i!'ll.9- 1l-ll 47"1l,ic: ~ 0J<-i"J-"il 

'1}'jj;1"foj ~-"1 ½i'Jo!I 7J'1}~ :;)oJoJ, 'll-ll 7oJJAj,e ef0<J"t.eJ ½i'J"il .eji;JJ \g-,°_ 'J 

%'s' ~ _ll_ 'lJ cf, '~ %.;,>oJ ?ij ,°. :Jc"il Ai c: 1.0 g/m2 0 1 tf-"1 'J%sr ~ !i! '1) :Jc .'r. 

oJ, 1]~1 8171 'll-ll ¾"11,\i 20,1 1l-lloJJAi 10 g/m2 0 Jtf-9j 'J%sr% _l;l_'lJcf 

010 
M~ 

~ ,g 'l' ,1 ,1 % % r 'll 21 'I- !E :: J'l. '4 "ii 1-1 '-l-e\-\.\1 ,e ¾ t1-0J 'a "'i "r- :a 'I-~ 1! ,i ±c 

T~ -9-~¾oJ] 9-]~ t:1]¾0] "R7-i4 ~~~ ½~¾T~ 7}~ Aj~oJ]A~';: H'~o] LO 

0 J;;-f.ej ',!-,°_ >l"r-iil~ _ll_'lJTI, "rs'-"l"il 'lPI~ 1J-lJ:';"iJAj,e H'ii);oJ 2.0 oJAJ~ 

"-'lJt1-. ~<11 .i ~ _ll_'1J 1l'll '°- °ll"a 162--"-,1 23% 0 1 ½i'l"111t1-. 1J,11 •1"ioi1,, 
H'il;o] 2.0 oJAJg .!i!.~ Aj~.g. 277H 11Jo]~2, 1.0 o]i5}9.j ~2 {!;-% 

10,H "a-lloJI 'i,;l"f'ljcf. 3971 "a1ioJJAi H'.1°11.5 - 2.0 AfoJoiJ 'IJ'llcf . 

..:tA} 7a 1:1 n ~1 J.i %% 9.-1 ½ ~ -&,q x oii 9.\ .s" :is Ad%~ ~Al x .=r--t} ~ 

~ +Oil s]<c'Jo!I .!!.Al~ s!i'f g'!)\'_1-2 3.Jil 37H "a-ll-a'-2-5'- cH;, "r 

'%ii 3-37). 1{1-;:?- 12 T".£ ~~9..] AJ-1f-Q:=Jg .¥.~<S}uj, :f.~ W"iia 0J -4'-.£.QJ if~ 7j 

~ ~ r.H-¥-~ 2f~5"t.:i'. 'U~.£.0{, 78~~ 2';: 7)!~!1] ¾-¥-~ ~, 781!~ 3~ 7)!';l:l9..] 

5}-¥-~-4 4'-.£~g .¥.'f!-5}5.19-. rtj-2-}J.i w~~~~21 A-JA7%%2 ~£ £$loil II}e 

x½-'J7,loJJ 31-~;;-foJ 11-:E,f <111!"1"1-'ITI "12-oJ, ~'B-"--"-c: JaJ?!JAJoJI !If2f-'1.<r. 

¾ .:f:: ~ .i'.t -!E- .¥.. 7} lg 2-} ~ g .!i!. ~ "r I!.. ~.lj;l q. 

(1) E~Ofl 2le.'- ~CH~fJ::-jA-JS~ ~-1st 

L}j~•l.i.7%%.:f:A}o"Jl A}%~~~ A1J.i%%jH{J7];: van Veen .:::r~g ~~~ ~ 

2--£ jHq7]:::: ~H~~~o] 0.04m'oJl ~i!l-tH, jH~V!~oJ] tl]<SH AJL}j~_0 _£ t 1% 

2 j~{JA] T~-'fil 7}',;"-"cl 0] "Ee.}. ~:Pl] AJ%i'-g ~7] .$].Sl]J.7~ 3::r.Ht{,-JA7Ai%W7J} 

"i'L '1.gafoj ll}S}tfoJ 0 , ~cf . .:I2j~ l,'-,<JJ1J% !i!%;1"f7J !/l•H of7fAJ E{,f 

(Agassiz trawI)g 0 ]-§-<5}0:j £r.H1A~Ai%Wi ~l]{li5}~c:}. ,Y~1{!-~ A• ~.Q.J ~~,,._J 
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oj a:fa.t ¾AH'! 571;; t!'lJ-S-f'.lJ.£.nj, Jl:<14;'.S'..s!. ~\l!oj 5-101!'-TI .§.~% -..''.1/cJ
(.l!. 3-13). !e.1,--& 'll'i'- .3.7]7f 7}.s!. • -'ll.s!. 100crnx48cm o]nj, •J-~01 20cm'11 ::i 

1>-% o] %-o-15:1 cJ-. ::i,.-.g, 'F(l£..s!. :(l "F1 'll 'i'-:; 4 'll ~51 "1 '.U cJ-. 
¾Aft! 1-& 'l! 'll'i'-<>il ~;,]-o-fnj 9{) 0] "r ]Orn~ 51~ :<f'l!-01 -'t--'ll~ t.JAf'(>! 

:<]Qjo]c]-. £Aft! 2~ 8 - 14m 'll.S'..s] 4'{)% JlO\~ >l}.s] ¾OJ--'\'.s!.A1 :<f'l!-o] s1 

'1) Aft.j'(>! -")'oj-'i)-g J;!.O]~ >']"1o]cj-. ¾Aft) 3-& '/}.sj 'l!~<>i] .$j;,]~ 'a°~ 7f>i)-:<f 

a.t -'\'t"oi1 .$1 "l -s-1 ni, int11 .sJ- 4'-"-:. 11 -"-"l 2 ~ ¾Aft! £..s!. Af '1:o 1 11 'll t.J Af 7.>! 
"]Qjo]c]-. £Aft! 4~ ;;,< oJ-'l'l)o] 1lfO] '.U~ >l}.sj A1~'11'1!£..s!., -")aj-'i)-,"_ t.j'(>!o] 

-',-"1] ~ ;<] "1 o] c]-. >l} e.J %~'/'!-& 7,l oJ-'l 'l)o] '11 '1!% a:faJ- 1l!"-& :<] Qj £..s!. 2 of '1J 

~<>I\ ¾Aft) 5¾ t! 'lJ-o-f5:I cJ- (::1 ,l 3-38). 

571£1 ¾Aft)<>!]Aj ½'IJ~ :<]Af'i},_-_g, .5'.-'j' 95%, 371671>!1, 7114gO]'.\lc]-. 'lJ>i\% 

,_-o\ t!>I\ ½'ll % ¾ 35% (32%), t!>I\ ½'ll 71>1\4' ¾ 87.8% (326471'1\).s!. 7f'l) 

-'f-°lJ %) C: :,C-j\-,r o] '<)£. Pj, cj- g £..s!. ,J-z\-l,-7)- %4'"1] Ai 25.3% (24%), 71 >l]",'oj Aj 

3% (ll01l>il) 2;,JJI c]-.5'..;}lf %4' 25.3% (24%), 71'1\4' 6% (22171>11) ;?£..s!. '-I 
E} \); cJ- a& % ",toil Ai .S'. \'l >I\%% 0] 'll '1\ -"1 80.2% ;; "f-"l "I! 7f"J- l't-& ill:% ll 5:1 cJ-. 
"] ,,! ej "1 aj 'I}<>!] uj-aj- "] Aj %% .ej ¾-';l o] ;<] "1 'll .s!. 'J" ill 'l} "f o] ;; J;!_ 5:1 c]-. OJ6) 'l) 

01 'l/11'11 '.UJI ~ 1l7.>! %0] 1J!-o] 41'1.l '-17.>! -")a,j-'i)-g l;!_o]~ ¾Aft! 5ojAi {)'11 

½'IJ%.ej 51%'1] 48%0] ½'IJ-o-f5:l£.nj, t.j'(>!o] -'f-A~~ £Aft) 4£f 5ojAj ½'ll7l>I] 

'r 7) z\ z\ 255671 >il (69%), 74071 '1\ (20%).s!. 7f'l/ ll!-:lJ:c]-. ::1 a] JI Af'(>! ~;;Jco] AJ-tJI 

"1£..s!. l't-& 'l!-"1 'l!~"ll .$1"1~ ¾Aft! 3-& ¾"r (14%, 15%)21- 71>114' (5871>1\, 

2%)'i'!ojAi 7f'l) '/!",~ '&%-';J-g J;!.5:lcj- (.l!. 3-]4, -'\'~ 1-5). 

½~ %4'£1 "1% 'i'!ojAj~ 1/c-ll-sr'!!.s!. 'Fill~ "1°1:a .!;!_o];<] ?,c:ll:£.'-1-, 7l'1l'r 

.sJ- '&*",f<>i] '.U"iAj~ \'l>i1%% 0] "j--'f-1J<>f~ ";'l) g J;!.5:lcj-. .5'.{§- ¾Aft)ojAj {) 

'11 ½'ll11'1J4' ¾ 'll>il%%O\ *f"liif~ e1-&-o] 7)-'l) l'l-711 l-j-E},;l-£.'-1, %4' 'lloJ\Aj 

~ ¾Alt! 3;,f 4oj]Aj cJ-5'.-lt-"l %4' e1-&-o] 7f'l/ .,;'ll;Jl '1!'11%%0] cJ-%,? o]'.ll 

c]- ¾Aft! 1-& c]-j,. ,<] "1 "ll "1 '11 "l-"1 %% ½ 'll7l >il "r 7f -'irtll "l £..s!. .,, 711 1-f E}"' 

£.nj, ¾Aft! 2~ ½'ll7l>l\4'oll "l"il ½'ll %4'71 ll!-'ilc]-. ::i;,JJI £A)-t! 4~ ½'ll 
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li 3-13. ruwe..i.21 ~C/j~AiJ,i~~ j;H~-8.::Z: 'iJ 0~7~AI ES (Agassiz trawl)~ 01g~ tM~ 
,g/\1J. 

'T~(m) '11 ;>.] 
A]~ -;-{] -$j .£ >111 .Aj Zlc op,~-4,:-£. >111 I'!~ 
= ,,_ ,<.l 
E To ';j £ 

;:f:A}1! 1 10.3 35°09'950 N - 35°08 155"N 15 g 3.5 knot 1,580m2 

10.5 126°21'894"E - 126°22'275"E 

3:A}i! 2 14.2 35°06'708"N - 35°06'127"N 21 !,¥ 2.2 knot 1 ,386m2 

8.4 126°23'059"E - 126°23'488''E 

3:;A}i! 3 7.0 35°02'928"N - 35°02'846"N 7g 2.0 knot 420m 2 

' 6.8 126°25'255''E- 126°25'171"E 
~ 
~ 1.8 35°06'408''N - 35°06'626"N 10~ 3.3 knot 990m 2 - 3:;A}~ 4 ' 3.0 126°25'142"E - 126°24'632"E 

3:A}~ 5 6.2 35°06'597''N - 35°06'955"N 15 .g 2.5 knot 1,125m2 

9~6 126°21 '977' 'E - _126°21 '79'5' 'E 
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H 3-14. ~W~OIIAi Al!!ff jsC/l~XiAi!;;®-"I li!~;rii :l! ,EAf~ii ~® ,Eij 

1) ~*~~ ~~ §'T'I 7ff~l'T' ~ {!j~~ 

"' ~ (%) ;," J:~I ? (%1 sli :;;a&(gl (%) 0 T 

~J:11%~ 32 (33.0) 3264 (87.8) 5707.81 (80.2) 
C/-2."fi" 24 (25.5) 110 (3.0) 9.24 (0 1) 

~~"ff 24 (25.5) 221 (6.0) 222.41 (3 1) 
~iii~~ 4 (4.3) 85 (2.3) 752.88 (10.6) 

JI E( 11 111 . 7) 36 (1 .01 422.55 (5.9) 
cl J:-11 95 3 716 7114.89 

2} ~At{:f~ 4 ~~~O\ ~t! § 'T' 
.:EJt~:! 1 .:EA/-~ 2 .:EAf{:j 3 .:EAf~ 4 2Af~ 5 

';:!J:-11%~ 10 13 4 5 17 
(%J (38.5) (44.8) (28 6) (26.3) (354) 

q2"ff 4 3 5 8 16 
(%} I 15.4) (10.3) (35.7) (42.1) (33.3) 
~q~ 7 7 3 4 12 

(%) (26.9) (24 1) (21 4) (21 .1 I (25 0) 
~.iii%~ 3 3 1 

(%) (11 .5) ( 1 0.3) 12 .1 I ,, E) 2 2 1 1 2 
1%1 17.71 (6.91 (7.10 (5.31 (4.21 

cl .x-11 26 29 14 19 48 

3) ~Af{:j~ zt ~"ff-Z2./ ~~ 7HJ:-l/'T' 
.:EAft} 1 .:EAt{::! 2 ~Af{::! 3 35:Aftj 4 :'EAf~ 5 

'21J:ll%~ 61 111 38 2496 546 
(%) (40.1 I (56 1 I (65.5) (97 7) (73 8) 

q.2.ff" 11 7 14 40 38 
(%) (7.2) (3 5) 124.1 I (16) (5 1 I 

~'.4-ff" 26 49 4 18 124 
(%) I 17 .1 I (24. 7) (6. 7) (0.7) (16 8) 

~il[.§~ 40 15 30 
(%) (26.3) (7 6) (4 1 I 

7) Ef 14 16 2 2 2 
1%1 (9.2) (8.1 I (3.4) 10. 1) (0 3) 

cl >ii 152 198 58 2556 740 

41 .:EAt{::!~ z.t .':E-"ff"X" 0 1 {lj~~ 
.:EAf{::! 1 .:EAf{:j 2 .:EAf{:j 3 ±Af{:! 4 ±Ah~:! 5 

~.t-11%~ 1016.2 701.4 969.2 2226.3 794.7 
(%) (66.6) (49.7) (96.0) (99 8) (84 7) 

cf£~ 3.5 0.1 0.3 3.9 1.5 
(%} (0.2) 0.0 0.0 (0.2) (0.2) 

~ztff" 9.0 211.6 0.5 0.3 1.0 
(%) (0.6) (15.0) (O 1) 0.0 10.1 I 

~.iii%~ 361.0 251. 1 140 8 
(%} (23.6) (17 .8) (15 0) 

71 El 137. 1 245.8 39.3 0.3 0.0 
(%) (9.0) (17.4) (3.91 0.0 0.0 

cl >II 1526.8 1409.9 1009.4 2230.8 938.0 
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Musculista senhausia 

Ph!line sp. 

Ventoco/oidea foveolata 

Crassostrea sp. 1 2 

Anor1ia chinensis 6 11 

Temnoo!eurus toreumaticus 35 13 
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§.~¾ oJ%~ ±tl'\P<JAi%% •H~Oi]Aj 7H]- ~'ll"I" %%-& ¾'l! (Musculista 

senhausia)o)';diI~, tj-g~§,.,=- *~it.9.l t!1i!i)ol-ff"'?.l Philine sp., o]uMill!*'?.l %~ 

~Y:}-(Ventricoloidea foveolata), ~it'i..! Crassostrea sp., 7H~~7i!Jo] (Anomia chinensis) 

..::r~:r~ ~~l-'87!1 (Temnopleurus toreumaticus) %~ "\r.9...£. q11,!-~ 0 J <r!~l%1i" oJ~ 
tj-, ¾'>!-& 'l!c ,.- 0.}-',J'li".eJ 1'1J'9_§_ ,.- '{jt~7].oj- 1-J'.!o] l;cjoj 9:l,,. ~~'1}sj % 

~ '1J'<):Oi]Aj 7}'l!- WO] ½'i!"f'.lJ.iI:, O]:J,:i!j- -"]aj',}o] ¾A}~ Aj~ '1J'<):"i]Aj£ cJ-'r 

½'i!-.f'.llc]-. -!ai-~-il-'1! Philine sp.,,. %~ '1!'<):"i]Aj'1} ~~.sajoj ½'i!-.}'.ll.9..uj, oJcH 

•1H,·'ll s'l-'<\•JJw-& Aj~'ll'lr"i]AjnJ ½'1!"}'.llc]-. o] 11'"il ,.-.g- ~AH:l 3:i!j- 4"i]Aj lll

oJ ½'1!"}'.ll.9..4, 7j,.-'lJ'>JoJ.oj- 1!',:<J-jj;,JI,,. 3:i!j- 4"i]Aj;,,. 'l!~ ½'i!"t"l W'.1J:9.uj 

c1cAf-::j 5"i]A7 '9'§. ½'i'!"fic 0.}',}¾ _l;l_'.lJ.c]-. (.!f. 3-15, .ljl"f 1-5). ::J.ajir; E~~Af 

Sl,1= '1,£§. oj'i)~o] 1f~'l):"i]Aj oj~~ ;,jAjoj'ii- 10¾:S ~'l)"}oj A}~ ~1iS} 

'<I tj- (-¥-"1- 5). 

W~'ll: ±tJ!~;,JAi%% 1!':3'.Si ";'ll-& ~'ll¾ 1i':3'."i]Aj£ 'lf 'r 'l:l'i'c 0 1 :<]"J"l 

.9..5'.. '¥ 'Jt ~ 'i" •1 :a O 1 ¾ tj-;,,. ".;\ 0 1 tj-. 'll C Oil 0.}-',J 'A' 0 1 'l:l "1 "" 'll '.! 0 1 lfl 'll '-1 '.! 
"'1 ajAJ½ _i;_o];,,. ~Al{j 4.o} 5"i]Aj ½'1! 7l>il'r7} 7}'ll- ll!-~tj-. "; "l "'A}~ 5,,. 

7J>il"r '11'-'ll: o}yaj- ¾'r£ W-~9-4, ~A}~ 4,,. ½'1! 7l>il'r"il "loll ½'1! ¾?7} 

"J'l:lc]-. oJ )ltj- ~'il~ Af'l!,o] ~-'\]~ ~•'-t-\l 3-& ½'1! ¾'r9J- 7J"1J? 5'.'\'-o\]Aj 

"~ ilk:S _l;l_'.lJ.tj-. =i.a]cr: 'r-ll 0 l i:1-e ~A}~"il "loll ~ir: :<},k0 J woJ qjoj 9:l,,. 
~A}{'! 1:i!J- 2"il1= .ilf'l!'J2% (Rapana venosa).ilf '!l:-& 37]7} e ¾~Si ½t;'!o] AJ 

tl "I 9-'s'.. w ~ 9-U\ , '¥ 'Jt ~ ~ 'll ¾ o 1 \li 1= 's '1J % _i;_ '.ll cJ-. o l i!1 ~ 1i': £ ~ 'll -& oi 
r-l tl:7!!.8.'ll~Si ~W"il Si"il ~'ll.saJ~:<]'1} "!'.!Si -"l"l,',l-o] =i.9]- '!l:-& :<jAj,%-% 

.sJ 11-£0!1 7}'ll- e 1~.l'½ nJ"I" ~9.'s'.. oJ7j~cJ-. 
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%'ll'<!c 7J!'lloJI ½~~ -'§% ~-'s-g "l--'a-&J-71 ~-&J-"l 7];<,-EJ 11-~ ('ll, 1998; 'll, 
1998; % 'lJ TA}-\')~~ '/1 ~, 1999)"1- 0 J .:EA}olJ ~'l! ¼El ~-'s-½ ~ W"}"l -6J %"1-

%% g ','-:,C..-}"l ~-'s-¾ "]--'j <5}'.1/ c.J-. C!l-'o' -'§ '¾Toll i= -6J%oll % 'lt-Jl-.2} -.I A§-oj % 

.=i..e].:i!. %~oJ] ~A-j 1¥-:&14=-%¥-, 61ft", l:l}-tj-3':ff-~ cll~E..£. ti}-~tj-. 0-Htt" 4-{± 

:<}'/1 -l'i-'s-Oil L}.e} '.<lie ¼"I- ~'lf.:EA} "FOil "r~~ "r :ll'.ll'i! ¼E-.ss <5}'.1/c.J-. 

2. ~4 

:<]~n\"l %'ll 0J ,J.'11.il\ ::i. 4'1! -'§"117-lloll Aj-oj.,.\:,j'-} ½11"}'.l!'i! -'i1!-%:C .'i'. 

'i- 373¼-Jl- '.l!E-9, oJ 7}-,'-<il "]Aj .!/-"i4%%oJ 190¼E-.ss 7}':< fl:l),-c.]-. ~'lt-il

C" 85¾*0],ll, ~A~~~~~ 46¾ ::Z.e]}l ~~%~21 6l*9t 3':*C° ztzt 24¾34 28 

i'foj ~'l!"19Jc.J-. ¾ ¾$1n\:<) %'\!"1'-1 ~'<\•;! ¾1%%"1- .:EA}C!l-'ll-olJAj ,<\\Sj,1 

'.?J_r::j .!j!-fl-~a ~ <'s-.3.'E".g.. ~Wi5}-Al ?.f~c}. 0-HtoJlC" £r.ffl:l}-1=foJl A}-t x.~~"r 

(Upenus bensasi)~ ¥l-~.s:l~.:i!., 3':'it ~~oJl'C .5!,~tJlAJ ¾'<l ~~1i.lc:jP}-£..8. 

(Numenius madagascariensis).e} ~ ~'¾nl\-'U (Charadrius placidus)7} ii <>1 :V, 9;! c.j- (.l/--'s-

2). ~W*'C .!i!_j]_A-j ~~ %Oil ,&~oj '.V,7] ~~Ojj ~£~ ~~~ ~~A]~ ~~ 

c.J-. 

-l! •11 ½~ * E-.ss t:.\e ,J! '11.il\ "i jj[ ~ "r'= (ttE- '-+ ~~"1\ 0,i,~ '?-~El %'l! .:cA\ 

',Joj "r•§~ .:EA\.2} :<jAj .!j!.'J4%%g til-'o'E...ss "iiR~ "r :l),c.j-. W'lJ'<!c cJ!'l/!;!. 

c.j- "}{!- -rt'i'.7} ,'- 7J-~.'r. 'if\' 7J!'iloJ}Aj 175i'fO}, ,l-5'.7} -'lftil;,JE...ss "}:C til.1/-.'r. 

Sj \j-A\2jQJ- "J-o}ojc1 ".J!'iloJ]Aj ztzJ- 82¼"1- 37¼o] ~'<!"1'.llc.J- (o] %, 1998; al 

%, 1998; ~S-:-"1\ 0J~'i'-~, 1998). oJ "r*l.ss 1"-c.J-\'l w'll'<l: ".l!'ilEJ -'§%c.J-\}-'aoJ 

~.g. ~2..£. Lt"Et'd9-. o]e~~ ~~C" ~~~ 3':A}-oJli:" 3':<5}-cJI 3':A}-~ ¥.,~"5}-.ll 

oj2] 7\:<J .:EA}'l)-'il¾ A\%~ ,~olJ.'r. 7}'l]<5\:<J"1,, ".J!'ilAi-6J'-IS1 c.j-"J-'il"i- sl'.g, "' 

'<! -'a olJ .sc. 7 I 'l! ~ "f 7 f -.; ~ E--" '\'Jc 'ilc t! c.J-. 
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ojAj'l}, oj'!J~, ~Y·.J-~, 7J%'ll, oj?.j"J-, "1\%7el., 1998. qj-'\'-:S::. ';J-Af;ej cl!'ll91 •~,l

A,l-. oil 0J\'I T, 20(2) "; 'l!~: 105-120. 

'll'll{l, 1998. ,,~~ o11°J 1'1191 ~7a1;_;,1 71~1oi1 ti:~ 'll'r" % "w'll1'll , ')J•» 
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"; 'll~: 121-130 . 
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c<)jl-77f;<j -,'el ',J;'l-2 ¼,;'-~ J!}oj-<!j',J 'IJ]a_(rtOj 7Jl'l/% {<-.£"] 's'OJaj-.TI -']z\ 

-afaj .l/-1!'-\!! ~f;,J] 7ij'l{-afaj Af¾•J '1\-"1-. "l-ceJ '?!';'7.;!:4~ ¾oJlAj -'.}l'l/,0. q 0J~ 

AJ¾~ A~~A]7} ~ ~1{} o}t-je} '?J-2- ~~~oJl ~'-'J~~~ ~~<5}°'1, .£.~~~~ 

'lJ .of<) 7J ;:: % oij 0J '!/ L\174] ol] 0 i 4' -.' Jl. ~ "1 ~ g 'i/ 'a"~f :i1 '.U "1-1=- Af'l/ 0 ) 'lfaj ':a 

q i<ll 0J9-0.l/-, 1998; ~S:-'il 0J'l.l'i'sc, 1998). 

+el t.J-a]-ej 7<1+ Aji,Jjej- 'a"<IJ 'l.l~'il"soJJ1=- :J!'l/ 0 ) {J- 'llc'itsJoJ 9JE-uj, 0 )21 

~ *ol] ~J'l!, <ll ;,], '1/-"J.l/-;<l, 'ii' 7<! ;;cJ ~ .!I. % 91 "f al E-.se. .l/-1!'-'ll ~;,J] 7i '!{5} :i1 9J 

;:: {)'jjo)q. 3'1-c oji']~ 7l'llc •~$171 0<}9.l >~L\IJll"l- '1J:?}"l)71] oj'l] 'llt''., P],<] 

,e-O<]oj] cJl5f"j A]_of:§:7J'l{ ;; sf; ¾-af<>j nJ.!/-.se. 'l/'fc~ "r 9)71] ,1~q. oj2cj~ AJ 

;qJ-oJ],'-~ c1 o]-'-J 7)!~% 1r-te-1"~<5}Jl] 7H~i5}5:.~ 11J~l~ 'TC fil2..uj, 7}~~ ~ .!i!. 

cl •I."- oJ % 5\ , I $l ~ L\I "l 'r 'll oJ \'l .ll. iii-ct '.J! 'il % §.'1j-aj E-.se. 0 I % iii-:rr % 2-1 •I 
7] ~<5H)-i,'C 1t!A1 7)!1i!:l~ ..2._~AJ-EJl, :.i:..~~~~ ,¥-<S}i'g: % 4-~s,_cg ~1?:!oJ)A~ 7J!~ 

"1 .'I. 'ii 1! §.:f g 1l >1- • I 7,J -"- -a} "l O l £f ct 

1)! 'i! 9.\ .2. 'ii ~ o.l- g 3'J•} ii}~ "J- 'll "11 1=- Oil T' "1 'i % ',l .:J. •i "I ol] Ai "l •11=- "] 

%~ oJ-§-~}C 8J~ % 3.71] -1il 7}.AJ.£. 4~ 'T v_q, <SH-f'- ¾~oJl £1~ .£.'E1~1+ 
'C ~~ ~ <SH,W- 0J%oJ] £JBH -R-,%Ajo] .3.7] I!Jl~oj) ~ ;C:j~ J::A}.£. .2..~"<r'fll~ 

?g~iil li-j-<2.\-<5}7] c-\~% ¥ 0J o}Y4 tH"T '¾o\\ ~AHi5}J2. '.Ut cl\¥-~~ 1._<:g~~ 

~ *£/} ~O} .:ii.£~ ~~7]~g ..8_<5}2 1.-9--7} fJt:}. ~A~§j~~.g_ A]{!~· A] 

i'.l~-0-~ .§:l.~~ ~~ 0] 3.ll] ~<5}7.] ?i.Jl 1:l]_ll!.~ 9J-1j~ -"-JEil£. ¾A)~uj, "r 1J 

\:!_:@~ ~~"-Jell~ aj- };L,e-S-}Jl '.?JJl ttll~o\\ 9._~AJ-~~ ~~"iS}7\ ~~ -'i'_g, HJ-1tl 

¾"1 ~f c/"1-.TI 1J/ 21-"1 c/, T ',I "1 .2. 'ii ~L\I :. JJ}"J-%17] 1=- o1 Ii ct. !E ~' "ii 0J>l 'If~ 

oJ%t}:= Jc!J~ ~ ¾it¾-, .fl-11~~%. ~ 1:1J-1+"J~~ % ~J%o\l *~~~ '11~0!1 cH 

tBA-{~!- .2.~"-JE!l~ ntq}~ -y 919:= 7;1,01 \:!~O\tj-_ 

uj-ejAi, 0 ] 'l'li'"l]"iC:: \'1>1 '?"1AJEll:a "1-"l-•f7] ~•l"l "J-7];'1-ol] 7,lt) 9"1.2. 

~ _5:A}~3!}-5-. 1)-Da~.9-l ~7] 4-~~%% tB~<'>}.:i!., 11¾5:A}~ l--S-}erj 1i! ~~]Q.J 

4'~~Ell~ i:J.£5}~r:}. q.g.Q...£ !il~%o\l r.){~ -¥r-7]%, %"5"~ w_ lc/}A}Ad -i-~~ 

'If£ ;; 4c 'll 5f 9 .'I. 'ii "J L\I, .'I. 'ii% "1 "1 -i\-'ll .!/- i;f 'lf 'Ji -"I "l 41 .SC.¾ ~'ll %} "l tj-'!l 'l} 

oJI 9J"1Ai :J!'il% ±.~~ '11'1J:"il"\ .2.'ll~-'J¾ 'IJ_la.%)~4-
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~~~,"1 4'~.2.'ll 'l!~g £,'}-oj-7] .!/l"l!Ai 1999~ 6'1/ l'l!-3'l!oJI ±o'l/ {!"}¾ 

0]%S-faj 13,1 "a1l (::I'll 4-l)OilAi '1!~£Af:, {a!A]S-f'lJ.cf. ~71 'r~l'l% 4'0] 

(::I'll 4-1):S {a!-Uj!i!.7I .!/lsl!Aj 271 ll1loJIAi 1989~.!/-Ej 199477f"i::: ~CS' \'1'<!"1~ 

~7.l.2.'ll±Af !i!.JlA7 ('s-'ll'T'cl-~¾-'I!, 1996);; o]-§-s-f'lJ_:;:,., ::I o]-ft'- 's-'lJy{l-~ 

¾'I! 'it•l'T'-U\'l'i'.<o ±Af;<}K:S oJ-§-S-foj 1,'-o,jS-f'lJ_cf. 

Al.fi9~ j~f;',]~ van Dorn~B"'T"7].£. 4'1l O.Srn¾oflA-j ~B~'5}~j1, -y.g-.g- *,._J"'T" 
-@-,0.£711£ ~Vd-oJJA1 ":'lJS-f'lJ_cj. ::I 9J A.j1,'-:'_ •1°J~7iJi\'lJA]~"d-'ll (sii 0Jy{l-.!/-, 

1997)2-s'. l1--"1"f'lJ.c). 'lll1--@- A]il.>l'll ~ {a!~{a!oJIAi Inductively Coupled 

Salinometer (Watanabe, 601 Mk Ill).£ ~1<5}~.2..uj, pHi:" pH meter (Denver, 

Model 50).s'. ":1J.sf'lJ.cf. %~{1-±o (DO)::: '1!".J-oflA7 :il'jj~ -f {a!~{a!oflA7 

Winkler-Azide \ll 'll ,<'_5,e "a 'l/'S-f 'lJ.2- nj, §]- 0, aj {1-±o Jl 'i'-'lr (COD) :'_ 'lf%21 A.j "1- 0.J-'(1-

{l-% ~ 'll 2-.s'. "a'l/'S-f'lJ_cf . .!/-¾'.,-~ (S5),0. •l'T' S00ml!i GF/F"i"l"i("i7,l 47mm).s'. 

oj "1-~ -f -\l' "&'ll -"-.s'. ": lJ S-f'lJ. cf. ~ -;l-~.<o(NO,-N)tc Cu-Cd%,J- g oJ %~ of~ 

{!-~'I! 'll 2-.s'., of~ {1- ~-" (NO,-N)::: -jj J>i ',lo I of o] SO} 'll §]-t.j-E'. >,!oil>,! '11 cj of\']¾ 

o]-§-~ "d-'ll, 'l)-5'.yof~±o (NH4-N)tc lndophenol '\l'/l2-.s'. e]-"!lJ,l'i;f'lJ.2-nj, % 

,e-y7]~5:: (DIN)~ ~~~5::, o}~~~::t: ~ 1}£1-]o}~::i:_g] ~.2...£. l-J-E}~~c}. 

'l] {1-'l] (DIP)<'- % 21 -"- c;l] -U '\I 'll 2-.s'. "i "'i ll 'l/'S-f 'lJ. cf. 

R¾ "i"l%t 2171 "a°ll, ~"d-"i"l%t 471 (s, s, s, 10, 21)1J1JoflA1 ,1'fl"l'll 

cf (:::li/-l 4-2). A]il.>1'11::: y~±AfA] Gravity core ("17.l ; 4.5cm, :,Jo] ; 50cm):; 

0 ]%.;-foj A]il,;s 'i'il.sfoj ir4c'i1%A]7'1 {,!~{a/£ j?,'I}:~ -f l/--'JA]77}"l 'il%!i!.-\'!: 

s-f 'lJ. cj ~Ad-"] :aj '.,- "I il. t'- •H % -f 2cm z1-"l 2-.s'. 'll 'i!"f 9 'ii% !i!.{!.;-f 'lJ_ cf. EE~ 

£]~% ~~~ 'fl~ A].fi.~ 1999\::! ll~oJl lf.%..iil.~O] ~~ )!.2..£. ~-1]£ji::, A]'?] 

g -,j<Ji.;-foj Z,£A] PVC core.s'. >l'fl.;-foj ';l-',l_ {a!~{a!oJ]A7 ,Jo] \!1.s'. ~J\'1-%f'lJ.cf. 
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(1) !,j"j~ \1J\c!~lel 

%'r%:'. "-Pl% \'.i-Alil. 'l!'ll'll'g .!/-7\1:S ~'ll~ + 60t<>ll-'-i 2',l:uc i':\ac-"1'11 

i':\i''lJ'g "c'lli>faj .;;¾'lJ'-'4 i':l.~'lf"1 .!/-;,\J •fo]sc %'r%g ;,JJ~"f'llc}. 7J'lj'(}'lJ' 

(total ignition loss, TIL):'. %'r% "c'li'I J-f%9,J,e! J-]il_;, "/AfJ-f'lf<>\JJ-7 ;&-Jil ft 

'II~ f- 45D°C<>il"i 4'izl %~ ~"<-"l'11 ~:;:J-{1£\ :;:f:;:J-f-91 .!/'Jll •1°lsc 7ll~"l'll 

q coot" "1-"1% 'ii--'-IK '4 18g 'ii~+ 'l!s/e1-'a"1- 0Jz!~.!¾'1l.<e.sc 'liill'"l'll 
c}. '1c~'!lc-'a~-"l% (acid volatile sulfide, AVS) ~ill':'. \'.,-J-]il. '4 Jgg 'iltll {l;s] 

ti: '/1.<e. sc 'll ill' "I 5:J q 

(2) ~.'fr.7\~ ~ ~,?7\~::7: 

£1 ~~t.H %- fr7]1t!.± (total organic carbon, TOC) :}! ¾ f/--7]~J:: (total 

organic nitrogen, TON)~ ~sflB ~~~9.1 ~;;:Jrg:~ ~'5t~ 1N HCI -§-qJ.9...£ ~ 

0';1g ~P.-l~ t:\-% 0 ]-&:ui.~'T-£ -"1l-3P>}~ 18" 0 } '.:il~ ~~ A,Ht% AJ];;ij'5}~t::}. 1t! 

%Al{} sl~~% 60°CO!Pi {2.:f::~ -t tj-A] ~flli5}~ iPtP'ig 'f'l3'1 CHN analyzer 

(Perkin-Elmer Model 2400 Series)!s. ft'1"15:Jc}. 

(3) !i,1.:5:j~LH -85~Z:!::7: 

!il~~-t.R ¾~·Jf-fd.± ~~,': %~ :t/3::A],V A)E <:JJ1;:rJ:g ~p:r~ 1:1] 0]77"11 {t 

Z! tfg ~%'1: (HF 6 mt + HNO, 3 mt + HCIO, 2 me)g ~7)<>1"1 ~'1' i':\cioA) 

'(Jcl- ,;<l-J-)7} 'JO} ',lg 7,j.!/- ~9j %•1"1-'ll¾ 2~3:;:f oJ')} '11-"1-"f<>\ -@"10-] %'11 

"i"Zt:t oj7]ofl ';'!~ -,!~%"'!% ~'lr ~7)"faj 7)'l, ¾'!fJ-JS'j \j-of '<lt" HF%"'i 

~ ~~8"] ;s!Jr{~ q.g ~A}~ 1N HNO:, -§-~.Q_5.. ~o\Jl '1:1{1,¥--ll-'\.£ sl~~ ~ 

-'ll esf¼'el-'!f .'r.71I (Varian. Model Speclraa 55).s'- ~'ll "l'.l/ c/. 

(4) "-1"1~£ 

s.l-3:j-dr-.1r..~ ~.5:.£. };~~~ 47~ "T'AJAl.fi.~ ll¾ ,,_~¥- illt!-78£.7} 11~ ?1'¥-¾ 
0 )"loi)>i 2cm Q"a."-!a. 'llB"}\:J.i'-, 21-¾ J-).il."l ~"r~¾ "c'll"l-'.l/tl-. '<!acB J-] 

il. '° "l ,<}Af '1'¾ 0] % -Ir 711 ~<ii~ + % 7] ¾, g >ii ;,J "I 7] .\'l '11 .o):;:j- SC <>I} J-j 550'( 

Oi]J-1 '4 24J-]{! %'1! .o):;:j- J-1,lc}. -"]il. 'l!-'1- ('4 2 g);, Eli"~ s]o);,Jsc -£-{]+ 
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""Po tracer 1 m!"l- ~~ 'll{!c Sf 10 ml¾ 'iJ7}-oj-oj 6A){! 'll£ 'll-*L %$1-'1!±~{! 

"1 'll ~ 0 l O l -'f-o] Al 5c"" -o-f '.11 :i'., 0 l + 7 I 'l! -\'!- $1 oil •1 'll 0 ° l -@ {l -o-) 1'!"" 'i'! "11 llf ,q 
7}',jS-f'.llcJ. ~~~{!ci!f ~~'lJ{]:g I : 4 "l~.sc ,"~~ %?~ A).ll.<>il Sf 10 m! 

'iJ7fS-}'.ll:i'. \!1£.sc i!f'lJ±,~ ] m!:S '< :'_ + 7}\11-\'r $i<>i]Aj 7}\'!S-foj :;:!3'cA]Jij:,:,_ 

0]21~ ,pjj g 3:0j o]AJ '/)-1'\-S-f'.l!c\. 7}\'l\'f<>il<i 1'!¾¥! A].ll.<>i] 8 M 'll0 25 m!,';

'iJ7fS-foj 0.45 µm oj,j.A].5C. oj,j.S-f'.llcj. oji!}'<! %<111<>1] 'c)~ 'l}.£'-)0}',";,s l:,'lf1'J 

~7}i>}O:j T~~~ *~% (pH S)g ~~ .f. ~{1~~%}-0:j AJ%~.g_.. A]j7i%}.J2 8 

M 'll~g o]-§-'5foj %•1-'-l'xlct. o]-f %'lf91 di-isoprophyl ether;,; 0 1% %SlJ',}<>i) 

'E>l'5f::- ~g "1171~ + 7}\!111 $1"1]<1 %191 -'/-"171 Sf 5 m! '\'!7JfAI 7}\'l¾'llc 

Al~.Jl, 2~} ¾*T some~ ~~~ ~, 20% NH20H · HCI %q}j 1 m.e-2} ascobic 

acid 50 rngg ~7f~ + ii!'/!S-foj %<111<>11 "'>142 ~37} 0 1-&½ -@~ti] t!c-'l!A]'lj 

9-. ~-'?t (silver disk: ;;:;l~ 15rnm)g ,._.i8 A}7]~c.ijoJ] Jl~A]~ %Q!JoJl ~.g_.. ~ t.J

-&?3o<>il-'-i -&£:a 85-90"C.sc *AIA]-,J\'lA1 e, 3A]{I- Ai-'1«1 ii!'/!-ol-'11•1 ~'!Al 

;fjtj_ ~-'3[ 0 1 ~liB :: ¥J:-,g. ~~54 2*l- ¾fi-4-9.l- oJl!f±¾.£.. ~]~ .z:i~Alz! qg 
silicon surface barrier detector (55B).£.. 'll-~ 7-11 T ~ ~ 1l <5},519-. 

"1"lec£ 111~.g. il'l:l ",FfAa Oil% " 0Pb:'_ <Jl7].2j- 'r¼oJl•i o]o)"'I% 222Rn"1 
"J -'-I % .i!J oil epJ 'ii -'a '1 oJ, §f '1-"J 2-!ic. ~ "l<>il %'! '1 c: 's '11 ;; P :,:,_ 'll oJ ?¼<>II 

j'c,jtif;: ~•l<>il ¼'1-'1"1 -"1"1~2-'a. 'il 7J~ + Al4f"12-!ic. "J'I %.i!JS-foj "1171 

"t!c+. 2wPb.g- 1il"'.{}7]7} 22.26\.,:!.Q.£. T1J1doJ]A-j 1001d7J}-A].Q.j time-scale¾ 5-!C O:j 

"1 ;tf'l, ~ 'If <>ii % ll: ~ 'i'"l ;<f .sc Af%'1:,:,. 'l/:i'. 's SI, 'l:l ~ -"l "1 ~<>ii A191 100\'! 7Jf 

-') "1- -"l "1 "'1-%.i!J- 0 ) oil 'i'l-\'l '11 ;t] §f o}aj ~ 'el g ~1'] leer~ Af%'1 :i'. 'll t:j-. 'l!-"1' -"l "l 

¼<>1]<1 "°Pb91 ¾~:il) "1l7171 'jjAJ',}Eil (steady state)cl 7}'\J'5f\'l, -"1"1%91 " 0Pb 

.Q.J lc/fAP6'~ q-g4 ~-€:- ~.Q..£ Jf~ ~ 'r V.t:l-. 

d210Pb 
di ~ -,l210Pb ---(4-1) 

e:j 7] '-~, 210PbC 210Pb£1 l:IJA}';;(dpm/g)o].JI /It" 21°rb£1 *~AJ'r(cm·1)o]tj-, -6j 

( 4-1) "1- 'l1 'I! OIi lee ct g 91 ~ 2-£ .ll. ~ ¥! q. 

C ~ C0exp( -,l/) --- (4-2) 
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lnC=lnCi - ( ,l /S)Z ---(4-3) 

oj7Pi lnC:::: "°rb "JA)','"1 c<)\'ltil'r(dpm/g) 0 ]"i, Sc: -"l"l4cx(cm/yr) iej 

:;:,_ Z~ -"l"l·~ .i!.\'l'5) ,lol(cm)o]c}. -"i"l,cf ,1o]oJI tr}:' " 0Pb "JA)'o /i'.'/_ej ~ 

~~!Qj 7]-£7].£.lj!-E~ o] 7]~.Q.1 ~~J:;-£~ ~1:}~ + 9)tj-. 

W"a'i! J37H 'll'll"il til~ 'r~£A)7,j:i!}~ .il. 4-l"il t+E\t.il~cj,. 'r.,O.,°, 13.8-

15.6C~~, narr-~ 14_9'csaq-. 1r't!:~~E.l 1~ 3i!t 7oiP-~ ?ftjJ~.2...£. 1;.t2 ~g 

~I "1 '5) "- c: t.il \'1- ," til >ii "l 2- .sc "I 5' ~ ii' .'I:. 'a "-, 78 11 7.J: ;;.) 0 1 c: "1 :;:,_ I .SO "C 'a q. 

(i,J 4-3). 'eJ/i',g. 30.38-34.07, "arr 32.68°1"1, "1117.J:oJI~ wiJlsi' '11'll.eJ 1111 5 

oJ]<1 7)')} >1'ei,;,'% t+lift.11"1 "1i:J!>)o]c: 3.69'.ljcj, (i'/l 4-3). pH~ 7.88-8.14.sc 

'll\ll '?:l'll'r"i pH '1l.!/1.2f a1;::;;f5:!cj, (i,J 4-3). %¥,~LC::~ 7.09-8.25 w,,/ 1.sc 

"i1i'll >)o]7f icj,c<J 3.,q \',':l,:i'. 'l! £A)781)"11>1 7 mg/€ o]'),'.2-.£ %¥,~l, 

'6-S:c: of'r 0J:o:.•f'at:l- (i,J 4-3). coo::: 0.61-1.71 mg/ e 'a-2-"i, WiJl'1'4c.eJ 78 

~ 59.} 6oj]A~ ct~ 13110!1 1:l]?JH "-Jr.jj~.9..£. ~'.il.9..4, <5~~4=-~ 11%B"7\¾ o]~£. 

6J:o:_Of5:lc} (C!,J 4-4). !/-%%~,°_ 5.8-79.8 mg/ 1 £ ,c]~aj'1] 'iJ'cf."..£ 1111',1.sc 

>)1f ,\.".t<j, 'i"'i!T'":"1 1111 13oJJ<i 7)1f J,t:l}cj, (=i,J 4-4). ~.£1.jo)~lo~ 1.3 

6-5.99 µM , of~~~±c: 0.13-2.39 µM, ~~~:tee: 0.13-7.29 µM 5:!.".t<j 

(:1~ 4-4), -§-e,¥-7]~~~ 3.98~11.37 µM£ _1:A}7J{IZ} c}~!?.J ~}o]~ :U..9..L-} 

\'l *0J'i'-.ej 1111 8:i!} 9oJ] Ai cj, ,' 78 'lJ !i!_tj "<fi:Jl .aj ."..£ s't:l, .", 4, \'l- 'lJ ,j] C: "ii fr 

6.85 µM.sc-"1 til.!/-/i'.eJ -,J'jj 0 J •l"l'r~ II~iPlic o]5).£ 0J:o:,'5)5:!q. (i,J 4-4). 

%,e--!j!-7]~ (DIP)2 0.23-0.79 µM5!;{.9..ui, ~lt!-~.2.5.. ~ 'fl-1-~oj]Al %6J-.!j!-7J}A] 

~ 0.5 flM o]AJ, ~t.R~.g_ .:I o]~t9] ~.5:.~ Ji!,iltj (.:J..',5 4-4). 
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Ji 4-1. -ru-~~ lEg 'r~ @~~11H1999'.::! 6~) 

Temp. DO COD ss NH1-N NO,-N NQ3-N DIN DIP 
St. Saliruty pH 

("CI (mg/ e J (mg/ t J (mg/ R l (µMl ( µMJ ( µMl {µMl (µMl 

1 15.4 31.98 7.88 7.63 0.78 27.8 5.99 0.22 0.94 7.14 0.54 

2 15.3 34.07 8.04 7.37 0.96 32.6 4.31 0.17 0.13 4.61 0.23 

3 14.3 33.71 8.03 7.68 1.25 32.0 2.22 0.36 1.50 4.08 0.30 

4 15.4 31.91 8.14 7.96 0.90 12.2 2.28 2.39 3.74 8.41 0.26 

5 15.6 30.38 8.14 7.77 1.47 24.4 3.74 0.35 1.43 5.51 0.50 

' 6 15.5 33.74 7.93 7.75 1.71 5.8 3.26 0.19 0.53 3.98 0.35 
w 
~ 7 13.8 33.09 8.10 7.29 1.12 42.2 1.36 0.52 5.19 7.07 0.47 N 

' 8 14.9 32.59 7.98 7.88 1.25 12.6 2.87 0.66 6.64 10.16 0.73 

9 15.1 31.68 7.94 7.32 0.62 30.8 3.58 0.50 7.29 11.37 0.74 

IO 14.3 33.72 7.97 8.25 0.61 11.2 2.04 0.62 4.20 6.86 0.53 

11 14.9 32.96 8.01 7.19 !.12 14.2 1.46 0.73 4.96 7.15 0.57 

12 14.6 31.58 8.03 7.72 1.68 24.0 3.00 0.13 1.33 4.46 0.51 

13 14.8 33.38 8.04 7.66 J.31 79.8 4.54 0.27 3.40 8.21 0.79 

Min. 13.80 30.38 7.88 7.19 0.61 5.8 1.36 0.13 0.13 3.98 0.23 

Max. 15.60 34.07 8.14 8.25 1.71 79.8 5.99 2.39 7.29 11.37 0.79 

Av~. 14.92 32.68 8.02 7.65 !.14 26.9 3.13 0.55 3.18 6.85 0.50 

----·----------------------------------------------------
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o]AJ9l ~il}~ ¾if.S}~ "T"1VJ-'EJJ~ ~7}"6}l .!;!.1a, %~{}:~{::- 0}9" 0,:f§."5}5::lTI, 

§}-~~ {:}-::i::..8.~i!,f-& ll%if7]¾ 0 lt.H.£ 1:l]ii!.~ 0,:f~.S}'.:(J.2..1-}, lj!-fl-~~, %€1¥-7] 

~l:, -§-,elj!-7]~t affQ:j"y-~ 11%11-~ 1::3!}<5}-C" ?;]~ 01 tl-~£1,:ltj-. ~Ils1{}9-l "T"~ 

AJ61ii"- ~"1'-1-i'-J- 'et"1'llc-"l t:J-e 'l'!'llc;JeJ-"l 'i">.,1 (-s:''ll'i"0;;l¾~, 1999)-"l- aJ~"l 

Y-, -','--fH!·>.,l-"1 7J~ ",i'} le:'llt:J-. cE, ?~-'?}J1]oJI 'l); 0')J,j "'11\!! 'll~~ >}0];: \I!. 

'l/2. "I, ell >I] !c. '11 'll 'i'-'-1- '11'-ll~"il Ai -"l ?~ AJ611 i"- a] ~"l'.l! q-_ 

1989\1 2-',l-,'-c] 1999\1 11-1,~f"'l \1 4~ 0\% ,EAf,;! ;EAf1j-"};: '/-,,,_ 3"1] '-1-<f 

'-ll\i"-, li 4-2"11 2-1, (%711)-"t 8-'i/ (-.J-711)-"l ;<\J:l.;a 1)iej,rfoj ','-&, %,'o-;i-"°, -'1"1-

'i {' "°.ll. 'i'-"s', %,'o-\'- 7] ~"°' %,'o-\'- 7] '1] '!J DIN/DIPS] oj cil-Sf oj 1J-'ll '<! ',' ~ -"1 

>J- 71 \I!%% 1)- ;tj _l;l_ 'l) 9-. 

(1) 9-g 

y.g. :'. y~7J'-lJ"i]Ai oje] -'/"@1-'ll:%-"1 l\l'lHJ-611 '!J 4r£, •« 0,P~%-"1 :&:&"1'?' 

AJ ~ JL:1::.S>-1 uJ]7}l-j~, 1%91 {l=tl~,q ~ AJ~¾ %oJl °a~¾ 0]7.]:::: ¾_8.~ .e-
7,j.ll_'1)ojt:j-, o:fi'-}Aj ?•~•~%-") A]t,-"} ,'.l'.~ :,j1)-J!i"- 7}1)- ¾.ll.~ .ll.<:!¾9-1 "f 

y-7f -"Be]-. 'r-& 01 "111?¾ oJAJoJ;,jy- o]-.J-71 -"\\'l ?¾'~%el •~>JoJI e<i•« ;a 9-

;,JJ'>J"i ','-&-"l \'l:&i"- •~611>1l-"l \'l:&;a 7f:<J.2.'1I -,Jc]-. 'l!'l!"JE.!i!. %'\l'<!-"l- .t-& 

-£c rlJ 7<] eJ--") '1' 'l}','-ej _g. <Ii ".f'!J-{:j "i] -") ~ al-Af \!1-") ;,Jj 1j aj \'l :&"ii o:f i'-} 4'.g.-") '/J 

:&7f c]-"° e' '110]9 R¾','7f "l¾'r.!l.cJ- cj ~ \'!:&~% y-q'-lj;,JJ -,le]-. 

1J-'lJ'<!-") 11\1{! ;'cAf:,j-"} 2-%/:'_ R¾oJ]Aj 2.52~4.85-C (J\lir 3.63°C), A]¾oJ]Aj 

2.25- 4.96"C (l\ltr 3.35°C).5!. \'l%"f'.l!"-, .l!. ~ 0] A\¾.!l.c]- 0.28°C J,-'.lJ:c]-_ 8-%/-& 

.l!.-l:"oJ]Ai 24.76~30.65°C ('!!tr 27.39'C), •i¾oJIAi 24.51~29.20°C ('lltr 26.83'C)'il 

\'l%"f'.l!:;:,. 2-%1-"l- Pf{!:7}7<].5!. .l!.¾01 •i¼.!l.t:l 0.56°C J<t'.ll:E."i, 8-%/0J 2-',l.5!.c]- e} 

23 '( °lJ £ l,- 'll t:j-

11- 3\1 '1! -"l 11\1{} 'r-&\'!%-& ::J.i/J 4-5"1] .,!_o]::: sfej- .to] 2-%/:'. 1991\1 oj-f 

1996\:!~f:<] ',[of:s]c]-7f '97\:! o]-9'- %ic"1-"- ~i"- 7,j~'1] '/1:'/l<>il 8-',1-& -lo--ir'i 'lo] 

7]~ i;fl..j- '96\l 01~ t\l'il'IE.!c. ::i. 0 ]:,loJI ti]S\I R' •i¼ 'i'.'f- %t\la\E..£. "1'r 

-& % ~ '-1-E1-'-II le- 7s •Jo l ~ cJ-. 
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' w 
~ 

°' ' 

li 4-2. ~2 11\:1~ ~~121 'T'~.9.l ~\:1 ~~ 

Mon. 
Parame

ters 
Feb. Temp. 

('C} 

Sal. 

Layer 1989 1990 1991 1992 

S 3.55 3.63 4.48 4.45 

B 3.Z7 2.43 4.% 4.04 

S 32.90 30. 77 32.17 32.97 

B 32.92 30.52 32.16 32.90 
.----
pH s 8.19 8.17 8.12 7.82 

1993 

4.40 

4.24 
34.57 

34.54 

7.91 

1994 

2.52 

2.41 

32.35 

32.35 

7.91 

1995 

2.72 

2.52 

33.10 

33.15 

7.74 

1996 1997 1998 1999 Min. 

2.87 3.10 3.35 4.85 2.52 

2.25 3.05 3.25 4.45 2.25 

34.51 33.61 32.75 31.64 30.77 

33.78 33.24 32.55 31.55 30.52 . .... . ··---··· ·--. 
8.15 7.95 7.90 8.00 7.74 

Max. 

4.85 

4.96 

34.57 

34.54 

8.19 

Avg. 

3.63 

3.35 

32.85 

32.70 

7.99 

B 8.19 8.17 8.1:J 8.00 7.89 7.92 7.75 8.14 7.99 7.93 8.00 7.75 8.19 8.01 
·-················ ·········- -· -- ·-. -·· ....................... - - - ---- --- - -- - - ·- ..... ······-·········· ····-··· .. 

DO S 11.16 9.98 10.30 9.83 11.85 12.61 12.09 11.51 12.82 10.34 11.61 9.83 12.82 11.28 

. (mg/ t) ...... B . 
COD S 

. lmg/.0 ···-· B .. 
NH..-N S 

lµM} 

NO,·N 

(µM} 

B 

s 
B 

N03-N S 

(µM) B 

DIN 

(µM) 

DIP 

(µM} 

* S: Ji¼, B: 7-lt--. 

s 
B 

s 
B 

10.17 10.38 10.18 9.75 12.00 

0.99 0.72 0.92 0.91 

0.86 0. 77 0.62 
···-·······················---- -

4.37 5.29 1.36 

1.46 

1.50 

4.33 5.13 1.26 1.22 ,......... - -

0.30 0.24 0.30 0.34 

1.19 

1.84 

0.58 

1.66 

1.30 

12.86 

0.98 

0.67 

3.00 

6.32 

0.59 

10.29 

0.80 

0.84 

0.69 

0.50 

0.13 

O:ZI 0.25 0.32 0.38 1.08 0.60 0.11 
---····-··-········· ·········· 

2 00 2.50 2.84 0.74 3.01 1.19 3.22 

1.62 3.22 2.78 0.75 2.61 1.07 

6.66 

6.22 

0.29 

0.40 

8.03 
8.59 

0.46 

0.50 

4.50 2.57 4.89 

4.35 2.35 5.35 
- - -·· ·-·-······-

0.40 0.36 0.68 

0.44 0.47 0.48 

4.78 

7.99 

0.17 

0.28 

3.81 

4.04 

4.42 

0.29 

0.35 

11.40 

0.97 

12.16 10.54 11.89 
-- -- -

1.33 LOS 1.36 

9.75 12.86 
. ··-················· 

0.72 1.36 

11.06 

1.02 

1.19 1.37 1.12 1.26 0.62 1.84 1.09 
. . . . ····-··········· ........ - -- - -

0.56 0.64 1.14 0.54 0.54 5.29 1.79 

0.61 0.72 0.75 0.93 0.50 6.32 2.13 

0.77 0.45 0.21 0.68 0.13 1.30 0.48 

0.64 0.31 0.29 1.25 0.1 l 1.25 0.50 

2.79 2.02 5.29 7.36 0.74 7.36 2.99 

2.89 2.76 5.32 7.11 0.75 7.11 3.08 

4.12 

4.13 

0.42 

0.52 

3.10 

3.79 

6.64 8.57 2.57 8.57 5.26 

6.36 9.29 2.35 9.29 5.71 
- - - - .. -···············-·······················-····-· ·················-·-·- - ... 

0.25 0.21 0.52 0.17 0.68 0.37 

0.32 0.31 0.73 0.28 0.73 0.43 



= ~ 
~ 

1t 4-2. ~I~ 

Mon. 
Parame

ters 
Layer 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Min. Max. Avg. 

Aug. Temp. 

('Cl 

s 
B 

s 
B 

26.58 28.94 25.64 

25.52 28.97 25.23 

28.35 

26.80 

33.23 

33.68 

24.76 30.65 27.45 28.79 26.65 27.70 25.80 24.76 30.65 

29.20 

33.23 

33.68 

27.39 

26.83 24.51 29.20 27.44 28.12 26.60 27.00 25.75 24.51 
~ ·-····- -····-· - --·······-. - -- -·········· - - . ·-···········- -- - - -············-· - -

Sal 31.68 28.59 31.23 31.85 32.26 33.17 31.91 31.45 30.62 32.67 

32.02 30.54 31.22 31.84 32.06 33.04 32.03 31.52 31.33 32.71 

pH S 8.06 8.14 8.17 8.28 810 8.20 8.13 8.12 8.00 8.04 8.03 

7.96 

5.91 

5.76 

1.14 

1.18 

2.43 

B 8.05 8.13 8.25 8.27 8.09 8.13 8.13 8.12 8.03 8.07 
- - -········ ··~-·····-·---··-·-- --···-···- -·····--- - ·-·······-- - -

DO S 6.62 6.52 6.34 6.95 6.57 6.96 

6.28 

0.84 

6.60 6.71 6.40 6.19 

(mg/tl ....... B ....... 6.79 _.6.57··- 6.W __ 6.89_._6.08 6.24 6.45 5.08 6.18 
-- -·-·······- - ·-··-··-······•'""" -- ... 

COD s 0.86 0.63 2.19 

(mg/ t) ...... B 0.63 __ l:ll() __ 1.,91 
NH,·N S 2.24 1.85 0.74 

(µMl B 3.70 1.91 0.79 

N02-N S 1.79 0.17 0.52 

( µ Ml B 1.32 0.24 0.30 
·- --·--··- - --··-······-· - -·-······ -
NO,·N S 5.68 0.24 1.86 

( µ M) B 4.57 0.47 1.20 - - ........... -•-- ·-·········-· -- ········-········ - - -········· 
DIN S 9.71 2.26 3.12 

<.~_Ml 
DIP 

(µMl 

* S: 1!.¾, B: ~¾. 

B 
s 
B 

9.59 2.62 2.29 

0.63 0.38 0.16 

0.72 0.19 0.15 

1.12 

1.42 

0.52 

0.77 

1.02 

0.37 

1.87 

1.04 

3.41 

2.18 

0.46 

0.38 

0.82 

1.66 

0.56 

0.60 

1.61 0.98 1.37 1.78 

1.26 1.75 1.02 1.75 1.59 
---··-··········· -- ··········· --·· ·····- .... 

4.10 3.39 0.73 0.72 3.50 

5.29 2.51 0.76 1.17 3.18 0.46 
····-·········· --- ·········--·- --····-······-·- --- ... -

1.19 0.64 1.41 0.55 0.80 0.71 0.96 

0.10 0.75 1.50 0.68 0.76 0.11 1.32 
- ····-·-·- -- --····-·-- - -··········- - -·-···-·-··· --

1.47 1.81 6.36 2.20 10.89 4.18 2.21 

1.58 

3.22 

3.18 

0.24 

0.28 

2.29 

6.55 

8.33 

0.25 

0.17 

6.18 

11.16 

10.19 

0.52 

0.53 

2.13 

3.48 

3.57 

1.30 

0.96 

7.58 

12.4 

9.51 

0.74 

0.86 

0.39 

8.39 

3.68 

0 13 

0.15 

4.43 

5.61 

6.21 

0.53 

0.68 

28.59 

30.54 

31.69 

32.00 

8.00 8.28 8.11 

7.96 8.27 8.11 

5.91 6.96 6.52 

5.08 6.89 6.22 

0.63 2.19 1.21 

0.63 1.91 1.45 

0.52 4.10 1.89 

0.46 5.29 1.92 

0.17 1.79 0.89 

0.11 1.50 0.76 
··············-·····-·- -- ----. 
0.24 10.89 3.52 

0.39 7.58 2.90 

2.26 12.4 6.30 

2.18 10.19 5.57 . .. . . ·-- -

0.13 1.30 0.48 

0.15 0.96 0.46 
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:J.ia 4-6. tt¥:1'2.! ft· Ah~-9-21 g~~:1:21 ~'.:!~~ (~~~ O\%~E .i}Ai\t:\). 
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:J.,!I 4-7. tll!li!! .H. • "i§4'21 COD21 7.J\:'!\!l~ (l"it!~ Ol\,il!i;!! ?>lit!). 



- ---- -- -·----

10.0 10.0 

8.0 Feb. Surtace 
8.0 • Feb. Bottom • • 

~ 6.0 > • ~ • 6.0 ... - .. • - ' • , 
z • . ~ ... ~ .... -... -. , • • 4.0 - z 4.0 . , . • , . 

• 0 • 0 
2.0 • • 2.0 

0.0 ' ' . 
0.0 ' ' ' ' ' ' ' ' 

89 90 91 92 93 94 95 96 97 98 99 89 90 91 92 93 94 95 96 97 98 99 
Year Year 

' w 10.0 10.0 ~ 00 • -' . . ·• ... 8.0 Aug. Surface 8.0 Aug. Bottom • - - . - - , - ---······ 
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"" f 
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2.0 • • • · .... , 
2.0 

0.0 ' 0.0 ' _____l ... ' ' ~ 
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Year Year 

:J.o,I 4-8. ~'Ml!! H. · '-i§'i'"l DINQj '<J\'\~j~ {l§l{'J ::'. O\@'Mic 'i'-"l\{'J). 



0.8 0.8 
• Feb. Surtace I Feb. Bottom 

_ 0.6 _ 0.6 
~ i 04 t • • • ····•·--•- .... - 0.4 ... -. .. . - .. • .... - .. . 
Q. • • -. • • • • 0 

0.2 • o 0.2 • • 
0.0 o.o I ' ' ' 

89 90 91 92 93 94 95 96 97 98 99 89 90 91 92 93 94 95 96 97 98 99 
Year Year 

' w 0.8 0.8 00 
~ • . 
' Aug. Surtace 

_ 0.6 ~ Aug. Bottom . . 
_ 0.6 , 
~ • ~ • • - 0.4 • ~ 04 ~ • Q. . . .. - .. . . ..... 
0 

0.2 • • o 0.2 ·- .. 
• • • • • • 

0.0 0.0 ' ' ' ' ' ' ' 
89 90 91 92 93 94 95 96 97 98 99 89 90 91 92 93 94 95 96 97 98 99 

Year Year 

.:J.~ 4-9 ~~'2! .H. · Ai§92.J DIP2j ~\::lit!~ (~t!~ DI~~;? ~A{lt!). 



40 0 40 0 
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• • Q_ Q_ 

0 ! 20 0 f 2 20 0 • 
• . .. -- . . • - ... 

0 .- ... . . 
' '•• • .•... 

10.0 • 10.0 ' ... -~-. • • • • • • 
0.0 0.0 ' ' ' ~~ 

89 90 91 92 93 94 95 96 97 98 99 89 90 91 92 93 94 95 96 97 98 99 
Year Year 

' w 40.0 40 0 00 
w 
' Aug. Surface Aug. Bottom 

30.0 o._ 30. 0 . 
Q_ • . -. • 
0 • 0 ' 
2 20.0 • z 20.0 • 

' ' •: 
0 •• 0 • • . . . .. ... 

10.0 10.0 
- . - .. 

• • • • • 0.0 0.0 ' ' 

89 90 91 92 93 94 95 96 97 98 99 89 90 91 92 93 94 95 96 97 98 99 
Year Year 

.:J~ 4-10 ~~'2.! 11 · Ai.§92.J DIN/DIP t:119.1 ~H;:!~£.j, (-e:J-t:!~ OI*~~ ~AiltJ). 

--··------------



(2) ~et!-:1: 

"1i"r¾~ss %"11"1 ~ -ti-~-"1 °J.g. ~-lss cJl7l¾-"1 -ti-~1"-'ll-<>ll -"1"1 .!11"1~<11 

oj '.)! <'. 'il"r-"1 -& £-"1- ~ "1%',/-"1 'if£ <>JI !Ij-i!J->i 'iJ ~¾ 'l)-~t:j-. "1 "r¾ -§-¥,{!~ 

~ ¾71%-"1 1"-•H'-1- %¾-"1 ..:.a:, <-!¾;;''lf.3.~oJI -"1~ 'll-~•a %<>11 -"1"t"1 ¾7,l-B 
t:j-, ~~~ cJl4'-{1-9j >~%oj ~0}7t~<Jj 'l)ojA7 ~ojA7~ <1!"1 -\!!"r 'l)~ojt:j-. 1Ij

e}A7 %i"e{!±'iJ'9I -¥-"'~ •~¾"ii 'l)ojAi "1cJ-'1± '1"1Jl'i! 0]uj {)~ 7,l-9- %i"e-tl

± .\'"'Oil 91~ '&%>1JA}7f '!f"~"f71£ "t~<11 -9-"1'-1-el-<>ll•i 01"1~ ~-'.J-01 7H/
{l~ :Jc-oj ~"H'l! (o] %, !993)o]cj-. •J 0J"r',/.ll.'l!¾ ~Sil Rambow.2]- Sylvester 

(1967)~ ~J!..l'..il:J-£~ 95%, 7]j? 'lf£1'° 85%0]9 -9-"1 l-j-i!j-oJIA7~ a!l")"r',/7]j? 

Oil 5 mg/ e 01,J¾ *"l"l£"f 'il11"t5acJ-. 
W'\l'i!91 ll'd{]- i>t,j:ilj- 2~.g. R¾<>l]A1 9.83-12.82 mg/ e ('\lit 11.28 mg/ 

e), "i¾oJl•i 9.75~12.86 mg/! ('!lit 11.06 mg/ !)ss \ll%i;f5(/..iI, R · •i¾:z!c<'. 

ej ~"tsact. s~.g. R¾oJl>i 5.91 ~6.96 mg/ e ('\lit 6.52 mg/ l), '1¾<>11Ai 5.08~ 

6.89 mg/! ('!lit 6.22 mg/ 1)!a. \ll%"t5a..iI, R¾ 01 "1¾.ll.cj- ",{} ';,;-& 'if£:. 

*"i"tsact. 4llloJl'r. 11\'!,tl lll4i' 'il"l"r',/ Il%'fr71¾ 5 mg/ e OJ-'1/--"1 °J..:~ -'1/-

111 :. * "1 "I sa cJ. 
~ 'll 'l} 91 11 \'! :z!c % i"'{! ~ 91 \ll % <'. ::i '<l 4-6 Oil "i .I'. 0 I ~ et 91- 1£ 0 I 2-%1-& R · 

•1 ¾ _,,, 'i' cJI ,\J "I s,_;a. ~ 7t.;-f~ 7,J •J'i! >fr\'! <>JI 8~ .g. .ll · "1 ¾ £'\'- "1':z!c"'i \;tot 

"l~ 7,l•JoJoj, >1',;'oj .ll¾.1'.cJ ::i 11.£~ ~cj-. 1999\'! ~,I~ !O'd'l! .l'.cj "1' I 

mg/ r i:)5:. 13to}~ ~S::~ ~iJ-_i!}. 5::1:1]oj] ~'frt@o] ~~t:'fl %~{!-5::7} B-5:.~c:}

"=' :::;t t ~5:: S::.2.~~, ~ .fl-7]~~ oJo] ~7}-·8}J1 ~"=' 3!% ~¾i5}-~tj-. o]ci~ 

3)-& 1983';'!1,'-Ej 1987';'!'1f;<j91 ~'\J'l} '"'A} ,;l_,j- (-'i;'>J"r-ti-~.f'l), 1988)-"1- Sji,l~ 

n11 c,* 'i)~;;f;,11 l-]-E}'dcj-. 

COD~ :o\'r"i9_;a. 7J~.il:J-,iloJI 91"1 ¾7l% 01 ,tl-:o\'o! n11 ~el"]~ -ti-±"cl'¾ i.+ 

E}';ll 3!~!a.•i 0 1 ~:o\,!l<>!l 91"1 11-'ll'll 'i'- 'll~ f\-71%91 ~'ll'½ i.+E1-cJI~ "1.£ 

;a. oJ-§-£1:;:, 'llcf. 'a •I ,ff 0J~7;Joll>i COD~ "1"191 'IJ 0J11.£~ :fr1Pl~ss i.+E1-
cJI~ ¾Jl~ "r',/"ll!.91 ;;t4;a_A7 1 mg/! oJ;;t'l! 7;j-',- '1!°a 0J"1"l (oligotrophic 

zone), 1 -3 mg/ t 0 1'c\ .\'"a 0J"1"1 (eutrophic zone) 3-10 mg/! o]'l'\ "1-'ll 0J•~"1 

(hypereutrophic zone), ::i e1 Jl 10 mg/ ! oj AJoj \'l 1i'-n11 'll "1 (dystorphic zone)~ 

.£. ~ 7}-'o,,,di 1}-Al:i!. ~c:}-J1. T~ <5}.:il ~q- (t4m, 1973). 
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~'ll"1-"1 11\:!i'l- ~-'f,lll]- 2-%/,& R%<>il"i 0.72-1.36 mg/ e ('llrr 1.02 mg/ 

e), >i½OiJ<i 0.62-1.84 mg/ e ('ll-rr 1.09 mg/ R)!a. '1!%"}~.:;:, 11\:!<} 'llrr.°. R 

· "I¾ Si;'.:"}~t:}. 8-%/,& R½"i]<i 0.63-2.19 mg/ l ('llrr 1.21 mg/ R), c<j½OiJ 

Ai D.63-1.91 mg/ e ('llrr 1.45 mg/ l) " '1!%"}~.:;:, 8-%/oJ 2-%/.!i!.t:f "f<l la:.°. 

*~~ -fr;i;]<5}.i!. 9)~4 111;:1.n "t~~"'r~ Il%1J"7ltr 2 mg/ e % 3':..i!l-t.}t' 7a-'i1-~ 
B "')i'il (1991\:! 8~ R½)<>il -l,-l1]-i5}aj 0J~~ ,)1-EJI;'; -il-''i"}~t:}. 

~'!1'11-"1 11\:!U COD '1!%.°. c:Ii/l 4-7"1l"i _i;!oJic s} {}oj R½.& 2~3!} 8-%/ 

5'.'a' rJl>ll"i-"--" ¾7f"}c 7el~'1! '/!-'?l<>II "I½.°. uj~ -l'l-il-~"i '1!%¾ "}"- '.Ut:f. 

ll%oJI <J)_o:JA~ COD~ ?:]4;-~<?.} ~7} 1W-& ~oj]Ai ~it~ S~Q.] ¾~{!-:± "1'f.£ 

Q.] ~.±1~J3!} ~ 1t!-~8"}.JI 9)tj-, 

(4) §-e-9-' l~c:l: 

'li ~ ~ ± ::: ") % " ',J-3 ,S <>ii ±SI -"J oj 'i! "'J ~ "] 'iJ Aj OiJ O j %-"I t>j 'll '1!-"11 "I Oil J-j ic 

3¾-ft-9.J ~.± 'F J 0Jol 7}~ f€tj-. ~£.i..]o}~±i:" ~~~±o]] tl]"5'}~ °<:f~..2...£. 

';::_ ~i.Q..4 :1 O,}o\ ~7}ii\-~ JJ\j* % 4'-J.~%%$J A]~o{J ~ft~<>}%~ '8}i:° :;l.Q...£ 

'i!"1 <j '.Uc}. 'l]-5'.Ljo}~±::: 'iJ"lo!JAi ~~"<1'1]"1o}Oij "1"11 ~~"ll.C::!a. "ll~~-"I 

oJ '1!:& "t:f · 0
}~ ~~±c "<1'11 "1 o}Oij "1 "11 "J ~-"I ;,J cj-, ~ ~"ll±"] Ell 0J-'!H:1 Oil 

9-1~ ~~, ::J.. 2' 7J4-2-\- ~AJ-.Q..£..1,l-£:i ifi:r~i::- ?,l.Q...£. A~~~q. 0}~{1-~!,::_.Q.] 
0J,& •l '?-¾ <>li"i 'l} 5'. y o }"ll ± 91 "ll ~ §1.:i!}'ll, ss::: "I "1 ~~ '4'll ¾ '-1-El-t.JI '= :s) R 

7} "f!tj-. ~ ~"'r"FoJJAi o}~{!-~±~ "J{!-3!} $:tl]t' iifi;JJcqo} ~ ~ .g-.3.,egJ oJ 
%~ ~~-t}c.'l:j ,,;~~..q.-9-1 ..a~o\ ~.g. A,3¾o\tj-. ~±~<t}-~t ~~~~ ~~.Q.._£_ 

-? e £j ::: 7,j ~ 'r_ '.l/.:i!., qj 71 9j 7,j ~ '1) 2-'iJ "I o!j J-j >J ~'fl "1J 6<f-'li % 9j <}~ :i!t •j llJI 

-ll- %91 'l'l:!,c, ~"J"il"i -?'a' %0 1 '.U-"--4 'l/-'/-i= 'iJxjOij -"l"l'<!-?' <~ire] "'}% 

2...£. ~ts~¥J. ~ %~1).!,::.£. £jt' 784"-1\- ~tj-. ~Q;\o{\Ait' %7\%0] %i}~ol\ U}i'-} 

-.'-'ii, %½, oj-§-~ 'a-~ %-'lls?~o) 'l)ojcj-4 ojej~ %"lloJ :i!}t:}~ ;;j~ .!/-':loJ 

§} 7} ~ ,g £1 oJ "ii 0J"J Ell '11 Oil 4\ll' ':l ~¾ 0 1 ~1 >ii '<! t:}. ~"1 '-l-"1-0il "i" 'ii "1 ?"ll II 

%it.2...£ '?J~34 °}~7r;t1£. ~a:~ ~A~ -8-l-~ s:.~~ 7.14 µM 0 1~t£- "TI"7s~t.:iL 

<Jt:l-

W'll\'1"1 11\'!:u Sc,1,i'i'\ 2-%/ t Jl.¾"il"i 2.s7-8.S7 µM ('llrr s.26 µM), "1 

~"11-'i 2.35~9.29 µM ('llrr 5.71 µM).£ '1!%,,}'.l/.:i!., 11\:!TI.9.\ 'llir.& R · >1¾ 

s] ;'.:i;}'.l/t:f. 8-%/,& .ll¾o!JJ-j 2.26-12.4 µM ('lirr6.30 µM), "i¾oJJAj 2.18-10.19 

µM ('lli! 5.57 µM).£ '1!%;;}<>j -%1'\!!, ¾'\!! •I~~ -.'-3'.~<=t- rJl>ll"i-"--.£ "il"i'r' 
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~ II%iJ"7]~ (7.14µM) '@+.<lJ 'll'.:o:~ -')}-Ell;; -Jl->:)%)-'llcf. 

~l\l'/!.<lJ 11\:'l:(} "a°7]\'l%.g. .:::t,J 4-8oJl>j ,l;l_O),= "}ej, {fO) f,l'l!, ¾'!! £-'/

'l/~~ 7a•Jt }!-% "r \ll2.'-l- 1990'dcil "''l!oiJ "1"11 1990';-lcil +'l!.g. Cl-± ¾71-

-a-hrc Vic- 7a•J'll-& 1"-'ll&"i, 0 Jel~ ~%-& 1983';-l.!/-El 1987';-lll}"l"l ¾>H!:i!f 

('s-,l"r\}'c!c;,~, 1988)9} "i:iil~ uj ,:,-~- 'll~%J-'.l)cf, 

(s) ge'?-71£1 

o\l"r'¾oJI -i',,\\%)-1= "1 ~~%,': 9.£. %-i',-'i'-7] 0J 'i!Eli.£. 61%~sJ-3.1",ej ¾61"11 

i'}oj-a-1-,r VE-1+ .:::t .<lJ<>II 7f%'J.<lJ %71% 3lcic- -ll!-%'11.<lJ 'lJA.£.•1£ -i',>l~cf. '11 

~if%~ :g-if ~ %~"i!:"'1-.Et1,g. ~oJlAi ~iM!- %'e~7l~5::~ ~E..11i, 't.! Q:jA] 

q.ai yaf<>1i•Hs "11"'17"~ 11%icr 2..£. 'll-l'c:i!f 0 }~7f .c<].£. "l¾.<lJ 'If 'H -.}~ ¾<:\ "1 
0.48 µ M 0 ]-a-f.£. -rr'l!-a-]il:: Vcf. 

Wl\l'<l:.<lJ 11\:'l:(} ¾A]-:;j:i!f 2~.g. .l!.¾<>11-'i 0.17~0.68 µM ("air 0.37 µM), "' 

¾Oil>j 0.28~0.73 µM (l\lir 0.43 µM).£. \!!%.S-}'l!u:, 11\1:(} l\lir.': >J¾o] .l!. 

¾ .!i!.r:J- e,n "'.g. '8'.s::.'l!cf. s~ei %e-'/-71'1J '8'.s::.:e .l!.¾"11•, 0.13-1.30 µM 

(-'llir 0.48 µM), >l¾oJl>j 0.15-0.96 µM ("ail: 0.46 µM).£. l'l%•1"1 ~'!!, ¾'!! 

"i5c~ lE--'E'llcf- '1!'11'3j2..£. "11"1">"~ 11%i"l-7]~ (0.48 µM) '@+.<lJ 0J.:o:~ '\l"Ell 

~ *"I •I'll cf. 
W'\l'<l:.<lJ 11\:'l:(} "J-7)\!!%-i'c .:::t,l 4-90i]J.j .!i!_o)i"' "l-9}{)-o] ~'!!, ¾\!! £-'/- 1ja 

,H:!: 7a•J.g. lo- "r \rt2.t.J-, 2~.g. \'!\!! 1'!%~oJ ,i-.g. 'l!-'1!"11 s~.g. '1!\!! 'IJ%~oJ 

3. "I, 'i/71 "l 91 I'!~ 'ii •J.g. ~ 0 1 lo- 7" \rt '.ll cf. 

(6) DIN/DIP e I 

DIN/DIP"i'e 'r ~'il.<lJ ';'8~ '!I~-.] -.}7] ~~ 'l].c<f.<lJ %)-t.j-5!. 0 )%% "r-7} 

'.l)cf. ";, DIN/DIP"]7f Redfield"] 16 (Redfield et al., 1963).!i!.cf '1<2.'1! 61%½"6 

3.-l-' ~ "IO!I V0Pi '11.!i!.cf ~±71 ¾-¥--.fol, "12.5!. 16.!i!.cf ,t2.'1l c:-1±.!i!.cf 'c1°1 
¾.!/-~ :'.i!E-5!. "il-i't ~ 7" '.ll cf. 'll 'l!"l 2..£. 'ir">".<lJ 'ii q. 'cl Oil "i -.foj c:-1± 7f ¾'l

<St°1, 2\ 8:~2-\ 7a-'f- Qi\~~ 0Jcl %1f-~ 7a4-7t i'G9- (Stockner, 1988 ; Graneli et 
al, 1990) . .:icit+, 't!~ i.~Qcj,C: ~oil~ 2~~91 ~ 0J'5li4-91- ~Al.£..-¥-Ei ~~ ~ 

,C~-.f'r~ 3'.W~ 'a""r.<lJ %'ll2.5!. DIN/DlP"]7f >:]"J 'E'e A]7]0i] u:j-a]- 3.~I I'! 

%-.f 'e '11 "I oj cf (Fisher et al., 1992 ; Lee et al., 1996). u:j-a]-J.i 'll 'l!"l 2.,e. '1! <tl•l 

S!joJIJ.j 'il-"r-"1 <>J•J½ \ll-O] \'1-.£.'1! .::1 "171 ¾7folic- 7a•J0] Vcf. 
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2~.e] DIN/DJPe]::: .lf.¾"ilJ.i 7.2~31.7 ('!lit 16.4), "i¾oJIJ.i 5.1~28.5 ('!lit 

14.0).s'. I'!% %}'.lj :il, 11 ';:1 {!-"] 'll ir-€c .lf. ¾"1- "I ¾ 0 1 e] '.,c '"l'.ll cJ- (::I i/J 4-10). 8%/-"1 

DJN/DJPel::: .lf.¾"il"i 2.7~65.1 ("i!ir 18.7), "i¾"i]J.i 3.7~49.0 ("i!it 16.2).s'. I'! 

%tf"l .lf. · >i¾ .2.,;c 2~_J;l_r:J-,:- cJ-± i't,", il):g '-1-E\'-ll'l/cJ-. ~7l\'!%-€c 11l>il"l2-

.£. ~7}5}~ 75t;Jo]~.Q..o:j, ~i5] 7J-4'-i!Jo] 1i2 S~oJl .R¾oJlA1 3.Jl] ¾7}t>};:: ~ 

tsJ:% &S,t:}. ~*~"s-3.~ ¾-6lo!l V. 0 V•i DIN/DIP1:!lC 2~ JE, A1¾ ~ 8~ Al¾ 
oJ]Ai~ ~5:: <?_lo] irl~ 0]1-.Jl V.s!:tr+. 8-'?;l .H..¾oJPH=· ~.!i!.9- {J±7} %¥ti}~ 
.9_'9, ::I 1J.'t_::: A]{fej 'Oi,-oJ] a:j-ej- ¾7f'O}::: ;;it'2-.s'. _J;l_'.ljcj-, ;', A]{fo] ,;i.il}~ 

'i!f %J.loJI ~±-"1 -ll-½ (±"IJ.!i!.c) -ll-'lJ',t 0 ] 's7f-i;f'.lj.9_uj, 0 17,!-& ~l\l'l!-"1 'r'~'li 

~';·~c] ;i;• ~}-'f! ~<?_lA] o}L-J1B ~A]~ljl-E1 ~5::.'2.j ft-~2Jo] ¾7}~ 3;)~;(:]C ~ 

PJcSl-71 'B§Q..q. T~"'J-Ell1l- '4~£1.i!. ;Ug 2 ~~i5}~9--

J!.¾ -"1"1%'-ll TIL, COD, TOC, TON ',! AVS"] 'll'Jl\!! ";'ljil):g .lf. 4-3"1- :::t 

i/J 4-11 <>ii '-1-EJ '-11 'll c). 

TIL.'2.j ~x:::: 1.0-6.2% (ilair 3.4±1.3%)~ tH01i~ 0 l ~~42 912 18"~ 11 
11 ~ ',! ef'l!* 11 'll ~ "ii J.j AJqj aj 2-.s'. ',[ ,"_ .Jc g _J;l_ '.ll cj-. COD-"] 'a' .S:? 2.3 -

12.8 mg/g · dry ('air 7.6±3.3 mg/g · dry).s'. "I'll\!! *1°]7} c/± .3."]'11 't'.'t.,:

',l'l!c) 0 ]~ ,;'- "a1"--"1 't'.S:,:- 2~ 7}"f'll:-"1 .lf.¾-"1"1%1.JI >;lit't''i'. (TIL: 7.4%, 

con: 25.1 mg/g·dry).>lr:J- ~"i'l >;t.g, 'r'icoJ'llcJ- ("i %, 1998). 

TOC9} TONgl 'ifX;:: ND-0.76% (:ilJif 0.35±.0.16%) ~ ND~0.85% (~ir 

0.20<0.2!%).s'. COD 't'.'t.7} e].iilaj i't::'. 111JoJ]J.j •Jcij"J2-.s'. E'l!c/. C/N -'f-!;,:f 

e] ;: 0.5-22.8 (5.4±6.4)-"l 'il~.s'. 'll 11 52} 11 'll 14~ ;<1]21'0}\'! 8.2 o].S}.s'. 'le!'l!

'i'!~\-"1"1%¾"1 'l);,:fe]eJ- e]'.,c;;H\"1-. AVS21 1,-.'t.c ND-0.38 mg/g · dry ("ail' 

0.051:0.09 mg/g · dry)21 'il~.s'. e<]'Jl\!! *f 0 ]7f tj-± 3::<]'llc 'll'll 10"1- 12"i]J.j c.f 

± " -& ilk g !l O I ? 7,l g ,i] 21 -i;f 'i'! 2 ~ 21 7 I "l-'llc .lf. ¾ -"I aJ % '-II 'll ir 't' s: '11 o .33 

mg/g · dry {"i 's, 1998) _lltj- ~:,j-o] ',l'l]:tj-. g:_~ zt >;j11,-e] '\liJ-'o-Sc~ o] :!1_,aj 

7.,1_3'} (Kang et al., 1993)9} e].ii!<l _l;l_'(!, TIL, COD TOC,,. e]~~ yj;'o]'l/2-1-} 
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R 4-3. ~~\cf R§ sl"i~"i COD, TIL, TOC, TON, AVS :<i~',l '5£ 

COD TIL TOC TON AVS 
St. No. 

( % ) ( mg/g ) ( mg/g ) (%) (%) 

8.58 4.3 0.3 0.16 0.031 

2 5.58 1.0 0.35 ND 0.012 

3 4.22 1.7 0.45 0.13 0,016 

4 5.43 2.2 0.47 0.12 0.014 

5 12.84 4.7 0.47 O.oJ 0.026 

6 7.34 4.1 0.20 ND 0.007 

7 4.96 2.9 0.23 ND 0.006 

8 3.87 2.0 0.39 0.85 0.059 

9 6.66 3.0 0.13 0.16 0.009 

10 12.26 5.2 0.56 0.08 0.379 

11 12.51 3.9 0.76 0.38 0.006 

12 10.50 6.2 0.49 0.27 0.205 

13 7.10 3.5 0.15 0.12 0.005 

14 8.14 4.2 0.39 0.02 0.144 

15 12.74 4.5 0.34 0.45 0.000 

16 9.39 4.1 0.28 0.04 O.Ol7 

17 2.92 2.0 0.24 0.12 0.000 

18 9.54 4.6 0.41 0.12 0.000 

19 4.60 2.0 0.34 0.10 0.000 

20 8.82 3.4 0,14 ND 0.000 

21 2.30 2.4 ND ND 0.000 

Min. 2.92 1.0 ND ND 0.000 

Max. 12.84 6.2 0.76 0.85 0.379 

Avg. 7.90 3.5 0.35 0.20 0.047 

~D: ~~~71] o] O} 
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(2) ~71~£1 ?'1Sill''6 

47H "1 ·?AJ1'j "1 %'11 -1\- 7] % 91 :,/ 0] \ll '5-.5' ;a :!!. 4--4"1] t.}E]-'1] ~ ct. TILej 'll 11 

\ll ';f.5'-'jj'/1e "§1! So\l>i 1.7-3.6% (l\l-i! 2.6±0.6%).ss 7}".; ',t'.l);.".t>\, 781:i l0o\l 

).• 4.Q-6.4% (~if 5.l±Q.6%).£. 7}AJ E"~c}. ~OJ~~;: 1~ 8.9.j ?J--'f-- AJJi!-¾oj 

20cm sf-'/-¾ _lil_ct ';.(,° ';f.5'~ _lil_'?J 11!-'1!, t.}njo<] 'll'll~o\l"ie '() 01\ll >}0]1} ~ 

711+ >J-'/-% 0 1 ct'"'- ',i'.l);ct. TOCej ii.5'-'Jl'1-]~ '§1:1 So\l>i 0.01-0.12% (l\l-rr 0.06 

±0.03°,).ss 7}".; ',t'll;.".Pj, 'll1l lO"il>ie 0.22-0.61% ('ll-rr 0.42±0.13%).ss 1f'l} 

l,-'ll;ct ::Ie1'--t TONej *.5''1!.$1{: :c<]1:1'1! *fo]7f TOC _lil_ct ~'l}.Q.t>j, 'll1:i 8"1]>1 

ND~0.85% ("lei! 0.24~0.28%)£ 7}"J- 'ei;'l}Jl 'll1:i 10o\l"i 0.0l~0.30% ('llir 0.11 

±0.11'.1)£. 1f'l} ',t'll;ct. ':£~ TOC!lt TON 'li.5'-.QJ l'./O]',! *fo]~ 'f;;)i,f,c] \'J-'l} 

cj-. AVS W-'lf,° TIL,f TOC.Q] ii.5'-7} 7f'l} ',;/,,° 'll1:i 8"1]>1::: 'ct¾"il"J 'il½"i"i 

?J-9.J:.Q_o:j, 1:l~ 5~ ~-9- 4 cm 'g-¥,tOllAl 0.026-0.027 mg/g·dry£. Cl-± ~9.k~ 

Y- Cl Bf-'/-¾ "ii "i e {l ½"1 "1 \'J-'l}tl. 'll {l 21 "il"i .SC 2 ~ 10 cm >f o] .Q] ¾o\l >i 'c!-
0.001 -0.002 mg/g · dry.Q] iii:% _lil_5:l.Q.l'j, y-nj,c] ;;'"i]>i~ {l½,a],q \'J-'ll;ct. Cle] 

Y- -1\-71% ii.5'7f 7}'l} 'ei;,° 1111 10.Q] "il-'1- :!!.¾o\l>i 6 cm "r 0 1.QJ ¾"il>i~ 

0.295-0.953 mg/g·dry~ ~:t:• '5"] ~t ~~ ~$12-4 '8"}-!=1-¾2-.£ ~'T~ '"Ef~i!i] 

1.f'"'-i;}oj 12 cm -.P/·%"il"H: {l½"10<l \'J-'ll;ct. o]'i}.Q] 'sl:i't-1< 'i"o;l'I! ('lf:i't {l, 

1994)-"f "]iiU>l _lil_\'1, TIL:i'} TOC.Q] %"&-I'- 'i"',1'1! _lil_ct ct.± ';!'l}.".t.}, TON.Q] W 

~<tf £]~~~ ¾i?-~~±9] %'11 7]5cl* ~ 7}::z]s_ c.Jl~~tj-. o] ~E·l]TB, r:R~¾ 

:&~%:ii ~14- 7J4 rlJ7] ~ §15\l -ft-~s.J'C c.Jl~¾~ 1]5cl.i!} <?]{!-9-1 -Wtr ~ {!-~ 

~%~) ~3~ A]>-j~ ¾~~ ~~~7} ~'t}..!?_.£ %~~~ _2_.~715cio] ,Uc}, ¾~4r ~ 

~~~-'/-·~'r%"il"lnJ9.".Ss~4-"-•~si ~~o\l~~';f.sc•~~-'ll 

~o-] ~tj-. -1i:• Y. w~ i;-~01.g.2 ~A4 ~%Ajo] vff-9- 3.7] uj]~oJ) %Jl0Jo{J % 
0JB ~ llll\c' •1n >.11 'lJAoi1 ¼"1-"1<>\ "1'? "1"1%£. 7f~?J-,i1 Bct. 'll-'r"il ¼"1-

~oi ~~~ ¾~~ 01,?:-~.g.. ~7]{}-.Bj AJ · A]~~~ 1t!'¾~ 7-i;j_]J!l ¥le}.~~ 1c" 

7 I <1.QJ ¾ 'er 4c 'a· £ '1! ~ l'= \'.l "1- "1 "1 % '11 "il 7 I "' ~ \t 7 I 7 I ail 11- "ii .2. \'l "I "I 
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.H. 4-4. -?-~ £J~IQ.J TIL, TOC, TON, AVS ~£ 

St. No. 
depth TIL TOC TON AVS 

(cm) (%) { % ) ( % ) ( mg/g.dry ) 

00 - 02 3.6 0.46 0.12 0.026 

02 - 04 34 0.28 ND 0.027 
04 - 06 3.7 0 31 0 14 0000 
06 08 3.7 0.25 0.04 0.000 
08 - JO 34 0.25 0 07 0 000 

5 Ill - 12 3.1 0.23 ND u.ouu 
12 - 14 32 0000 
14 - 16 2.9 0 15 0.13 0000 
16 - 18 3.0 0.000 

18 - 20 3.1 0.09 0.06 0.000 
20 - 22 3 6 0000 

22 24 2.9 0.17 ND 0.000 

00 - 02 2.0 ND 0.85 0.000 
02 04 1.7 0.08 0.28 0.000 
04 - 06 2.4 ND ND 0.000 

06 - 08 2.3 0.05 ND 0.000 

08 - IO 23 0.08 ND 0.000 

8 IO 12 2.4 0.01 0.10 0.000 
12 - 14 2.4 0.000 
14 - 16 25 0.07 0 14 0.000 
16 - 18 3.4 0.000 
18 20 3.4 0.04 ND 0.000 
20 - 22 36 0000 

22 - 24 3.3 0.05 0.06 0.000 

00 - 02 52 049 0.27 0.379 
02 - 04 5.7 0.61 0.08 0 953 
04 - 06 6.4 0.56 0.01 0.295 
06 - 08 5.6 0.56 0.01 0.044 
08 - 10 4.7 0 34 ND 0.004 

10 IO - 12 4.8 0.29 ND 0.003 
12 - 14 4.8 0.000 
14 - 16 5.3 0.47 0.01 0.000 
16 - 18 5.5 0.000 
18 - 20 47 0 46 ND 0.000 
20 - 22 4.8 0.29 0.06 0.000 
22 - 24 4.0 022 0.30 0.000 
00 - 02 2.4 0.36 0.99 0.000 
02 - 04 3.5 0.27 ND 0.001 
04 06 3.2 0.26 ND 0.001 
06 - 08 3.0 0.52 ND 0.002 
08 - IO 37 0.38 0.10 0.002 

21 10 12 3.8 0.38 O.QJ 0.000 
12 14 3.1 0.28 0.14 0.000 
14 - 16 2.8 0.000 
16 18 3.5 0.000 
18 - 20 2.9 0.30 008 0.000 
20 - 22 2.9 0.000 
22 - 24 33 0.38 0.21 0.000 

ND: ll¾~~I o] i"i~ 
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(polluhon history);, 0 i•lt}\e'<~ %Jl.ti- %'45'. A)-%-<!cJ-. 

'1)- "s 'l} 21,1 78 -'ll "1 .l!. ½-"l "1 %'11 % is-~f<l ±"1 * £ ;'; :l!. 4-5"11 t+ E1-'11 '.tl.9.. oj, 

'll-'ll\!! 'li-5''1!.o:]-00VJg ::i'/l 4-12'4 ::i\'I 4-13oJI i..j-E}l.Jl'.tlc}. Fe£!*£:::: 0.7-

4.4% ('llir 2.7%).£ "I'll\!! ~f 0 ]7f c}± 3.ot]'l} ,qejc,J',) '1!.o:]- 0J')},g. '/'iJ!Sf;<] ?," 

'll i:1- .-i '1 '-l- •l 'l' ~ "I o] 'll <>\ i.+ :,,_ 'lJ 1=c 'il--'\'- "l "1 ( '.l -'ll 2.2\- 3):il]- 'll ot)-7)- cfc 'iJ ti- "i 
ej (°ll ~ 17llt !9)oJ]Aj ',!-," -'I,'£;, _l;l_'.lJ.c]-. Mnej -'1,'£1=c 89.2-872.3 mg/kg ('\l-rr 

448.0 mg/kg)-"- Fe.el '1c'f.2t ¾'-f~ ,:J~g .!i!.'.l/c]-. "]c,J%"i]Aj Fe," Mn:ilf :Q 0 ] 

~ll\ · ~4]~!%"11 uJ,J-%/711 '1!%%f1=c ~±5'. 'll:"1>-)Jl 'l]c]-. -;l-~~'()"1]Aj Fe," 4' 

-;J-ll\11 3;,f>'- i"',Js;foJ 'll"f '1!%"aoJ oJ~ "1 'll>-f"il i-'l'<!ct. ::icii.+ ¾71% ~ 

~-"- ~!ofoj ~f<ltl-'il-"->'- '1!~•ll'l 'llel~aj.9...£ ~'l!~~ Fe 27} 0 ],g._c,_-"- \ll%f 

oj % '1J 'ii O I ,1 11 -"- 5'. 'll A\ oJI i- 'l 51 '.tl <j Fe O I ~ 0 I 'll ;,\oJI "\ ',l oj ,j %~4' .£ % 
il-'<!cJ o:}c}Aj "1aJ%-"I Fe.of Mn.el ,'-£:::: -;l-ll\ - ~~ '1!%"1- off~ 'll'll% -\'!;,i] 

7} 'll g 0 ] ojci 'tl'i'"il"1 .!i!.Jl-'fl "' '.Utt. 
Cr ~Al Fe, Mn3l} ~oj {!-~ · ~~ 1:1J%o{\ 0J7Jtl: ~7417} '.U~ ~4:r~~olct. 

::lr]'-l- Cr-."c -;1-~tl-'iloJ]Ai %•J'\Jo] 3.Jl, ~H!~'iloJJA1:::: 'll.sf.of '1!%A,jo] "1 Fe 

jj-} Mn4~ AJ-~!e A]~~~ ~ Aj~ ?!-2 ~q. Cr~ ~~~ Fe, Mn ~£ ?Ji>J=:u} 
cJ~ c, 2 ,11 '-1-E!',J:c\. ~'11"1 '€£ 'il~:::: 20.0-46.9 mg/kg ('\lit 31.9 mg/kg) 

.s'. ~•c'~} 'J~ "J'lJ~ ('lJ-'lJ 1, 2, 3)"i]Aj Sr 20.0 mg/kg*£;, .!i!.'.l/:il, ::J..2.J 1111 

~"11-'i:: 27.0 mg/kg 0 ]')}.9...£ y-E}\);-cj. Cu.2.j -'8-£'il.!/IE 9.9-26.2 mg/kg ('\lit 

17.3 mg/kg) '.l/Jl, 'lJ'lJ JJJ} 111J 3oJ]Aj Z\Z\ "1<11 'l/ "]±sJ:% .!i!.\:lcj-. 

Zn-"! -'Is'£:: 29.7-87.5 mg/kg (l\lrr 62.6 mg/kg).s'. ;,]QJ\!! •f0 ]7f c]-± '!/ct. 

::1 "1 '-1- <11 ~I ~ _c,_ .s'. %\I ',]-{I "I O I 'le! oj '-1-jl '.l.l"' 1111 ~ "11 Aj ')} <11 "l .9...s'. "''°' * £ ;; 

12.51,tj. Cu9} Zn,'.: ~ 0J=~ -'t!J::2} i=','.: oJ.21 "ol-f! ~;zfl~ 7,.J:X. 'llo-l ~oJ=~*~ 

~J::2} i5}7].£ ~tj-. 8ll4-oJP,i o]~ ~5:21 4-~ ~~C- .±E.¾oJlAlC ~~~i!J.3.~ 

21¾~"1121"1-'8-£~~+'>!-:il~•4"1::::-'ls'£~-,g.,1c£~'\l:~Jl'.l}~ 

IIfc}Aj i,j aj %'1J o] ~ .2.j '5- £ ,1c £ ie ,Jl- 7] %.el ,'- !,'_.o} 'lj '!J ti- j'f ;,i] 7} 'l],9_ ;a1 a} <] 

Zl "1 q-, 

Pb"i 'ti£ie 13.6-27.4 mg/kg ('\lrr 21.4 mg/kg).s'. -'lJ11 1J"1]Aj "]±, 11-'lJ17 
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H. 4-5. ru,~~ H.~-'9~~Lfl ~E~ ;¥6:J ~n~ 

Fe Mn Cr Cu Zn Pb Cd 
St. No. 

(%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) 

3.09 388.5 20.0 26.2 80.1 21.5 0.93 

2 1.27 135.7 20.5 17.5 42.5 21.3 1.49 

J 1.22 111.9 20.9 9.9 52.2 22.7 1.16 

4 2.52 145.5 33.4 15.2 45.4 22.3 2.10 

5 4.39 440.1 39.5 20.0 84.4 24.9 4.71 

6 2.18 305.9 30.8 13.8 55.2 23.9 0.92 

7 2.06 253.8 37.2 15.9 56.4 19.6 2.68 

8 2.80 585.9 32.6 17.5 47.2 20.9 2.50 

9 2.37 206.1 28.1 13.8 64.6 24.1 2.98 

10 3.63 872.3 38.4 17,0 82.6 16.7 2.22 

11 2.53 197.4 29.5 18,5 61.2 13.6 2.73 

12 4.32 701.4 28.6 18.7 &7.S 24.6 1.36 

lJ 2.32 621.1 27.1 15.7 66.7 24.5 2.18 

14 3.57 732.5 29.9 21.3 81.7 23.2 2.13 

15 1.75 279.9 32.5 14.4 51.3 19.1 2.55 

16 3.76 717.4 44.6 18.4 79.5 21.1 2.54 

17 1.15 89.2 24.7 17.1 43.8 27.4 I.SO 

18 4.23 771.4 42.4 19.5 86.3 21.8 3.61 

19 0.69 59L7 29,1 14.2 29.7 22.8 2.02 

20 2.42 618.4 46.9 20.9 63.6 16.8 3.61 

21 3.29 642.4 32.4 18.7 53.0 16.5 3.14 

Min. 0.69 89.2 20.1 9.9 29.7 13.6 0.92 

Max. 4.39 872.3 46.9 26.2 87.5 27.4 4.71 

Avg. 2.65 448.0 31.9 17.3 62.6 21.4 2.35 
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oJ}'-i -"!ell i\'.'c.~ _l;l_',/~oj, ,c]ej'!! *f 0 )7f ::iq-,c) .3.>') ~'.lJ:tj-. Cd.sj i\'.'c.1= 0. 

9-4.7 mg/kg (~ rr 2.35 mg/kg).ss 'll'll 50!)-"i -"!ell i\'.'c.;; _i;_5:l~oj, 'il'<!~Pl 0 ) 

~"1'-l-~~~'lll~4~t:1-±~~i\'.'c.:_l;l_'l'/t:1-

W~~ lf..¾~.3i%¾ ¾i?~-¥1.{:~ t;=-.£~ 7c)71~ 1£.¼~~%oJl Bl~ Fe -'?f.£i:

"IC::% 'i°i,'0]4 Mn, Cr, Cu '.l1 Zn%~ 7;j7)'1! _i;_q- i'l."1"1 ~'.ll:t:1- (0) %, 1998). 

~'l:1, ,;--'lJ'l! '.l1 'c!•l'l!<>il-"i 1920\'! oJc,loJI "l"Hl "1"1%¾ il-4/'ll±.sJ i\'.'c. (:<f 

\'l i,/;)9t "IC::% 4'j,So] '.ll tj- (0J %, 1995; 0J:i!f {l, 1994). 

471 -\'AJA].li.¾ 111 5, 8, 21"1]-"il= "1"1-ll- :,/ 0 ) 36 cm 'lf0<), 'll'll 10<>1)-"il= "1 

~% ~cl 28 cm JJ}Al ¾i?J:f -¥1±~ "'r-31~5:.~~~ Jf. 4-6Q} :i'fl 4-14otl t..}E} 

1.\1 '.d ~ oj , 4 'cl so •I 'le :s:. 'll 'l1 '.l1 ~ rr ii' 5c '° .ll. 4-7 "1) '-t Et 1.\1 '.d t:1-. 
~1 sJ % <>1JA1 ¾-"1 'I- sJ .2. 'll-!!-~ 'le .'c. 11: .'1.1= .2. 'll "l-"l 'll _J;l_ = ;t "- '.ll "1 ,g-~ \'l 

'i'"i) '1 "1 sJ % .sJ 4'"1 sJ .2. 'll %~ ii' .'c. 11: .'1..ss-'i'-E1 .2. 'll ~ %% 0 ) 'ii "I"- '.l\ tj-. ::1 

ri'-1- 0 1 \'l'i'"il-"1 -"1-%% •lll. ell-¥-11:~ ~<l-ell "1"1%.ss 'll'll"l'll .ll.¾ .ii!\1°1 

,g- o I '.ll '.d ~ e1 4 •J zJ- '<! t:1-. ttl-4-"i Bi: -ti 4' "I sJ ii' .'c. 11: .'1.1= "i 1l "l 'll .2. 'll 'll _l;l_ 

~ ~l~q} 4- filcl-. '3!,.g. \l'!-,1-oJ]Ai slj~Aj 'iJA}%~ 7]-tlzJ ~1f-O]'tf ~5:.~ Zf Aj 

~~l n0rmalizing t;}C:j ~AJ-~ g ~~ ~ Z>}:il. 9)..2.J-t, o] ~ToJ)),f~= ~3f,u)"E"" ~ 

11 ° I O l '\S "1 "i "i ?l '.U i:J-. ttl-cl •1 \'l 'i' ~ :i!f .ss 'll ~ ~ ¾ il-4i' .2. 'll oil rJl 'ii -ll 'll sf 7 I ::: 

"1e1.!/-cf ~\l!"l'll 7;l•J:i!f ,: ,, ~ -li'll ?f'5"i;felcl 114-<li:J-. 

Fe91 ~il:'l;-:s:.'° 2.2-3.9%:L 'a'll 5"1l•i ,f'l} ';;:2, 7\>J "\'l!~"-1 '§'@ 214 

"i 7}~ ~'.Ui:J. ,1°)'!!.s!.1= ',1 ,1.si ¾% ,<J]2ji;f\'l ell'l)"l~.s!. 's°.'c.\l!:§1-71 C1tj-0<J 

.3.,q ?,l-'.V;i:}. Mn.sJ ~ it's' .'c. '° 343.5 - 737.5 mg/kg"l 'ii .!/1.ss 'll 'll 8<>11-"i 7)-"d- ~ 

Sl, 11'¥ 10"1\>i 7\"J 'st'.ll:i:J- ';ill il'll 52\ 8-"I 7;j.!/- "1"1% ,!0] 5~10 cmoJ]).7 

a!1ell's'S,(11 '@ 5: 940.8 mg/kg, 11'll 8: 712.0 mg/kg): _l;l_',ji:}. Mn~ -;J-gj.~7;JoJI 

Ai 47} o].g.Q...£. ~;,;~i5~J:Ji, ~Aon~ i-3r£J::: ~,,,,;~ :Q-.:il ,Uc} . .:It~l-} %7]¥

-"I 11: •l s!. ~ ~ ~ 7<i o I s.\ '<! 27 \ o 1 ~ ~ s!. \'l ,;\-oi o 1 "11 % si! "1 '° ,: ,g ~ , \ C<\ "1 "l 

¥~ -:g.~y~ ~~c] ~9. tt}i'.}A~ !i]~~~ {!-~-tl-~¾ (redox boundary layer) 

"ii'-1'° Mn 's':S:.7\ :ilell7)- >I'° ¾oJ 'il'J 5.\1=•1I 0 Jcl~ i'l.~J~.s!. 'l)i;foj "J<l 

;•J 0 ]af '>l4Bi:J-. Cr-"! l[Jir's':S:.:C 33.6-47.8 mg/kg-"! 'il.!/1.s!. Fe-"! 11'll'!! \l! 

.o:f 0J 'J :i' f "I ~ -of 5:l q. li O I '!! .s!. 1=- 'll 'll 8-"I 7a .!/- "1 "1 % ,I O I 7 \ ,I "111 "11 tt} 4 'll 

~I ¾7f,;f'° 7il"J~ _i;_5:l~4, 4"1"111'll~"1Vi'° '>l 11-"I ¾% >il.21"1\'l ell~l"l 
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.H. 4-6. ~~~ ~~Al.~41 ~B~ ;':e~ ~~ 

depth Fo Ma c, C" Zn Pb Cd 
St. No. 

(cm) ("/,.) {mw\tg) 

00-02 4.39 440.1 39.5 20.0 84.4 24.9 4.71 

02-04 3.30 426.3 1 I 1.5 17.8 76.I 28.1 4.26 

04-06 3.85 644.1 41.9 14.7 90.5 17.8 4.00 

06-08 3.78 864.4 42.0 13.6 79.8 21.9 3.41 

08-10 3.73 940.8 50.7 l8.l 82.6 16.0 2.60 

' 10-12 3.68 83:5.3 41.0 18.4 80.4 28.6 1.57 

12-14 4.04 505.0 42.1 20.3 9L2 23.1 3.28 

14-16 3.54 482.5 40.4 22.3 74.1 27.4 2.56 

16- 18 3.74 402.4 43.6 18.:5 78.0 20.2 2.12 

18-20 3 96 307.1 37.4 l9.6 78.5 19.6 2.93 

20-22 4.77 335.1 42.9 17.1 80.4 18.3 2.37 

22-24 4.06 286.6 40.4 15.6 76.:5 22.2 2. IO 

00-02 2.77 :580.l 32.2 17.3 46.8 20.7 2.48 

02-04 2.97 688.6 38.6 13.4 55.8 19.8 2.50 

04-06 J.03 712.0 41.6 14.0 5!,,9 19. l 2.07 

06-08 2.96 334.6 36.l 11.7 53.6 20.5 J.98 

08-10 2.69 218.3 46.9 16.7 65.5 23.2 3.13 

' 10-12 3.37 232.9 42.1 18.8 68.8 19.4 2.36 

12-14 3.31 237.5 47.2 17.6 64.3 16.8 2.68 

14-16 3.44 211.1 41.8 16.8 180-1 17.5 3.30 
16-18 3 40 222.4 46.2 20.1 69,5 11.2 3.36 

18-20 3.78 219.5 49.3 19.5 69.0 15.3 2.84 

20-22 3.92 232.2 49.2 20.0 72.l 15.2 4.88 

22-24 5.25 232.6 56.3 18.7 67.9 23.7 3.81 

00-02 3.61 868.9 38.3 16.9 82.3 16.7 2.21 

02-04 3.72 767.7 41.l 22.8 87.9 21.8 3.46 

04-06 4.03 801.2 42.6 18.3 103.2 19.5 2.18 

06-08 3.60 788.8 41.2 20.3 86.3 21.7 1.34 

08-10 3.08 850.3 45.9 18.4 75.5 12.1 2.60 

JO 10-12 2.99 830.7 42.3 25.9 68.9 17.3 1.38 

12-14 2.54 709.7 38.J 21.7 79.1 13.6 1.48 

14-16 3.38 675.9 43.3 23.3 87.7 15.5 2.41 

16- 18 346 645.0 43.9 19.J 89.9 10.4 3.19 
18-20 3.39 652.9 43.1 27.8 77.3 20.8 2.60 

20-22 3.50 607.9 36.1 26.1 75.7 14.4 2.06 

22-24 3.27 650.9 36.7 21.4 74.1 21.5 2.48 

00-02 3.29 642.4 32.4 18.7 53.0 16.5 3.14 

02-04 1.90 647.3 32.3 18.3 53.8 18.8 3.43 

04-06 1.88 712.6 37.2 20.6 55.8 20.9 4.66 

06-08 1.95 597.2 42.6 20.6 59.3 16.7 3.98 

08-10 2.24 633.3 31.2 22.9 65.7 15.1 3.31 

21 l0-12 2.36 507.9 35.9 18.9 65.9 12.2 3.57 

12-14 2.92 724.8 35.3 22.6 57.5 l7.8 2.43 

14- 16 2.65 501.8 32.8 21.4 53.3 14.3 2.76 

16- 18 1.92 321.1 26.0 21.9 44.0 13.4 2.11 

18-20 1.22 640.0 32.2 22.4 5:5.:5 16.3 2.01 

20-22 1.98 502.6 30.8 17.7 49.8 18.6 2.47 

22-24 l.SS 716.5 33.7 l7.9 62.6 18.3 3.57 
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Fe(%) Mn (mg/kg) 
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Zn (mg/kg) Pb (mg/kg)) 
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Fe(%) Mn (mg/kg)) 
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Zn (mg/kg) Pb (mg/kg)) 
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Fe(%) Mn (mg/kg)) 
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Zn (mg/kg) Pb (mg/kg)) 
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Fe(%) Mn (mg/kg)) 
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Zn (mg/kg) Pb (mg/kg)) 
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Elements Station 5 Station 8 Station 10 Station 20 

Fe(%} 3.30~4.77 2.69~5.25 2.54~4.03 1.22 ~ 3.29 
(3.91 ±0.39) (3.41 ±0.69) (3.38 ± 0.38) (2.18 ± 0.55) 

Mn (mg/kg) 286.6 -940.8 2lU~7t2.0 607 .9 ~ 868.9 32\.\ ~724.8 
(539.2 ± 227.8) (343.5± 196.0) (737.5±90.9) (595.6± 118.2) 

Cr (mg/kg) 37.4~ 111.5 32.2~ 56.3 36.1 ~45.9 26.0~42.6 
(47.8 t20.3) (44.0 ± 6.6) (41.l ±3.1) (33.6±4.0) 

Cu (mg/kg) t3.6 ~22.3 11.7~20.1 !6.9~27.8 17.7~22.9 
(18.0±2.5) (17.0±2.7) (21.9±3.4) (20.3 ± 2.0) 

Zn (mg/kg) 74.I -91.2 46.8~ ISO.I 68.9~ 103.2 44.0~65.9 
(81.0±5.4) (72.5 ± 34.8) (82.3 ± 9.3) (56.4 ±6.4) 

Pb (mg/kg) 16.0~28.6 11.2~23.7 !0.4~21.8 12.2~20.9 
(22.3 ± 4.2) (18.5 ± 3.6) (17.1 ±4.0) (16.6 ± 2.5) 

Cd (mg/kg) I.57~4.71 1.98~4.88 1.34 ~ 3.46 2.01 ~4.66 
(2.99 ± 0.96) (2.95 ± 0.82) (2.28 ± 0.66) (3.20 ±0.77) 

JI 4-8. ~,qAl~lll- E~Al~~21 ~E~ ~£ !:II.ii!. 

Fe Mn Cr Cu Zn 
Locality 

(%) 
References 

(mg/kg) 

Hampyung Bay 3.2 ± 0.5 554 ± 158 42±9 19±3 73± 14 This study 

Chinhae Bay 3.6:± 0.4 549±71 62±6 29±6 140±26 Yang et al.(1995) 

Suyeong Bay 2.4 ± 0.3 373±27 26± 11 113±41 Yang and Kim(I994) 

Masan Bay 3 6:±. 0.6 694±225 70± ll 35 ± 17 \63±116 Lee et al.(l 988) 

3.5±0.3 673 ±208 273±26 36± 19 200±85 Kang(l994) 

Ulsan Ba~ 3.4±0.2 462±34 77±9 24± 14 93±34 Lee et al.( 1988) 

3.3 ± 0.1 566±70 251 i:8 27±9 131 ± 18 Kang(l994) 

Kwangyang Bay 3 5±0.2 769±28 257 ± II 14±2 117±21 Kang(l994) 
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2.£ it'll~ 'lex;, _i;_'ljc.)- Cu"1 "ait'lf.'ic,e 17.0~21.9 mg/kg"1 '1!"1.£. Mn2j 

"I ::: ~ ll "1 '1l \ll :§1-0JAJ- g _ii_ 'll c.)-_ ..,, 0 I '1l \ll ~ OJ'))-.g. .::1 c.)-;;cl 'l' iJ! •l "I 11€'.ll:2. t.j-, 

cJI ~ aj 2.-" %-'/-¾ <>II -'i c.)-5- \;!" :'. 'If 5c ;, -"'- 'll c.)-. Zn "1 "ii it 'If 5c ,e 56. 4 - 82.3 

mg/kg 2l 'll "1.s!. cJ~ ~ 5-gJ-,e 'it e1 ll 'll 21 <>IVi aaJ 5-ilJ:¾ -"'- 'll2. oj, t.J-"1 "I ll 'll 

"<>II -'i ::: lJ 'll 'll >fol 7} .::1 c.)-0<J 3.;;cl \',t'.l]:c.)-. j'./ oJ '1l \ll:§j-OJAJ- :'_ .::i c.)-0<] 'J'iJ! t"f 0<) 

?Jc<uc). Pb2j -'llit'o'5'.::: 16.6-22.3 mg/kg2j '/l"1.s!. ll1J\!l \ll~0JAJ-o] Fe<]- "I 

o: •f 'll cJ. l1 ° I I\! .£. c 'll 11 'll c.J-5- "1 *I O I 71 'l.!2. t.J- cJI >ii "12.-" "J--'/-¾<>11 -'i c.)-5-

:\,c'lJ:c.)-_ Cd2j "a ir'lf 5c c 2.28 ~ 3.20 mg/kg2..s!. 'll 11 10<>1] Aj ;aj 5-ilJ:¾ .!l.'lj2. oj, 

'll'll 21"11-'-i ;JcJlil):g .!1.5:lc.)-. -"1"1% -,,1o]\!l.£. .!l.\'l 'll11 5<]- 82j 11-9- Sf 25 cm 

-'/- Ej Z 7f•fc 7<j •Jg .!I. 'lJ c). rcJ-4-'-i, 'l)-oJ] -'-i '1''lJ .'i') "i aj ¾ (0.66 ~0.74, -'lJit 0.7 

cm/year)g .:ilajt"}\'l, 1963\1-'/-Ei 'll*f"12..£. ¾7f•f'llc.)-. 

~'/:\, ~'ll;'l- 47Q 7,l'!l<>ll cJI~ ¾B"4i ~5-e] "air'lc.x;s ~•]'ll (0J %, 1995), 

uf~'l}2j ¾~'ll (Lee et al., 1988), 'r'il'fr (0J2j ,J, 1994) ',/ '/l-0J;'l-, uf~'c!c, ¾ 

~~ (7J-, 1994)o\lAi2J ~it~.££} tl]3:i!."8jj Ji!..lrl, Fe.g.. ct~ ~~14 t:1]~<5}~.2..~, 

Mn2. {}t~uJ ~ ¾~1{}-31\- \:\]~~ 9'¾0\~tj-. .:irlY- Cr3l} Cut tj-~ i:iJ~ }iitj

c)5- '),"- \l!-\'l<>ll, Zn:'. c)~ 'lf".!l.c.)- \'!0<j-o] ')'.l]:c.)- (.l!. 4-8). 

(q) %5~~~ M.2.l!-£1 ~~tt,J.tl 

Zf %-~4f'~:1: ~_lf~ £]~~.Qj 'i,JA}.3.71, -ft-7]~2l ~~, ~~~1-lJ 4rA,}3}%% 

~i'i ~4-~oJl ~"'J:g ig-g 4- ;U7] n11~o\l 4-~ -'5-£ ~.¥.~.!j!-Ei zt ~4f21 ..2..~ 

\'! AJ w 7 I "1-¾ w-.1 7 I C uQ -9- "1 '<l cj .:i1 A~ zt B c.)-. .::1 ei t.j- zi- 'll -9' " 2j AJ-1'I 1'I 7\1 "' 

B"4i'-'/l5-2j 7JE} \ll'i",:'Zl:"1 '))-:o:tl:Al;s '1''ll~ '," 'l.!"1 c.j-0J~ %7\\"11Ji:"O) '!! 

.8. "f c.J-.:i1 -'-] zJ-B c.J-. 

is' 4c-'/l5-l! "1 cJ ¾-\l-1'11'1711 ::: .l!. 4-9<>11 t.J-E1- '-11 '.d c.J-. zJ- -',l ,I, '1l % 1'11'1 >ii ;:; _i;_ \'l 

Cdj":'} Cro] 3:i~ ~t!- 1'}-;,;j]~ .!i!_OJJ! ,Utr~J, o] ~ ¥-~.g- ~~AJoj t ~A,3¾ ;t 

.it 'll cJ. .::i "1 Fe, Mn, Cu, Zn-,"- zJ- zt -'J-1'1 tlc 711 7 I 'll g 2..s!. 1--f E1-,Jc c.)-. 0 I ;,, 0 I :, 

E4r-'td!.::7} %7l*o!l t!-7-1]7} ,Ug g .s!..~'T'".:i!. 9J.t:}. =E~ Fe:ilt Mn.g- 3:.71 4'r,,_J.3f 
% 01] 1I.! ~ ~ -'ti !.:: .£ ~ ~ ~ '.U tj-. 

sJ~% ~.9-1 % -ft-7]%~, .£.~%~ .:J.tl.JJ. ~ii-~ ~±,¾t-~ ~Aj~ 4"78<5'}7] 

~i5ta:J zt 11~~ .'g-£2} -R-,7]%~% ½ 97~ ltl"T-oJl qjt~ R-mode ..8.'?.l~~ 
(R-mode factor analysis)¾ ~-'lt"f~cJ- zj- l'l'r"1 7]"l½¾ it'll •f~I <5)7] "1 "11 

R~o, 'l-'ll g ;<foj ,1,-'4<>11 ,\1%~l~c.J-- ,1,<j "1:ilJ- ¾ 21Q.QJ .8.'1.1°1 ;;c);;_e] ¾ ,1, 
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ll 4-9. ~E~ ~~21 matrix correlation coefficients. 

Fe Mn Cr Cu Zn Pb Cd 

Fe 1.000 

Mn 0.646 1.000 

Cr 0.500 0.532 1.000 

Cu 0.567 0.402 0.175 1.000 

Zn 0.875 0.569 0.359 0.551 1.000 

Pb -0.078 -0.166 -0.332 -0.174 0.014 1.000 

Cd 0.411 0.265 0.707 0.197 0.251 -0.252 1.000 
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{I-oil t:il•l 66.5%"1 1l'll"i g >le'° 3'\2..s'. '-1-Ef,Jc.J-. .8.'l! 1:' 49.9%"1 11'!1"1% .,;_ 
oJ'°c~ ,&7]-l,-{i_ilj- Zn, Fe, Mn%o] 'li;.,S. "l•l~ (factor loading)% ,1;_0]3'. 'l\c.J-. 

01~ ¾-a-~.': ~ 0J~7JoflA-l -fr7l~~l?-}- ¥!7'!J7l- ~.g_ ~~~£. ~at~ 9Jti. !:£.~ 

J3..'t). 2~ 16.7 %9.] ~~¾ Ji!.o]~ ~_Q_..£ ii-4r¥~ ¾ ~~,>go] 7J-~ ~_Q_.£ ~2=1 
,j 'l\ '° CdilJ- ero l cJ. 0 l ~ % 3l "1 '11 .,;_ \'! ~~'Ile JI.¾ "i "I% 21 ¾-a-.!f -'I! ±21 ,I

~ ~ ~~15}-i:" ~,': %7)%:i!.} ufl-1- W7d~ "tPll7}- '.l{g¾ .!iLO:l¾Cl-. .::rcitf ~ A}

li oil "i 'll e<f oJl n:fe 'll •J01 uj "i1"1 oJ '.l/ 7] uJl¾o!I cJe '?l 'i'oJJJ.i .,;_ oJ ""'° i1! ilJ-01-

" 0 l ¾-a-.!f ,I-£.'° "i "l % 'll At "1- fl- 7 I % '2 e1 3'. -a-.!f .Qj fl- 'll 7<l >'- oJI 'll 'll ~ '\'I- ,11 

7 f '.,/ 2. e1 4 1'i zi- -l'l c.J-. 

"i"i4i'.<ic ~'jjg ~~ A]il.'° W'll'llc \l""; lll'll ('ll'll l), %~ lll'll ('ll-ll 

15), ',! >i~ 271-ll ('ll-ll 5, lS)oJl>i •l~"i-s:!c.J- 3'c{}cj'° >f',l-21 'lJ-icOJ U].iic"i 

-§-oJ~ ~7a2..sl, :;J-ic Ii:' '(!'JAf'lJ%2.sc '11'11 ill'!:o] '.,/oj "i"i.,,. ~'lloJI ig-.g. 

oJa,\%-oJ 'l\c.J-. 3'c"r"-l"l "5' l!.¾ "i"i% .iic\'!:01 7}~ aj?l] "1'.lli 7,\2.sc ~"8"1 

:::: e<J"J% {!<lji>fs:!c.J-. 

Zf 'lJ -lJ "IJ/.i <l 01 oJJ n:f~ "°rb ¾•lFf'if.,S. JI. 4--lOilj- '(J-c.j-. ',aAJ>l li ;'; <l 0] 'l! 

sc ,f;, uJl .ll.¾"il•i-¥-\S\ Sl 10 cm77}>-]ic iilsl:91 ~ajoJ 'l\oJ oJ~ ¾i "11"1«}3'. 

~~ti ~_i!}, ?a~ 1£1 9-~A].h..¾ 210Pb ¾~A}-?;",': 4.27-1.16 dprn/g.£. lE¾oJJJ.1 

"l t:il iii; g .!I. s:! 2. uj , 1,1 ° I 10 ~ 12 cm oJJ >i "l ± iii;% .!I. s:! cf. »J" Iii' -'I! ± ;'; 0 l %-~ 

"1"1% 711-\l::' "iaJ% <l_o]o\J n:f~ '1)->}'o 7Js_ 7a~J-'J% oJ-§-iifoj "i"i4i'S:.;'; ~ 

'll~cf. :::i.2Ji+ 'll'll 1"1 'r'"JA]il.oil"i'° .ll.¾oJi"i Sl 20 cmJJf>'i <)o]oJI n:fe 'lJ" 
>Hf {}±21 7a",}g Jl.o]e<J \i'.llcJ-. o]e]~ ,/-.el. !;-'il.,S. ,,_ 7fe<Jsc •~zt'il * ? 

'l! ~ r11 "l i+ :::: §1 a\ % 21 .iic I'!: o l 20 cm o l 'i!-o l ,q :,:,. 'l\ ;; % 7 I'll ~ ? 'l\ c.J-. §1 'a\ 

% "1 'i!-4'- ¾ .iic I'!: .,S. 2/' .s'. e<i "i •~ % oil .Qj 'ii 'll oJ 1.-f nj {l ~ ,;J 4- "i "I % Sl 1 m O l 
AJ l1 o] oJJ Ai 'ic .iic \'1-o] 'l! oJ l±c.J-3'. .!1.3'.-"] 3'. 'l\ q (Penberton et al., 1976; !!]'If.), 

1977). cEtf £Af0<J"'JoJ Af,J- 'lJ-icOI %01~ 3'c'(!cj tf7<J'll% 7,l-'<l:«I\'! •~%0!\ .Qj 

~ iil\'1-")%- J/1''1} ofye} '1)'(! .fl-%oJI 2J'i!Aj.'r. \i.,S. .iic\'1-0] ')!oj',j- 'r" 'l\? 7fif 

'J ~ Lj\,!Eii}3'. 9.\cj-, ct cj-~ 7f'g-'\J.,S. ~ % (1999).Qj '1J','-ojJAj 01 O<]"J.,S. "iaJ-']

-@- .ii. cJ sJ "14%-01 4-AJl ~ "-l "'i 2.sc -ll ~ -"12 'l\ ct. n:f4>1 ~ oJJAi 'll 'll ~ ,,_71"-l 
7f's'-'J '1J,\'oJJ 'll1l l"i]>i~ 21°rb"1 <) 0 ioJl n:fe »J>}'o 21 \I!§} 7<J~J0] '¥5!«1"-l 
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IE 4-10. M~'21' .z;s.~Jil~W L/1 210Pb a- ig}A~~ ~ "1"1~£ 

Station No. Depth '
1llpb activity Scdimcntaton rate 

(cm) (dprnlg) (cm/year) 

6-8 4.27 ± 0.73 

10-12 1.16 ± 0.38 

14-16 1.19 ± 0.39 

17-18 3.35 ± 0.65 

19-20 2.12 ± 0.51 

5 8-10 3.28 ± 0.69 0.73 

26-28 2.66 ± 0.62 

36-38 2.34 ± 0.58 

44-46 1.74 ± 0.50 

52-54 1.18 ± 0.41 

10 6-8 3.03 ± 0.66 0.90 

20-22 1.71 ± 0.50 

26-28 1.20 ± 0.42 

34-36 l.71 ± 0.50 

46-48 1.50 ± 0.46 

15 8-10 1.22 ± 0.18 0.66 

26-28 0.199 ± 0.071 

34-36 0.229 ± 0.076 

40-42 0.167 ± 0.065 

52-54 0.147 ± 0.060 
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ilfof !<J"J,l-¾ -';"1/~ 'r (ct:l/cj-. a:fej-Aj 1/'lJ lg ;aJ].2]~ 3Jj 'lJ'lJ"i] cJl<li !<J"J% 

<,lo]"i] a:fi', 21°I'b,>j ¾ ~J-A}'o'-g plot"}~cj- (::1',l 4-15). 

'll'll 5"1 11"Pb ¾'lfAf-\i- 'll.!/1-c 3.28~1.18 dpm/g.2.5'. JI¼<>l]A1 <) 01 27 cm7Jf 

"i 'ifAf'oo!l ,' sfo]¾ !i!_o]0<] \lt'.ll:2, ::i 0JS-f,>j <) 0]oJ]Ai 'lJ>f {l-cS:S-f::: 7il~J,;; 

!i!. o]:,,. 9,\ :ll cj-. oj ;=. $1 o!] Aj -\l ~ ~ ti\")- "o] JI ¾Oil ).1 <I oj ., 35 cm7J}?'l::: .ii\ 

\!J:o] '1•~"12 '<)g;; !i!.oj¾cj-. 35 cmo]s-f,>j <,lo]oJl).1 110Pb,>j ¾'lfAf'o"i- <)o]ej 

W-4 ~ ,Z-i5}-'r! 

2'°Pb = ll.57exp(-0.0428 • z) (r2 = 0.995) --- (4-4) 

<j (4-4)3'} '1.6.nj, 7\%7](A/5)-c 0.0428 0]c\, oj7]Aj, A-& 110Pbej )g-.iljAJ-4' 

(0.0312 year')o]2, 51", "13J4/.£0]nj, z1'e "1"1%.2] <,lol(cm);a l-j-E},'!c\. 'll'll 5 

<>ii Ai -';" 'll 'i! "i "l % :?. O. 73 cm/ year 5'. '-1-E1- ,Jc cj-. 4' 'll '<1 "i "l 4/ .'r. 1'e \'! 'll "1 "I % "4 

sc;'fcJloJ]Ai -,1- 'r '.l.l-c -"1"1% 'll.2] ('r mm/year ~] cm/year)"il .l'.~'t!c\ 

(Radakovitch et al., 1999). 

¾'/li!Jo!l .2J•I~ 'll'll JO"i]Ai "°Pb ¾"J-A}'o.QJ 'r"I {i'-.l'.1'e '?l'l~ 7il~¾ !i!. 

0\0<]{=- ilf'.l}.2.l-j- "1"1% </0]7\ <1"1'll<>il a:fa} 'll•l {l-cS:o-\{=- 7il•J,g !i!_O]Jl 9,\cj-. 

"' 0 I Oil uj :' "J A I 'is- l1- .l'. 7il •Jo 61-& 

''°Pb = 2.938exp(-0.0345 • z) (r2 = 0.730) --- (4-5) 

$1 '"i.2.5'.-'/-<i 711~'<! "1"l%-& 0.90 cm/years'. 'le % (1999).QJ ~'ll'll "1"l"l" 

%91 ~Fi'-7.e! 3'foJI Ai .2] -"1 "i % (7.55 cm/year) !i!.c\ ., 8•1 'll .'r. ',!-711 4'11 -"I 'l! cj-. 

O]r]~ i,joj,l- •\o]::: s,{!cJl7\ >({=- Je]Sj,j -"1,j"}oj ~7,j ~AJ.2_5'_ AJZf•l ~ 

~ 9).c}. S:~ ~ ~A}~Ai K~.g.. ~~~~~~ OJt:J:g J!-~%}°'1 ~1i5}~l 'i't°~7l 
nJI 11-0il "1 "i-£ 4'11 ilJ:o!l .2.•1::: '-11.l'."l j2 'll% 7f 'o ).a o] '.ll cj-_ 

'>I'll 15.QJ "'Pb ¾'lfA\'o.2] 'IJ.2]{=- 1.22~0.147 dpm/gs'. s,Af,c]ej % ?f'l} ',!

'l)c:1- 01-c "1 oJ % 0J 0<\.2] '/-Aa <>ii «\{" •1°14:,,. 'l zJ-'i! ci-. <I 01 <>ii a:f;e, "J-hj-'o 

~2f ~oJ:61.& 

210Pb = l.264exp(-0.0471 • z) (r2 = 0.796) --- (4-6) 
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o]oj, '11{!-'f! -"l"i%c' 0.66 cm/year.£ t/{'- -"l"i<>il-'1"1 \'!'i'-7.il:i!f (ft%, 1999) 

.., *"'~ 7,ij:i!};'; _l;l_'lJi:f 
oj 'J:ilf t10] 37! -"l'lloJl-'i ~:jj'<) -"laJ%i'- 0.66~0.90 cm/year.£ \t0J'l!.eJ 

mid-tidal flat,"1 -"I aj 4c .'r. 0.5-0.9 crn/year(Alexander et al., 1991)9+ ¾-'f ~ 7,il :i!f 

~ .!i!.~.2..(9, Washington continental shelf (Nittrouer et al., 1984)9.l llait ~ ~ 4r 
.'r. 0.25 cm/years+ ~"ii \t.!/- '11~-ll-"1 0.03 cm/year (~, 1989)_1;l_i:f'° e iJ: ~ _l;l_ 

'ljc). ':E~, ~<li'l!<>ll-'i.eJ 0.3~0.5 cm/year (°J' %, 1995) 'l/ "r':l'l!.eJ -"1"1%~ 

0.2-0.4 cm/year (0J3!} c;J, 1994) _l;l_c) q~ l,'ltc). 

~~~J::. ~ tjJ lj!--~ 'i};i;]-9.} ~~.Jg o] ~ .2..E..£. 5:,.q;i;] ~ oJl %'ii¥! ~4r.q}J::.7]- it 

'll >; Aj 'lJAoiJ ¼31'.sJoJ 7}a}~'°i:f.:il. 7f'll~i:f\'!, zt ";lii', 0 ] 'll-"foJl ¼"1-.sJ"l -"I 

~~~- ¾'i1£1';:_ -R-'ilt!Jc~ o}~SI -612-.£. 7-ll{!~ 'Y ~9-. 

Fmetal = W p Cmet~1(1-(1}) --- (4-7) 

aj 7J-'1, F_,.,c' zt /;lii'c\!! -"1"1%-"'"1 ¾'ll% (mg/cm2
/yr), "''° -"1"1% 

(cm/yr), p::: -"1"1%"1 l;Jir 'l/.'r. (2.45g/cm'), Cme"1i'- J!.¾ -"I aJ%"1 ¾fI4c 'o

.1r.., (J)';:_ ~~,&-o]q, *~¾ ((1)).g. ~'r~~Sj q-g.i?} ~,': {!7-ll~¾ o]-§-t.]-0:j 7-ll 

{!s-f'lli:f (~ %, 1997). 

1/J = p,W/{Pw(l-W)+p,W} -- (4-8) 

aj 'l-'1, Pw::: il'"c"r-"1 'lln-'l!.'r. (1.02 g/cm3
), p,~ -"1"1%.eJ 'l!n-'l!.'r. (2.45 

g/cm'), W~ W-"r¾o]q. ,'- \'!'r-"l"ioJl-'i 31! -"MloJl-'i ~'ll.@ -"l"i4c.'r.;,,. 0.66-

0.90 cm/yearo]q. {l6joj .</-Al]~f711 'l!"l'-}::: :jj'lJ 1, 2, 3% ,Jj.ej~ 5'.~ -"l"i.eJ 

-"l"i4c.'r.7f 'l!'ll~fi:fTI 1f'll~faj 'llir -"l"i4c.'r.~ 0.76 cm/year~ "i¾~fs:li:f. 711 

{:!-¥! ~ t5J-~9-\ -ft-'i}i'g=,': ,:EZ}qj9.j ~~~7J~ 231~ «11 ~,': .2.*}~ 1.l1:£~ "T" 

'.U.2..Y-, c.Jl~~'i! 7J~J.g. ~ 'r 5:l°l -8J.:f W~1i! s:.{!t:Jl ¥1-1 tM~~ 0 Ji5ff'8'l-"Ei~l 
¾.fl.~ -"I.ii."' -'l¾'il "r 'U~e1ef -\llzt-'i!i:f. ~'ll't! "ilii'c\ll zt -"l"i.eJ ~ "1"':s 
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JI. 4-11. ~1M'2.!- JI.~ !i.1~~£2.J gJ;q{l ~E~ ';lJ C0D2J i¥-gJ~ ~~ 

Station COD Fe Mn Cr Cu Zn Pb Cd 
NO. (g/cm~/year) (mg/cm~/year) ( µ g/cmL/year) 

I 0.42 19.90 0.25 12.91 16.88 51.55 13.83 0.60 
2 0.46 12.78 0.14 20.57 17.63 42.73 21.45 1.50 
3 0.45 13.79 0.13 23.58 11.13 58.74 25.62 1.30 
4 0.46 20.36 0.12 26.99 12.24 36.69 18.04 1.70 
5 0.42 28.36 0.28 25.51 12.90 54.53 16.10 3.05 
6 0.43 14.74 0.21 20.78 9.29 37.30 16.15 0.62 
7 0.46 17.59 0.22 31.72 13.59 48.11 16.69 2.28 

' 8 0.46 29.22 0.61 33.96 18.25 49.27 21.83 2.61 .. - 9 0.44 .. 17.00 0.15 20.14 9.89 46.33 17.28 2.14 
' 10 0.41 22.27 0.54 23.57 10.43 50.71 l0.26 1.36 

II 0.33 l0.97 0.09 12.79 8.03 26.55 5.89 1.18 
12 0.35 19.93 0.32 13.22 8.65 40.40 11.37 0.63 
13 0.44 16.75 0.45 19.58 11.35 48.09 17.68 1.57 
14 0.40 20.97 0.43 17.60 12.50 48.03 13.66 1.25 
15 0.38 9.38 0.15 17.46 7.70 27.50 10.27 1.37 
16 0.41 22.48 0.43 26.71 11.00 47.61 12.65 1.52 
17 0.43 13.68 0.11 29.26 20.30 51.92 32.45 2.13 
18 0.41 26.21 0.48 26.25 12.07 53.46 13.51 2.23 
19 0.46 6.65 0.57 28.21 13.78 28.76 22.08 1.96 
20 0.45 17.89 0.46 34.66 15.48 47.03 12.42 2.67 
21 0.44 23.01 0.45 22.67 13.05 37.07 11.51 2.20 

J 
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st ~~cJI 'J.1 ~'il~ "1"1% "l"1oll•1 ~cJl"l~.sc 'sl-.@c 7a~J% &'llt:J-. 
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;;J!'il-/'- r:.]-0,,f~ A~%~sJ A1"J:>j.s!_A1 A~%¾sJ r:.]- 0J'a 0 ] '1c 0 r "J,r, S]~ '§-"ii 

o]-§-'il 'r '<!;c, '~%>l~Sl !;Li! 0 1"1, "r\'lSI <:l"J£..s!.A1 .2.'ll'll.§1-71"5-~ -oj;c, % 

~7<1. '~Elio:J-ol£..s!.5'. <l~ ¾.8.~ \'/''l! o,i..JaJ- % · "!%Sl aJoJA,~:, ,;.~ '~% 
~ AJ~AJo] E.g.. tff'?} A§fll'A]oJq- ('off 0J"r~¥, 1998). 

'?!'il<>il A1"Jii,;c, '~%¾t Pl~ r:.]- 0Jii,oj, 'IJ 0J'll-li-7, '1c71 "111f-"il '>!;>.r'!J-UC"i 

o] <l~ '1ct "l"lolr:.J-. ':£~, \'l'll'~EJl;,ilsJ ajo]<J-o] ;;l!\!loJIA1 Al<\j--"]71 "111f-"il 

\'l 'l} •l 0J>~ %¾ 66%7r ;;I! \!l ,~ EJI >II "ii "'l°ll aj £..s!. -\'H:! 0 1 '<\£. oj, oj -ll-Si -UC" 'J,l 

Aj "I 'l} C:: .s!. Aj 5'. <l ~ ¾ .8. ~ ,fl "1 o I r:.]-. ;;I! \!l Si '~ -UC "I -I'- Si 0J "1 Si 10 ~ 20•1 'lJ 5'. 

'1c E-oj, 'Ii- 7<! "I '-I- -UC ,l ><I "1 Sl 3 ~ 10•1 'll 5'. '1c-l'- :;! E-.s!. ~ill ;<j '<! r:.]- ( ,fl 0J'r<:lc-'i'-, 

1998). 
0 I \'l 'i'-"il ;,, 'l!-'!I 'l!¾ ¾ -il E-.s!. ~ '?! 'ii Si 'l! % "1 'lJ-"1- "1 'lJ 'll- 'ii '11 'l, -UC 'lJ aJ "

.s!. **~ ""-uc",~ '11.'l"il i:Jlii,cJ 11-l'i.l!.'.ll:r:.J-. 

'r<:lc"H-!% .l!.~. -l\--'lliir71 ~"r"l '\!1.8.~ i'il-'r\'! 0 1'-1- cioJI '<l'll'8 .!a.><l.s!.Ai 

'r<:lc ;,cf-£! sJ .l!. 'l! % ~ -a\ "l 'l! .e. ~ "i "1 ¾ -st .!a. 0 I % i'! "1 '11 E-.s!. 'r<:lc ,,-£1.l!. 'l! "i "1 £. 

g_ 7-]7J. J1.A]<5}~ ¥!-~"5}:il ~2..DL ~ ;?:.A}Al~'il W~'t]-,': Z:l~-¥-.:i!.A] ~16~ 

(1982. 1. 8).s!. 'il 'll-"i 'i'- 'r-UC "r-£1.l!. 'l! "i "1 "-.5!. "i 'll "1 "1 '<! r:1- 'il 'll- "1 'i'- 'r-UC "'~ .l!. 
'lJ;<]"lsJ ;,c]lJ~'l-1'- J!. 5-1"1- 'lie.]-. 
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oj ','-oj 'ii 'i'. {r ( 'ic \'J 'r<:lc s) *~), 1967; J 970) ',/ '1J 'l}oj 'l} 7]-,!-~Ar .l!.:i!Aj ( 'ic \'J 'r<:lc 

s! '8'-1L 1988) %% 0 1 %,,,"l "".ll.;, 'r'li "r :.1 'll "1 ,,,'.ll r:.J-. 
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'l! '\(klli) 

,J "l 
al sft:f ~.;,;] 

"a :.iJ- 'it 105.94 76.95 28.99 

0 'Zr ~ 112.58 46.46 64.12 T 

w I@ ii' 72.43 33.40 39.03 

,11 290.95 158.Sl 132.14 

.</-cl cfej- .:Ji '11 "il "1:::: qc± ;;10] 71 :11£. cf, rJI >ii "I £..se. 'Jl:, ,I:, CS'~' "l"l 'r, 71 

s:1t Afi~7fi, llJ~1H, lil~, li!/W-, c.jj~, 7}-'¥-~, %~ % o4ci ¾ff-9.l 3::.1llf-Si!- nl 
~2%, @-=?-~~2JOl % ]:I_%*, 19";7;], ~-,1-01, %~ ¥-~ft, 'gJ ~, n]-~ %9.l 8ff 

~*' o,y~-C-l, ~%~, 'F<>i, !g~ %21 Oiff" ~ -fl--o=j% ~/..]~ ~ ''C~°"l'f:121 oj 

771%.9_.£. u~q- *..S..~ ~~l~ ~};:t;lii}Jl ~,= 1!A]t!JoHJ- .::Z.t1.:il. .!;!_clAH~, r:Jlc5"}, 

*:>IL \'lai:-711, '1}711, 'il71L 'o'-711, ~, ~-11- 01, ':J!71•1 % '1-4'll-Sl- "a711, oil% % "l
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oJ ½e.lie <•] 1o~t:J-. 
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~lloJI nf!'oej oJ:aj;sf1=- oj-,'-o]oj, 11-oJ .... -lt ('!!11}-oJ %)71 rj.ll_:aj 0]cj-. 1}-oj7f 'st 

"ii:: "14'¾ 3¢.Q_i;!. ,o.~-.1::: -\J~¾ 0]%isfaj tl1+.!/-%E-.s!. oJ:a/1!foj, ¾"11']-JC].j,. 

(¾oJ",1, 'r'\'-o] ±§.)t 'i'-'lloJI '%2 AJi.¾ o].§-~ "1-,'o]q (::i',l 5-4). 

(L.f) ~Ef2.l~~W- (Fence) 

"1r"i 0]%£¾ >fl']-isfaj 7J-'I].£ Wll<>il mt!'oej oj:ajisft oj-,'-.£Aj ¾El-i!l-l'i

(7H"l-01 :J.%, oj~, oJ~)t -'r'.£ 'll%¾ E]-:il ;;oj.g. tl%%O] 1!!%alloJI "4-"1'-l-71 

ice '1 Ji\- g *ll'J-;;foj Aj :i,-o] "1-"1 i..f{! :foJI {1-,c; oj-,'o] cj- (Cl ',l 5-5, :J. 'lJ 5-6). 

1ija/ 0
] :i,1- : 3'c<,j{!l']-9j ;.f7f e" 'il"JoJIAj i'.!3'cA] efsj-oj .csiej'-]-7J'-]- "f'{lo] 

c}'r ~o}~l'.;: :£-o\1 27a~i '40} =i.€~ ~ ~~tj-7} ~% U1\ ~*~ 

II};,j- ;; oj{o- tJIAJ-A~,fO] 1!!% all CJ.,roll '>!1'].'r_"' -.1oi {i-1=-cj-. Aijf-{t, 

,j-_2.'l)oj, 1'<'/'71, %"1, 1'z>IL oJ~oj %¾ oj:aj rjAJE_.£ ~cj-. 

oJ -\!-11-( oJ -\!' oJ 'l!) : 7ij "l-01 :J. % "t %Al iif i.+ '11 "l oJl -\l "-1 ;;f '-1- 71 "f O 1 Cl% "t 
.! el ';l-i" :S efcj-~ _Q_.£ ~J"lx"' .!/--\l ~cj-. "1-71 oil ti i..f.!/- 'l!c.£ o\.£it 

1i!~.:il .A}f~ 1'.ll~.£, 1@'7ij§- 7§*E...£ lfr-E- -5!¾ ~liJ~o]c} <S}o:f, ~-2-

o\1 tl'-1-.!/- 'l!c t!l,;!oJJ :J.,f7Jg o\%iifaj .!/-1!~ .s( g oj~o\4 ~q. oJ~ 

"1, ~-.1, i'oJ, 1'z>ll %g "1:a/ rJ%_Q_.s!. ~cJ-. 

(Cf) 71-'i""-I .:l~-l, (Watched chamber) 

~%,a oJ¾a; 'r tJ%_Q_.£ oJ;i"QJ ,._.s!.:S *IB 'l!'ll~ f-eJ'1J:_Q_.ss ¾x%faj {I-
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zJ- 0,J- : -'1--'l <>ii Ai efq~ -9..'is 7,1_::,. %% .!/-11 & Ci! ::,_ ¥"ii AtzJ-'il eJ %:J. %% .!/-

11 tsfoj ~2 :Q::i.%<>11 eJo!I ¾::i.%.iis ¾.<r.-'i! <>Jsc¾ {)-ieq. 'i>'<>l, 'lf<>l, 

'1! oJ % :, oJ ~ til-l!· -9..iis ~ q_ 

(cl) -\/-~ ~~-\\' (Pots) 

'l-!11~ ')1-c±"il 11"1- Ai"1&7Jt+ ¾9l"l 01 .=Pl ~2 o]?J]oj] r:JI~ '1!%0] \'!{}~ 

•t % % ti\ '1)--9..'is 4.!/-, 'l) Al % -9..'is -'i! 2 'jj ;; <>I] ::,_ % 7J o] 4 'Jl 0J- .'f. ie tf '.\'- <j ,,'% 

~~Ci! %'1! .<E::: 'l!'i'!oJJ 1~471.QJ 'll'i':s 11*1~ ~ ti\%% 0 1 ,woftslie o]?Jl % 

-9..'is * '<! o-f oj ~ 11 <>ii lit"' aj {)- ie <>l 'i' !is Ai ,". ~ "1 ;; >ii 'II' ~"' % A I "ii O I '7] ;; ~ 

c\. 'l-!'ll %'!)-o]e.]- tsfoj, •l~, >I\, :<J-oJ, il,-"!cl, 7JS.c;JoJ, 7]ct oJ°ll- %% r:J)'J-9. 

!is ~c\(::i. ,J 5-7). 

(5) gi::;i~~ Di"i'--w- (Bag nets) 

',Soj Lj .5'. OJ ej ::,_ % 'lJ ToJI a)-r:JI 7] 1-t ISi] %% .!/-'1-tsfoj 'lJ ','7f '!! oj '.'].'r../s- ~ 

oJ'i'.iis Af"o] 3J'll r:Jl'l)-A~,.-:, «1 ¾el '!t;,Jtf, 811. ±-l,-7f 7J~ o!l"ioJI ,l-0]4 

'l! % -9..'is Ci! '\l ts\oj ~ ¾.s\"1 r:J1 '1)->§ ¥,o] ;<f-','- ::,_ % 4;' -9..'is ~ oJ 7\ £~ ts\oj {tie 

oJ 'i'-ll- oj q. 

(7n ?f.~~W (Stow nets on stakes) 

± oJ n 'll-eJ "' 7 l e 'ii "l oJJ 'l! e; % "1-2 'it 7J ::i. % 0 I ~ ie Z! :<f-'i'-::i. % eJ 'll 'i' 
;, 'llel-<>11 2'l).sfoj oJ'i':s .!/-11~ qg ±-;,-;, «l"-1- ~¾&l'l ti\".l-"~% 0 1 7J~ 

±-;,-<>IJ eJ•l 7J>ll.iis "\-'i'-::i.% 4/.9..iis 'l-!e1~71IO-f"l oJ~O-\ie oJ'i'-11" 0 \q. 'r.iis .,i 

AJ~, 'sl*l;; oJ~ r:JIAJ-9_.iis ~q (::i.,J 5-8). 

(LJ) ;.n.:::i~-w- (Scoop net) 

* 9l "l O I 3. ,q ~ ,". A~% g 'r til % -9..'is T oJ '-l .5'. 0J.Qj ::,_ % 'll 'i' ojJ oj-1'.Jl 7] t+ 1'11 

;a .!/-'I-~ oJ'i''lt r:Ji".l-"~% 'la!-9..iis o]%AI{! qg «i¾aJAi {tie oJ'i'-ll- ojq (:J. 

,J 5-9). 
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~t:il ::i.,.-\r : ".J-~"1 ~t:il % 

~ .:::Z.~fj- : "'"~ ~qj % 

(6) ,. <>Fi'-!i'- (£! ~-Ii'. Dragged gear) 

C'}-'f-.'i'_ OJS1 ::1% 0J~<>I) 7.)cJ-\'f \i7J::1%0] ~Jl ::1 -Ji"<>I) -l,'½O] ',f\!) oj,'-.s'

")¾ <Esc- l!.. ¾¾~ 'll"1-"l-O: %'l!c 'T'"'ll'lr~J~,s ><"1 t:il-'lt½% >J.>!.%lsc- "1'i'

* o]cJ- (::1',l 5-10). 

(7f) s'a!-W- (~~-Ii'. Dredges) 

.'i'.'111.f '!!"ii -"i<-J%fsc- ~11-i'i-~ t:il.,_.J-~.,a_ c<f-'i'-::1% 'll'i'-"il 'l!ll~ ii% 'ilc "1'i'

.£. l:l}'=f~ ~C>J {}i:- e>-lT* o]c}. 

€~~ft: ~Oil ~{}o]~ "'@"o} A}'f:l-o] '.3j:ij ~.:il l:l}~~ ~o-] ~»~"5}'C 61,Z., 

"l"l "r, 1J a,,~1J ,;,~ 'lJ- %"1 ~ cJ-. 

"lii'lJ--i'i-: ii<>IJ -l,'½~ '1!.!%foj •1->'- -l,'"1-"i •H'1!%fe "1'i'--"-"i 1fel"L "1~ 
1J, ~a}, .!i!."f, "l"l"r, "'I~, 1Ja,,~1Jl 0.J- % 0 1 ~cJ-. 

(L..f) :<j~ ,.~~-Ii' (:<i£J~-!i'-. Bottom trawls) 

"1 ¾Oil -"i 61 %1-sc- "1-i'i-il- 9' t:il-'/t ~£ "1 'i'-"1 of')! 7,! 01 Oil :<j "i] 'w sc_..;. 'r'll •.J-~J 

~-"- 'll "1-"I {'I % 'l!c -l,'oj ,j "1 ~ %1-e "1 'i'- 0 l cJ- ( ::i ',l 5-11 ). 

'1l §.-i,- 0,J-.;l-(Beam trawls) : "11"1"1"1- ~>l !Esc- "l"l-<>11 %~ ,j6J%fe '1-zJ--i'i

;; "r' t:il-'lt ~-"- ,t 1J ::i.,. o l ~ >l tf \lJ. e Zl :<f 'F-::i.,. 'll -i' <>II t:il tf-'1- tf 11 
llj-o].'!c.£. B ii(beam)% ',1-oj"j oj,'-7} '1!"1-<]Sc..;. %}oj 1-'1"1 oj{l~.s'

ll'C o-JTo]tj. ~i5}, A}~Aij+-, ~Aij1t-~ qjAJ..Q...£ ~tj. 

~¾ .2.tj- §.~ 0J-*(Bottom otter trawls) : Ai¾oJl Ai~iil-'C 01%1+ 1f2f%, ~ 
~1%% % ~ 9- cHAJ ..Q...£. {l A}-'f-.:Z.~ 0J~otl ~7ij.:l~¾ ..JlO].:il .:1. ifoJl 

{l 1J '\'!-% ~ *l %f "1, "1 {1 ° l "1 'i'- :a "'1! ¾'T'" "I ~J-<>11 "1 %f oj {l 1J '\'!- 0 l 'l! "1 
-']Jl ::i<>IJ II]-a} ::1% 'll'i'-71 '1!"1"1 "1~,;Jsc_..;. %fsc- oj,'-o]cJ-. 

(7) ~2.IOi'i'W-(£!71',H}, Seine nets) 

A}¥-9l 0J~oll ~tj~ 1g°Jij7} '.U.:il :i ifoJl ~~ 0 ] ~~ .:::I~% ~All-}- 1:lij 7}77} 
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o] oJ) -',- oJ-'11 'gs jl .,'½¾ .2.E. e:J 'lJAi .,'oj 'i)-;,j .::,: %~ ~;,q y- Sff _ss .,'oj ii oj Ai 

rJl1PJ%~ •ff-'<-~~ "li"il- oJq. 

- 3-!-~2.J .:1.i&W 

A-'i'- 0J~oJ) 7cl ',f7J7t 'l.lJl, ',f7ff {;'oJ] .,'½01 'it.! .::L%~ 7]'lJ'1! .j\-;<]y- •ff 

oJlA-l ~ *oll ~PJ-~ W.il, ~~¾ ..2..B.tj\1Ai .:::z.~% 7]l~ 4".A].£ ~<>i r,j-7-P•i 
rJl,'1)->J,.-'1) oJ-i'i-¼ {I-~ oJi"o]cJ-. 

(8) ~ :::t~,W ('¥2-W, Lift nets) 

'll "I "a '!! % 0 I 11- ~ 11 oJ1 "1-e:J- ~:lcoJI .2. 'J! %'llc oJ-¥-_g ~ ir'a 0 1 'll ~ oJ-il-'lo- ? 
rJI ,'I)-£.£ T '1J Of i!II 'll '11- <:£ i= 9-S: 9' oj '-J .'i'. 0J ej _::,: % ¾ '!! c,j f Jl rJI ,'I)->J % 0] 

.:r. ~5.. 9..~ ~~i>l % 4r.9....£¥-e~ ~ol%~ ll-1=" e>IT'ff" 0 lct. 

(7f) E'~2-i\' (Hand lift nets) 

~~~ ~9.'\ ~~o\1 'T~'--lR.o.}~ :i~% ~JL lfrl:ll~oll ~,½31} ~*ol¾¾ ig

ot %4.'o\] ',/oj 'i''llcJ-7t rJl,'l)->J% 0 1 ::I.% ~oJ) .2.'ll ~E..ss %oJ¾aj {I-~ oJi" 

fi-o]~, W9l~J, Adlf}, ~~ ,e~ oJ %0] ~q. 

(q) tH~~W (Lever lift nets) 

•» -"I ~'ls' '!! oJ1 ~ rJI y- 'l'I ~ rJI 7t .!/-31-¥! oJ i" ;a .!/-111'toj ~ Jl oJ ii'¾ •» "1- oJ 
T At0]>\1 -:ts:. ~ tj-~ 1'-%'i<'% ,J-;,j {I-;,, oJ'i'-il-O]uj ',!5<]>1%"J- %OJ 'l)tj-

(9) 'il ::i~w (gj2-i\', Falling nets) 

.aj_'l!''lj'iJ\ %At~ "li".sc rJl'l}'o:% ~oJ)Ai >1"1 zS\~1 >ff.'f.%t~ 017'-'i\- ojtj-. 

(7fl 'il7H-i\' 

" t '{! 'ls' oJ] rJI 4-1'- ,le .g. 'Ii E..ss ¥! "' rJI 7 t 'll E. o\ ' "1 sic% 1i1 "1 "'1 ¾ 'el o\] ' 4< oJ) 

"" :1%'1! ~ ',eof Jl 7]7t .::i% 'l}oJI a; oj7}Jil ;;pj oJ~~::: oJi"-i'i-.sUi ,;17J-i'i-"1-

7ti!ll.::i fl--lr 7} 'lJ cj-, 

(Lt) ~igJ-ff (Cast nets) 

o}i:J!-'~¾ '"d-i?..S.. l<>i ""ro-JY £OJ~.£ t{!-~..TI., .:1¥-o}~~ol] W-~g j1f- ~o} 
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.:I-./:% '!l•F1 "1i!'" '/loll .ioi "i~l, 117)71 -l,:2j-Aj '11"1 ir"1YoJl ;;"171711 iifaj 

'ii-'= "1'i'--li-Olt:}. 'r.£. %"1%~.st •1%-.1:rr 'Uct (.::i;,J 5-12). 

(10) 'l;l 3I-lf- (J:f'bf-l'i-, Gill nets) 

"J-4'!1 "1-il-~ 'r tiJ,jj-~;,_ zj aj.2_0Jej .:I-,/:{- "1£ojJ .!/-i!oJ-oj 1"1"1 'U'= 
.:I'.,-5'l. <>I] tiJ,i)-% 0 ] *"l 711 5]-oj 'ii-'= "1 'i'--Jl-oj cj-. 

(7f) j]_~ ?;/3!!,-l'i- (j]_~J:f'bf, Set gill nets) 

T".£. Ai¾oJl Ai6listE oHt~ tll-"o1'~.£. ZJ ttj.£.0J~ ::Z.~ AJ-¥-oJl'C ~¾, <5}-¥

<>11~ 'iH•-~ ',l:of ',""]~.st ~7~5a.x.'s- ~ ::I,ocl,- ,!- 0 ]\..j- 'll %~.st "1'i'-e.J '/1'-l 

:S 3'.'l/-']rl "]~o}:C: "1'i'--ll- o]q. 

(L..f) -'¥-icl ?;/3~i'f ({,JJ:f'bf-1,, Encircling gill nets) 

'll" .::i%5'. "1;?~ ½cli'!- ,;jojJ ±el ;,cf~¾ ?"1 .117)71 -l,:e}Aj .x.'ll-5]-711 ~ 

~ .st "1 .::i % 5'l. oJJ ,;, "l 71 4 S1 -.J £ ~ 'Of "1 'ii-'= "1 'i'- 0 I Pl , ~ "l ~ ;.cf "J-, {] "l ~ ;,cf 0J
% o J ',lq (.:I'll 5-13). 

(11) 'ijOH Oj-i'-'/1- (~st'bf, Tangle nets) 

"l,')- 'r.'= 2¾, 3¾~£. 'tJ "1T"11 tiJ,i)-'!fO] =o6£. 'r.'= % 0 1"11 e.J"il Sj'1;j7lJ 

oj-oj >R!lcol-'= 5l~-"- .::1%7,J-"11 'ria ¾ llt0 ] ir"1A1 til-'i!-'!!-e.J % 'l/.!/-71 .::i%7,l-<>il 

,r7J'1! <>I~ SliiJ.x.~ ~ ')!o]q. ~ 1f><l "l'i'--"-"1 'ii-¾ 'i' 'Uc %-ll-4 .3.1)11 

9-°cfiif.'c.-". \'J'1}"1'lJoJ)A7 zj-'IJ-,& '1)-',l~\..j-, ;,cf~ \'feJAJ- -!i'-,ff7f \ltOf ';'!/ "'1"1 ~ 

71\ 2J s-f 11:::: Af % 0 l 15' -'l -"l "l 'U q. 

(7f) &'?JOH 3!!}'/1- (Single-walled tangle nets) 

~]''!Jo] ',,j<ljS-}Jjy- %oJI ~7J .!/-11-o] llfOf ::I%51."11 ,;fiij7] "1'1!£~ 'l!Z! •~% 

~ til,i)-~;._ ~ '19.J :i1,-{l-<>I] iril-¾ llt 0 l ir"l tiJ,i)-•~% 0 1 ?-"- Sji;).£~ s-\oj 

{J-:C: ;:i~-". •R~"i'PJ Y '?l 0 fl.::I-,/c, 71];.cfnJ- %0 ] 'llrJ- (.::I.,J 5-14). 

('--f) ~~-.1 OH 3l!}i'f (Trammel nets) 

~ '?jo!J1,-f1-L} o]¾ '?j 0fl.::t%-Jl-")- '1,0) ::L1,-51.<>I] :i;,0]71 "l'IJ71] •~Z] "lfi-4 

'{j-zj-fj- 'r.:C: .3.717} q,e "1%~ %A)oj) 'l!-7] ~S-foj .::1%~9.) -,\"7lej- .::1%51.7} 
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tj-{,- 3,ij-ej :J.,o->!-¾ {l;>l %-¥-0\li= ;;¾, i'if-l\'-0\li= 't%¾ 'cl: oj-,2'.} Jl7!71 tj-y 

e 7al&oJl W"'1~<>1 '!J-e "1'r.ia.A1 3't>ll. 7);,.to1 %¼7.f"J- %0 ! 'lJ.cJ- (:i;,i s-1sJ. 
oj',)-.sj oJ'r-l'i- ¼ ~M/'11- 'lli:J!<>l)Ajic, ~~oJ'll, ""'l,J-oj oj,'--l',- ¼ ~ol, :,r,'-ej 

-ii-, "'l~l-li- ¼ .z1i'l! 0J-, "1--"loJ'r-l'i- ¾ ~½"1--"l-l'i-, •l"l-?"1-, %'!/oJ'r-l'i- ¼ ¾!el
"1%11-li-'1! ?j<'j-oj :J.,o-, 7}'f-e1 :J.%.jii- ¼ ztnJ-, 'lJ,'-'ll'l/ oj,'--ji- ¼ ";"a\-PJ--ji- 'a[ 

,j.::r%-l',-'1! ~"'] :J.%-ji-, {;' <>l'r-li- ¼ ½"J--ii-'1! •i½'ll--li-, :>\¼ -l,-:J.,.--ji-'1] :>\¼ 

-2.Et g~uJ*, +af <>iTif ¾ ?!"-ii!-1 .::Z.~{t, ~ .:Z.~i} ¾ f" 0J*, ~ .:l~it ¾ 

Jl1j ;;!:J.%-li- 'a[ ~oj :J.%-ji- ¼ 1J-¼~oj :J.%-ji- .!g-oj 9'£ oJ'lJ'l}'{l.ll.!a. Af-§

") jl 'lJ. tj-. 

W-"il '11- 0 1 4'-{!--"Hl .l! ~-"l-i'-.ss -lHl 51 "1 l'! "151 .:il 'lJ. oJ •IPH'!:ie\ 'ii ( ii' J "1 'i"s± -"I 
~.l!~:zJ,'-oJI ell~ i'!:ie\.!/-:. %.z-of'.ll.ll."l, 'il'itr 'o-;,JJ'?J..l! (%'!lie, 1998; 'iJ'/l-ii', 
1998; 'f-'11:i,', 1998), 's\',f_'i'. 41.!/-:Zfli (1999), 'r1.!/Ji'f7.fil_ (4'-s±'ll1%.z~¼OJ-~, 

1999) ',! -'8-;,jJAf'f-± U);,\)% -"file½ 0)%~"1 7.f.llc:., llie\ · ,;l,;j%f'lj,tj-_ 

2. ~ :i!J-

'I} '\J 'l''-li 9' Jl. Aj -cj 4'-{f >cf-'<( :0 oJ -ji- ej ',/ -'f- ~ oJ, ',! oJ, 'I) oJ, ,!' oJ, ~% oj, lf: 

••%oJ, ••~. •i:J!, *•"1, ,oJ, ~••oi, %~ ~.ll.ie\, ~~, n%"1, *~ 
oJ, i?"], .li'.-i'-'-1, 1,J->-J, Aji:JI, 1)-£7), ofi'j .!g-o) oJ~-"J'J:!tj-. '14-l'i-!a.i= i:J!~, .l! 

el Aij-'f-, !IUII, 7Jle} J/1-l'i- 'al J!Aj-'f- 'g-0) <>l~'<Jt'.j-. 'i'l>!l%.'o--l'i-.ssi= 9'£ ',j-7.).2} 'f 

¥ 0 ]71 9'% 0 ]n, "11-li-i= -.c, •1"-l"r, ,jn<'j-, llf'l!'n%, ,c-,2~-'f-'J, 7']£7j .!g-oJcf. 

Oi£-li-.ssi= ,Pf "}'11, 7]Ej- ~7.l'Joj %0] 'lJ.9:!tj-. 
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0 ]%-af"i -1'fe1t;fJI 'll;~"i, 1997'<!3!]- 1998'<! ','{!:<f~ AJ{!"J'3l]- o]%~~~ Jl_ 5-2 

"ii t.j-E}'-1j'l);cj-. 

(1) ~H@ 

~'l/'tf½ 'jj-aj-JI 'lJ;ic Z} sr'l! 'l/ir'J{!"J' (J!. 5-2)½ .!l.'1\, ~'lJ,j'o] l,823M/T 

.£ 7f'l]- "l'll:~"i, 'll-'i/-si'O] 12,197M/T.ss 7f'l]- 1lf'.ll:'1-. %¾\\!.£ .!l.'1!, ~'l!si'~ 

"11-ll--"1 11!".l'0 I 7f'll- llt'.ll:~ "1, 'll-'11-sr ,a Oil ,tc-!l-7f 7f'll- w'.ll:cJ-. ::i al '-l- -'i'-'llsr ,a 
otl~-ll-0! 7]Ef ','{i:%0] 7f'l]- 1'€'ll:cJ-. 

(2) Oll½it 

~'l/'11--"1 o]%-£ g :>]<el'!!.£ 1!:Jlj.!l.'1! ~'l!si'<>l]Aiic Sf 10%~ 0 ]%-ai-JI 'l);~ 

"1, '~1!%¾.° "l-'l"t % Jiil-\'J-71 73.3%;,. 7f'll- WJI oti~-ll-7113.3%:S :>.f-'l-ai-'.ll 

cj-. ')l'/J-si',° '11--"1 °]%-&- 0 1 Sf 67%.£ 37fl,i' ¾ 7f'l]- ,,711 t.J-11,lict~ ,g{!,!- ¾ 

oJl,E-!f-7f 66.3%.£ 7f'l]- llt'lJ;~nj Jiil-i'J- 19.2%, oj-i',- 13.4%.ss Z}Z} t.J-Ef,J:c.]-. ::le1JI 

-'/-'lrsro\\ Aj 2- st 23%;, o] %~ JI 'lJ; ic ':)!~.£ t.j-Ef,J:~nj, %¾';!!.£'° oJl,E-!f-7f 

38.3%;,. 7\'lJ- w'll:~"l, '¥-~-i'l- 'JI :,J-Z}-i'J- (23.9%), Jiil-i'l- (21.5%), oJ-i'J- (16.3%) iic 
~.£ t.J-,f,J:cj- (.l!. 5-2). 

(3) ~tJ-xt~£.I ~%~ ~t_tt::11~ 

1}~PJoJ]A~ o]~ 37~ ~9..j 'y-{!-A}.<t! %¾~ J.~{!-1:1]-§-¾ !l~, ;!]j~*~ ¾ 

9,938.s~ ¾ 'll-'11-sr <>11 ,, st 81 %~ ,g1f-,,t'.ll~ "l, -'i'-'llsr"ilAi 16%;; :>.f-'l ~ JI 'll: 'll: 

'1-. 

oj-i',-'2 ¾ 2,438~ ¾ 'lJ-'i/-sr"ilAj st 67%.£ 7}1f ,t,° tl]-&-½ .!;t'.l)~Pj, -'/-'lr 

(28%), ~l\l(5%) ir~.£ '-l-Ef',;J:cj-. 

llil-i'J-91 ~4- "l"l 'll-'i!-sr 0 1 ¾'J{!"J' 4,573.5~ ¾ st 51%.£ 7f'lf W-& A~{!-£ 

½ .!;t'.l)~nj, qg ~.£ ~I\1(29%), -'i'-'lr(20%) ir~.£ t.J-Ef,J:cj-. 

T~ .. w- ~ :{J-Zf*~ .£-W-~ 7]E} %¾~ ¾ 1250~ ¾ ¥~~¢J1Ai 80%.£. ~.!j!

l,'-g ;>.f:s]t;f'.ljcj- (:i',J 5-16). 
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Products(M/T) 
Region Products 

1998 1997 

Fishes 134 125 
Shellfish 1,303 1,371 
Seaweeds 219 267 

Hampyung Crustacea & 106 122 

Ceohaloooda 

sub-total 1,761 1,885 

Fishes 1,404 1,853 
Shellfish 2,052 2,621 
Seaweeds 7,128 9,063 

Youngkwang Crustacea & 118 155 

Ceohaloooda 

sub-total 10,702 13,692 

Fishes 680 680 
Shellfish 900 900 
Seawc"eds 1,600 l,600 

Muan Crustacea & 1,000 1.000 

Ceohaloooda 
sub-total 4,180 4,180 

Total 16,643 19,757 

•00% ' 

00% 

' .,, I 

'°" . ' I 
I 

"'"'1 

Fishes She111sh 

products 

Seaweeds 
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Mean 
(M/TJ 

129.5 
1,337.0 

243.0 
113.5 

1,823.0 

1,628.5 
2,336.5 
8,095.5 

136.5 

12,197.0 

680.0 
900.0 

1,600.0 
1,000.0 

4,180.0 

18,200.0 

·,' ., . 

Others 

Ratio Exploitation 

(%) rate(%) 

7.1 
73.3 
13.3 
6.3 10.0 

100.0 

13.4 
19.2 
66.3 

1.1 67.0 

100.0 

16.3 
21.5 
38.3 
23.9 23.0 

100.0 

100.0 

• Yourigkwang 

• Hant>yung 
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(4) ~~~ ':'E~"I 

W-'il1'1-l-Jl.9J ¾%'11 ~-'ll•1~ !.!'ll, ll\l-!PI ~>11.9) 46.1%.£. 7}'l} llt0 l *t"l~:il. 

'.llE-"l, oj ¾ •f:<i"f 0 i 59.4%.£. £,j.q-'!)ilf'.l/:i!, ~ (28.2%), :i!"f (9.4%) irE-£ t.j

E}\]:q. qg E-.£. '¥-~-ll- 'll '1-zt-1t1'c 23.9%5:lE-"l 0 1 ¾ ¾ilf7f 71.3%i'i: *f"l~s:1 

:il. ~1% (9.6%), ell%! (8.1%), 'r"i (5.9%), :q.2,'l]oj (3.5%) irE-£ t.j-E}\]:q, oj.;,

.9) 0,1{- 20.7%;,; >l:<lfrfs:lE-"l, oJ ¾ ~"'>171 37.5%.£. 7f'll- woJ oJ~"i'.ll:il. :il. 

%<>1 (19.35), ~-'l (12.6%), 0J<!I (9.2%), i'"l (5.0%), il'oJ (2.0%) s?E-£ '-1-Et\tq. 

'il"'*ic Cil-'1-11: ,BE-£"'1 9.2%:, .>f:<ji;f'ljq (:r,J 5-17). 
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~'ll'r~"1¾1L 1%7. ~~ol'i'.r.'<l-(2:o:), pp.428. 

~'ll'r~'ll¾~, 1970. ~~ol,'.r.:,l-(3:0:), pp.240. 

~ 'II 'r ~ "1 ¾ ~, 1988. \'! 'llcol "J 7 I 1'-2E" t.s!..:iU1 ( 'll "-1-'J .r. ,a). 639pp. 

~'ll'r~''ll-8'~- 1989, 'Etll~"'S"ol-ll-.r.:,l-, <>l]1,-1't, 624pp. 

'/-'lrs/-, 1998. '/-'lr,._7\1\'!.!l., 91-95p. 

'r~'ll ~ % '1c ~%OJ~, 1999. 'r~% Jll ,._-\'rUl Jl-'8-Jli \'! _Ii, 242-257p. 

'il%'1-, 1998. 'il%-'8-Jll\'!_i;l_, 88-93p. 

wl\lsr-. 1998. wl\1-i-~1\'!_i;_, 87-90p. 

-f,l'J. 1998. ~~-"1 'J!~- tli~"I, 'l/~'.ll1= ~:;, 218, 143pp. 
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q. ie] 4e}"1 :l! 'll ,°_ I 987';:! ';f A] "11 ic S;' .se. \'l "19-1 2.8% 'l! 28 \'!ha;, >I "i •I '.\1.2. 

Lt -11-'l/~ uJ'!J'(}'l."..s!. 'lJiiloj 10\'l %'1!"11 4\'!ha71 '1-±~ 24\'!ha;:; >l"l•l"'I 

S;' .S'. '.'! "'1 "1 2. 4 % .s!. '1-± •I '.\l t:f. a'f e} Aj q. "1 4 el- 'l'! \'! oil ,1 •» ell aj .2-.s!. % .fl ~ :l! 

'!! 0 1 30oj7j l,'-.1'.1'f.:,:, 'l\ic 7,l.2-.s!. 'lfi'l'll.2-4, o]% 2771 ;sJejo] o]u] 7l'l/"1'l!7-J 
Lt 7j ',!- oj] 'l) .2_ sc £j oj 'l\ t:f. 

ilel-'J£ic -~el 4eJ- -:J!'ll"l 44%'l! 11'1]-ha~ >f;sJ.-l"l ,1~ i.g-.g. \'!"I~ "-* 
i;f.:s, 'll-"-9 W'll\'! "l"l ~'!!\'l"i-& 82.49kn/.s!. {l\t"l"l {l>!l\'!"1"1 7.8%,; *l"i 
i;f.:,:, 'l\t:f (CI;;J 6-1). 

~ Ill \'!-& ~ ieJ 4 e} 9.j \t Aj "1 \'! "11 -$1 >I -aJ-.:,:, 'll .:i!., .!/-'1! ic "1 i'! 7,j \'l :,j- •l c<il \'l , w 
~ st "1 W 'ii% '4 "'* \'!, 'll 'll-ic 9-1 a' \t\'! '4 'lH± \'l.2-.s!. ½ aj-11}-oj 'll ;c, 'I!: llil 'ii ,,.J 
"1 "l ."..s!. 'l'! '1! •» ll'i" "l "1 •R .f * "i \'l "l ,°_ 328.44km'0 i 9, % "l 'l! Tic 1997';:! i'! ,1 

46,346'll 0 lcJ-. •1.f"i"l-& cJl'l-1i'- *'ll"l"l (49.4%), ¾*;;J"i"l (29.7%).2-.s!. S;'71 

'E ic ;s] ,Y- {! 'll 1± "i 71 3'c AJ "1 oJ 'll ;sJ &!-0 1 7J 'l/'ll-"l O I ,1 "11 '1! cj-i', "i "l oil Bl "1 
e]:u,aj '#-& '1Jo]q. 

~'ll\'!ollic .!/-'l!r"il 2jc, Yl-'llicoll 2jc, 'll'll-r"il ljc % '\I' 571 "i"l, 274.57kni 

"1 T {! "l'i! "- 'lJ ;sJ T 71 "i 'll "1 "l 'll-"-4, % "i 'r 9J "- 'lJ · trill "1- tr \':l •f oj 0 1 •1 AJ 
¼0 ] 'IJAJ£joj 'l\;<] &fcj-. y}I!l\'! 'l'!\'!;<]S!jollAj Jl.%1'f.:i!. '.l)e oj{J.g_ ¾ 1,794>J 

.2.,.£ qj,¥-~o] 1~ ojl{!-~ ~~~~.2.,.£, 90\:!tff o].:f ~±8"}-~ {:-hi]~ .!i!_O].i!. ~ 

."-9, 371 r"l ,;,{!½ oJ~.:,:,;c, 1997\1 i'!>l 24,417M/T, 62,795"'1'1]-'l!o]t:f. 

~'l'!, ~'ll '1l- 37H ic "1 ~J.f 'l'! '1! oJ % '.l! 7J 'l!-:ill ~% -llc"i .!1. \'l, :J! 'ii '.l! i;\J "l '¥1-

7,J "11 {J:z}~ '§ .. <f¾ P]'il 7fl'lf ;,ij~.g_ \Jicj-. cj-'1]-, .!j!-'1}S;',j]-t" .. J-eJ <:!-ii, 'IJ'\j,cjT 

'i?-% T '1l uJ '!Vl'lJ %0] T >11 '1-"1 ic 'll .Sc oil a'f a:J- "1 "1 '¥1-7,J oil 'll 'iJ'¾ Pi 'ii 7,! .2-.s'. 
;,;_ '11 cj. 

i'! ,ff % "i "l ~ 'Ii ,c_ J.1 "11 '1! "i "1 oil ,1 4 Ef L};c, 'ii-%,;, '1l uj \'l "il "1 ~ :l! 'ii A fl 

i':{ei, 'll'l!'lJ;,) 'i?-'lll:r"i ',) £A]7)"JollA1eJ .2.JJIIT •l½.s!. '11~ 'llell:ill .2.'ll, tr 

'il-"i '.l! *'ll"l"1oi]J.j 'lf"»~ *~7]'11 B]'Jl.2.'ll'<l ¾'ll % 1'!! -$1"1 .fl.'11°1 \li 

S'.l cj-

'E ~ 'il>~ ±'jj-Y '\'l:%"1-'il .:s<c'l) %0 1 Jll~"loJ ~¾ '11'- cJl'itY A)-ii"J tr'!il:r 

"i ;<c'\J-& 'l!'ll"loJ 'll"l &!- 01 ~'il.!1.'ll'4 tr\':l~ 'llzt~ -$1~.fl.'1},°_ \li:: ;!.".§c 

\'! B >l 4, "1 "1 '1! .:i!. 4, £!>. {l 1!, ',J <J .Sc 'il "1 .!/-'11-ic ~ al, .!/-'l!S;' "ii 'ii-~ <:! -ii % 
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7l'lf.i!J- 'i'!'IJB Af:§j · ,:J>i]"l a<c{'!.g, 01 ><l"l ~'l!oJI 'll"J¾ o]~ \'l'l!~"l 7l'lf¾ 

~~~ 7F"°'\l 01 '.lloJ .5'.A]~'jj- 'al ><]"l7j'll,oJI ll'.f~ 'll~:>17,J- cJl'1fcf'ljo] .8.'i'B 
q 

Ai 'it"il '1! 91 til .l!. "1 ~ 'l!-"' ie 'l! "i-91 i'f l: '1!, ~"ii '1!, -ti 'l!sc ><l £ %, Oil 'itr :§l

~'fr£ 91 ~'j/ %¾ ~ ','- '.ljq ('IJ-"ilscAf'/!~!/J~~, 1999). o];, ~'ij % 'lJla\-91 

i'f:lc'l! ~'l!.g, Aj\']-jl- <l:"l'I/-Af.'a., :§j-~'fr.5'.91 ~'ll.g, '1J{):7J 7l'lf;,Jl~oJI 91"11 o] 
0 1 ~ ><l :§j-,aj .:il. 'll,'.ll;q. ll'.f a.J-Ai ~ "ii '1! ~ 'l! 91 .!!~ 7f *I 7f Ci~ 7J a<c"] .:iI '.ll q. 

'IJ-"il'l!:'. "i"l 'J!\!191 "i'\l.i!J- 'll<l:91 ~ 01 ct0J~ '!!Ell-"' \'l.!"l<>l :ug.g. 11-
.!!"l?.:i!. Vie 'J,.<,..ia. '!J1f"1.:i!. Vet ('1-%'l!.!!, 1998. 1. 19). ~"il'l!.g, %oJe:J•l'r 

~ '))-.i!f 100\:l o] \l '.ll C,ie Oil 'r°l'l 'lr .<,.!a. % ']j t;f ><l '1! Af ',l-;:; 91 ~Elie "l A] ~ 'l! o l 

ct. ?\'J;;.g, Hf!/l;;', 't><l, Hf><l"r, 'jj-oj *l<>l, ~><]'llol, %"1, .!!i!JA14-;c ~'lloJl 

Ai Sf Of ¾ ej * A f Jj!- ><l llf .°_ ','-Qj ¾ ¾ "1.:i!. '.U ct j]_ 1'-.:il. "1 j]_ '.ll .<,. uj, Ai 'if "ii '1! ~ 

'l! % 'il 1'! "1 1 f *l 1 f "i "i 'l1 oJ '-1- :.f "i ~ et a<c 7il 1'!¾ .!! 01 ? .:i!. :U ct .:i!. 'll ll "1.:i!. 

:,!ct.,;', ?3!."Jo]i..J- %oJi!J"il'r~'lfoJIAi H}a.\-1'-ie ".J!'l! !/l '9-a'cie ~'l/8191 of 

'-1--"' ~ "I .:i!. :U ct. 

~"ii o I a.\-ie 01 % :'. a'c-\l 3'c Ell¾ 9\:l (1409\:l) Oil ~% 'll :ilf £ '!l 'll ~ * W"f \'! Ai 
~%0!]Ai ",.\:";<}~ 5'.'llO!IAi "4'";<}~ ll'.f "!i\:'F' 0la.J- '\l.ct.:i!. ~ct ('IJ-"ilscAf\'l~!/l 

~ ~, 1999). "i -,J-.g, 0141"1 oJ '1-'l!sc 'll "",u \'!, -ll 7il \'!, ><l ;,- .ei %?'if "l Ai 1" 0J%, 

'll 'l'% 91 'll '1-, 'l!-A.J sc % :§l-\'! 'l! 'I-, '1l '!1-sc R "J' \'! 'l! .l/-JJf "i 1, w "ii sc "l o 1 '.ll ct. o 1 

"l "l Oil ::: "'l >ii "i 'I-El .:i!. el "i! JJf ><l 611 91 -ll 3lf •J, .l/-'l' zJ-zJ- 111 l:7f :U '.ll ct. 

~Pa '1! ~ 'r 'lJ O I Cs- «I 'l! of -\ll ;,- "I ie '1! ~ >11 oJl ~ "I ;,-o I 71 91 ~ ,i '-1- 'Uc ct .:i!. 

j'I ~ "l .:i!. :,I.<,. '-1- .5'. "13'c ~"" ie 'r'll O l <I oJ ~ "ii 91 °J•J !,.!a. ><1-af "1 j]_ :u q. ~"ii 
'1! 91 "" '1! -\l :'. ~ "I t1I 'Ir~ et ><I !a. 1975 \:l "I-~ 91 <le 1l O I 11 'f-"il .g. A Hl .5'. :u cj. 

~'!!'1!91 ~*"1 o]%3lf <1-:§1-oJI :;,!~ \'l'i'><lil.ie 014- >il~"l<>l :,l.<,.oj "; "I ~ 

'lloJI 1'1~ "11l"l'll \'l'i';<fil.ie '491 .l/->1~ ~'ljo]q. ~'!!'1!91 o]%oJI :;,!~ "1l 
"l 'll ><f il.!a.Ai '11 '1! 3' 'i'oJI :;,!~ 7] ~¾ 1lc"i J! 'IL 'It'll si'Oil ie -,tl.jj 3', "'l ~ 3', -'-j 's' 
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![., 'lj![., -?!l. -'§-'] "11'<]:!l.,'o\] 'i'!:~ 7]'s-o] 'l!t:J-. ~%'!!'] 'llJ>i] aft O]i,-0] ,l-yj 

'1!'1)tJI, ,l-yj![.\'J: ,l-yj'l!o\]Ai tiJ.!l..a!j'1) !l.,'i!}ictJ]Ai ~oj~ O]i,-'l/ 3!o]oj :,rtiJo\] 

ic Ai \J-"i! '<]:o\] Ai 7f'l} '/J --\19.!i. eJ •J-,'¾ej 5J-'--ti!J- .!l..:il"] :i1 'l! t:J-. ,l-yj !l. (l!l.7:J/m)ic 

1937\1 '\'!l."1],Y-o] ~'t'-"1'1:!Ai ~7171 of\:] ~'a7f7f "1'llt:J-. .'f.~ i'-11-'l:! -Y,111"1 

'llJ-l\- 0 }%"1 !l.,''1] 'llJ-l\-!l. (S'lslm)<= s!f'l) 'l!-lr'i' (~Il,l!.)a}:il 5J-<=ti] :fr"iAf'lJ 

% ~ «II oj7]7f >ll'l! 'l!e<i '/rA}~ -"l"r~ *o]oJAi 'l!-lr,'i!} -11-.!t:J-. 'll~, '=l-e<l, 

c;)oj % ~'ll'l!-o\]Ai '!I--.];,, 27]"1 ~-Ue<];._ i=-'ilo\l<= 'l!til-"H!¾ Y¼ ~~o] ~ 

oJ-"i 'l!t:J-. "l'i-!l. (EMlm)<= ><I~ .5'.'17} 'l!ill 1'"1 !l.'i'"l 71'8"¾ ~{19.!l.t:J-. 

1895\:l n•~'<l ~'!I'll %><lo\! 1]'s-"1oJ 'l!<= ''ll!l. (ill/Im)'<= 'll-.ii!"-l e<l'll%"1- ~'l! 
c}¾ Afo]'1) •Ht:J-"1 '(lo\] 'l!'l! !l.,'.£ ><]~-@, o]*o\l 117ij1)o] -.;; J/1'- ~c;j-.j yj 

_,,. :o:f "1 'll t:J-. 1865 \:l :;J 'll :o:. "l ti! % "l ><l o\l 1 I 's-"1 oJ 'l! ;,, ',;. !l. ( ii'! Im)' " ,;. "1-o I 
wofAi 11-oj~ Oj~o]a}:il c;j-o}oj ~110] (7,J-'il,oj), 'lJ-!,j-, ii'c7l, Aj~'J! -'§-oj WO] 

71 ail -'t! ><I 'd- '<l"o\l <= 0 l !l. ,' o\l '@-~ o\l ½•I 9-i 'l! 3! o I A l{l o I 'll .Q. "1 a}:,, .!1..2 '<! t:J-. 
1965\:l o].:f oj{'.!ej til'!!:§1-.£ ?{JO] 'l,Of ~•H7} lj!. ~oj.Q.711 "]:,, .'f. oj{'.!ej % 

<,:o:}.£ til.5c.A]71 'l!<= !l.,'.£ •H7} "l1l 7}"iill ><]~-@, !l.'i'"l 'i'11% "1ltil.£ * 
S-} :i1 ~ 'll oj {'.! 'l! -'=.'--t ~ J/1'-o] t:J-. 1980\:l ti! o\l ~ oJ Ai 'l:! Ai '11. til-"l 11 % Y¾ "1 ~ o] 

ll!-0] ~ <>JAi -?!l.'] ~ 'li--\1% 3[7] -$1•j x<,% -of:,, 'l!.Q.oj ¾~o] 4j'1) %% 

'll-"l-11-o\l .t'i'oJ •l5!:½¾ 'i/2 -¥J~s-f;,, "11? l"l A"i 0l c;Jcij-o\l 'll-ill"i s-f'f
soooi 'll O ]AJ-ol t:J-cj 1f;,, 'll ~71 "] 'll.Q. 'l:! 0 l ~ .§a. ti!,._ ;;<o\l Ai ~"I .a!J .Q.;._ \'!:'!f 'il

><H!: a'c'.J-of:,r 'l!t:J- (~'li;;'A}'l:!%-$1~:§], 1999). 

o] 9-f '(f-@c 7] 's- ~ ¾ ¾~S-f 'l:! ~'li 'l!--@c c;) ¾.a!J .Q.;._ ?-U~%o] ~'jj-S-f oj '1] 2-"11 

'<! o\l ;,, :I!. 'i' ~ o I 'll-'ilc 9.!1. .Q.1+ oJ {1 ~ 0 I ti! '!! :§1-"1 oJ 7 I 'l:! Ai !l. ,' ;._Ai SJ 7 I 'is-¾ ~ 11 

-of 2 ~ \!! g 'l:! -of 2 'l!;,, "11 '<! "l e<f \'! 7<! 'i'!:¾ ~% ~ 1'!:'!f-U'll o\l ti! ~ 1'!:-ll o I -'f-""J

"1 :,, 'l! " {1 'lJ o I c\. 

w~~:: -9-il i.+4.9.1 ia-1--i8\l~oi1 -?-J5tli'it.J1 '.V,.:il_, ¥~~,~~~,~~~SI Bff 

.cf -l\-><J-'f-;._ ;.-,1.,.,<>1 'l!oJ \lrllii"lV.l "11"1"1 ><l'J"l 'i--\1 g .!!.. 0]2 'l!c\ (.!!. 6-1). 

4'-~'iC" ~Q:J9.l Hff.:q:-&-Alt ¥'{!~9-1 97H ¾ 1?! ¾ ~11i:!3lt 811AJl1?!.9.\ 27H 'BE... 

-448-



.£. 7'- 'll "I <>1 '.U.Q. nj, Sil 'a" '1! gj ~ :<) '1Pl ,g, -'i'-'1.lir ~ 'I] \'! "l 432.48km' gj 27.6% 'll 

119.52krn'0 ]cf (.l!. 6-1). 'IJ-!\lir "11"!"1 •l~~:<)1=- 'lf!\li,:gj ¾ 971 %'1! % 'lf!\1% 

:i!f -e-lo- '1! 0 l 'IJ- !\I 'll "1 ':l •J-1'! <>il .¥. 'I} "I <>1 '.U .Q. n1 , Oil 'a" "l "l gj ~ :<J \'! "l ,g, 'I} !\I ii: 

~>il'l!"l 392.~gj 24.3%'ll 95.34~;, 'l"l"l:i! '.lief. ':l-'i!-ii:gj •l~~"l'=" ¾ 11 

11 % \'! %' ii: \t'I! :i!f 'll ~ '1! gj 211 '1! o l 'l}!\J '1.l gj ':l ~i'l <>iJ .¥. 'I} "I <>1 '.U ci-. Oil 'it 
\'!gj ~:<)'/!"l,g, ':l-'11-ii:"1 ¾ ~:<)'/!"l 472.~gj 24%'l] 113.58~o)q-. 

'IJ-'l! 'll .Q..£. %'ll "i 1=- %"I~ .!/1 <>!l 1i'-.¥. .-11=- 'll ice %\'! •E 117'-"l gj •I~ ~"l \'! "l 

:'. 328.44km' .£. % Oll "l \'! '1.l :<) '!J-:<f .>J <l->11 gj ~ "] \'! "l 1,297. 95~ gj 25.3 % ;; .>f ;,J iif 

J1. 9.1. c:i-. 

'r s 

"" ¥'li~ tj-'lJ sc 'll '!f sc 

¾ 'l! "I 432.48 392.70 472.77 

fr C!'l 1-ll % ' 'l! 'l! "I 119.52 95.34 113.58 
(%) (27.6) (24.)3 (24.01 

0 "l 11 'I 52.74 68.58 48.86 " (%) (12.19) (17.46) (10.33) 

'? . -11-"l'l!"i~ 1/25,000 s]'1f£ofll<j GIS 7]'11% Af%'\oj .a;,;\'~ >,I'll. 
sf;,_ , i'-'l! · ~'ll · 'll'l<sc, ..-sl'l!!i!., 1998 

(1ct-$-l : km', %) 

w ,ij 

1,297.95 

328.44 
(25.3) 
170.18 
(13.11) 

-'i'-'1.lii:, 'I} !\I ii:, ':l -'11-ii: gj ~ -'I] 'l] ,'-1=- 1997\:l ~ ,1 Z} Z} 71, 919',l, 48,237',l, 

74,816',J.Q..£. ¾ 194,972',J.Q..£. 4E),;l:lct]), 1992\:l<>!]ic" 371 i,:O] Z}Z} 82,163',J, 

58,211 ':l, 86,846',l 'l] 227,220',l .Q..£. 371 ii: .!i'.'i'- {1-±"}oj 5\:l %'1.l 3'l.) oj 'll 0 ) {1-

~<5}~ g ~ ~ -'r" '.Ut:l-. ~~1?! ~~ %~on rl2riil.:iI 'Ui:- <?_Fr (t997\1)~ 1r~~ 

o] 17,481',l, 'lf!\li,:O] 16,945'!L ':l-'i!-ii:OJ 11,920',l'l] ¾ 46,346',l.Q..£. 371 ii: ~>!] 

'1},'-gj 20% ;'; >f:<]i;f:.l '.UcJ- (.l!. 6-2). 
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(,r'1J ' 'll, %) 

T " "' 1992\1 1997\1 
't!1ttif¾7}¾ 
(1992- 1997) 

-!j'-~~ 82,146 71,919 -2.49 

If '!I"' 58,211 48,237 -3.43 

'll %ii' 86,846 74,816 -2.77 

ii 227,220 194,972 -2.84 

-\'-'11-c'-"1 <>j 7} ',/ <>j 7} '() 'i'<= 1997\'! ~,1 1,2137}7' 3,811 'l! ~-"- <>l 'll 7}7' 7} 

¾ r1I {! 'll 7\ 'i'<= 3 % '() 417\'i'-<>11 -l!, ,<\ ~ uj, '-\ nj ;cj <= 7,l 'll 7\'i' "] q. ~ 'll ii' "1 oj 7} 

'r '>1 <>17} 'il'i'<= 1997\:l ~,H 5857}7', 2,114'l/ 0 1"1, 0 1:. <>l'll7f'i' ¾ ~'ll7f'i' 

~ 20%'<1 1197}7'-i!- ~}c-<]<>}Jl '.l)t:j-. ~'!I~ "ileJ<>11Ai 'r{!<<H!¾ 0 ]¾.s\JI '.ll~ 
'll.;;/-ii'"l 'l!J/- 1997\:l ~,1 7317}7', 2,673'!1~.£ '-\stld:~"1. o] ¾ ',!'lJ<>j7}~ 

2387}7'5'. 33%% *\"]<>\JI '.llrt (.!£ 6-3). 

"Y'i!i!:'34 ~:ig-r.Q.j o-]7} ~ o-]7} ~T~ 1992\1 oJ+ A]4f-~.2...£ ~S::'5}.Jl s:,l.'C 

3l .2.. .£ 1--} E} \..t % ;i;J Q;j "'r {!A}~ .Q.j ,e .5:. 7} {f ±. ~ .:il S'J g ,g_ ~ ~ 9J _Q_J .. t, ~ 11a 'i: 

9J <>l 71-'r ~ ;;c 7\.sf JI '.ll t:J-. 

(\1$-J ' ~) 

i' " " 4'-'il-.?- lr'il a' '?.I ->B--.r- l1- ii 

<>I 7\-4°- 1,213 585 731 2,529 

7t'?Ff 3,811 2,114 2,673 8,598 
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{\-'lJ'!! ¾A\:<\?;e 'a-oll ~ •icf-l\->'1 Ol¾i'!',1-% 1)-llj.!i!.\'! 1997\:! -'/-'1]-;;'-, ~'ll 

;;'-, 'iJ'll-;;'-.QJ ~'ll>ilie 3,6767H, 2,6557H, 4,3247ij 0]Pj, 0]~ ¾Af:<f,e ztzt 13,710'l/, 

8,504'l/, 16,3QQ'l).£,s ~Af!iJ:l/t:f. ~'!I'(} •l'f:<]Qj,U ~'!i;;'-.QJ ~'!i%"f i'c-Jo-\'!oJ] 

'cc 1,17771, 'lJ %ii' "1 ii',r\'! "} 'iJ {\-\'! <>ii 1cc 4947)] "] A}'lJ '1] 7\ '.il t:f. 

-'/- '1]-;;'-9-J '1!-i} 'lJ Af 'lJ '1] lJ! ¾Af :<f,= Zf Zf i'J >J] ~'lJ '1] .9} ¾ Af ;<f "] 11.2 % .9} 

199%'11 41311, 2,727'l/..2..ss, ~'ll>il ?1cc -'i'¾'"i ¾1f-.,J1. '.ilt:f. ~'!Iii' 'l! 'il'll-ii' 

91 •ff cf:sl Qjo\] Aj 91 %-l}'lJ >\] tc Zf Zf 247ff ,j/ 1307ff 0ln\, -WA\:.\'cc Zf Zf 710'Jl "f 

383'1/ :1 '-tEfi.J!oJ, 'IJ'll-iic0] ~'llii'.!i!.t:f '11-il''lloJI 9-J~ •lcf -l\-;<] 0]%.5'.7f 'lrrJI"! 
.Q.£. ~~ ~% ~ "r" V,q., 

~'Ill'!- 311-ir' 'i'l'1l- "l"l.eJ .1a.;<]oJ% i'!',J-% 1l-lll.!i!.\'l, 'lJ0)7f i'l>il-"l 36.6%.ss 

7fcl/- 'It:'. "]¾% "fo<]-.}Jl. '.il..2.Pj, t:1-%..2..ss 'll-"f <=91 °1%•1¾0] ztzt 23.2%. 

20.8%.ia. 4Ef~t.f (.l!. 6-4). % oll"l '<!'2- ;(1"191 1l+, rJl>\l"l..2..ss 'lJO) 'l! "'"' 
'lf.e.J ol%•1-&-o] l't.,g. ~..2..ia. _>=_ej~..2.Pj, rJI;<] 'J/ -l.'"J%o<] % 7]Ef.'a.>] 0J%91 •1 

-&- _i;_ t:f '>!- ,g. ~ ..2..ss 1..t Ef ~ t.f. "1-!if l'1 .1a. "i O I % i'! ',J- :1 zt ir' l'1 .ss 1l-"I .!i!. \'! t.f g '4 

'1)-q.. "';, 1}'1J,i'-91 .ss:<] o]%i'!',},g. :,\ • ,l- • 'lJ0)7\ i'J"11"1 86.5%i, >\:.]o)Jl. '.il 

t:f '.f'IJ;<]Qjo] i'l>!]\'l"!.e.J 66.82%'1] 258.33kn/O]Pj, "1 qgo] ¾'.f'IJ;<jej.Q.,s 

21.95% '1) 84.86kn/7f ;<] 'lJ ,aj oj '.il t.f. "; -.J ~lfl ,r' .ej 'lJ 0)\'l "J ,g_ i'J >!] Jl.A] \'l "J 91 

48%~ "\,_i"I"- '.iloJ ~'ll"J: 31ffii' 1\¾t~ 1\'l/- 'It-& 'll%%% "\"l"\J1. '.ilt:f. -'I
'<! iic "I o 1 % i'! ',J- 2. 7<l :<] 71 185.38kn/ .ss i'l '11 \'! "I .eJ 43% ~ "1"1 -of"- '.l)..2. Pl, 'll O) 

(158.9kni), cJl"l (10.62kn/) \ic0]t:f. ";J%;;'-.,g. i'l · ,l- · 'll 0)7\ 399,538kn/.ss i'l>il"i 84% 

;; *r"l"\Jl. '.il£-n\, 01 7\¾t11 'lJ0)1\ 45% ~ 'll%it\J1. '.ilt:f. 

'1"'11-'11"1 t!:?Joll ":l~¾ 371I o]*l<= ~~ll\l? 'J/ ~'llllJl?.eJ •1½~'11 <if'l/-% 

c<J .9} -l.''l/-% c<] ie 1990\:! cJI o I .cf cJI .l/-.,_"I ;<] Qj <>ii Ai 01 % •I ¾o I 'Ito\;<] Jl. '.ll 1cc 4 
"ii oj Aj '\!'cf ~ 'lJ 'l)- 7,l[ '!! \'! i!l oJl 'll "1 Ai ~ ~ ll\l "r' 'J/ ~ 'lJ JlJI "f' -'/!: i!l cJI ;JI .ej "f' ,j O] 
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.8. 'r"i :R 91 i:.J-. ~~I, ~'ll '1!:21 cl! 'ii ~ Oil 0.l''J Ell 711, "r'~ %<>11 "I'll 'il ~Jc g o] ~ 

9' 91'= 611 •1+ %'11 (.ll. 6-5%¾)21 ~~%><lie 8,9401rnf;.., ~'ll'fr 31lii' "1>11 

~~%><1 (17,107km')21 ~>fr "r'if¾ :>t><]-oj.JL 9.lic 3!.Q.;.. t+Ei-~i:.J-. .!/-'1lii' o\1"11\'l 
,ij- 'll'lfi,' 'lJ~\'l_g. ~~%><] o]-§-~ ejA] ft_g. 3!.Q.;._ ¾At£l'.lJ.tj- (.JI. 6-6). 

11. 6-4. 1/'ile! 3>Hir e!c 'H+ l>\!l21 "ilill!I s;:;,;fof~l!!~ 
('r!:~ : km', %) 

T{t ~o~ "' 'I!: 7]Ej 

-¥-~ 
33.31 36.08 23.24 26.89 
(27.9) (30.2) (19.4) (22.5) 

~>ll 
37.80 19.73 24.17 13.74 
(39.6) (20.6) (25.4) (14.4) 

~J!J 48.95 12.47 28.85 23.31 
(43.1) (11.0) (25.4) (20.5) 

~,11 
120.06 68.18 76.26 63.94 
(36.6) (20.8) (23.2) (19.4) 

·r " tr ~'fr,' ~ >ll ii' -¥-~% 

% . 'I! ~'a"1?!, '?!1~1?:!. ~ >ll % ' s',1!, 'I! ~ 7,1 'I! ' 'I '11 'I! 
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-=t-~ ~ '!ta' w'll"' 1¥-~ir ~711 

,Pl 'I:! 'i(m'I 3,433,500 2,405,155 11,269,147 17,107,802 

,fl-f %'1:!(m'I 1,921,326 746,587 6,272,964 8,940,877 

SJ %(%) 56 31 56 47.6 

~l/1, 'il'T'~ ~'ll o]%i>f~ o] .c<]ej.91 'll"1 o]% ~:o,,g ,lJ-llj!;l_'/:!, 37Htr 7}{t

ti] ~'!ltrg >11"1~ °a'/ftr · ¥-'1!tr"1 "1>11 'll"1 'lPl:: 8,722k~o]q. o] % ¥-'1! 

si' 'il"ll'l!.91 'll"1°1 1,213\rni>'- 7}'l)- ',il:: ,;\~>'- t.j-q,J;tj- (R 6-7). 

T* ~'!ta' ~'ll a' -¥-~~ ~al 

~~] l?i~(m') 7,114,791 - 1,607,9&3 8,722,774 

t1H~ %1?i(m') 4,679,122 - 1,213,334 5,892,456 

•I %(%) 6.5.7 75.4 70.5 

~"il'1! 37ffsi'"1 "1>11 •~'ll'r"I 'lPl½ 7]¾ (!,298\rni)~>'- ~ ufl, JlA]\'laJ :C oj 

!;l_tj 159k~ l'§ :C 1,456.Bk,ioJ] ',ri>} 3l '.U tj-, .'ic,A) ;;acJ "i :i1} ¾ .'ic,A) ;;acj "i o] 123.3\rnis'- "1 

~l JlA]'/'!"1"1 8.5%;, ~f;;ac)i>}Jl :Uc+. 371tr"1 ;<f\'!~7,j!;l,'lJ;;acJ"!.g. 181.5km'>'- 'l!'<I 

.'<. "'~loJ]Aj >f<]i>f~ •1% 0 ] 23.8%0!] ',r~tj. ~"il'1! 371tr 7}.'t-t~ .'ic,A];;acJ"!o) 7} 

"J- \,J .g. tr :C °a 'if tr~>'- t.j-q \l:~ «j, ~ "il tr :i1} .\'-'1Etr :C 26.6\rni 2j- 23.Bk~ >'- Aj 5'-

1:3] ';R ~ 0J-"J-~ ~o].:i!_ '.Ut:l-. ::Z.i:lY, Jftci"~~ 784-, ~73~ ~~O!] ~~J.:g--o-J-~ ~ 

~~ al~ g 7,cJl 'll<>l 0 1 711~ 0 1 'r>il.§1-.sl~ ls-i-, .'ic,A);;acJ"!o] Aj-';,'~l ~til'<l 7,! 
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~.£. !1-'<!ct. ~\'l, :<f'i'!tfll-"-~"i"l,g. ~'llii' 0 1 37.3knl.ss 7f~ :aJ,g. ~~.ss i+e+ 
,;l:~oj, 'll'lrii' (80.0kn/)Slf '¥-'<!ii' (64.3kn/),g. "):;;~ ',°€' 0 )q (.ll. 6-8). 

(1t!-!i1J: km', %) 

,'f " '! '\l 'r "l j! A] ia_ -3:j X,A] A] <?:j "f? .£A] 'If '!I A] <>j ~~~ A}'?H!-?J 
~ Di 'l AJ "l •I "l !i!._~A]~ ,. 

l! 0:-
99,705.56 105,528.51 14,975.09 1,083.81 50,470.48 27,073.03 11,926.09 

100.00 14.19 1.03 47.83 25.6.5 11.30 

j C}'J S:_ 
11,913.30 14,945.75 1,461.19 150.72 6,123.22 3,557.51 3,653.11 

100.00 9.78 1.01 40.97 23.80 24.44 
' 

I 
1,297.98 1,456.78 93.17 30.15 719.93 432.46 181.50 

% al 
100.00 6.40 2.07 49.42 29.69 12.46 

"J <J ·.c 47'.l.26 6.50.21 42.79 8.42 284.77 134.27 79.95 
100.00 7.78 1.53 51.76 24.40 14.53 -· 

~ .g ,-{ 392.25 425.6.5 26.56 11.79 223.37 126.64 37.29 

100.00 6.24 2.77 52.48 29.75 8.76 

.!i'-~;( 
432.47 480.93 23.82 9.94 211.79 171.55 64.26 

100.00 4.95 2.fYI 44.04 35.67 l'.l.36 

~\'l. ~"J\'1- 37Hii'"1 £A]JJI~ <l!:>J-.; ~Jlj!l-'i'!, £A];,Jl~ 'i'-"l'i'!"l (88.7km')::'. 

'i;.5'.o)% ~)~AJ-ej S,A):<)"1 (03.2knl)Slf ,' >fo)7f \i,l,e ~~.£. y.E},;l:~oj, AJ-'fl:<l 

"1 (!.3ko') 'l! -ic'd >l"l (4.4km)"1 'i'!"l 0 1 5.7kni"il 1fS!f%foj "5-'d 'l! "1'dlle<Jl '/Pr 
~ ~"€~<?.J. Z!~ A]lc!J-A}*Pll~ ~7?]% .!i!.. 0 1~ <V_tj-. ~"8"1, W~i!":i!t ¥1h?-9.J -tf 

'd")"l-& zj-zj- 0.4knl, O.lkn/"i) 1f4~ {!lj 0 ]q, >fr'i'!oJI ",-:<):<)"1°1 S.A)71)~'i'-"l"i) 

A~ ~}7-]i!i}"C" t:1]% 01 AJ-tff~i>...£ E'~ ?;!.Q..£ 4El-xf:-i=-t:~l, w-~PJ 37Rir-9.J ~~l ~ 

;cJ;,)ejo] 70.7knioJI 'it"ll ll-fi-"i-£- 0 ) 71"1 80%"i] ',t~q (.ll. 6-9). 

~'ll \'1- 31H ii'"il ,e -'i'-'<!ii'"il 2:,,, ~"a ii'"il 2 'le, 'll 'lrii'"il I 'le % ½ 511 :<I "1 "1 

'i°{!>f-'ll .!,l,~"i'i'-'I '.Ur+ (::i;,J. 6-3, .ll. 6-10). ~' '¥-'<!ii' <l!ll'i'!"il 57.92knl, •He<Jl 

'i'!"il 40.55kn1"1 ½ 98.47knl iJ-5'."1 'i°-U:<f-'IJ -"-~")'r7f 1982\:!"il z]'1J"1'll~nl, ~ 

'\lii',O. ~"J%"il 22.83kn/, 'E1f'i'!"il 47.33kn/ % ¾ 70.16kn/, 'll'lric"1 'll{l-%"11 

105.94kn/71 1982';:l"il "lll"1"1 ~'!11'1-oJl,e ¾ 274.57kn1"1 'i°{!:<f-'ll -"-~")'i'-7f '.l.l 

c\. 

·454-



li 6-9. ~l!l~ 37Hii: 5=Al;,jl&j !!!~ (1998) 

('i:r!fl : km', %) 

'i'- • "" "- 'I lll 'I 'i'-"1 'T"rl :;,;] q,J 'lr 'll A I "1 if~ A]~ ~Al:<]~ ul >I 'il 
,! "1- \r "- 1,149.27 124.42 16.28 113.81 818.36 76.40 

100.00 10.83 1.42 9.90 71.21 6.65 

I! 711 
88.70 10.73 1.32 4.37 70.71 1.57 

100.00 12.10 1.49 4.93 79.72 1.77 
39.15 3.67 0.55 3.87 31.06 -

':l 'll ii' 
100.00 9.37 1.40 9.89 79.34 -

ll"a ii' 
26.57 3.46 0.37 0.39 20.78 1.57 

100.00 13.02 1.39 1.47 78.21 5.91 
22.98 3.60 0.40 0.11 18.87 -

¥-'tr~ 
100.00 15.67 1.74 0.48 82.11 -

'i'- • 
"' 7~ ± \'! 'I (ko/1 

':l 'll ii' I ~11-¾ 105.94 

I! 'll ii' 2 i:1-'ll % . i'½ \'! 70.16 

~~'5:- 2 ~ "el \'! · •l •I \'! 98.47 

v 711 5 274.57 

~'ll'll- 'l'l'l! 3,1 ii'oJl1'c 's-71 'l'.1'c "'i'!M!'llB"'l7f (dt:]-. t:1-'ll-, 1s-'ll'B"'i1'c 'I-'<! 

sc"il 'lJ;,., 'il-"J, 'l/71 % 3,1±c, w-'llsc"il ~'ll, ~:;;,. **"'"'I % 2,1±c, ie.1:;, 

°ii '!1-sc oi1 sc ,1 **,a "'i 171 ±c % 01 "'I "I oi1 £ ,._ 611 ±c ei ** ,a "'i 71 7f% "1:;, '1l 
t:1- 'a' ti' B ;,:loJI 'lFr ~ 'll >ii "r1'c 122,1 ±c O I "1, 'l! >ii ¾ 'll ~ .g. 1,142 'll o I t:1-. 'll "1 'it 
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'll ir 10'!1 '1!'11- 91 ¾ 'll f<l O I '.ll e 1 °1 tj-. ::i el '-l- ~'ll 11'-tl' ,a "i ~ >ii .2.l ~ '-l-"1 "i 
"I± "i 1cc ~'ll 'llc •l .f.~ "i 'll-oJI ~ ~1-o-f :;r '.ll tj-. ~'ll 11'-tl' ,a "i 1cc ,a "i 'l! "l 0 1 10. lha 
'i/-.5'...ss ~'ll¾oJJ ~~l-o-f:ii '.l/_<;_uJ, 1997\'! '1!:aJI 911 'll>1l1f 'll9'-o-f:ii '.lli:J-. '<!"ii 

¾'ll1! 4'1cc 44'!1°]tj-. ~'1!, ~'!l'l} •ff-f-~"ioJie t!l'i/-.5'..9.] {!'lJ"l±"]7f \ll¾ '//' 
0 11-Ji!J- ±ir.5'.. il'-ti'"l±"l7f l1l±oJJ -!1-"i--o-l-11 "1111-oJJ 'lli= ~'l!l!,;JoQ 11:zJ-~ 'll~ 
¾ 9'"ie \',!'¾ ~_<;_.ss -l'l:"l±Bi:J- (JI 6-llJ. 

T~ ~AJ'r 
'il "' 'll 

¾\'!-'l(m') 1J"r'~~T ¾'ll ~ 9' 

'lJ -jf ii' I 0 i,' Aj * -S- 'iJ "' 115,703 16 83 

~'ii ii' 2 
0 ~'ii *il'il"i 
o '1--"*il.!"I 

266,446 34 368 

0 'll "-*ii,!"' 
,¥-';iic 3 0-\l~*il.±"i 661,158 72 691 

0 'll "1 *ii.!"' 

~ "' 6 - 1,043,307 122 1,142 

~'1!, ~'ll 'l} 371 ii'9.l .-J.:f 'l'! '1]- o] % 'la! 71 '![;,JI~¾ {)-"] .I'. 'I!, oJ) '1! 'I) "11 "1.f! 

,;J oJJ 11 zi-~ 'll .-J¾ o] ~ 11 '!f "1 ~ .g, \ll tj-. tj-'l}, -'1-'l!cic >ll-ti' .-J-91 <! 11, 'll-':l "i 'i'

-tl'il-4' 'l! uj i/l Af 'lJ I) %O] 'i'->11,j-£11cc 'l) .'r.oQ ttfi!J- oJI Qj .f!,;J oJI 'll .-J¾ ol ~ ~_<;_.ss 

.I'. '1] cj-. 0 1 "i "191 'r Jl. 71 'lf "'~ .g, q-g "I- :;J-cJ-. -'1-'l!cic"1l-N-.. J-<! 11 Af'lJ ,,O, 1994\'! 
oJJ -ti' .-J-,J '!f 71 ~ '11 ~ o I .§1-'ll "1 ~_<;_ "1, 1999\'! '1! >l 7] ~11 "1 "1±"1 oJJ '.ll cJ-. ii- .5'.. e 
.l/-"l 7f 2.5kn/, .W-'r .ss 2500 x 45m, ;,JI-;,-~ 60,000m'ol cJ-. ~'1!, -'1-'1!-ii'oJle oj cJ-.'r.'il 

'ii 4'-1\-~. % .toJl 4'-1\-~, ~ t>1 "1 "114'-!\-~ % 0 I '.ll _<;_ "1 , 0 l .2l- '!I- ,g. 'ii '1! cE <! ¾ 0 I % 
~ tr~•l 7j'![Af'lJ¾ ~~-o-f:;r '.llcJ- (JI 6-12). 

--, 
• 



A}'i) ~ A}';j '1j % ~•l 'il"-'8 1:11 :il 

11JJ~l~.ii!..£cJl?-l 
¼\'! "I 45,239m', 

'll 'ihi' ¾~,JWal'l 
<'Hf 'll "' <}Al 'll 

~ 11 S:...£~iL ~ ~i; 
'JJ ~ .8.. ~ -¥- 7-0 ~ 

1999\:! -"}, {! Aj. ~ 

A}, 0 \i'.)\J:<HI ,Hl 

11..Jl 4' o:n <?J ;,;J -7-
¾ 1R ~ 495,000m', 

1999\:! ,i'i/7],'7fl'l 
£.s, 'I-"~- -"' \!I, ,1 

'\:!-.:.'JA] 1H~ %"I A] 'J 
1998-2001 

~~\ll. -'c}7J. % Z:!~ 
¥-~l~~ 2.5knt, 

!j'-~~~~]i;"J,~1:i ~fa-"- 25CX)X45m, al 7],Ci!•J~li 

'fi°AJ 60,()()(}m' 

~'i5Ai~~9'12r'££_ 'll 'If - ~ '!I T' <1 54.6km ~A} A] "e"J%-

o ~~-'l'i' Jl'lfA\'lJ : ~11\'! .2,;'j-i!j Ai'1i'i! o\,l:7\ 4,000'!1 ~ •H'il:1'1'11-'l.s'. 
,1 'If~ '11 ~ 'l]. 

0 'lci,'t.j-i!j -'IT 1H'll' A\'lJ : 0J-¾\'! ¾~i!l "11'i!¾ 7J'lfi;\oj 4'-'a-'11-'l A]1! % 

i -\J7-]~ "ll'll'll. 
o 5'.i!J!E ;<]','- 7J'lfA\'lJ : '11-'ll\'! ¾"li!J -'l"1oJI SJ' 7,000"8"1 •14'.i\--'J 0 1%zll 

g -$]~ J/l91Al1!¾ 'i'-"l~ >ll~'ll. 
o 1'-"ii!l-'l't 1j'lfA\'lJ : o\cj-~ 1!IIA\~, ~% ½"1- ~~~ 0 ]{,- {\'1191 tl:'!1--'l 
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7 f "] Jl 'll q. !f. ~ Ai oJl '1} J1 4f £ >S <J 'l!, ~ 'ff£ 'iJ .2J '\'-'l}i,' ±>ff, 4'-'l} "C >Jl 'l} •J 
<J'l! % 7j'l),:i!} 'i'f\'!'<J. Af~ • 'lj>Jl,ij if;'<)-@- 0] ;,c)<!j :J!'IJ.oJI <;i'l}¾ u]~ \'l'l}s,

<!j 7ft '11'¾ ~~ ~ 7f'i,-',j o] 'll oJ .5'..-"] :fl-'lt 'l! ;,) <!J 7~ 'llcoJI af-lo 'll 'll'"17,} ti! al]uf \'! 
0 I .a 'i'-'<l cf ( .!!. 6-15). 
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~~R'2.] ~~'!!£ 1:11.J}. 

.:g-%T1i'! 0R ,:i V ~'il•Fr oi± 

'11 it 5'. \'Hr •I 1fl 'if V 

,H,,1,1°J •111.2.,1H! III-IV ± it 5'. i'f 'lf •I( 'ii 9-'HI> 

~~7]<t/ .2.ili'r *~ III-IV ~{l- ~ -tl~ itflT 

~ .::tff .e<R 91 II 'lf 'll 't! 

xA]'f>Jofl "f" e<]"l7fl'if IV Aitll<tl 31.~5:.~ ~1i % 

9-;J:'lJ~I -'I~ ,111.2.'ll V 'lf"i 'll-ofl -'I ~ .2. 'll 

{'- \'!-,'-ofl Aj"' ~-'!I '1} ~ '!!0<f4\ '1! '!J-ofl tJI ~ 7){'-;<f _ji '<J \'! :oj :,fl~¾ 'r•»-oJ-~ 
tj-. \'! :aj :,fl~~ ~,l'1) 0,J,2f,Af4\ 'lf:(} 1:75,000 '1)5c. ~ o) %-oJ-oj GIS .!,.!;s;:J.~ ej $f 

L-j-'<] MGE (Modular Geographic Environment, JntergraphsAf) ;a -1£%-ol-"1 o)','oj 

~tl- % :aJ-'ll¾ ¾Oil :ill~'<! ~-'!I'll: ~'!!1'!"1~ B2.492knl!is ~'a°"l"i ~>11~'!!"1 
7 .8 % ;; *f 0<l $f 2 9J, "' ~ .Q.!;s L-j-"Ej-',J; tj- ( ::I. ,l 6-2). 0 1 SJ- "1 ~oJ ~ ",l '1} ~ 'l! 9-I'! ,q 
"i O) % '1! '!J-¾ ::I. ;,j 6-3JI} -,,oj .lf.A) $j-~ tj-. 
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oJ! 'il .g. ~'1!£.QJ cJI Ji"l 's] "1\ '1J:'a'";t].sUi qoJ~ "1! oJo'J ~o] Ai-6\ ~ 32 ~32, oj 

:';.g. ::1. ;tf>IJ7l %%~ "?~;<f~o] 'i! l/l'-'i!: ofyi!-]- A.J-'11 ,a,q;._.QJ ajoJ;._Aj 'r.8. 

'T~~.Qj s»~"J g -\'-Oef~Jl ~q. O]aj~ ol!'il'»Eil;,Q.Qj 7]'t,'g '°r~,»~.2J ~\'!: 

')I-, A.j~')j-, '»~')!- 7]'t,'o]i!-]-3l ',l-~q . .'f.~ ~i.Jl.QJ"l~!i'. t!c:,l1'.~"il cJI~ 'l).;joj 

s', of~ "il tef i!-]- '/J '1J: Oil Qj .2j -\'-~ 0J:§f ¾ 'eJ '1J A] 7] t" o}! 'il '» El! :,J] .Qj "r ~ 'lJ :§} 7] ;; .'f. 

<:- ;tf'/Jll:§1~ 7]';;'£ 'r-lii-¾ '/l-32 ~t:1-. 01"1~ 1HI!! 7]'tl'~"il cJI~ '/l'r'lll!J-<:

'F~"l~-"- ol!'ilo'JEl!;,Q i.Jl"il-'i o]','-"1"1'=" ~~~t!c 'al "il'-'i"l ..-~g oJ"1!~3l 
ol!'il'»Eil>l].QJ 7f;>]½ 'll7f1'f,et~ ~"1 ¾.8.~ 7]&;<f.il.7f 'ii ".)! 0 ]q. 

----------------·· 

Energy 

flow 

Food 

Web 
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"1 ,~Oil \'l '1!'11 <al 01 -g-~;,f :,JI -1'-'iJ 0J:,f-"I :il '.ll "1 ".)! 'll A§ Ell 7117} 7}"1 e 'T'~ 'll ~ 
7]';; 0 1 ?&~ ~X. CV.ct . .:l~tjt?1 'r!'i}.Sij~of]Ai Wi>}C 78~~ ¥~% ~o]5}t" 

;i'1]7f? 'll'l!"lE-.se. "1~ .,,_~.eJ 7l'o¾ 'll'll~iife 'll<>l]J-i ig-o] 1'0ie 'll~.eJ 

'll.eJ ~ '11%'11 _,l_'lJ '-'/-'iJOJ~-'<l 4\'1! %.eJ \'l'1lc•l<ai<>II '.ll"1Ai A§,1-e<f-ll"il ',l•J¾ 

P]j:lt" ~3:9.l- ~{!-~ "r.i!J ~J.&% ft-~A]7lt C, N, P ¥-~ ~ "r~oJlAi ~Al~ 

'Ee 'il'i'"IE-.se. ,11,i 'Ee ... ~,J~Al'\JE-!a."i -'1%~,ta"'.ei 01AJ-'.'-'I %E-.se. 

.ei s?~g ~IBo"fJ1'-I 7a7cJ"Ai"le 7]'o'g 'llc~ct- e; ".J!'/l,§Eil>ll.eJ "l\'l'll§i-£ 

7l'ool~ % · -'1% ~,ta~oll-f tif§.e.l'-i!o.eJ '11"1<>11 .QJO!I of7J'-1e 'r¾ ~et% 

01 7}\1121 "1'1"]%~<>11 -"l<ll ,ilJ1-"lc: 01~1 >Je.171-\c¾ .eJoJ~cJ. 

7J '1t '] .!/I o\] 'T' '/)-"] i'c ~ 7a 'iJ •J'll 7f .ej iii '-t .£ "J •» iif oj :a] i=' A]% ell o] -\, o\l Ai ,c, 

qt~AiAiA&%o] -t!-o:J5}~ %~tr~,n~ .TI.pji5};(1 ?t°.TI., B'tr15l ;i;]t&gJ ~~9.l- %~ 

-'l-iil'J.eJ \ll§i-'l}g :;,_aji,foj ~cf. ~'lloJl '.ll"1Ai %~€~g 'll'l/~iilc: 'll:'. ~ 

\l!AJ£1'11"1 %,Ii?~¾ 0l•Hiil7I .!/1'1\Aie 1'1:7H!~ ;)o]:;i_, _,l_cf 'll~~ ~>a'IJ•,} 
'll7f9f.£ '1<=1"'1"1'1cf. 

~~ol]Ai9.J *1hit!-~ ~ 7J{:- lfr~ A]of] -z!'ilc5}i:- "r¾l'Y -ft-7] ~~~ 0] -rf~ 

•I >1 % -"I "I %-"l % ~ €~ 711 <>ii ~ "1.21-, ~ 'll .eJ A§ ,l-A§ {!.Q.;a_ -"I "1 ~ '4 %Al "11 ;,. 

~%~Ml~ 1f-7) ~ 0J'flo] "r¾E..£. £j~0}7}t" ~o] ~t:l-- -?)!~o] ~C' "r~7J~ 
,]'o 0 l2}:il •l2 7l'o-"l iifl-foJI op,,~ %7I ~"l-%-"l ,i]Jl'o"'lo] '.llcJ. o] 'l1§1-

1l'o-:'- (I) 'i"¾oJI '.ll"1A1 -fl-71 ~"l-% 011-f-'1% ~,ra~.ej ,;l~'l/-"l '1!~.se.-'/-E1 
?";sf7I.£ •f:;,_, (Zl tlj'!jAjAjA§-l,'.ej ,;l~'l/E-!a.-'/-"i P/BS] (A§{!'ll/~-e'll el)~ 

7f'ljSJ A]'""'! g T<il ?CefiifJ11-f, @ 7)!'1) "\Ai%%-"J oj'44;'.£!,.J/-Ej 4,~iif,c 

O!l7t 9J.c}_ OA~ lclJ~of]AH::· 0 ]%5}"E aH-fi-9.J 4.:-£, ~t!-7-llT'-t- ~TI"1f£~ ~i:" 

"J'll %Oil "1~ '1l~.2.>f7f '.ll:il, CZJ"il til•lAile- tlj'!jAjAiA§,1-.ej %-ll-'-1 'i"-& %.eJ 

tl-7,JoJI -"l~ P/BS]7f 371I cf.s:il, :1 ~ Af>i]7f 'll~iif:s] ~.g. %-ll-71 ll;c). ®"ii 

ti! •l _.,_11=- 'J! \11 °1 ,ff Slil-ll-.eJ ti! .ll. %'11 ef:s] "r (Ruditapes philippinarum), 

·4)0-
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(Musculus senhousia), %iit (Crassosfrea gigas), {! "r1a"*l (Mytilus edulis)<>ll V. Ci A121 

'll O I ( oj .ilf) 4i-Sc{!- ~ 'li ~ "ii "° '.U ;<] '1!, SC 11 'r if Oil Ai £j ~ 'li "-"'"° ;,j £j ill q. 

c7~oj o]~ ~1~9.J tjJ.J,!-~o] A1A-J,W%g s1~%.£.J,!-Ei 1.l~o-Jt.Ro-J {i~~ ';'J:611 

<i ',l,"c 7.,_.ilj-Oj7J rrJlli-0!1 .ll.q 7J~~ .J:£1 ~'li~ .$l•H 'il"J"iJAi ~'l/ 0 1 7}'o"I 

£~ :i!.';']:.'t] lclJ~ g "}%0}';: ~o] l:l}'E!-?,JO}c.]-. 

til 7l'lf ;>.;;J Af%S1"° ;!::'. 'bell jar':'i 0]%'<! "J'll 0Jq. "i's- 0] "J'll 0] '<]Ai% 

1,-.ej '~>i]sJ'o] 'i'til.aj.2..s'- .aj::'. "].aj,l-Oi]Aj -'jt,'.aj.2..s'- Af%5'1oj~C<]'I}, ;,jq£! '1j 

~%~ (suspension feeding) 0]nHl!1J-W-7} ~;i:ff5}~ ?J-9-oflt ~~.2} ~A}A,3 %{!21 

ia-4i-'1l :;l'/l.ilf 'll£';r£j ~.aj rrJll,'-Oij A}%~ 'r \llq. o] 'lf'il-"l ,£ q-l,, "r'll:: 
7]y 'l)oJ]Ai.eJ 1,-£1 s?tfo] -'Jt1l.aj.2..s!. ,JJ-'1l.ajoj7J rrJill-"11 :>jAj'~<Jl:>Jl-"l tilAl%0!1 

OJ~ g o] ~ -'r V. c.J-t 11 o] c.]- (Boynton et al., 1981). 

0 1 uff '11-it ;;'- ~ .ilf 'r ¾ 1:! £1 1,- -,! :ii! t! ~ 'li Sf~ i;f aj C: ;iJ 3c £1 A I Sc C: o I uff rrJ1 -it 'lf 

(bivalve bed)9.] 'J-¥-.2} .s}-.J,!--9.j %g Jff"T~..Q...£Ji o]f-e>i~C"L~l, <a~~~ o]uHJlJl 

* "ii £j "1l ~ % ~ ".l-.3.1"-"l 1141 Sf .ilf :0: ¾ Sf :. "'; -'ll & '.<I q. 0 I 'l)- 'll :: til AJ -'I "l £1 
W.'.: 1,!-~g o]uHJlJlff-7} sl:i!.'.U.Jl, 81'r2J ~~Y¾ (lateral transport)o] ~7}-?f5} 

61 {l.ilf.aj.2.5!. 17117} ~~'ii~ 'r"'i (well-defined water mass)7} 0 juJll]j-it 'lf~ 

7},a.'!Jei """° ~:: 'l!'ll'i'- (inlet)Y- -'.J!7J (creek)"iJAi Af%;;}7]o\l 'llc'>t::'. "d-'ll.2. 

.s'- 'llcal "1 '.U q (Nixon et al. , 1971; Wright et al., 1982; Carlson et al., 1984) . 

.::Z.i'~\-i- 'f,J-.g. 78-'i'-oJl '.Uo-JAi ~* ~%9.l ~~,& ~cf- *{}~}.ll, ~-'T'-7} AiAi% 

%~ $]~ 7}£~1'~~ %~ o]oj ~JlV,C" .J,!-.rr]riJ-'E"9.J i5ff-'r~ %Ci~}7] ~~ ~~ 

'1l 4'1:)-oj <Hl-5'1oJo)'I} ~q. -'Jtil.aj.2..s'- 'l,,': 'r'll-£ ;!-"° C<jQjoJJAi2 •14'-"l 

~~~-%~ ¾~~};Jll ~g 'r v..2.~, {i~l.£. ~'T1a':J;l ~~ ~of! 1H$1:1'! T££.1l 

(open-channel flume)~ "1l%.2..s!.Ai oj{!- 'ifAJAjz} "117} '.Uc+ (Asmus et al., 1990) . 

.:rc~1-} o]uHJlJl ~~ ~ 3°i2'.V'C" -i=-¾£1 "TT"E'..7} 3.:44 ,&4ro] VII}~ 7a-9-r>11i::" 0]uH 

Jill ~ ~ ~ 7}£. ~C17}"=" i!>H-i-'=-9.J fr%~ c7"~- ~1~A]~ 0):lfr -l-~i!} "T"¾n-9.1 % 

~.ill~f-g ~~li5il'i!! y '.V,r:}. o]t:i~ ~{:]~}<>I] V.~ o]u~iilJ ~~ ~oj]Ai9.J %{!.ii!. 

t}-~ ~-:>:ji5}7] ~~ ~-~i5}'1l 1H~~ lclJ~o] AjAj,,.)lE\jtJ] E-i~ (Benthic Ecosystem 

Tunnel; BEST) 0 ]~, 0 ]~ ~~9.\ OJ.J,!-~ 3i2'.U,t Eilg 4r% Bfl-Y-7} *3l}i5}7l] ~t 

'flow~through tunnel system' 0 ]r:} (Dame et al., 1984). 1c!, o] 1:/{~ ,'.: 1:[.g. A~~l"'& 

g 7t;(li::" A1A1%%~]o] ~;i:H~}~ ~:z:lOJ trfl A}%~}t ~o] ,.1,,3:g-~~ ~ii}~ ~ 

~ 'T° V,.Q..uj, Ei\g ~oJ]Ai-9.j %~o] ~lj!. fr~J;!..c} <il'zl: {J-~£17] trfl~ofl ~~% 
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-"-I %'er "el O I uj 4- '1,;-& "I 01 "ii Ai ,c cl ';! '-ll .!/-"il \lf ~ ''l''l %01 1/lc01711 "1 ic .!/-"1-

% g 't71l-'Btcl-. <£~ "1'<! i.Jl.!/-;, ¾:i1f"I'° %-"-I "ii--& ¾-l!-"11 -"-1'11 'tl~<>l"l" 
510171 "1111-oJI ¾-l,--"-I •J-~01 q±c '11!-<l t!-1 1'f"i]Ai Af%~ 'r ~.Q.nj, ¾1,-7} 

A}~~% ~ 7a-¥-oJlt E~lg -Y-~~ 1}'5"t7!l ~~Al~ "T" '.Ucf- (Prins9.l 7~~~~ .{:. 

'{!) 

:i'.~X..~ A1A·:P~-%o] 'idt Y~ ~{l-qjO!]Ai'C cJPf"~ sl~%1lt "'r¾{!-9.J ~~.ill. 

~o] AJqj~.Q..£. ~7] ll]\~o{j T n~~¾ .2.?)!%~ 7},!f'~½ "'r '.ll'C ¢}:iI 1e"~ A] 

6,'lo; Af%Sf,c 510] •l.l-"11'fq. 

"1,1~1"1 ~'-lloJIAi-"-1 ".l!'l!'\'!,r, \'!'i' '1!-'l-£ !i!.',L ~'l!oJI Ai-oJ<>f::: "l-"i%% r 
c:J-"-1 11-.l'. '.l1 \'!e"ef !l}QJ-ol 'r-ll-;'; ol+<>J~q. ".J!'l!•~'11'1l1f 7t-"I::: 7]';; g 11 

a,, .o:f iif "1,c •I 5'. ic 'll. .!/- % 5£::: 71 'ii si' 'i"¾"il Ai'/} :U-~F!l.Q..ss ol +<>l :,j ~ 7] "11 

11-oJI T 'll 'r¾ "ii Ai 9-I 7] ';; \'! T::: 'l)>};aJ .Q..ss £l ~ 91 \'! ','A}illl 't \'!-',}% nf"<<>l::: 
?;! .Q. ·"- A I ') "1 './! q. 

~ '1:l ,~ '11 si 7I 'o oi1 '-ll ~ "a "'1':§:f \'! 'i'::: 'J! \!! -"-I * '!I :oJ- r 'll 'i' ¾ oi1 II}et .!4"1 
7] uii.','oJI •i.u,sj t!-::J 0I -"'if:l-"1"1 \'i:il {!: !i!.e't! 11\!! g \'!'i'"l"1.Q..ss ~ll"l°1 

"ii •I t! 'i/3'•} ~ {! •I Sf:s/ q (7')} 4'!1 'i}:il). 

L<I ,,.,__ (1999~i) P1 ,'\~\'I 
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~~ ~~ 't!71A il~t'J {lt;]£1.I!. '.U"C ~~91 fi-cll6t:1J~l-i

.,;,. El-'tl 9- 7} ~ ~ f½I % ~ (Nationalpark Schleswig Holsteinisches 

Wattenmeer)4 ~.>rlJ].1::. lll1.:ILi 't!~:±: (Alfred Wegener 

Institute Wadden Sea Station Sylt), li "ef .:'.'::: 9.j CREMA 'i:! T 5:: 

~ ?,j1J t1J~6}oj 0]~2-j 1j~ !l'E S.'9 ~ 1~1EJ!7'1] '?'!-7" 
7tl f % .:v,} ~-

1999\:! 8~ IO~ - 8-¥! 17~ 
~---------,----------------------

7f. &!lJ ~i!flAHft.f-Ai'r'Ef~ 3!!'11 ~\al~~ 
(Nationalpark Schleswig-Holsteinisches Wattenmeer) 

~&tl (North Sea) 'i:}-~ ~~g II}Cf 3€1~~ T{J 0l "#t 't!~ 5TI~g ::;~~1 9} 

<;il<5\I (Wadden Sea)e}:C. -'/- 2 2Lil, ofj!oJ];:: 'i/5'. \'lo!i-'i •il711 SC/I 'J'll 7f-/l:ri] sf 

l-f ,c 7,:}"i) 1j .££ 'i)-C/1 ~ ')!'ii o] ~ >j "1 "1 'll cf, 'fl-fej o] 7-1 C/1 ~ 7J 'ij >g '11711;:: 

<;ilP\ 0l. '\-'</, cj\,j'1.-c 3C,:-"1] ~>j 'l)<>]Aj Lj-2j-Pftj- '11-'/-'1"1 .'l.:;l · 'l\21 "<i"'ll" 

tjg_z]~ 1982\1oJl '9}~:3\1 };!..~~ :9:17i -t?-Jt"'d'?l (Joint Declaration on the 

ProteL~tion of the Wadden Sea)' g ~jf~ o]--f£ .g%¥!-i:-loJ] ~ ~ ~.i! 9Jtj_ 9} 

r.~i;~9j 3~ 7}-5'-1:i\ &~~ 7J!<=M 7j~\~ ~~~~9-£. A]A,:J't}~ ~~tj }i!.~"6}:2_ 

'l\2 qafs:. ,:! 'l)-c~;,;j '(.(cf. '\-'ll-"I 7J\1l2 cf•I 31!"1 ,p],±'11 - -;,'eil~"l'I 

¾ 'TT Et 'Z! (Schleswig-Holstein), Y c~ -3f tj} (Niedersachsen), W-¥- 2 3 (Hamburg)-oJ] 

~'-9ql7\ 11\\-5::"oll o]~ B~lo\l 9.-lt;~ z_'\-7\ &~~2..~ t±t-1£1~ 'Uc:+. ~ :"{_,q~.g_. 

7}~ W::'. tB~~ ,1~g }il_-e' -t!-~~l-:i!. 91::= ~cl],,_l:l1~l ¾lTEl-'?JT TonningoJ] 

~ ~l ~~ National Park Administration~ ~~O}O:j 1)! ~ tl:-el ~ ,,.~ Ell .zl] ~-7-~ §J- g 

:c_A\8f\1c\ ofe\loJI ,Jaj~ 1.11%2 ,;'1]6SISJ ~4i'E.\';_1 7)!'1/ °'',l-l1~!"1l>i "1% 

~::::: TfAd~ g ~.j-'5:j~tj (Law on the protection of the Schleswig-Holstein 

W Jddt·n Seu (NJtionJl Park Law) of Julv 22, 1985). 
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:1.~ 7-2. ~~ ~~~iej~~2j gj~6.JW ~~- ~~Ol[A~~ 2:: ?l!~~ ~~~ 

~
0 £ X/Mi5~0~ JH'il~ ~Ql-e:t ~Xi)"S~~ ~~~~~~ tt2.J1~ ~~H ~ 

e. ~-=r. t12.1 ~-'¥: =,:::-~~~~ ~c~. 

(1) ~'€Ji'H',!"1 7I~ 

-S:-',J-t'-'1! 0 ] '>t;}ojo) ~ ;,cf:aj:ilj- ,;'l),g. '"l'l!!i!.'@oJ] -l'!:~ 'll"J-'ll'li (the Federal 

Law for the Preservation of Nature),<>11 'l/"1"1"1 '.Ucf. 0 ! 'll'1!.". ~'il'/1--'t! g rr 
%~ !,.§.7f .R'i'!aJi:-, '/J.9_.£. -\j',j~ :<f"!O]«J cf%'1f '!)-,°_ 'ol.R£{!~ 'l}?foflo) 

~Cf:;:,. -il-'ll-o\.:i!. '.Ucf. 

1. :.I.". :<)"loJ) <l"l l±'ll "i-'8¾ 7}',)q. 

2. 2"1"lic tH-'i'-1.'-21 ;,cf"l 0 ! e<f'l! !i!.§.;<]"!E-.£. '<l-'!"17! .!/l~ £{!!',¾ 'l!?f 
,<]'{)cf. 

3. :i 'l:-21 "t'll-',l-Eil1= "l,r.21 ':J~~ '@"1 'il-"i ?.l'll:7li.+ %'1.l ':l.-J¾ 'lPl 
"1 ,Jq. 

Schleswig-Holstein Wadden Sea9.l .£.,e Al~ .g. -1-19.l ..8.. T £~ ~ ¼~ 51 1?_!,~Al 

,fc;, 9171 Uilli'-oJI 'l! :<J"l¾ ~ll-t'-'t!E-.£. ;acJ'l)-ofoj \'!el-Of.:i!. 9lcf. 

1 "Schleswig-Holstein Wadden Sea"-~~A-t1)i5) ~frE}~ ~~.:;§1--'il~ ::g.0p~{)

~ .!i!..~t}Jl, =1.*1?.}-9.l ~~~ ~~~ o)-~tj%~ 4<E~ %~~ .!i!..~E}7] ~ 

~o]q. :J.'i:-21 qoJ~ %-\1-21 -')1,- 'l) %%OJ !i!.§.,ajojo) -ofoj "!±~.el :;;, 
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"'ll£s!. ;<f\'!~'ll--"l ~•».i!f'll (natural processes).g. ~-§-,aj<>] 0 t %ct. 

2. ~"I ~'l! ;..QJ 0 1"11.21- ,._'ll--'1'11 i'l:•»oJI ti1% •l~i!l-'1'11 "i"II •»~~ •1"11"1 
<>]of ~q. 5'.~ o]-§- Re~ ;,f~7ff'!,"i] til~ ~7f~ -S:-'lli'~-"l 1J'l)-.aj'1] .!I. 

-"' sif .aj £1 B_ ;,c] oJl Ai i',''lJ-oj-;,f] .:i1. iO] 's <>] of ~ c}. 

3. "11'11 .!1._§c~ ~~ 0H'll, 41~ •l'r A]'°',! 1J:>] %-"l "'°"];..g. "11~"1;,c] \',]cg 

')/oj, 0J '11 •J-"f." :i •»~71 oll'll-.!1.~ ~.aj g 'l!~Alj/1~ ~"""i]Ai ~¾'{I 

Oj/ o] q. 

(7f) \!!"I 

ft "11 '°' •l ~1 -¼i'i' El- '11 ~ 'l! -s:- 'll i' ~ .ei ¾ I'! "I ." ¾ 0J--lt 'll oq Ai 7 ,~ e >1-5'.01 ct. 
"J 7] "ii~ '"''1,til, '? .ss, ~ '/1 (foreshore), Af-"J (sandbank), Af~ %0] £ ~'<! q. 

-l,''i/- 4q,co] '5-7,l;ac]y- s±'ll'if% %oJI -"J"II o]-§-"1.:il. :U~ -lJ %.,0. -S:-'ll-l/-~oJ]Ai 

"il .eJ '<! ct 

li 7-1. 'io<il,',•131-Ai'i'Ef~ ,i!'lj~~t<~-"I Aj6/XI~ ~"I 
(1985\c! 7-il 22ii 7ll,') 

'i'-11- 'll"I •I~ 
~;;tj]~A--i 2,730 ko/ 100% 

A}~ S{!-t:Jl 1.350 ko/ 50% 

¾%} cJl 1,280 ko/ 47% 

'ii iFI 61.5 krr/ 2% 

A}~ 40 ko/ 1% 

.!:l~ -,2-~ 1 l,&50 koi 31% 

(Lf) el711 

ftcJIA•l~l 'i-i'i'El-'11 -st'lli'~.,O. -5\-.Q.sl~ <;l!uf.=t, ',r.Q..ss~ 'l!!llil 7J- (Elbe) ~Fr 
.ei- 7,1 ,i1 ;; o 1 .,._ oi , • 1 ct"r .Q..ss ~ -sr 7,1 Re~ £ n t11 'J.l A,~ .ei -it O 1 1 ,1171 '<! t+. 

oJ "i "l ,O. :ilj-;,J oJ1 ',l :>f~l oJ1 ~"l til 'it 5'. "II 'l!-"l "i oll;, 'll 'll ~ til 01 ~ •J-;<] <5} .:i1. 

Af •l'll--;! g nfej- >ti•J-¾ ,;so] 1cof~'.ll:.:i1. >ti•J-.Q..ssJ/-1'] 150m '!l<>J'?-l ;<]1J-l'-"1 -S:-
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~-t?-~o!l ~~A]7l.:i19Jtj-, Jit!t~] 01 71¾-& i5H'{!"7l-61l 7-i'r?il-~ 'r1il~9.l ~q4-
7f o] 'llfi->'1 'lJ "Ii "J-Jii-z].sc <f%-oJ-7] -'l!"Oi-7] uJl11-o\l >i]'ll-.91 '11'1! "J-~J' ;;jAf'<f 

~2J- <?_J:. 20m 1.£2l ~% ?,(~ tH'i!- ~.61 ll~ tcloJ] iiJl!g'8l"C uJ% ~%~ ~o] 

::i~ 7-3. ~~~'EJ~~:= "6K~ ~ligJ-£~~e.~ 150m ~Oft! Af~~Ei Af~~cf. 

Dl-3t~ [./\~~ 'EH!!6l~~~.2.~ 'i.!~ci.!.£0:I, 2f U:1121 igJ-~A]o1,1z "St 
cf. 

(cf) ~~ i!H!! 2/ 'i12< (Zones of the national park) 

<II 'I' "1 (Zone 1) 

~12·i1 '!cl (Zone 2) 

~l~-,1-0:J {Zone 3) 

~7H ,lt~7.~ (seal bank), Aij~9.f {!~~J. ~a~1", ~YC>! 11 
±, .::i~.rr ;,;J~~~E..£. ¾k ~ ,'-}9- W ~'g";,;]~ 'Y""a~ 
uJ •1£-)/sj •J,c~ -'ll"i-<lcf. 

~lF?~OJl ¥.~sJ;,;1 ?6.g. ~{F]£A-j :i ~1~"t!Q.! ~~t!
,.,, 'I xf '1! '"I -)/ ell "fl 11-oJI !E e :i * oJI '1 'l! -(] >I e q 0J \l
'.5- • -'4~ ¾~ n1!~ol\ ~~~ .:!i!..ft.7t >i.fL~ 764- :E{:: ;.fll 

'I' "1 "i ,;_ :o.;. ~ 'ii '!I R sic "a + <>ii 'ii '," 'i! q. 
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7 I .,,_ " .2_ !a. !l .0:.,,. "1 ~ "1- "1 Al 7) :>14 '<! ')I A) 7 I ice <>j tti ~ •J ~ ~ ice -"l 4r " '<] iil 

\'lc~ o,7)AJ'111=- 5'.;§- ~% 0 1 ~;cl,;JPj, "i'l!"l c\g-"1 ~%~oj ~:<l'tlc\. 

1. ~~ !EC" ~~ 8]~ 

2. :<f'lj --<i"J>i, %1'-.eJ c/lYJ'l)-J:o, ")~.9j ~"-1¾ J:o'll-"]'1]:,j4 \ll~Al?l 
,e. ~~-1-1 

3. "ill-% ,i]:,j-8}:,j4" :I:,1-"1 'l!-¥-:s i.\Oij1=- •»~ 
4. o,,~%1,-% Af¾f"5)-?j4- J:og -l/-.2_.sl *'1'!,Jj?>f1e- •J~, ')J-$)j ~1=- Afu,J

,J) &1=- •J~, o,,J%%3lf :r:,!~-"1 'l! ~1=- 'E'J 'i!>il<>il 'llice oJ"l~ 
~olct.£ :±.%"5}~ t~~ 

5. El- -"]"1 -'1%:S :.oi.2.:>14 S:-'Eli'l--!-1 yjoj)Aj :<f'ljaj.Q.S:. lj)-7,'l'<]Al Ii 
::: %%% ¾<>l ~1=- '11 ~ 

~qt@§~ice"l&~%*-"1~~%~~&~'11~ 

7 . .0:."13.i!IJ"§ ~::: 'r..- 0J%;;.f %% 01%t1foj i-Oll-f y7;,) ~TIC!l¾ 7f 
£.X]g~ ~J~ 



1. ~'<l' .!i!..~~ .$H! {[~, lll~ l:IHT A]1i %.Q.J ~~ !i!..~ ~~~ 

2. OJ~9.j HJ-,&o] ~cu~&..~~% ~~Al7]';: AJ~o\lAi.9-\ ttJ~ 6:]~ 

3. £"i"i"1<>11 tll~ %"f-t'--cl-'4 eo"1l7I >121.oJ- 1'1-\"li>f"1 'l!.S.~ •]'II 

4. 1'/% 5E'e' •H/"i {! 7J<>II ~4"1'11 '111¾ "f7l'IJ•l 'l!.8.~ •]'II 

5. 1--¥- ±~ (Federal Waters and Shipping Administration).9-\ ~1r2\

~HB-T~~ %9.l %~-7-~ ff% 
6. q-:.a =E.~ 1!~ J.-jl::1]6~ B-~¥! ii~$-] 

I 7. S:'il-t'-'11 7]",Af-'j'-~<>11 "i~ .s!.~, 7J~ A\';] '31 "17\ '1!~ 'c!'i' ~% 

8. 'if~~.£..£ ,11]~~~ ~%.9.\ 0 ]% ~ ,9-A].!i!..T 6:~i'] 

L~ 
• ~ll'i'-"1<>11-'ic: AJ7]'e ']'Ii "i"II -;;-'1]-je 'll-'ll¾ >}%~ <>Ht, •H~, "1% 'i/ 

>ill-oil tll~ <Ht<>l'll 0 1 ~•l"f"lc -61%"1J2 'Ut:J-. '/a7f-'l'11 <>l'll•]'llc: 
AJf!-9-l ~ ~ g ~iL~. ~c.j-. 

2. l)-j'loj ',)-•]~ "617}~.ilf -ir'll<>II rrfe Af',} 

3. 5' 5'. .2J- ,.. •J .5'. "I .s!. "r 

4. ·'r°il AJ1/"il ',ll.8.~ <J>jej 11,1 

• ~13'?-"i"ll•ic '1121 1)-'i'-<1 3)"\"l"i •E!/1 21<>1) qg 0 1 '/a71 "1%'119-

t. ~~ ~ ¾11~ f7J %~ .¥..~5"}';:: W-T ~1:1]ot] ~.a~ ~7.l 

2. AJ-TI9.J ~ 78 ~7}~ =i ~ -ti¾ 7RW ~J~ 

3~"1&210~~219'11:'ll~-~~~·~ 
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.:J.~ 7-5. ~~~'El~~2.j gJ;1• fq Ail-t'~~ ~Lfl.IPlE!-~ ~~21 Al2.f ~ ~Ell~~. !}£!~ 

~ Al~ ~~ '~Pl ~711 .ff.~c:if.:i! 910i, QI ~'2..! ~~.ii!.~Oll iJ2.J~ ~'EJ"iSfJI'.Ucf . 

.:::1%! 7-6. ~~6.JW~~ .ff.Al,E/- (zj.). Grazing effect ii!.~~(.!¥): ~Ef2.I: ~:Jil~ ~~Af 

2J ~~s>-1 ~~~.§ ~~~ ~::: ~nt DI~~ t1HAHAl::J:I •01 ~~~H~ ~DI !¥~DI 
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9f<;l!<ll1= \l)of3., ~~' •1l'i!\'lcS 3-S:-oQ ~"l'.<171 1IIJlf-oQ 0 J~ "iif4-"1 >JEjf;,ff 

.s'- •i !a. :0:. t-f 2 '\'! "1 -/ir 7] ~ <Ii Ai i'c 'll 'll 3-S:- -"1 -i' ~7f l/1 Jl. -/ir >II -"] 'li .2. oj , o] ~ 

7]'lc.s'. 1982\:!<>ll '.2}',11"11 !i!.;O;j;- 4Jyl- :ll:%-\J'll (Joint Declaration on the 

Protection of the Wadden Sea)'o] ~'11-"l'lir:J-, 

e}<;l!<li !i!.:o:.oQ tj]~ 't-% '\'J:-lJAf• <=-"1-/ir7] ~gjj 3\:!Pfcj, '37B'£ Jl-'j'-{t ~ 

gj ([GC; Trilateral Governmental Conferences)'7r 'l!.Jr:J-. 'E~ '37~", 'll-1'-TI 

:§:J-"1' ~'ll"f'il-"1 o]•J¾ <=-"1-/ir7] ~off uf!\:! ':r:'l £1:aj-!, (SO; Senior 

Officials)'oj 'l},±cJ,. oJ .'i'.'ll<>il"il= 7]'ir"l 4-¾-"1 lf->11~¾ -lH'l''ll otyeJ- 'll 

'I- ~.eioi1 <'.1-"1~ "r'll¾ ~'ll~r:J-. 

'37ff'£ 1/:'1:Af .::rjj- (TWG; Trilateral Workin& Group)'-& ',l\:!ojj 'llrr 4:§:J 11 
£ .'i'. 0 ]~ ".J-,jj 5'.'l].2.!a.Ai 1J.!/- aJl'lJ.!/->1-"1 -t'.lj!-~:i!J, ;<]01 '\!!-:>il;<f%Ja. 'i'-'lJ-'i! 

cJ,. oj .::I¾oQAi1= 'll-1'-TI :§:J-"1 ~'jjA}<l}oQ tj]~ ~'l!-"1'1] oj•J¾ ~'l].lj!-Ja. "lit 

2 'll E. oj' C 1 Lt Of 7 f !s ~ 'll 1i'- 'r •» g ~ "lit "l ti: 7J ',I 'li' 'll 7 t B-:i!J, 1/' .g, 'll ,. I 
{J lr-- .:I.¾.£ lfr ~ "r '.U q.. 

'E ~ 3 ,~ -s:- ~ 1i'- ,, .::r ¾-"1 all 'll "lit oq ')1--ll ' '?l ~, 3'£ £ 1.-J '-Bl · 317 l .::r ¾ 

{TMAG; Trilateral Monitoring: and Assessment Group}' oJ ¾°a !r131. '.U_..Q.. ~, oJ 

;-; :'. "1-\ll'iloJIAi-"1 ~7J7,}Aj E.sc.::rjlj¾ ail'll"l2 'l)r:j-. oj ~"I:'. zJ- 4ej-oQ 

Ai ~ 'ii {}-<I ".s'..::I ;,Ii <>ii %"1 i;f 2 'll 1= 7] 'i!!--"1 tjJ lf.;<t 9- ',/ ;;j.Q._ia. 'i'",l-,! cJ,. 

1987\:!<>111= 37R-S:- .cg-~~ ~~ At1f--S:-.2..£.A1 '.2},U"l! ~'I' A}-¥:?/: (CWs.5; 

Common Wadden Sea Secretariat)'o] -ll'l:1-"l'lir:J-. oj ~"1-"1 31"1 'lJ"i'-1= '8-% 

'i'.l'i' ~%~ ;,j~, >ll'll, ~:,)A],l::rr ~:§1-¾>ll 'l}s;,, ~o]r:j-. 

q. l>f'i'!!iill ~l!J 3~.!!l £'-IEll!l • \!171 ""£.::t~ 

(TMAP; The Trilateral Monitoring and Assessment Program) 

(1) "'£::J.~ ~ig "Hi'l 

1991\:!:i!J, 1993\:!ojj 'lf<'.!-'il !a.JLAi 'Quality Status Reports of the Wadden Sea, 

~ % '11 ,i 'i'.l 'll 3-S:-n .ei "l "1-"1 :ai •t7t ')}-',)-~ 4-¾o I aJ-1= "'ll o 1 ~'l.! -"1 'li cJ-. o 1 1= 

'1-\1!'11 '!JEll7'11"1 71<!- -l\--',loQ i:Jl~ 0 i"117t .!/-~~cJ-1= 1l 91<>11 7f%~ "'ric7r .!/

~;;,q;,, 1Joj ~-,! o]%'.llcJ-. >ilcJ-7r oj :<rile~,& Ai.sc cJ,~ ;cJ"1oQAi Ai.sc cj,~ 
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•J-'ll<>ll .21"ll 'i!oJ><l32 "l'll--"17) uil~<>ll >'til..21 'r1l"1- :>1"171 ¾ti!~ ~>I)_;,_ ttht 
:ll-cJ- 0 1 cl ~ -'11-'II-% 7H {:J %J-71 'II "fl 3eat .21 ~ ~ 7 I ::1 -i--2c 1992-1993 'c! <>II ~ "l ".2J
'll! "11 "]eJ!;,j) .... ~ 5'.Lj-ej 'll ',) 'll71 1!.iie::J.,!1"% '11"11 ::J.;,j 7-7:a)- '(f.g. 4,'r;,j) ¾~ 

:aj 71 'a% 71 '1!%J-s:l cj-. 

2 £!JO 

3 E!JII 

0IXl!lt 8JIIOll·Ale Jfjiiil it21,a;Jf 'll'oll 

'i!LIEl>Jit !!!*JI ~i!!le!O. 

2/ A12tOII QI~ Ole! Jfjiiiil 2tS1= 8JII 
010. 

2/ Al2tliOII QI~ "Is! ,;,'II• ll~Q. 
!e:11I1;10I 0101 eJll81Jll.l !e:!IIJI ~1~£1 
t: ~~011 !J~<!! i!:~Oll -~Al.:il ?£2 
a':~ 2 LI El oJ !! a': ::J !!I OIi .!i! l!/ 8 Cl . 

1 £! JII '---------~---' 
~ 2.LIE-1~ Jff~g 'Quality Status 
Report of the Wadden Sea (QSA 1993)'• 
Ali's 0 s': ~:J £10. OIJI!'! 211'1!~ ,!EN 
JIIDll DI§! * 21.t: 2§ Jf6~ eJlfla! 
~g1=::;;;01 Xl?it£10l£.!CL 

(2) TMAPgJ 'i'-~ 

01 ,1 _;,_ -8:- 5'. '-1 El 'll 71 'a -2, % A 1 <>II 'r-» %1-1= ,g Ell ;,fl \'!i"~ .... "fl A 1 . 'i} Z! "l 'l! 
,g Ell >JI 'll:'i!"i) ti!~ '!)J;!.~ >l]'i,'%)-1= ~"1, ~~- ,g ,!-, Af:§j 'll >I) "l \I! 'r~¾ ¾ ~ 

"l 'l! %1-LJ-"l 1l ~ .Q.iie 'i\-1=cJ-. ~ 'll'r1= '\'!~'<! \'!~"l ~ 'l!"1- ::15! -21 ~'ll ~:aj 

.21 o], ::J. "132 -1'!:"1 'll-'ll Oil qJ ~ -\l!.Jl ~ 7)',f',j ¾ 9l-1= t~ Ji\-"l o) ~ cj-. c:i y-of 

71 °1 •,Fr1= £'--lc1'll \'!'r"l {:J-.11"1- ~'!! ~"f<>ll ti!~ 7)'l!% >il'il'~cJ-- £'--lc1 
'll "iie::J.,!.21 zJ- -'j'-AjJl~-::;.g. t~O)EJ-21 'r1l, ;>Jej, :iil~¾ '11"11 %1-LJ-"l 'll'l! T 
~_;,_ ,,. ~ '<! cJ-. 
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ll i" ,Ji al ~ ~ 2} CH ~ -=?- XI Qt 21 CHllial~I CHet 

~JI~ ~~ 

I I 

2 LI El "1 &EHJII 2!7"1 

Ill~ •I El §Al~!'!J 

"I · ~cf~ !'J el ~ ~EH ill~OH CH~ OIOH 

I 
[1101 El ffll 0I ,', 

;r:JE9.l 4=~, X~2.I, :ii!!!" : 

e!~ 3~9.l g,iX18 GI0IE1 ~6.l~ JI~ 

3JH "I ~ JI ~I 01 El ffll 01-' 

2f. &~ ~Eat!<= "11.:::ILi \!!'i'± 2f\:!!iill ~±21 iii! ~H!IEIPt \!!'i' ~ft 
(Alfred Wegner Institute Wadden Sea Station, Sylt) 

0 / ~Tl::C ~;(j ~ ~°d' ~T~ 'iJ-t:J-'8}::il. ~2" Alfred Wegener Institute-9-1 s/
'i'! aj l,'- .<:c_i;!_>j 2t c;l) oJi 2t 'T' \'! £1 \'l 'l}oJIAj £1 aj OJ <J '1J ~:aj \'l T;, 'r'fof .:il. '.l) c}. 

~9:l ~AP,- ~2] Sylt 1JoJ] .!i!l~l~ 0] ~T±t ~~goflt ~ A}~i!J:£1 \f±~ ~ 
TS-) 2 9J' ~ 'i} '{/ -£- '<r'i'~f 7) .$J S-f oj I 924 \:'! "i) C3j- g. {) ~ {) s!.-f Ej ½ 'If S-f 5:l 2rJ), o] 

4 1937\:'!0i\ 9tr;l)•J l!'-"'s!. ~,)1--"l'.<!2, ~,J;,. ~tlj~ -1>1-~ \'l'i' <\-jjoJIAj S, 30 

'9 'll-"1 :iJJ-"OJ-<f-"l- 7\'@';<f:'; 0] ',l-'r-6f:;,. '.l)q 

o) ';'l',''"°") ?le ';'l',' 'r"i]ie- 4\-c<]-9t aj'l}'(]:£1 ',1-:oc"l-¾, '~%c}'lf-1J3l} T1" 

"'I ot. ""1'l :ilJ- 'r \11 ~?J n e.J % ~ ill~ st%:ilJ- ., 2. '1l 'llcoi1 Ai e.J 'J '11 "1-"l :ilJ-'ll ~ 01 
tll i'i~ ~ ::,,\ 01 tj-. ~ ~j K. Reise ~A}1:i .Q.j 7\-~i:Q {l ~ (cage experiments).31} H. 

Asmus 1:1_.J-A\-~.Q.j ~{}qj i>}.!j!-oJ)Ai .:i:!..~S:.£ Ai6Jt}t 1a"*l* T1J (mussel bed)~ 

T'6"{}-9~ *~.ii!.t}oJl -t!-~ 't!T~ 11H~ ..ig.:g.~.Q...£. ~~~£loi -& z:lT "r~]o]ct. 

¾~ill'!} 'cl'i':s -'11'1 "; \!!-6] :;,.'l}-,! Sylt-flume3l} ::i \'l'i't.lJ¾,O. qg '!l"il-'i "' 

-<1I -6I t+-'f-711 "1 '>!01 t+. 
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.::J.E! 7-9. Syh a"y12j,1-~2.\ ~,1-Al~El Konigshaten tidal flat ~~- 01 A) 

~2.1 ,5f.~~ cf2~ Arenicola marina7~ e!~OH:!! .!fl~ ffl;q {fecal 

mounds}0I ~~~Ole~ . 

.=:J~ 7-10. ~6.jx~ l:IHAil ~~ (predator exclusion experiments)~ ~~ 7f¥2.I (zl,). 

Mussel bed ~OJ!Ai9.J .¥:~Af l:IHA11 ~ru~ ~i5H 7f¥2.!~ ~7-1~ 2;;;; (,5f.). 

!E ~ col % .i!f %% 91 "1 % .i!f ~ 11 7 l "I-0 l \'l 'i' "1 jl 'U .2. "1 , t11 '!I o\l ~ -il-91 ° l col {I 

'l!.i!f {)'l!OJ-6]0] ~•J%o]q_ ;;Jco\l :s!•J%'<! 21-~"121- -!i\-"191 >]Eil~"l 'lf7] '<! 

% \'l'i'~ ~•11~121-91 '1}~•1.u1:. %"1 \'l'll'JEl!Jil"il up,J~ '<!<191 'll"J¾ "il7f 

~ jl '>114 -af 7 I ~ ~ .se. t11 ~ '!I 11 ~ r,! .2..ss , I t1I "1 jl 'U ct. 
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::iE) 7-11. t\12-if o)~~?I (seagrass transplant experiments). 

Box can corer (~), Ol~S:.J71 ~21 t>ff~-W-9./- §.J~~ (~). Ol6.JAI~ l5H~-W- (.!¥-). 

7f. CREMA ~,'± 

CR EMA (the Centre de Recherche en Ecologie Marine et Aquaculture)~ T:±: 

i° .'!. ')["' C,:-s,j tll 0Jl'l ,'-± '1] IFREMER (the French Institute of Research and 

Exploitation of the Sea)±¾ l'l'i'-±0 ]4. o] l'l'i'-±t' 'j';;s l'l'll-"11"1'4 '!Hr><l >J 
"11\'l,'-"i] 'f'"io-f:;1 'l)£.nj, oJ:.oJJ cJI~ .fd!·"l o]-§-% ¾cJIA]~"t %A]"i] >~"11~ 

"J {l 7J'il¾ .!il.,eA]5'];eJi° -1,f.l!.i;- y:,,_ 'l)tj-. CREMA.e] ',J,'-~%.g. 1J\!! \'l,'-i'!: 

{! Af o\l "1-"1- 'l'! '1]- "II "11 "ii \'r~ 37} ,cj 'l} ~.!il.~"l l'l 'i'-.!!..5l:J. 'i'l <>11 %9 %]-:il 'll tj-. 
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Team 1 

Team 2 

Team 3 

¾Titll xpjA§%'§{!,j '.l1 tJl7)-'il'r--"l"l% 7,1:,J)"i)Jsj.Qj <!joJoJ \'j ,,. 
'cl '1!0\I "1 "il"i eJ ~ 'll-3.1"- sJ {!"J '.l1 %¥;-l\-1)%"1- \'l>il %%TI eJ 
AJCO:-ol-% 

4- XiAJ~~~tt<!I \11 "JOIW ~-=r~ 
(Benthic Productivity and Food Webs Team) 

0 l '%1 ,o. ? .sc 'cl -'11 7 l ~ ac TI tJl '§ Till '11 91 'i'-ac 91- 1 l 't-"il tJl ~ 'cl 'i'- Oil t! "1 %f,:,. 

'U ct "@•I to \'l. '1!"'1 "1 eJ '§ {!"J Oil 'U "1 "ieJ '-1 ~ ac'(!tll 91 "1 ~¾ 11\""1 t1l to,~ "' 
'Jl¾ ',!c';'1'. '.lit}. 0 )"1~ '§Tiii:,JJ.Q] 7)';,1!)- '<]{!l,%0!) .Q]~ '/l§J-;s !I.ct 'l} 0 10!1 

%f ,:,., :i -ct•§ "1-11 ~ .!it ct 'l} Oil ~%f 1J ~ Oil "ito "@ 'll-<>11 "i eJ -¥ 1 "1- c;J 'i,'o\l 71 "'~ 
~1'!11 7j\j1!)- o)oJl i":>1~ .'i'.'l!¾ 7ff'l[%fto '.)lo) l/1.ll.%ft:j-. oJi'! 'lli""J'il"il 71 

:=1:5}0:j oj zi-,:z.~.g. Y~ ~{!-ql7} W711 ~lg-8fl V,C" Marennes-Oleron Bay~ ~ 

\'l'i'-"1£ -l)-of '!l'\l'¾Jsf%f1'. '</t:J-. .'E~ 0 ) ;cJ")oJ)Jsito ~1!)- -d?'ffJ.) .),"- oJuff 

llll 0J c1 ° I 7,1 -'II "I E-.sc uj ~ ¾ Jl. %f 7 l llll li'-o\l 7 l £c \'l 'i'-9t ~ '-'ii t! i'! '<l %% \'l. 'i'-"1-

"11 £ 'il •§ %f 2 'U t:J-. 
'§ %st 'll "1- %"1 "l ac:ct, "i "I,.- '; -'11, '§ x) §)- ~:aj s?'!l:"1-eJ -!it'll-~ ')}-co: -or%¾ 

.!il.9- ,!c nf"J-%}7) ~"" 611.Q] "I'll \'l'i'-"1->ll~ ?1\!%f.:il. '.llt:J-. 

I -<) "i/ "0)-:aj ~ '8 'JI "i :aJ % eJ '; 'a 
• 'll 7J\!l -1,-7)%91 7)~"1- ';'\l 

I £'(]:tJl o] "ii ;<j Aj c1 % '/J {!,j .Q] 'lJ 'lf:§} 

I ¾TitJl tJl~;;jAj%%eJ '§%t:j- 0JAJ, 'r¾ '.l1 7)'t- \'l'i'-

1 Marennes-Oleron ~ o l PJ 
I \'l. 'ii%% '] "1 '§ Till .oJ- 0 l uff llll '§ Ell ,iJ .'i'. '!! 'lJ 
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.:i~ 7-12. ~TAI~ Marennes-Oleron Bay . 

.. 
;J 

Brouage 
mudflat 

7f. Sylt-flume study in the Wadden Sea (Asmus et al. 1990) 

0Ji)-'8 A·Jl,,i ~~%~A}.2} J ~~ 1ii.319J.E "'r¾ A}o]£1 ~~~ll]C' ~'t}- J.~Efl 

~191 OiJLi"l ,.¾Oil '.V<>Pi Ci1B .. 1 %.R~ 'll.1!.~ "1)'1,'~q (Dame et al. 1989, 

Frechette & Bourget 1985, Redhouse & Roden 1987) . .2l-'ill'Bll9.l S.{!-r.H <5Pf-.2} S. 

<5}~9.l S:.~..?.. 0J:~1BoJl ~J.~<5}.31 '.\l,C" ~9-'a7:] (Mytillus edulis)S>.l- ~e -tget%61 

A} ~i) ,': J ~ ~ A]47}C° ~£1 :f:AjoJ] ca~Ji oj~tj-. 

0]cl~:!- ~~6~ 1~~-tl-7] ~5}0:] Asmus & Reise '4A} ~-,1-~.g.. .J.H:VJr-1121 
~* ~\ll]"t}oj]Ai flux rate~ ~{I ~11~ .,=- 912 "T..'£ .£.~ "Sylt-flume"i 1i!~ 
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:lie+. o] 'r.sl.'i'.'lj.g. 20x2x2m 3.7].Qj ','¾%.ss"i c!l'il.!/loJI 'll*l"lo!, \:!¾.!/I 

1.8m7f "1 uffJJfo<l 'il'r7} flume¾ ¾uf"i-ie %'1! l'!:§:1-Slie oji!-] ufeJ-c]oJ:a,o] ,sl 

>II ¾"l'r7loJI ~Pl ~'ll-¥lc+. 

chain cable 

::i~ 7-14. Syll-flumeQJ 2"15'. 

platform 2 

ropes 

wooden frame 
+ foil 

Asmus 'll'r'il.g. flume 'll'r;e ¾"i-"l :>f'lJ ~'r'il-*l srsto] %""{!±1'f'<-, % 

<" 'll 0d"lHl-, ¾ 'i'-¾%, 'lJ;<f>J ¾7]~±, 'lJ;<f'\j ~±, "!%%;,l-31" ~±Oil "i"l 
ic ')jnJ¾ uf"/"i-'2, o]:a,o] 'r¾QJ P:N:Si •1-!l-¾ l'!:§:i-"],,1£'"] Sc {!±1'f'<-, %"" 

.!j!- 7] 'll 0,} 'll, 'll "I '\I % ~ Qj flux7f It -s<] ¾ i'.l oJ1 rtl-4 oJ "1711 I'! :§:]-"1 i= >'] oJ1 ,::JI ~ 

4- Benthic Ecosystem Tunnel Study 

(Dame et al., 1984; Prins, 1996; Smaal and Zurburg, 1997,) 

'>l >i '~ 1'11711 E] ',I (Benthic Ecosystem Tunnel; BES1)' .g. 'r¾"t "i Jsj ,~ 1'11711 i'! QJ 

%~,l¥icoJJ • J*lie oJufluJl-i,-QJ 'll•J~ '1J'r%f7].!/IOII RF. Dame "1-"l'iloJI QJ'il "1 

g .2...~ .:iI ~£1 ';; tj_ .:1~~ Li}~ ~c: ~ T.C. Prins~,i,}-9} AC Srnaal~A} %01] 9-j 

~ Lil 1il. ~ c:: Oosterschelde estuary.21- ~~ S>}t:~ 8Jl ~, :rr i'g'~ Marennes-Oleron 

bay 'g':>loJ]>l 0 1 •J-',j ~ "l%~ '1l'r71 ~'l!,1'J ~•»"1:llc+. 
oJ 'l!-'ll¾ oJ-§-~ 'll'r 7[¾<~ %fy-;e "il.ss:a'll, Smaal"1-Js}1iJ.g. ;,c:4 ~'r'il-"-1 
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Oil "1 ~ 'r'~ %;is%~"!- ,;I_ el-%~ E1 ¼4' 'JI •l½'ll'¾ ,;I_ ~oil Ai "I~ ~ll a-}71 
-',1")oj BF5T system¾ i,J;>.]a-}'lJ_cj-. 

:.OllA]-,;'2}65'.. '1!~"1-<:l Ej\;l_.g, 7.!o] 12m,-!\- 0.8m, 'll'r 'i!'1Pl 0.23m'E1 3. 

7];, -;t,=-cj-. Ei\al.'llc"ilAi •l'il"l'll Af01E1 nz,.g, 10m o].e_;,_ 8m'E1 •ler\'!"l ~ 
"i "i a-} J1 '.U cJ-. -:,/ '1J Ej 7]~ 7J 'a _g, Ei \, 'll 'r !a. ~ oj 7},c- '11 'i"Ol- ½-,'-,'. •l ½"1 

'E <5ff,Y~ faff"'T'-<5}0:} ~rg:~~t.}t ~ 0 19-. 

cunen1 velocity meter 

o.e m 

out sample 

c::::::, 

:lilj 7-15. XjAj{lEH?jl Ei\o BEST (Benthic Eccsystern Tunnel) 5'"!£ 

£~~2 27H~ ~J;]<S}~ ~ 0 141a°*l~ ~::_ E~lgx} ~ ~~1l} 'iJ..& E:i½t¾ 1:l]Ji!. 

a-f \:1 cJ- if "t 'if>] ,c'- Ej \i1 4f "1 ¾ •f 'roll ~ 7J 1-} ,;I_;,] oJ 'll ~ 0 ] 
0J-oj "i] A}% iif ,=

:,pj ,;j e/1°1 ~ .\'l"il ¾e,f~J! -:e!'l:l~l'</.cJ-. -:e!'l:J.g, 's'l4c'<! -'¥- 1RE1 3'o-"l 'r'7l%'1l 

~~~.A]~.Q..~, 3'14- ;.J~.g.. T £~~ A} 0loJ] 1:lTI-i· !!jf-.R -1iJ~~ o]-§-<5}~ t1H 20~ 

=E:~: 30~0}q jff4-<5}~Cr- 5:*~ t; ;~ ~~J.g.. E~'g! ¾ 0JoJl ~*l~ ~{f- .ft-~J: 

%4c7Jl.s!. ~'!la-foj ,11°1"1::, >1% "l"J--"lcnE-oJ, Ei'il 91¥-El 3'o¾ %4-£ ~'ll"I 
'.ljcj-, E]'si"i]AjEj ¾4-:: A~'!J--£ ;<j¾ofl ~'ll¾ 7,1-9- 10~20%, El]O]::: .!/lofl ~'ll 

¾ 7,1-9- 20~30%1'] c;l-±a-}'.ljcj-, 

-'F!l~J-,..:: 'lJ;,f'i) '!I."/%~ (5PM), 'lJ;,f'j -ll-7)1':!-± (POq, 'll"Hl %7]~± 

(PON), '/,.s!..s!.-\l!-a, %"' .!j!-7]'iJ 0J'll ('l}.5'.-\i-, ~-U'll, o}~~'ll, '1], 'ir-U'll)o]cj-. 
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c:f. Chamber Study (Aoyama and Suzuki, 1997) 

:c<]jl-JJ\:c<\ oil"i" ¾.s\ ~"\-%¾ 7.l~l >ajoj,L ~%\~ 1joj•J-"'1¾ 7\'(} ~"1-11-"l :E 

:: '9:i!f->\ "1"i%%.s\ oj:i!j-4;-_sc_ ¾'ll ~ rJl-¥-li'- "l"PJ-11-¾ -"l"l-11-.ss-¥-E-1 LL'lloJ'-11 
oJ ~~{11 '<!"il-"i •~$foj ~71 U!lli'-oJI 'll~~ .J:.sj ¾'lJol oJ'l!q~ "l"Jol i:gcof 

~t:l- uJ-"1-"i ~ ':r"il "i ¾'ll oj 7\-\\"%\ .sc.~ TI'<!'<! 0 1 ':r*I ~ c\l 'll "l-"Pn %0 1 "i->\ 
o-f2 ~~ ~'il"il chamber% -ll'-1%\"l, 41-¥-oil"c'.s\ "c''(,!'t!:§J-~ ":''ll~Oil uJ-aj- rJl 

'!J;<j<j,<t%-ct'!J {J,n7f ol\"c"!a.-'i'-Ei ¾71'/!"\-%¾ ;,Jj;,jiif~ e;'.'i'.i,- ¾'lJiif~ 'i{'/J 
olq. 

-:1~':r*ISl 11"1~ ~%'11"1 'r-~ 0 \3',l jllll] (417,1 35cm x l,: 0 1 70 cm, ef,t 

'1\"l 0.0962 cnr).el e\ej- -¥-li'-g 12cm'lj.SC. ~'il '<!Oil J!J-%iil~I "f:iL, CI •l'>lc"roJI~ 

J!J-'lroJI .91 ~ ;<1.sc.:, sJ-7I ~"i"i l>il.91 "l"I~½ 1l"l~q (:::i.,l 7-16). 

------
lranspanmt acryllc 
cylindrk:al chamber 

·--.:::i_ 

__ _ ba~ _ _ s.!~~ lttM 

wa1erpump 

tid• ! ftal 
(-.dirnent) 

.:::r~ 7-16. Aoyama Benthic Chamber £~£ 

~"1'11"11~ "1' 56aJE1"1 -"lt"ll"i" 'll<ll7\ 7\'oii\oj, -ll-71 ~"l-% "11'4er.sc..s\ ¾ 
'jj.g "I 1"'1-'i'.s\ ~"l-%"1 'tf.SC.'t!:§:f.ss.!/-<i 'r9J"1-. 

-489-



'ill "1 0 <>il Ai :: >-IP,' 011 'l! i= '" "r½ ~ 'ii 41 "1 ir 'l! :§:I-"1 ;,Ji{l- -at<= 3! :i1j- % A] <>ii 'r 
'F <1j "t%eJ {J 7.J-¾ "f7] -$J 5loj 5: 'ii eJ 'r'F~ E'_ (3.9 ! /min)½ 'ii liJ 0"i] Pj ,t'lJ: 

cf. ,.l~•l"r<= >l"r -l,-.!'-"i] "1'11 .21-¥-!a.-'i'-Ei 'i'-Al7]§c Al%'il 1!1!»1 1:o)"i] 500mt 

1'j -a-'ll •f "1 'l "r •I '.l/JL, 2A] {]- Cf. ,'Jl-''1 ¾ 4.§j >l "r§c -o-f '.l! cf. 'll lli] "1 "1 ~ '-11-¥

"i] <= '-II ,1 % % "1 ~ -a- % "il "1 '11 41-¥-"1 %~ {!-±7 I '1-± "1 "1 "l 7 l "11 ll-<>il, {!-± 
;(j_,'jo] '-11>1-'§-'l,-"i] 'iJ.-Jg Pj;<);<) \lf7il ',j_~A){)-¾ ~'lJ ~ -',[Jl.71 'l!cf. ,1--'-j•J 

~:'_ %!a.!a.-'/1-a, "1).2.ll}o]'iJ (phaeophytin or phaeopigments), 'lJ;<f-'a -fl-7]~± 

(PON), 'lJ;<f-'lJ \'!-± (PC) O]cf. Sc~ 1.1~*] '!171 +"i]<= '1!"10"1 ell'i!;,jAj,§% 

g 1J'!l (:Qo] 30cm'll£).i!f ~,I] >la!J»IJL, lmm>i]!a. 71~ +, ',/-& 3!¾ 10% ¾ 

'a .'ic!a.'ll-\'!.Q.!a. JL'll'1cf. :i + ¾ %'ll, ,1>11"r, "*""'g e;s1~:i1J- %A1oi1 AJ 

.il."1 'll-1'-¾ Z:!~¾"o' (\'l>il%%"i] ell'i!Ai<= \'l>il-¥-)/i'.r¾"o' •l¾ 'i'-9'.lcf. ell'il"i 

Ai'§ll-"1 <1!~s,:'_ ¾-ll-'l!!a. <:!~~. \'!-± ~¾¾, C/N•l§c o]%»1"1 ~± ~¾rd' 

% ~{!- 9'.I cf. 

-l'·e-1 '-1-e.l- cl(-;<] \lf'1I ~ -iJ-5'."l 7J!'l!g 7f;<)JL 'l!<= "t'll, E'."s"~. Lil'!l"C.Qj

"l[-& ~-/1-'/J-'ic7l"iJJ•i ej 7J! 'l/ A§ t1I ;,i] \'l 'i'ic \'l'i' 'lf~"i] 'l! "1 -,'-i!.I .2j- >fo] ;,; Ji!. '1J cf. 

:J.~ :'_ 7J!'l! '§%"ii ell~ "f'{!-'lJaj 0 )%£71 -9-e.i>l'll '1,;<) \lt0 1 °1•1 -'>r¾"i] ref 

,'!- 11-'§"1 j:;<)7} ajJL, 7J!'l!% .£A]!a.Ai 0)%-o-fill<= ;,j'll, 'll-"1.li!.cf<= •l'-1-"1 A§t11 

>il!a.•i 7J!'l! g .li!.~;,\Jl. i'lce.l•filltc ej;<]71 7J5)7] uilii'-<>il 7J!'l! -'1>1171 7IA]t, A~ 

'1101- "l ,1 'ii-<>il ell~ sic"r :i1J-'1-"l 'l'! 'i' 71 -'I \'l ~ 'll 711 oJ +"1 "l .,,_ 'l! cf. 

\ll- \'l Oil -9-e.i Y-2ttc 7)! 'l/ "i] ell~ 7] 3c 'll .!i!.71 .,,.~ ~ % ~<>ii Ai -'/-~<:! ,j 71 'llc"t 

'!I.ell .li!.~ej 9-~o] Ai!a. 3.'1] 'lH!e.lJL 'l!"1, 7J!'l!'§t11:all"il ell~ \'l'i'i= €"r O} 

1,-,j \'l'J'.li!_cjt, 'a"J'lJ0ej {J-JL ;<l_il.aj -'lJ2j% tt)JL 'l!tc 'l'!O)cj. ~'I'! 'l/1-',ej 

7,1 -9-:: "1-2-"il 7J! 'l! A~ t1I >II .2j- \'l 0 .2. 'll :ilj-ej .,,,, ~ {t >II½ it 'il »I:: \'l 'i' 71 ~ 'llc•I ~ 

•» "1 :a. 'll "1 -9- "-1 "1 'l'! 'i' "J-~:ilj- •I~~ \'l g 7} ;<) :a. 'll cf. cf A] 'll-»I \'l, 'l'! 0'11 "l 
,,,~ ~ J.ll 9.l ¥-~-rt!oiJ V. o-1Ai Al,',i,1-~%~ ~VJ-~ lT~'5"}~ ;;.! o] **~ ~7}~ ~ 

'r'<l 'l'!'i' '-11%0]2}\'l (Asmus et al., 1990; Prins, 1996; Smaal and Zurburg, 

1997), 7J! 'l! •» T1I >11 Oil "1 ~ .2. 'll % ~ 'll :§:I-rd'~ 4-1 •I"' .!i!.cJ 1. %"1 '11 'l'! 'i'71 'll-l"
"t -9-e.J Y-2+"1 \'l 'i' •J-•J, 0 ] cf. tt]2J->i oj 7] "ii Aj tc 'l!-l"-"1 \'l 'i'AI •II ;; ±71 ~ .Q.!a. 

Ml 1-'c \'l 'i' "t>ll "1 '!I "t 71 "11711 o] % 'i! "r 'l! i=-') it 71;; ~ 'r 'll ¾ 3! .Q.!a. Aj Zf 
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7f. • fl'f2f~ OfAf;,f 31!\l!-"I 'r~~~7f:; (Sasaki, 1995) 

,; \!IA~ <ii >ii "1 'T' 'll'll ~ 7 l 'o O l '1lc %-61 % ~ ~ 3.1" 0 l '-+ '11 :s c1 E1 6 91 ti -SJ <>il "1 •l 
0,7],j~ '?% 'l'!"r¾o] 7J!'l!"1 ;,jAj"~¾oll "1o\l >1171£1~ 0]5<}"1"17]'o ~ ejo]tl: 

cf 
oJA]ol 7J\!!oll•i 'JI>\~ o]%tl: ~~~ %•1 '?%"1 'l'!"1%o] 7J!'ll"1 7'\Ai%% 

~'ll"1 oj:i!f¾J-61 (filter feeding)"il 91•1 cfg:i!j- 'llc01 "1171"1i= 3!% 'l, 'l" 'l!\lcf. 

9'% i/!sj-%-il\- "\Ai%%21 <~"1]'1,% -i'~±(PON).sl li'l!t\9-~, >1>i%%~{l 

21 l±!/1 '1!"°'@' ,J- '1\'T' oj'1j- ~.'r.~ 21.1~22.1 ! · g N-1 · hour-1 °icf. 

o] ;;}% 7] ~!a. s-foj of<II "1 -61 oJi '9-i!t cl!\!!% 'ii:il'.U ~ >i'T'"1 oj 4% ~ '?-""1-

"14% (%/hom) • l("iAi-%"8--"1 'll<"'if 'a- 'Yif "14 4/£ X ;gif "i-'i%-8- 'll<"'ll' 
x ,, \!I\'! "i) / 7J! 'Ii !/1-"l 'Yif 'i'r'lt / x 100 

• 1(21.732/g N/hour X 6.47 gN/m' x l.65X106m') / 2.87X1092)x100 

• 8.08 %/hour 

o] '<!cf. 0]3).g. c)!\!!<~<IJ;,Jl7} ti: it-!4?71 (Sf 12A]'(})%'l! ::J. !/I~ 'il:il'.U~ 

"11 '"' 91 96 % :: "1 4 ti: '\l O l '<! cf. 
'f.t\ ,\\~ qj.,_.J- "11"1% -ol-'-t'°1 ~ chamber.sl <~Zj-s-]-~, 24-'l:fr ~"1 PON ~"8 

'1!"°'if(PON24)t ;;f-','-ej -½ %'>!"a'% ~7]5<l(PON0)!a. S-}oj 8%91 •l%!a. B"5:tc 
c\-~ t;TI-iio] 7l-'o~l-JJ. qg ~9-.£ 1£Al~ T 9,.ltj-. 

PON2, == PONo x (1~0.0808}24 

• 192 kg N (184 + 8) x0.1324 

• 25.4 kg N 

'9-<t-'1 qj')/-o\lS!joJ]'-j 24Aj'(r %'<! >jAj%%~{Joj 'T'¾~!a..l/-Ej 166.6 kg 21 -i' 

~ ± (PON) ;, >ii 71 ti: cf :il ½ 'T' '.U cf. 
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Phase I ~gi:gi ¥:eJ21 ~JH~ ¥~gt:§J 

( 1955-1970) • ~~.5:21 iM± 
!!~ 

Phase II ~~OI 21e! l:!.!~±4iU21 ~~ 
( 1970-1995) • ~2'!~ Oi~~.21 iM~ 

la' ;\I ;\I JI 
~g!~ .geJ~21 ~J•9 ~.5:£ t!t2t~ IIJI. 0lcl 

~JIJl71 fil ~M.21 ~eJg ~~2!Jn 

7i! 71~ 
JI/!! 2H!! Ol~0I ~~e.!0IO. 

I --
I 

1970eH11 "" • ~~ ~ l:!.!~:1:?ill ~~ AIJI~ ~xi 
I 

=fiil• ~~ • \'<Al el 'i' ~ :il ™I 21ol-e1 :CC;;;Jilt ?JI !!I ™I M~ 
o1~ A:IM~~21 ¥¥:~~JJ {~£ 01 DH 11H:;. l™I C 

At SUII i e_i. OR 
21~ oll{:21 01.a~g 3.4-5.0 ~/112/dayOJDI I 

~~ ~e_i.~~~ ~ ~ 
0I=:lt@ DH ial 8 1,200 ha£¥E-I 500~/sec~ 

1 , 200 ha ?JI !!I £1 
01:il/lal i!t±£ 0IOlc!O. 

DH ,al • =fiil•£1 Ol~i! fill4:ii!~il@ 1,600-2,600 

~/sec0l 0 £ DHial 0 £ el~ DIOHgii.21 till4iil 
l!!oo .. c 19-311,J. ~±8 3!D£ Jllcf'iJ!l!Q . 

- --
~~ DH~g 0I Xl21 ~~OIi M~ol-~ 0IDHDH~0II 21~ fill? :W 

~ ~ 
!!ii. ~ ¥:Jl@!~~21 ,11)1 ~~;::::: iM±Al:l.Gl. 0IE 2 0l 3f 5'/ 
e_i. 21 ~~ii ¥: !ill Al :11 ::i1 l:!.!~±?iUJ. L/EIL/ *cf2l Ill fill ti JI 

<'<Al'l!O. 
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q. i:Jl!l:XiAJ~~ ~~Ill -"le! 'r'~ -li'7l~lat~ "171~.r. 
(Aoyama and Suzuki, 1997) 

OIAl,I ?J!'!! 'I! 'r'\11.aJI~ (1.65 knf).91 Box model li'-'loll .Qj~ ?J!'!!.QJ I'!-~ '1!:aJ 

'a" ¾ 7 1 '11.e]-% >il>lec.£c 100 mg N · m' • day-1 o]t:j-. l!}~'1}oJ]Ai A~~-"l<>l~ 

'11."r ¾71~±.QJ 0,l'¾ Jlii!~ al {!~:aj'l] %7] '1i."r% "1171 4;'.£c 150 mg N · 

m' · day-171 '<! t:J-. 
~1/l >J llj {! 1J ¾ ¾all :<i Ai%,o-.91 B~ '1! ;aJ 'a" -ll-614;' .£ ¾ ,'-iii\'! 227.4 mg 

N · m' · day-lo] .@t:j-. Box model li'c"i"f ojlJllj{!1JoJIAi 'fl~ i\l~.s!..!/-Ei ,zf",1- % 

oil .Qj~ "1¾ %71,o- 0 1 ?¾~!a. >1.!/-¾-"lc •1-a-g ,11~~ ~"I-. '11.eJ-% -61:<f.91 
•J,jj;,/5'1 ", 60%7} >J J/-%-"Joj "JOl'l!<li.s!.Aj ;ic#',i-£ 'l)- '," ~~t:j-. oj-2.]-Aj 'a 

"t %-61 "I 91 -ll -61 4r .£7 I 'is- ?% '11. "l-% "1171 ec .£ 2-J-Jl ie- 'll- ~ ? \ll t:J-. ::i "1 £ !a. 

'11. "''"" -61"1"1 -ll -61 ec .£5!..!/-Ei * 71 '11. "''"" >1171 ec £~ 4'll iilc 1-'l-oJI i"- '11. "''"" 
-61"1"1 '11.i"'e/, ?% ¾71 '11."l,o- 'ff.£, .!/-"I- it£* 'I! '11."1% -'1"1"1 •M1l%"1 
A~ ,¥-{t-~5=.~ 4~~o): ~tj-. 

Box model ~~oJl ~~ A]~.g.. .ol1~ 0 ]7li:" "5"}.Allfr, f€.g.. X.?;jl!} .AJ-t}-¾ ~.ft 

!a. iifJl, 01 •,J-'ll¾ Al%~ '," ~c '11.'l!-£<!% \'!'or 7].§j.£ ~"I eJ,71 "111-oJI, .!a. 

t:J- U \11 ~ 'il "1 {! 1l g 'a-~ .!i!. ~ 'l'! ,'-1 I % iL ill t:J-. 

,J! 'iP~ Ell >II .oJ. ?¾{! .91 %~.ii!~¾ 'll 'e/:§l-iif 7l ~ ~ '1! ,'-'ll-'ll ~¾ •I .ii! li'-'l 'ii 
1"- :;!-4 (.JE 7-3), Aoyama Benthic Chamber7f ?J!\!!>~Eil>ll.91 %"1"1 £<! (£*I, 

¾ec, ¾•J, "I.£ %)"1 -'l}ol~"i- ;<jl<j>~,o-;,/oJI A,l-j'j-\llOI Al~'\!¾ 11"1. ¾'il~? 

~<>j c) 0J~ Aj-6J*1 ~1oJI '/r¾:aJ~.s!_ :aJ%~ '," ~C •,J-'11°1£.s!., ?J!'i!.Qj it'll'!! 

!a. 9' ~ 'll :§.I 7115-¾ 1l 'el :§.I iii aj C 1"- '1! T .91 .ij ¾"r .l[ -It 'it '\I A I ~ 9' ~ C 7 I'll- "I 
~~ Al!o'\!~.s!_ Af.il_.@t:j-, oj-2.J-Aj ~,"f 2*f\1.£ (2000\1) '1!,'-J/-tj o1 Al~'\!-£ 
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1)1'-.5'.,!!.s!. ~ {!~'lJ-:>)~ 1J",l' >l)"J".-foj +"1 cl!'iPJtsl:>11 ¾<!<>il "1:aJ:§f-<l \'l-,'
A)!cc'\l-9-.s!. 'IJc~Ajs;j ofl~ojq. 

%4; 

"r~ 
~~£ 

%e~~r,r 
pH 

~~~W-a 
phaeophytin 

PON 

POC 

DTN 
TN 

o]J.]~(~El]~o}) 

<HHf~.3.lc 
%'!< ,!-~ .3. le 
<>l1t 

(~¾) ~~~ ~5:. 

%7J,f ~'o' (TOC, TN) 

ORP 

oJJ.Hi (i!t~21o}) 

"I "1 its< 1t 
'F1ll ~;.pg-~ 

<11 ~ "1 "1 %{< 
A~ of ff 
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Sylt-Flume 

Open-channel flume 

'i 
1 ~~-, 

e 

\ 

i 

'1 ~Hl <>ii '1 ~~-

• Z*2.J ~$JO] ~78~ 
O(i/. 

• T'¾ <!'ii~ .>EW•f"l 
~~3:~o] _ll_tj- A}~ 

'I~. 
• A]>P!Eil,0"1 ~•Jo] 

'r°¾ ~ ~ Ol[ g:j ~ £I o-f 
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~E-ol 1!;;;], o]% 'R ¾--S-ol 41¾ A]C.\40]'9-. 
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"!11'-"I r'll 'i"scot 'if7l\ll% 0J'll-% >11-21~ 'l!'i" 1,-01 7hi<11 7\'if ¾.8.~ :;1 

o] ojo]uJ-3!} %',!"I i?~"il 'i'H:l'i'! :;!O]Jl, -,c'a-:aj~.£.,'c OJ 0J1<!711-"I -")ej-o]i!j-Jl 

~ ,;, Vcf. ,,_ 'l!'i""i rJl'll-'!1%'?l rJl'll "ll £rJl'll "JA1%%.g. cfe <11°J,!1¾<>1l,11 

11. 0, 1:!:J 0] .:g-it-¥1 ~ .£~ A}Sj ~ W ~ "'r ~~ t>l-71 trJl ~oj] ~ 0J=2] 7] 2g-~ 'il ~ 0JB'7ll 

"i]A1 ¾.8.~ -'1-1*1:e 1J%·0-t2 Vcf. J 1/r"il.5'. ~'!l°IIAi 'rA <>1%:i!f "JA1%¾% 

rJl-',!-.0_£. 11-6)<5\,c; %1'-"il rtj-;a} "J 0Jr% 1,-1,-ii\Jl, <>ltti~ "1°]7\ ¾.8.~ "I¾% 
>\;<J;;fJl V,c;;<];, 'it~•Jo) ~cf. o]ej~ '>jo]c,}3!} "JoJ,'-sc,c; 'l!'l! tf"<l-"1 \ll~, 

Jc}.~ 0]°11 '¥Jrtj-a,c; -,''lJ ,'-<J~-"i \ll~°il rtj-;a}Aj.5'. J ~-',!--8, ',rtt~c\. °';, rJI 

A,} •l "1 "i -I'- OJ 0J ~, cj '!l ',! {l >l Oil !tf e n\ 61 3!f !<. 61 Jj >II r -"I "I 'OJ--\'! 711 -"I 18- SlJ 7 \ 

'1f"!i"l'i'l 7)!',jg !<.%~ 'l!'l! <>l'if"i '!joJcJ 'cl) "JOJ,'-sc7\ '1l~ '," v::: :;!o]cf 
!tfief<j, ic'll ,f,c; >!1111711-"i \1!~7\ ,'->J~{l-"-1 AJ§.~% !;;,.), ojoJO} -(f,O. ;<f~ 

:i!f fl \Cl~ %'1 EEe %41 -'o'co:~%"11 -"1<11 ~11'9<>1"1'° :;!'ll g -'o'7JW •II, i '1l 

:o}oJJ rJI ~ 11 ~~ "ii "'t g !/l <II •l-9- 'l!.8. "I 2 A] icr"lcf 2 "Ill! c\. 
~\\'J, 2>1\:!5'.0i),c; 7)!',!>!1'11711-"i "~\'l'J 'cl) -\l~'if~£A1-"i 7]';,"g >l}S,iif7] 

!/I •l qg 3!f 'l!-:: •J-'11£.£ '@'ifscAfot "1 'lJ g 'T''!i"\2;<\ ~cf-

1'1 >1 71.il. ~ •J'll~,eAi, <cl,' rJIAJ;<]ej:: 'll-18-5'. 'it'<! "11"1 'J!'!l<>il ¾·"l-'i'-"i 
~o]r~, 3:i::A~ ~ tjJ~A-JAi-%--;¼9] ,!"~~~, Al,.:g.:Q~'i} ~~liJI~, .:L~.i!. ~o]oJ 

%g -"!SJ-of7l !/1"1"1 -%1\\!£ '@'ifscAf;,s "1AJ~c\. 
ee'if~AfA]oJI 0 1%"11'; ,j'lJ7)1'; 7ji(f:,l otter trawig o],S.;;\2, 2-3knot-"i "ii 

<?J~_li:..£ 2o~n 3~ jH~~ ~Al~9-. jH1l~ &t:!l~ A-JA-1%¥ ~ o:J'ffi=- .¥..sW 
'1.05'. .i:111~ ~- "1~"1oJIAi zJ- %\\!,e %11:i!f 711'1"~ A]•!iw "1}11o]oj, O)¾ zt 

%%~ 1H~l0il rJl<li ~l'if,O. lrnrn7ff"L ~I¾:: O.lg7J\"i "i11W "li11°it:J-. 
0 l"l7Jf"],c; "il•lscAf (99\:'! 7-1,l)O} '@'l)-~Af (99\:'! 10-%/-12-%/);e *<II •J'll;":aJ 

~ ~!T ~-2~% !1}'2.f~}~.Q.oi, 4-t ~7J..8.~, ~~%~ ~~ ~ 1R~hr- ~~~ 
~•E ~ "ii '\I 0 1 cJ. 
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~ 4 ~ "Ill]~~ ~T 
(~JA--5:. 2r-~%JIQ'I ~~~ ~Al%~ ~{)-,'-~) 

:Ji 'l! t 4-el 4"-1-Sl ti! .ll. "l '11 "ii '1! i'.i' "i 5!. sf 4 5!. •l :iit "l >j · \t"il '1!"11 \il .g. \'! 

"12-5!. li'-!.o-;;f:il :Ucf. "11°J4'{!,J/-ej ;<f.ll."i] Sl"f\'! (1998), til'I' ~\'l:S: 'l!"leJ '1! 

\!! ¾ \'!"l-& 6,575knf o]oj, 0]¾ >J•\l-"11'1!-& 2,393knfeJ \'!'"1% 1Jfl-a-f:i1 '.Ucf. ::J. 

¾ •1"11'1! "i"lo!l 'l!>il '11\!! \'!"leJ SJ' 83%'1! l,980kn17f li'-!l""'i-:i! '.U.2.oj, 4"1"1 

~ \t "ii '1! "ii {]: ,1 a-f :i! :U cf. !a .-J 1-'- :ro sf "i "l O I 4i-~ '11 'il • '3 1 I "l "l eJ '11 \!! .g. 0 I 

¾ 35%-l, 'llfl-sf:il :U<>l 'l!"-1-\l"S: cfg2_;a_ \ilcf. ~'ll, "]i,-JJf"i '11\!!.@- \'!~"ii 

9' Jl. 4'{!,>J %Si '! {!,'l} ('t"1,'11)) 'll '!l''1!0f 1-] 2.]-, <>l i/:l >J %"ii 711 ~ "il-&-'ll" (S1.1'Hll) 

2_5!_}.1 Si 7] 'o % 4'•J "ii ~:il, !a .-1 ~ ~ojJ ~ \'! '1! "11 "I oJI >1 '1) oj 4~ .1/-'lJ OjJlj-i, 
")7,{>j]9'~ ;<f\'!'lJJlj-3,;;!_Sj, >J%cf 0j-'Jej -\'lcJ:!2_;;!_}.1, ::J.el:i! llt-& '1){!~%0J ~ 

'll,a-f:,j] o]'i'-"l"l~ {)PJ-"j, ;\'-Jlj-coj, :iit-&-"l 'll"± '11'11-eJ 7f:>];a_>js: ¾Jl."f:,jJ cf+ 

oj;<]Jl '.Ucf. :::iaj4 °Ja-J~ ±¾~ :Ji\!! 0] {l:'lJJlj-~ "t7f'l!'l!eJ ~{!.2.5!. {1-of.g. 

1 %0 \'! ti! .I/-E1 ,1 'l! ;,c el "ii 'l'l * "1-"l ,1 'll '4 n '1.s>.5!. ~ e "1 <>l :::i \'! "l O I 11 zJ-a-f 

:,jJ 7,l-±£1:i! '.U~ {!1) 0Jcf. !;a-1, 1980\'!til .f.\'l:"il~ 0]'1,-•f '>1"11'1! 7J'lf' 014~ 

'll ... ofaJI '11\!!¾ Pl'lJ"f<>l -ll-'i!.1/-"l .oo-'a, ~sc_;.J <!1!, :::iel:i! 11"·'11- %4'~.!i!. 

:>f-\'1"1 7,:\7-]"i]>1 "f'i'-<>11 sc;¾ 'l'!s~ % -'¥- ... 'l!~ ,1'/t •~~7f "t•»"1'xl:i!, ~\!! 

'»%~Si •1~:>l~ :of"1"1:i! .2.'ll"1<>l ~\'l:s: ?'1! \'!'1! ·WEll;iiJ ¾"il•l '<l~"l Z! 

il % 7f'l} llt 01 'l!-~ >j Ell ;,fl 5!.>j TI?'a :i1 :U cf. 

~'1, 1-'- \'!'i'-"l"i.@- \t~ "11 2 "1 t;f'iJ'<l ~ 7J-"1 "f'i'-"io!l ~:>)-;;f:i! :UE-"l, 'll 

~ "1 ,,j 5'.'," S:.2]- 'll-*4' S:~ .... ~ sJ '114'"1 ¾'ll o] "i :iit"l ~'l!~ ;<] "] 0] cf :::ia-] 

4, •1 'i' Oil ,1 '1! B"t;f 5:! *o I 1960\1 °1 '115!. -11~ .-1 °I+ <>l 'sl {]:'ll £1 :i1.'r.Jl}.2t ~ 'l! 

"1'll 'll'i'- ~7\%2-5!. %ct 'r~ ~e"1'l:!cf. 'fr\'! 01"1~ -ll:"111!% a\]±%}7] ~"1-
oj 4' •» -<l ~HJ- % ~ ,1 'lf-ll-, \~ ~ 7J £1 4' el • % el "l '11 !a "ii "1 '1! :§1- ;a & '11 ""'1-5:! :i!, 

o I 51 .g. '11 'll ~ 7il 7 l '1!"11 JJf "l 'll 'J¾ PI ~ 4' el "I €1-"l ~ "ii :of "1 "l ~ "l !a "ii "ii "i 
ti!~ 'lJ"Jo¾ oJ~.g. ;;l_o] >f{lo]cf. •l:iit:aj ~~"i]S: '\l*S: 9"1 'lltil~ '\l%5'. 

~-ll-•J- <l-il-ll-•t 'al •1~ 'l!xel '1ltil"il•1 4'•J-"l~ Oll•f•l~ "1-'ll %2-5!. '<l'"f"1 
lltt ~7il'l!Jl1-7\ '.ll'l:1% :,1.2.5!. <>IVJ-"1"1, 015!-& 3l'll"li>.5!. 1-'- 'll'i'-Si til"J '»% 
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't! "iAi%%"11>11£ >'1r:JI~ 'l!•J¾ 0 1:i!¾ ~.Q.]1_ >§zj-'<Jcj-, n:feJ-Ai, 0 1"1~ 'i'!:1!<>11 

Ai 1'- '<l .,i;,; "' '<l :aJ '>! 't! ~ :aJ 't! ~ 7a 'I! §I-7} •I .ut :aJ 11 ~ '<l '1! "I ".Ii '!! ¾ r:Jl -'11- .Q. 

-"' ;;j-;,, ;<iAi%1"-"1 '<l,'-'l! 'l!''1!0}'-1el-, "1"1:aJ't! ojzj-'I} -o]-,'-"l-"1 ;;,JAi%1" ii'~ 

.21 ,; ,.a¾ .llfe}-o]-;c,,11 '.il "1 ½.g. oJ :ct <>ii '.il cJ-:il '\'le'<!'<! cJ-. 

~'11, <l'!>Jllf"'i 's-'-ll"ilAi-"1 ".Ii'!! '>! -'},'-"I ;;,JAi%,.-<>11 r:JI~ '<J.,i;,, ,ij>!lii', ii' 

~ ,;! 'r.ll. -'f"1!%.21 A],'lf{!:af'il -o'-3'.<>il '\'le~ ',j,'-!1. OJ-o'-.sJ"1 ~'.!.sJ"1 ~cj-. 7ij 

>ilii'<>il tilt! '<l,'-!1.;c, %~ (Mactra veneriformis), '>i:eEJij (Solen strictus), 7}"1'>!:eE 

7H (Sinonovacula constricta) ~ ti}~lE:J- (Ruditapes phillipinarum)!al -"'J7c}- ~ A§,UoJl ~ 

t} '<l,'- (.:f"'f ")-, 1994a; fl-OJ- 'l), 1995; 11-"I- :il, 1995; n %, 1997)-'ffo] '.l/n, ii' 

~ '<l ,'- !1.;,, 'il 1l ¾ £ ,.i ~ :,i, 'l! % £, 1/1-%! .::i ai n 'ii \tl/1 £ ".Ii'!! <>ii Ai .ei \'! .,i 

7} '.l/cJ- (Frey et al., 1987; Koh and Shin, 1988; ")-, 1991; Shin, 1993; J.i, 1994; 

Yoo, 1998). !;"L ;i;/c~"1 ".1!'!!<>11 cf/~ 'l!l/1'<1.21 :eJ:1!0] n¾.sJ'IJJ.i <>l"l ;,J"i"l 

".Ii '1l <>ii cf/ t! \'! .,i 7} ~ ¾ :af .Q.!1. 01-';'-"1 "'l n '.il cJ-. 1/1 \'!, !al ~<>ii Ai;,; eEJ.} Oil "I !al 
%"1.aJ'il ~7,l.ll.'il"'f ii"~,'-eE~ O,.{!:aj.Q.!1. ;EA}"O]-n, o]i>j~ \'!,'- ~-"I-~ 5'.tf/..:, 

1/7);:}Qj \'l% 0J-'I}¾ '4"]-;,fn '.l/;,; '.)lo] 'l!J/1.ajojoj (Beukema, 1986, 1989; 

Beukema and Essink, 1986; Beukema and Essink, 1986), "ii=<>il;,, ".l!'!!.21 .!i!,cj- 7] 

*:aJ'il ~\'!O!]Ai-"1 \'!,'-<j- %'.!!i?~.21 \'!,'-¾ ~'l!-"l ~•§¾<>ii '.ilcJ- (Asmus and 
Asmus, 1985, 1991). 

~",, 1-', \'!'i";c, 'lJ:.f:aj.Q.!1. "./!'!j"i] Ai"J-'f;,; '@l/!:aJ'il ;<iAi%1""i] r:JI~ ;EJ.f 

~ %;;]-"1 zi- "iAi%%.21 ii'~ 'reE;; o,.{!;aJ.Q...:, .llfe};;J-n, .::i'J!"l 'lfi1:aJ "'s'il-"1-
%.ll.,.a¾ JJ/-"l-¥1-<>il '.l/cJ-. oJ")~ "'I'll~ ¾'ii ¾J.f r:Jl-'11- ".l!'!!"l 'll~~ '§%cj-"J',j 

(•H 0J;<iAiJ.J '/-~~%%) '.JI ii'~ ,'-;E .ufej-o] 7}';-o]-n, !f.~ r:Jl'J- ;,]"I ".Ii'!! J.i 

"1'§%-'11--"1 lJ~~ %'lJ¾ 7]&!1., ;c~¾J.f"i)Ai.>;'-EJ "1°] 0J- ',l "./!'!l '§11\:<ll-"1 "i] 

'-I"') .. j;- ~ llj,ej-;,f;c, ¾ .ll. t! 7]&;<f jl_ l't "ii 'l,'-oj-;c,ti) ~:aj 01 '.il cJ-, n:feJ-J.i, 1-'- 2E 

AfO!)J.i;c, l:>}\'!£ \'!'i" ?"iJ'lJ 'll-*£ \r'c: "./!'!! 'il"i"i] Ai")"O]-;c, ;<jJ.i%%-"1 ii' 

~,'-¾ ,i]-ej-:ilj, ~~ 2"}\'!£<>11 J.]•»'i!! ".I!'!! >JEll>il"J "!o]oJ- 11-"1¾ ~~ tfl'il"i 
Ai%% '.Ji "- cf/ '!I Ai Ai %1" "J <l'! 'l]- ;ij ~ ¾ r:Jl-'lf ,2...:_ '(e .ilj-~ 7] 'i'i;f ~ cj-, 
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-l'c ±Al cJ! 'il-•l "I-& 'lr-\l-'i'- 'il-B cl! '!!5'.Ai, 'l}-'8-'i'-E •J 'jj 'i'"I 'if 'l!-ll 'Ir "I A] % 

'sJ i,'- "i- \'! 'll-'s- a.] Oil •l 'a"~ q. o] -l:j (ill,) Oil Ai *"" ~5'. E 7J §J-'ic 7 f, =1 a.] .:i1 ';J-",' ~ 

5'.e ~¾"'-7111-.1e :J>: 0 171"'- -.1q. 'l!1J•JoilAi er 28.skm '!loJ"1 '.U.:il., 'l!i1 "II 
"I .91 cJl ll "I 'l! oJ 'll- .". >i · "l-",' "1 'll 'i'- e.i oJ "d-:i!f 'it >1 ,;, .91 & *I "'- oJ 'll- 0 I q. ~'ll 
-'l!-'s- 'i'- Oil Ai .91 T{! ~ {!% % "I ill "I 'I)- 'lf ilj "' '11 Ell ( "1) 0J61-& 'll >ii A] cJ!-'i'- Ei A] •J 
")'l)~oj, A~{!"]e ;;l:'_ tj-,"' "'i"ioJIAi A~{!-l'] ;!.!i!.tj- 0J~o]oj>1 o] "'1"1"1 ~{! 

%5'. ~"l Zl'l/% '1c7l'i'- .. l'l!~Y., "ii1 ',1 ';'I Al 0 lo!I ;;J 0J61-'l!- -'i'-i1•l"i"i1>1 ¾ 

1/-l,'l-fe} ',l-{!'ljo] A]"]-")oj =i 'l!cJ!.91 ;;J 0J61"Jo] "''l! :£.E JIJl'll--"le '14;; & 

e11-.i-s:1 tj-. op,j ~ '14e >11-ll-Sl- ,, .". "1 ;,pj T{!;,cf~ AJ %"ii :,JI 'i'- *Al~ ~ "<}% 

4 E-1- ,!I .:il., 'l! -'i'- ><I "I o\] ,1 .91 ± 71 % .91 cJl 'lf l>II A I e} 0J 61 "d- llJI -'l!- "1 ~ 'l! 0 I -"I 'll q 
~~, A]tg~"c} ~SI ~'ct"oJl ~?;j<S}t ~%P}g ~~ ~~.g. lll"~~ 811~.2..£ 

20 - 30m >\-.91 'i'. '11 Af-'l!- o I 'I)- '!f 'or") oj '.U .:il., =i 0J "II '1}.,0. Ofl '1}'l} llj ~5'. '116101 

"1- .!If 'I cJl 7f -l! 'l!'or-"I oj '.U q. :£ ~, "l-",' •1 'l! .". cJl iT 'i'..91 'Ii cl! '1l <le-'! "'i 71 ± 

'a-"io! '.U"-, 0 1 "'l"i,"- "T's!.1': 7i!Jils!. 7J§J-'i'- cl!'!!:i!f \'!-.f7l'i'- ~q. 'l!\'!, -l:1.91 
',r",' %'l}a.] '1l'l),"- 30-40m >\-.91 'i'.'1JAf-'l!-ol 600m'jj'i'-"1] ~~ 'il'B-"loJ '.U.:il., 

%"i'o!le Jl.:il. 114m-"1 {!;<]JI ~,1-.1oi •l'l!.91 1J>l7f "]ill"! B' .. ftj-. .., "'Al ;,c] 

9:1.g.. %~2-1 ~'ilo] Al~ llJ-"B"JoJl ~~]<5}~ ~~'t~"T'-~~4 A]"Cofl ~-P:\iij\ ,Uc}. 

'ii-ls-"'- 'r\l! '11"1-"1 %e.i"I ~'a¾ .!i!.\'!, cJ!±"IAI 'il-'s-"T'5'.<>IIAi"1 "'"le 

8.2m, "'-"'"IA]o\le 3.6m5'. 'llir 5.9m-"1 "'"I;; !l.'l]tj-. -'l!-'s-'a's'.Oil'i '11% ,"_ ls± 

>I la\-%~5'. ..- 2 7] >1"1--.1"1 <le±~ 3>]zlc 30-.'-1J"i] cJl±AJ ~7J*Jcol 104-

206cm/seco!I 0 ls:i1, ~%-& 'l}"°~ 10-20-.'-7<1"11 'ir'i"J•J~s'. ., ."-71 >]'l-.1"1 

'l}"°'f 2A]zl: 301i':7el qj~A] ~7J*Jco] 90-170cm/seco!I ',[~q ('<!•lcJ!"1-.iic •l 

OJ"f•}7l-,c 'ciT"', 1997). 

1 >f'ci'i'- <cl'i' 'r>il'<! 'il--'8-"'- 'il"B "11"1 7J!'llo!I >161-.le cJ!'l!"l>i%%"1 ii'-'\l'i' 

~ ei- * n "I'<! 11: 3'.llll "1 % 'lfOI .!i!. 71 ~ -.ioi 1999';'1 7~ 2s'l! oi1 ~ a; •l"T'-l\-'ll- '<! ;i 

.9j 'Ji ',! g cJ! AJ -"- 5'. ~ "J ~Al;; {! Al .. I'll q ( =i 'IJ 7-17). S'i >ii "I ~5'. 'll-18-'i'- 7J! 'Ii c" 

'I;!, .'i'.'11 ~ 'i'.'11'/l 7J!',!5'. O]-'f-oj{! "Pl%% 7f;<Je c)!',! 0 ]q. ~-'l!-£>fo!l>1e 1 

71£1 'lJt\:. t\'\l .. f.:il., c)!',!£1 'i}--\'-"i]>j-\'-Ej 100m '(}:?j~s'. ¾ 207j 'jj'lJg cJ!>J 

Q.£ "r15~ <5~5:'l tj-. ~-1-toJl A·H::- rectangular can core (15cm X 20cm X 30cm) ~ o] %~ 
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aj 'll'll'il" ¾ 6:oj (0.2m')9J "1~ "1aJ%% >141<>1~:il., >l~'<l "1aJ% A]Jl.1= ~')f 

oll Aj 1mm 0,J--!if .eJ 'i] .£. ',/ '11.Jl oJ cJl 'i :>j Ai%%% ii': i'J %} :il., :,j '\!''Ii'-.5'. 10% 91 ¾-'8 
,;.2w.i2-s:. .:,:,lJ~ +, {/~{ls:. ¾'l!<>l'.lJ.cJ-. ¾'l!'i! AJJl.1= {11J{loilAi 'J% 11: 
-ll-'i!''l!S:. ~'1!%}.:,:,, ~o]'lj<>}"i]A1 ¾'1"~'7}7] %lJ%}~2-Pj, 71>11'1"~ lll'r's;f.:,:,, AJ 

~t'g=~ :;-l;ic5~~9--

AP-1%~ -,"r~2j ,Z.3':.~ .u}<2f-of-7) ~<5}0:j, q 0JAj A]<'r (Shannon and Weaver, 

1949).2} it-\j-A,j "'i'r (Pielou, 1975) %91 'Jl11"1-aJ ,<J]7]'1"¾ l!'--ol<>f~cj-. ."f.~ ½~ 

% 1lf ,1 'ii 'r' .eJ -'I li ;; 0 I % ~ 'll >'I 11:-ol Oil Ai 1= .::J. ¾ % % oJ 1+ 711= 'lr '1l 2-sc 

agglomerative hierarchical method 7}¾t~l minimum variance clustering method 

~ ~ <5}'.x{.2. ti!, ¾'+ £ (similarity) 7-11 {!-.g. Squared Euclidean Distance (Ludwig 

and Reynold, 1988);; Af%%f'.1J. cJ-. ~'I'! 4-'ll ¾ Ai 'l! 11:-ol % .$1 %faj LeBris index 

(1988)¾ o]%%f~cj-. 

~'I'! . .l!.¾ "1aJ%91 'l].SC..'fcA;j 11:-ol-& .$]%foj ~')j-oQAi AJ% >1'll1lf %AloQ .l!. 

¾ 5J aj %% >1 ~ %}~ cj-. 'lJ .5'. ii':-oj % A] li:: {) 1j {/ Oi]Ai °\':t{!'i'J :il} fl- 7] %% "i] ;,j ~ 

:f, ii'-'l>il~ (wet sieving)% %faj .£'11 (sand).2} '!l (mud) .!/-11:g ii':"1%\-:il., 4<p 

o]%f91 AJ]'(J~ A],c,,; :uj~",/ "J-'jjg Af%%f'.1J_cj-. ,ajaj~aj .oE"J .l!.~>]:: Folk 

and Ward (1957)oil 91~ "J-'1l2-sc '8-Jil >ii'J%f'.1J_,::J-. 

3. ~ .i!J-

.l!. ¾ "1 aj %"11 cJ! ~ 'll .5'. .'fcA,j g 'l/011'- '11lf, Gravel.e] ,j}'lf ," ll 11 10!] Ai 'l]-

0.6% £. 1+E\\t:il., 7]E\ 'll'lloiJAi1= ½~%}Al 1'€'l.lr:J-. trfefAi, 'll'll'ir "air ,j}'lf.g. 

0.2%ol] o\l'ir~r:\-. ~'l'!,.£c!\91 ,j}'lf," 'l!'ll"t "air 39.2% 0]oj, '!l ,j}'lf," 60.6%£. 

1+ E\ ,±2-Pj, cl! \!l 91 AJ- • ¾.!/-1= '!191 W-'lf 01 -',J-cJ! aJ 2-S:. 4-AJI %f 711 Ji 2, %}.!/-9] 'll 

'lJ 16-\'-Ej,,; .£aJl.ej ~'lfo] Sf 80% 0]-",J-2-sc c\'t'.l);r:\-. "air 'lJ.5'.1= 'lJ1J'if "iii! 4.06 

f.£. 1+Ef\tr:\-. o]¾ 'll'll 1:il} 21= ~o]AJ-_2_g_ AJl'll%\-2, 'll'll 3-\'-Ei 1577fA]1,; 4<p 

t.il9191 '!Irr 'll.sc.¾, .::1iQJ1. s;f-\'-91 ll'll 16-\'-Ei1= 2 - 3,p91 £'1l~ "1.a1%s:. 'r 

-'8 "1 'l.l r:\-. trf efA1, 'J! \!l 91 AJ-.!/-"11 Ai "i £~ 91 s;f.!/-S:. 'lf~'r''s- -"I ~%-€c ~ >I .£'11 
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;<c<) 7J{f f; ¾ 4m';'; >I'll~ "1"!%.s'..!/-Ei, 96%0J ½'tl-ofs:l.:il, oJ¾ ct.5'.-ll-7) 

40%_o_,,_ 41,7%"1 'll¾¾¾ _l;l_'.ljct, ctg-"-.sc \'!"11%%:ilJ- ~"1%%01 44 25%, 

26%2} 19%, 19.8%~ 7:.},A]t5},)!ltj-. 'ti-~ ~.i1]%%.f:- t!' l¾O] ¾~t5}c:tj 1% u]'i}.9.I 

oJ ~ ';!--1'- 'lJ ¾ ¾ g l--f E) ,!/.:il, 7] E) %%;;' .g. 11 % -"-"- 11.5% ;'; '-) O<] ")s:l ct ( :J. .J 

7-19). 

1fi/l, -,j'lJ',! %%;;'91 ½'tl a]¾g _l;l_'i'\, ~'!!%%"! ct.5'.-1!-lc 1111 l<>il<i 15JJ) 

O<]l,- 'lJif 50 ~ 80%"! 'lJ¾¾g J!'.lj.<'_l--f, ")J/-"i 11'lJ<>l]Ajl,- 40%0]%).SC ';!-c). 

'/le\'! 'chi] %¾-"I- ~ "i %%"! :;J-4-i'i-lc c) .5'.-!l-<) '/lctJI "i 7a -OJ,¾ 1-]-E) ,!/.:il, "; i>J ct 

<ic-!l-"i HJ¾ o I ';!-0) ,<J l,- 11 'lJ 16.!/-Ej l,- 'll >) "l -"-"- ~ 7)%)l,- 0
,}')} g l.-f E) ,!l t:j- ~ 

l/J 7]E) %%~:ilf "(-1!]%1,-.g. -'f'J!~ \lj~OJ>,J-g _l;l_O];<] ?,-.:il, :J. -\½'t[ lli!si,". ½ 

il-'i iifJII l--fE)~c) (:i..J 7-20). 

>j 'll \!l ½ ~ % 4' "i \ll ~ 0,J, * g I! 'i'!, 11 11 'il- '!I ir 20% 0 I ½ 'tl -of s:l .:il, 11 'll 1 <>I] 

Ai 8¾ -"--"- 7)'l} 3j .:il, 'll 'll 18<>1] Ai 28% -"-"- 'a' c). c;! 'll:"l -"--"- 'll 'll 1 <>I) •i 87J)"l 

t 20%0]"6}9.j ½~ ¾Y~ LtE-l-~31., ~1:l 9-¥-E~ "6}-¥-5!1 A~&{Jo{] -¥1*1~~ 78l 
207Jl"i::: '!lil- 20% oJ>,J-ej "iAi%%0J >l';l-"l~t:J- (:J..l 7-21). 

;csf 7J{f ¾ ¾ 28,3301J>1l7) >H'll-"l~.:rr, 'il-~ 'l!"l'il- 1J'il4'lc 1,417/m'1J>1I 

oJc)_ oJ¾ Y-'i'.-!f-7) 23,74571'117) >J';l-"1"1 83.8%"1 nJ~ 'a':'. 'll¾¾g _l;l_'.ljt:j-_ 

y-g_o_,,_ 'll"l%%"1 :;J-4-i'i-ef \'!>11%%2 2121 2,3701J>il, 8.4%ef 1,8307J>II, 6.5% 

;; <f"ltfs:lt:J- 'll:'i'! 7]E\%%:'. 3801H>l].s'. 1.3%;; 'li¾")s:l.:rr, ,a 1%o] ½'tl~ 

's--"1%%:'. 571>1].s'. 0.001%o]t)"i nij~ ',!-.g. ',!5';; 1-]-E),!lt:j- (:i.',J 7-19). 

~'ll, 'll'll'l! %%S!'"i ½'tl •J¾g _l;l_'/!, ~'ii%%"! t:j-.5'.-i,-::: 'll'll 1, 'll'll 16, 

17, .:Ie-1.:il. 781 19oJP•iC 1 - 40%0]"6}~ 15!-.g.. lfl-~g .!i!.5131, J ¥1-.9.1 1ll ~ 
<>I] Ai ::: 60% 0 I % "I 'a'.g. aJ ¾ .; 'll % "f s:l t:j-_ 'l} \'! \'!>fl%% 3lj- 'l! >']%%"I :;J-4-!l-lc 

%4' "1 llil 'ii -"I- %" I "I Jil t:J-.£.-!l-eflc 'll:tll "1 7cl ~J,¾ '--1-El ,!l.:rr, 's "l "1 "l % "I .'i'. '11 
~',i'o] wo);<jl,- ").!/-<>ilAi 'l!>'I%* :;J-4-!l-"i •J¾o] %tll"l-"-.s'. 'a'O);<J::: '>!:ilf;'; 

.!i!.,5:l.tj-. 1tl1?! 7]E} %%T.g.. AJJ,!-oJ])•l ~711 1-}E}l-}.ll ~i:-t~l, o],?;!.g.. 7~13/; (Lingula 

- 502 -



100 

80 
.s 
" " 
~ , 
:; 60 

~ 

= • if 

0 
40 

> • • 
C 

20 

0 

6 

5 

4 

:a 
0. 

= ] • " :; 
2 

0 

2 

1.5 

• 2 • > 

"' .s 
C 
= ~ 

05 

0 

0 200 400 600 800 

(al 

(bl 

1000 
Distance 

(cl 

1200 1400 1600 1800 

:I~ 7-18, ~~ ~~OJ!Ai9./ !:22ff, ~. ~~(a), ~;?gjS:. (b), .:J.2.IJ! fEES:. (c). 

503 · 



< 
" s :! 

• 1 

-i 
~ 
"" 4 

• " " " • 2 u 

.,e 
~ 

" M 

" 0 
C 



100'/4 

·. . . .., .. . 

.,. , . . ,. , . . ,. , . . ,. ' 11-11111m1• i'1ll1ll171~1~.1=1~11il1!11'11""'1'1"""•1mi ! 
,. ' ' ·h - ' . ' ' I •-·· .. ·· 1·- ···•1 · l·I . 
; i ' ' :.: -· ... ' ., ! ' : ' ' "' 

' :_ . -·-- ,._..;: . . ' . : ·. -: 

' 

"""' 
.,., 

1>11" •• 

~()01. 

:l'~• 

0% 

~ ·--

.,. , . . ,. ,. .,. , . . ,. , . .,. , . . ,. , . . ,. , . . ,, ,. .,. , . . ,. , . . ,. , . . ,. , . . ,. 
"· I , . . ,. ,. .,. ,. 
;.·:· .,. , . . ,. 

o 100 200 300 •OO <oo 600 700 g()() 900 1000 1100 1200 1300 1400 l'!OO 1600 1700 1800 1850 

Distance 

• Polychacta • Mollu~ca • Crustacea II E~~in~nn~ a _9t~~rs I 

505 



,0,-------------------------------~ 

000,----------------------------~ 
'00 

5000 

<000 

---------------

~~ 400 

""" """ 3000 

0 

I 
I· 

i 
8 300 

.g 
! 200 

"e 
~ ;, 
;, 
~ 

" ~ 
E 
0 

ii 

100 

0 

160 

''° 
120 

IOO 

so 

00 

40 

20 

0 

0 100 200 300 400 S00 600 700 800 900 IO00 1100 1200 1300 1400 1500 1600 1700 IH00 1850 

Distance 

. • Polychac:ta II Mo!lusca Cru~tacca r.= Echinodermata lil Other.,, : 

:J.~ 7-21. ~,q OH~OllA-\ Q~~ A-\Ai~~.2.j {!"ff"1r~. ~~~ ~-~~

- 506 · 



anahna)o] AJ-rJl-oj_Q_,s 'I<:'. 'l).sc__;a_ ½~<5}'.l/7] "11<1-o]tj- (:J.'%1 7-20). 

'll'll'!! ½~ 1J>il<r"1 \l!:§1.0,Mr¾ .!i!.\'!, 'll'll,l- 'llit l,41771~/m'71 >l'll"l'll 

:il., ¾ 'r<>i]Ai2\ %'l!"f711 'll'll loJ\Ai 3607J>il/m'.§s 1HJ· -oj:il., 'll'll 15<>l]Ai 4,510 

7J~/m'.§s 7}"J- \'€9-. 's!'i}-oj_Q_,s 'jj'lJ 1 ~ 8, :J.ej:il. 'jj'jj 16oJ]Ai ;<jc:E{1.s1 2077} 

"i;: 1,00071 '11 / m' 0 1 "f.91 ,;t.g. 'l/£;, t.}e} l/1:il., :J. "1 "1 'll 'll <>ii'•i;: 1,000 -

5,0001J>il/m'A}o)S1 -'<rrJ!"I_Q_,s 'I<-& 7ff~7) >H'll"l'lltcl- (:J.'%1 7-21). 

c:EAf 1]'(} % ¾ 1,173.728 gWWt0) >l'll"l'll:i!., \'!>11%%'4 ~"1%% '(J-4-!l-71 

44 459.635 gWWt, 39.2%-2\ 358.513 gWWt, 30.5%.§s -'1}rJl-oj_Q__;a_ 'I<-& 'll¾¾s'.; 

t.}e})//tj-. tcJ-%_Q_,s1=- 7]et %%r:ilf tj-'i'.-l,-,s 0]a, :'. 44 174.85 gWWt (14.9%) 

:ilf 169.49 gWWt (14.4%)o] >J'l/"]'l;!c}. c:EAf 7]'1 % 7f'lj- -oj:'. ½i'!¾ -'\'9.J- 'l/.5'-

~ t+E!';l! "i'-"1%%:" 11.24 gWWt<>il 1%"1 'll¾%~ .!i!.'.l/c} (:J.'%1 7-19). 

~i/l, 2f 'lJ,jloJ]Ai.s1 %%ii''!! '1)%'!J''lj BJ%% .!i!.\'l, \'!>!]%%-& 'lJ'Jl 2, 3, 7, 

J~.:i.l %-¥~ 12 ~ 14, .:ri!.J.J1 t6oJP•i ~ 60% 0 l"t~.£. ~J!, 1:l-zt*~ 1i~ 4 

- 11 :ilf "l-1'-"1 19<>11 Ai -'<rrll "i _Q__§s '1; 'l):c}. 'l! \'! 7f 'lj- Ii-& ¾:ilf 7J >ii 'r 7} >I '!I B 
¥1-'!l %% e.\ cj-5'.-l,-1=- 'll 'll 3, 'll 'll 9, 'll 'll 15, :J. e1 :il. ;<j ¾ {1 "1 'll 'll 20<>1] "i Sf 

50% ,j.sc__;a_ ,'t:i!., 7]ej- '1J'JloJ\Ai1=- 10 ~ 20% o]'1}e.j '5!-.g. ,g%'!J'~ .!i!.'.lltcJ-. 7]e} 

%% ii' :" AJ-.\'-"1 'll 'll 1:il} "l-1'-"1 18'4 20<>11 Aj '1; 711 t.} e},tcj- ( :i '%1 7-20). 

'lJ'll\!1 ,g%'!J'"1 \1!~ 0J-'1}% .!i!.\'!, ,l'lJ'il- '\lit 58.686 gWWt/m' 0 ] >l'll"l'll:i!., 

'lJ 'Jl 20<>1] Ai 1.772 gWWt.£ 7f 'lj- ',!-:il., % .\'-e.\ 'lJ 1J 13<>1) Aj 144.890 gWWt.§s 7f'lj

'1, tj- 11'1!:"i_Q_.§s "I.ii!"! ".l!\!l"1 •VJ--1'-'11 "a'll 1-"I- %0J-.\'-<>1l !/Pl~ il'll" (il'll 

11, 12, 13, :ie12 14)<>1l"i'= '\lit 100 gWWt 0 ]%e.\ 'I<-& ,g%'!l'¾ t.}E}\ll 'I!:\'! 

:J. ~le.\ il'll a, <>!]Ai'= -'<rrJ!"i_Q_,s ',!--& ,g%'!J' ('llit 50 gWWto].sf)~ .!i!.'.l!tcl- (:I 

\'l 7-21). 

¾ 2071 'll'll<>ll '1!<11 tj-0,l'.5'-2\ ir%5';; ',j-ofs'- :,/:il}, tj-0Jsc;: 0.827 ~ 2.812 

.91 'il .$1 "ii '\11/ 'if 'lJ it 1.754-lt t.} et l/! cf. 7f'lj- '5!--& cf 0J .5'- 't' ~] ;, t.} Et "'1 'll 'Jl 
11.g. ¾ 22¾o] ½~%}-~.Q...4, ~~-:J!;i;]t!Jo]J!}-~ c}-5!..ff-'<l Heteromastus filifonnis~ 

rJ!'!J' ½~<>II "1<11 AJ-rJl-oj_Q_.§s ,;t.g. ,;I:% .!i!.'.llcf. :J. !/f<>l].5'- o] ¾o] 'I<.". 'l).sc__;a_ 
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>ij'l)-,j '1J1l 9 ~ J57J};<]~ 1l'IJ:"J.2_ia_ Jo]t;f_Qj ',!.g. cj-0.)'_5'. .i-:. i.j-Ej-)Y.cj-, ~l/J 

if%£~ £1~ 0.259ollAj ,<jcJ! 0.867.9) .J:¾ y.Ej-)Y.:i[, 'lJ1J';J- 'l)if .}:,g_ 0.698o]cj-, 

cJ- 0J.£Sj :>a•.}31} %'lltr\-7\l H. jiliformis7} c\1,r.2.ia. ½~~ 'll'llasollAi 0.4 o]trj-Sj 

\;!..": .J:¾ !i!.'llct (::I\'l 7-22). 

~Jf •l"l<>l\J<\ ,n>il'r"l- "ili!-"el'"1 :<fll.;s c:,\ia. '?.ll.~ 4-11¼ -',l-$1 30¼as% 

Le Bris (1988)index;. o]-@-.s}oj S]:iit.s}'l!q (.JI 7-3, 7-4). 7H>IJ'rsJ 4-'ll¼.2.ia.~ 

1!'11 20,ij 'll1l% 1971 'll1JollAi ½~ti 1'J:S':i!"]"a 0 ].i!f"1 "1-£.-i,-'1] Heteromastus 

filifonnis ;s. !.'. ~S-}oj 0.l'i"'".ll "l "a 0 1 (Magelona japonica), Magelona sp.1, Minuspio 

japonica, Mediomastus califomiensis, Aricidea elongata, Scolelepis kudenovi, Sigambra 

tentaculata, 'i) %P] 1'.l-':I! >:] 'l/ o] (Glycera subaenea), jl-.g.qaj **".ll :<\ 'l/ 0] (Lumbrineris 

nipponica), ;>;l ~ iQ oJ ~7)! Ap·J 01 (Glycera ,hirori), Eteone sp.1, Aricidea assimilis % tj

.5'.-it 13%0] •i'll"l'llc+. qg.2_;,_~ 0]0J>11-il-'11 \']ttj'!JA]~7ij (Moerella rutila), 

Cycladicama cumingii, Laternula marilina, %~ (Mactra veneriformis), t!j 3:.1~ 

(Phacosoma japonicum) % 5¾34 -tl.i!ll*'<l %"«~~!:lJI.% (Nassarius festivus), 714, 
-¥,-i!J (Paludinella japonica), Punctacteon yamamurae 3%% 'lPll%~oJ ¾ 8%0] J.i~ 
"1'll.i'., ,l>:l%%Sl '!l-ZJ-i'i-~ Jili'i-'11 '!l'll-%'-Ji] (Ilyoplax ping,), Scopimera globosa, ~ 

71] (MacrO'phthalmus japonicus), .:Ii!.] .:il Bztfi--'i.! Eohauston·us longidactylus, 

Urothoe sp.1, Urotfwe sp.2, Mandibulophoxus mai % ½ 7¾o] -?}-~ol] .'f]ft;.]'8r5!1tj.. 

'l}',l ")-J'1%%:C I± 1¼5'. Aj'l,"]>:] (i:1\-JL, 7]E} %%~-i'c 7ij",t (Lingula anatina) 

.i!f -i\-'!1%%-i'i- (Nemertinea spp.)7} !.'.~"]'ljq, o];; 30%0] *f>:]S-}~ 1ij"i]'r~ 

¾ 28,33071 "ii% 94.32% oil ;JI ';J--o}~ 27.7207H '1] 0 ] nJ, '; ~] ct .5'.-i,-.ej H. filiformis~ 

17,9707H "i] 7} '" 'll "1 "1 ,le- .:fcA}oll Ai 1±"1 ¼ .2. ,a,~ 7}'l]- 4-'ll s-}';:: ;1.2.,a, i.j-Ej-,J: 

cl. 

£"~, 11*"1l'Oil ~oJAi<= 'lJ-zj-i'j-.ej '!H!-%'->1]7} l.!/10!] Ai'l!"l'llc+. OJ% %*~'11 
;,. .!l-1'! ¼ as ¾ 'if "1 .!! 'li, ,H >II 'roil "1 "1- % '11-of 711 cJ-5'. i'i-1 r 12 ¼ -"-"- 7 I'll- 1\l .g. ¼ 

o] $] ~l <5} ~ t-l] H. filiformis, Magelona faponica, G. subaenea, Zl tj.i!.] %*1- ,A.] i!J 0 1 
(Lumbrineris heteropoda), Minuspio japonica, Magelona sp.l, i!-11 iX i:'g'tl] ~ 1!. ;i;] i!J 0 1 

(Sthrwlais jusca), S. kudenovi, S, armiger, G. chirori, M. californiensis, A. elongata%o, 

Pi, ';,'.:!,:%ll%~i:. M. rutila, P. japonicum, L. marilina, M. veneriformis, 7}1f-£f (Cyclina 
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fr 7-3. ZA~ !H~~ JH~l"'r A~liOII 27~e} ,¥.~~ Aiili! 

Taxa Species name Total Frequency % total 
individuals of occurrence individuals ------------------------------------Apel Heteromastus t!liformis 17970 95.00 63.4 

Apol Magelona Japonica 1610 70.00 5.7 
CDB llyop/ax ping/ 1115 60.00 3.9 
Apol Magelona so .1 675 65.00 2.4 
MB, Moerel/a rufi/a 310 65.00 1 . 1 
Apol Minuspio Japonica 650 65.00 2.3 
Apol Mediomastus californiensis 555 55.00 2.0 
Apel Aricidea elongata 200 45.00 0.7 
OBr Lingu/a anatina 195 30.00 0.7 
MGs Nassar/us festivus 225 50.00 0.8 
Apol Scole/epis kudenovi 235 40.00 0.8 
CAm Eohaustorius /ongidactylus 340 20.00 1.2 
CAm Urothoe sp.1 245 20.00 0.9 
Apol Sigambra tentaculata 305 55.00 1 . 1 
CDB Scorpimera olobosa 165 25.00 0.6 
MB, Cyc/adicama cumingii 215 20.00 0.8 
Apel Glycera subaenea 175 60.00 0.6 
MB, Laternula marl/Ina 305 25.00 1 . 1 
CAm Urothoe sp.2 130 25.00 0.5 
CAm Mand1bulophoxus mai 170 20.00 0.6 
Apol Lumbrineris n,pponica 90 55.00 0.3 
MB, Mactra venenformis 100 45.00 0.4 
Apel Glycera chirori 105 30.00 0.4 
ONe Nemertinea spp. 65 50.00 0.2 
Apol Eteone sp.1 80 45.00 0.3 
MGs Paludmella Japonica 130 20.00 0.5 
MGs Punctacteon yamamurae 105 15.00 0.4 
Apel Aricidea assiml1is 125 35.00 0.4 
CDB Macrophtha/mus 1aponicus 75 20.00 0.3 
MB, Phacosoma taa,onicum 55 30.00 0.2 
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.H_ 7-4. 2Af 5fl~Qj ~~~ Af.fi.Oll 2.7-J~ ~~% A~'iil 

Taxa Species name Total Frequency % total 
biomass of occurrence biomass ------------------------------------COB 1/yop/ax pingi 204.91 60.00 17 .5 

Apol Heteromastus flllform,s 112.36 95.00 9.6 
MB, Moere/la ruttla 31.98 65.00 2.7 
MB, Phacosoma Japomcum 115.105 30.00 9.8 
MB, Laternula marilina 219.85 25.00 18.7 
COB Macrophthalmus Japonicus 122.295 20.00 10.4 
Apol Mage/ona Japonica 9.00 70.00 0.8 
MGs Nassarius festivus 31.78 50.00 2.7 
OBr Lingu/a anatina 107 .285 30.00 9.1 
COB Scorpimera g/obosa 27.905 25.00 2.4 
ONe Nemertinea spp. 8.085 50.00 0.7 
MB, Mactra veneriformis 8.8 45.00 0.7 
Apol G/ycera subaenea 6.95 60.00 0.6 
Apol Lumbrineris heteropoda 17.13 20.00 1.5 
Apol Mmuspio Japonica 0.99 65.00 0.1 
Apol Magelona sp. 1 1 .1 7 65.00 0.1 
Apol Sthenelais fusca 5.65 20.00 0.5 
Apol Sco/e/epis kudenovi 3.775 40.00 0.3 
OAn Cavernularia obesa 47.105 5.00 4.0 
CAm Urothoe sp.2 1.035 25.00 0.1 
Apol Sco/op/os armiger 0.58 20.00 0.0 
EOp Amphiura vadicola 11.24 5.00 1.0 
Apol G/ycera chirori 2.95 30.00 0.3 
Apol Mediomastus californiensis 0.68 55.00 0.1 
MB, Cyclina sinensis 31 .19 5.00 2.7 
MB, Potamocorbu/a amurensis 1.515 30.00 0.1 
MB, Cycladicama cumingii 2.005 20.00 0.2 
os, Sipunculida sp.1 10.975 10.00 0.9 
Apol Aricidea elongata 0.625 45.00 0.1 
MGs Nassarius varictferus 4.67 5.00 0.4 
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sinensis), 711 ~ £~7~ (Potamocorbula amurcnsis) %~ ol uH Dl!ft-.2} N. festivus, 

Nassarius variciferus2l .:i!.% (~~%) 2%-% ¾ 9¾o] A~~~~q, tjg..Q..£. ~zt.W
~ 7I El %%st.& ztzt 4%-"i oJ -"J!/1 of! !/1 .>.Jtrf~cjJ /. ping,·, M. japonicus, S. 

globo,;a, Urothoe sp.1, L anatina, Nemertinea spp., Cavernula obesa, Sipunculida 

sp.1 olct. "; •I 1l>IJ4'of] 'V."1 \:! 1%5:- !l.~£1:<] \'6.g, 'a-"]%%.& ll'!l7Jo]~7f 

-"f"-l (Amphiura vadicola) 1%0! -"i'€!£19:lct. 't!-1/l, 0J::, 30%01 .>.f:<Jtrf~ -"J%a,,.g, 

1,149.59 gWWtss 'l\'11 -"J%'lf (1,173.728 gWWt)-"i 97.94%ol] oJl'iJ-iific 1't.g, -"J% 

1:to]tj. ~, >J-$] 30,W-~o] A~%rg=~ ~¥-~~ {:l¾~t:}.Jl ~ 4- '.U_]&c}. 

±-"I oll "1 cl! 'l!-"I si''ll 'rx;, 'l)-0} !a. 7] !/1 afoj 71 >114' ;,fit:; i=- >1 .,;_ 'll "111:-'1 

% ~A]trf'.llct. % 45%0] 11,-',j<>I] Oi-§-,19:!JI, oJ;..g, 'l!>ll 71>1l4' 0.1% (3071>1! 0] 

"'J ~. , 1 "i "'"' * :a O 1 9:! ct. iHl n *, 1 x 11: "I oil e.i "'I'!, ½ 211 e.i ::q, . .Q. .,;_ c+ s1 
9:!JI. 01¾ ci¾ 1.g, 111 1 - 151lf,q.,;_ "l:iiI"i :l!'l!-"I -"J•¾-¥-<>11 .!/l*liifc: 'll'll 

½" T 'il £1 9:! ct. "; "' "1 .aj %-"I l\! iJ- '<] £ ~ 4 - 5,pt1J e.J -"I l..j Af ',j ( '!l 5'. '11)£ 'r 'lJ 
'el ',-'l)o] 9:lct. '/!\'l '1ji- 2::C '.J!'lle] isf'f >J'llsi'-'ll ')I'll 16 - 207Jf;,j.,;_ 2 - 3 

•2J so,H1: "1"i.c£ 'i'-"J"19:lct::: c<foJ7f 9:19:lc+ (ci\'J 7-23, 7-24). 

~}lt!, .$1~ .:I.¾ 1~ 4 - YP2l ¾,\/-~ ~.s:.~ 7}A]t ~~~.£.. -,l"'J~ tr%{:! 
01 9:!.Q.4, 'i-"i%% ½~0J-"Jofl -"1•1 ct-"I Cli,- 1-14 1-2£ 'i'-11:isf'.lJct. ciji- 1-1 

-2c \J'lJ 1 ~ 87JfC"]£ "i.iil-"j ct0J~ XjAi%%OJ ;<:~'e <J%-"J%, '/!\'l '1i," 1-2 

C tl-~%-¥ Cl-.£.W-~ H. filifunnis ?1- ~1~..Q..£. ~~ 'MS-.£. ½~"81-t ¾¥-~ 9 

J57Jf -'I 0 1 9:! ct. 

4. JI ~ 

\'.J';j:<i,,,olj 9:lojAj ;<jAi%%-"I 'I}.(}"! 11,','_ 0J-j},"_ 7],,,.£.Al "f%'5fic "1-"1%-"I 

'<l<r so-"il<>ll e.Jtrf"l 'l/.>.f.aj.Q..,;_ si-4-"1::: }!.Q.s!. {!c 'll-a1"1 9:!JI, 01 ~t<>ll£ <1-"i 

%½"1 •]%0J4 ,ajoJ {f-"il<>l)'r. 0<JtJl't! <;l'i}% oJ.>.]JI 9:lct. ttfe}-"i, sJ"1%-"I oJ 

AJ~ If}q-;s}~ ~~ :i:p+~%~ ~~ T.:E!i/- ~~~ ¥1-t!<S}~ -Y-B..S..<t! (key 

factor) 0 I e} ~ 4' 9:! cl-. -!!- \'.! 'r 0<] "1 'll %-'e- 'r. 'a" I:! 't! ;. "114'* 'll- %~ cJ! 'l! -"I "ii 
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~St.19} 

'-------L St. 17 

·············••o1••··························································································································~'JR ............ . St.JS 
St.14 
St.13 
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St.7 
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St.11 >- Group-I 
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• StB 

I St.9 
St.4 
St.3 

r ----~---~---~----~~======~· St.2 
St.l 

30 25 20 15 10 5 0 

Minimum variance (SQuared Euclidean - Data log(e) transformed) 

~~ 7-23. ~A~ "6fl~2j £16:j~~ A~ji= 71~£ fE~~ ~~-lf *A~£. 



~ -... 

..... ····•· ... " ............. " ............................................................................. ., ......... : ............. b. .il.ti.. } .. ~:~up-2 
~---St.IS 
<----St.14 

Groupl-2 I I • St.13 . .....___,L. --- St.12 
r1 ---------------- ~---- St.II 

L-r-StlD 

--------------------~--St.8 

I 
I ~~;~ Group 1-1 L..~ St. 6 

St.4 

---c==St3 
~----;;~----:;;:;;------::~-------,-~__'.==r~==~~ St.2 /; St. I 

400 400 320 240 160 80 0 

Minimum ..,ariance (Squared Euclidean - Data log(e) transformed) 

::I.ieJ 7-24. :EA~ aff2:l.2.l .7H:X~l"r A~ir.& 713:.~ ~6:jft ~~l!' ~A~£. 

Group-1 



it ~£~ .!i!.~, ~~Qj ~"cl'J,!-i:- Sep~' -"J•¾J,!-t 4cp, .:::Z.~.:il ¾•"5}-J,!-oJ]A-1 ~~ 

<1"1"1"' 2 ~ 3~.s'. t+El->l:t:1-. "i, ".J!'l!"l -"J'l-oJl-'iic '!!"1 1!-"el'0 1 \lfjl, "ll>i~ 
'lr '1l i;f-'/- .s'. •J~'r~ 11 *I aj .2..s'. 5'. '11 "1 1J-"el'0 I J,tol;a:J jl ¾ .J 'ii o<];,, 0J')l-% oj 

jl 'llt:1-. <1- ¾-'I '1:.J-, 0 iaJ'il: ''i"l%"1 'll£ac-",J 'JI £'11.21- \!!"1 11-"el' \I!~;,, "i 

-'i%%"1 -t<-Zlc <i'c!I: % ½~ ¾'T'<>il 'll61-'i •1°1 ;s i+EJ-111]1 'llr:J-. ¾-'I '1:.J- ½'tl 

¾'TC" 7J!~54 -"J¥-oJP•-1 "5}.J,!-.£ -aJ=VJ-'T~ l~t~.Q...£ ¾7}"5}-i:- 7a'3J~ 4E-l-~Jl 

'l),=cjJ, O]-,!.g. 71l7]'1_1: ',/qj "11"1"1 ',/.!/- 'J!'l/oj]-'j£ %'l!~ '1:ilJ-~ .!;i.O]j]_ 'l)cj-. 

'°;, 5'.i'11.2J- \!!Qj ~"efO] %-'fi;f:,j4 -"Ji:Jl:aj.2__5'. 5'.'11,>J ~"efO] r:J-± \lfOlo<],= "11"1 
oJl-'i ½'tl ¾'T'71 J,tcj-;,, 1lo]q. 

'11 ti "l 'l! ;a:J "1 "1 7114-' -"l "1 % "1 A I',! ~ "a' 0 I Ill- 0 Io<] '1! -'i ~ ~ -"l aj ')l-"1 !; 'll :, 

.!al. 0 1;,, :J! 'l! "1 % · "f-li'·"il-'i 1lf:: ¾'4 1H >ii 'T'71 ½ 'd "l'lljl (-'i, 1994), 71171.£ i:JI 

'I-£ oJl~e1 ".J!'l!oJIAi.£ 'll-'1-"il-'iiec \!!"1 ~"el' 0 1 l,-.2.4 "l-'/-.s'. 111"1.!'T'~ .£.'11 
',! 1}",fo] 80% 0 ]-"J~ *f;a:]-i;ljl 'l).2.oj ½'tl ¾"1 'r'-t 7H>l]','7f %f-'/-.s'. >f'r~ 

¾7l"lic %'ii 'il: '1:>4~ .!al.<>H'•]l 'llr:J- (Lim and Je, 1998). '1'4"1.2..s'., %'l!'il: 'ii 
"1oJl-'i£ £-'1].Qj- -"Jaj%QJ 'l).£ £A,jo]] rrJ-"-f-'j 9-± •lo],= 'l).2.4, SJ.ii[aj \!! % 

sl' 0 1 +-'ll.;-f7JI llf.g. o<]"1.!al.t:1-iec ~if -"l"1%oJl-'i ½'tl ¾'T'71 l'tt:1-iec -,! :, 'll¾'il: 
q j]_ AJ Zf '<! c]-. 

£Al 7]{}¾ ½ 96¾, 28,3307ff"1, iel]l 1,173.728 gWWt 7} >H~"1'.l/r:J-. o];c; 

% %% i¾'l!.s'. .!al.\'! ~'!1%%"1 t:1-5'.-i'i-71 ¾ 'T'<>il-'i 40¾:.J- 1H>il'T'oJl-'i 23,745 

1H>ll.s'. 7f'lf llfj]_ zi-zi- 41.7%.21- 83.8%~ 11¾"1'llr:J-. qg.2..s'.::: '?1>11%%, 11"1% 

%, iel]l 7]E} %%si' o]'.lj.2.oj, ~"1%%.g. B 1¾, 57H"1.s'. nj4" 1)-.g. ½'!l ¾ 

:ilJ- 'll £ ~ '-t El-,!/ q. 

'il:\'l, ½'tl¾ 'T'.21- 1H>il'T'"il 'll61 7\''J- 4-11"1"' t:1-.£.-li-iec '1lti 'r\l! \'lll"l',! 
£Zlct11"1l-'i :<Pi%%"1 '!le"el' 'j,! ¾ £-",l"il 'll61-'i.'r. 1f'l1- %.8.'il: -'11•1;; *l"l"I 
]l 'll q (Choi, 1997, Shin et al., 1989). ,'- £-'loJI Aj ½ '!l 'il: 96¾.g. 7117] '/.! "11 "l oJ1 

4/-"I" '1lti >!'l!"l 111¾'4 %%.£ %%"1.21- "1.ii1"1"1 149¾'4 183¾.!al.t:1-ic 'll-I1! 
:aj.2..sc :aJ'llcJ- (-'i, 1994; Choi, 1997; Shin, 1993). iaJi+, 0 ] '1'4.s'. <1- £-'1"11"1 

?J!'l!.sj AJ%cj-OJ'A,jo] \)-cj-]l -\'!-\'r"f7]oJlic 9-± -\'-e17f 'll% -,!.2__5'. -\'!-\'!'<Jc]-. 9ff 

1-Jc"I ';'!, ,'- £Al '1 ;if 71 B I~ A] •» '<! 'llc '1! -'11 "1 '¥- \'l Tic S] .iiL ;aJ 2 ~ 3';-! o] el-
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t •J-7]Zf"il 'l!tl :,!.ilj-0]7] <'1\'1- 0]nj, ,E~ 'lt"il-'1 '<liar~ 'il'i'- tlVJ-•1"191 "1"1"1l
£ %.&~ _a~oJ'.)1% ~.£..£. ¥1-tiJ.?ec/-. 

~'11 71 >ii 'll.>r. oil V <>l-'1 t 11 >1 "l -"--"- -'\l {I ,J- 'll 1l- 1.41771 >ii/ m'7} >1 'll "1 oJ 
%-1'\-Sc "l.iice191 1,116 71>11/m' (Choi, 1997)2]-i'c -l\--'I~ 'fr\'! "111"1"191 70871'111 

/m'!i'.cJ-::: -,t,' ;/."..s'. '-+Ef,Jct. -'~%'lf.& {l,l,l- '!Irr 58.686 gWWt/m'.s!. '-tEt 

,Xtt11, Ef °<lT •i"l.ilJ- -fl-,} .. l,1] \:!'lJ 7j~]2j -'~%'l,O] "]_iic"j -,t,& 'iJ>il%%"4 

'l!"l%% 01 30% 0]'J-."..s'. l';-711 i.+Eli.+:rr Ve+. 'fr\'! ~ a,,1"11-'1 ';O]~ {l.g. -ai

E/%%2/ ¾~% ~, JN;tJl"r ~ AJl~~o/ uij"9-- '}c}C" ~ojtj-. 01 ~'ff"i?.g.. ~ 5: 

Al"il ,j Z!-'ltJ1u]-!,:7IAle1 (A. vadicola) {1- ¾'l!0i -'1-oJ«lt ;i."..sa. i.+E!,Jq. :ie] 

i.+. iJJ.J ,11•1oi1 ".1!'1191 «1¥-oi1•1 7l•lo/•i-ll-.;,-71 "i.ut"l c+'i" ""..-i "I voi 
,'- •H"l"i]J.j ~-"1%%91 -'~% 9-"J-'Jo) ',1-cj-:rr ,l-:jj-o]-7] oj,l:rr o}u}£ zAI -'\)~ 

gJ ~{oJl A1~~'9"} ~7-ll.£. .:i.~{l~A] ?i"'.U-~ 7}'o,.,,J 01 ~~ ~.2..£. ,,_§Zf~tj-. 

1~~' ~ $:A} A]Q:f A1A1%~21 :;:c~-,1-~~ ~O}Ji!.'B qg3l} ~tj-. 78~{!- %A} 

Sc ·:c- "i 7., "t, -'\] 1l {1-oj l= z -'Ii '1l'il 27 i "1 :i ¾ -"--"- tll 'l! "1 'l) q ( :L .,J 7 -2 4). :i ¾ 1 

"- ,·~'1191 "J-·¾-'i'-"-1 -'\l1l 1 - 15"1"1, :i¾ 2::: «l-\'-91 -'\l'll½"-1 °lJ{I 16 - 20 
ol0<]o]r:j. o]-,;.g. 'r-'Jli'- ~'j"i]Aj£ %'ll{l- 14;, .s!.'.,/cj- (:L;,j 7-25). ~l/1 :L¾ 

1 ;'_ qAI :L-jf 1-14 :L-jf 1-2,s ti1'l!"1tt11, .::i-jf 1.1.g. '1Hl 1 ~ 8JJl;<]§s 'i'-'8"1 

~.2.. o:j, tj- .2.i'f- 9.j Aricidea elongata, Magelona japonica, Scolelepis kudenovi, 'a.~%¥-

9.j Moerella rutila, Nassarius Jcstivus, .:J.21Jl ~Al%~Sll ]{J*~ Ilyoplax pingi7} tj{ 

ll. 7< -"-·"- ½ 'l'! -.1 ]l 'll q. 'fr\'! .::l¾ 1-2::: -'\l -ll 9 ~ 15JJI;<] .s'. op,-oj :,;j 'll-"-nj, q 

.£ -¥l 9.] Hcteromastus filifonnis, Nephty::; polybranchia, Minuspio japonica, Medoimastus 

cali,f,1rmensis, Sigambra fentarnlafa, Magclona sp.1, .:z. cl j1 o1 ofi iffl{i-Z_! Laternula 

man/inall -'f-~1«1711 ½'l'!-.12 'll~i.+, 'Jtli"i-"-.s'. 9-5'.-ll-91 'i'-'J "]¾o] 1iti1"l-"-5!. 
-'f-<il«IAI i.+£1-i.+2 'Ut -,lo] >,-'l)o]q. 

1*£ 'JB ".l!'ll"il-'i q 0J£t 0.827 - 2.81291 ~-'/HI 'l){l',1- "a1l- 1.754% 

'-tEf,il:il, -rt%£t "1'"" 0.259o]]Aj "icJI 0.867oji, 'l){j",J- '!I-fr 0.698o]q. r:jOJ£ 

¾ ';~] Cjj~ 11;'_ ¾ 22¾01 ½'11.-of~.".'-t, AJcJl:aj."..s'. llJii"./!O<],:jo]:ilJ-91 cj-.5'.1,

"-1 Heteromastus filiformis!>j tll'll' ½'1!"11 91•H 7l•J- ',1-.g. ;I);~ .s!.'.,!r:) . .::i ~<"ii£ 
0 1 ¾ 0 ] ~.g. ~£5.. in{}¥! l~ 9 - 157/}Al~ ~lfr~..Q..S.. 10]"5"}21 i,t.g.. q 0J:£ 
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0.00 • 0.il 017 0 
,. ,, 

Linouta snalina 

~ latemula mau/ma 
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~% L}tj,!ltj-. 0 ] -l!"1-1cc il:%.r.oJl.>.1.r. %'l!i>\lll H. filifonnis7\ I1l'lt"-!a. ½~~ 

'll 'll a. oJJ.>.i 0.4 01-.i.si ',[.g. ~% .1'.'l! tj-. 

~'11, "ii=oJI ~.>.\B 'lJ7l'<lc "11"1.sJ I11!/-.r. ",l- 0 \"1"1 "1'l!oJl.>.1.sJ r:-1-°J.1c:::: 1.27 

- 2.4'.",, il-%£1'c 0.45 ~ 0.77g L}tj,i/Jl (Choi et al .• 1998), 'if.>.\e.J.sj tj- 0J.r.1'c 

1.35 - 2.77, ir%£1cc 0.55 - 0.81 g .1'.'l!t:1- (Lee et al., 1998). 9'.~, t>fl'i"e.l :,l'l! 

'.'_ 1.64 - 2.33.sj q 0J.r..sj- ii-%£::: l\lil" 0.8 o]A,l-.sj ~!i L}tj\.JlJl 'll"-PJ, '/!\'! 

'1!£ 'J\!191 t:+ 0J£ "i?1'c 1.75 - 2.67.sJ 'il'lloJJ, il-%.r.1'c I11"l' 0.6 '\l£"1 ?~I 

;; .1'.5:lq (Lim and Je, 1998). ttf2]-.>.1, 11J'<l,.sj "l.ii!"l -al-'i!:oJI ~Pl~ 1-'- ~.>.\ :<] 

"191 cJ- 0,)'£ '>l ii-% .1c:::: 'it'i!: •l "1.sJ :::131 "1- %'l! ~ -l! "1-~ .I'. 0 1"' 'll r:+ :,i ,g 4 

Br:+. 

~-\'L ~ .::f:A}oJJJ-i 7}72} 4-~~ AJ%£. tlf~~A]cJo]_i!}.21 t:1-.£.'fi"'?.} H. ftliformis 

1::" ..2..~~oJP•i ~5.. ¾7flii}.J1., {!S::7} ~~~ ~75011 t.H~o] :ii".g- ~..Q..£. .!!.:ils.] 

9i tj (Boesch, Diaz and Vimstein, 1976; Knox, 1977; Pearson and rosenburg, 

1978). '1.~, 0 J'l!"1"lll-oJJ.>.i A\';!"]ajlj-oJJ 0 J.s7]'1\0<] ~ \illll 1i'-.'lc"fJL vi:+. '; 
-01, 'i;\.J] oJl Aj £ .,,. % '.'_ "i :;it "l :<i '2-oJI 01 .s 27 \'Hl \'l 'l} ',) ~ 'I} 5c Aj • 'itol 'lloJI Aj 

~,€:- ~£.£. ½~i5}C° ~_Q_£. Ji!..j]_£jj]_ ~'C°r:11, A]"ff7J}.A] ~~~ o] ¾£1 AJ"EJl~ 
~ AJ~~~ ~AjAJ ~A]7} ..8..T~c.}.32 '6}~c}. ~, oJ ¾oJ ~ ~<i:1£1 ..2..<','1~ A] 

A]<,\i= %"-!a. aj1)-~;,c] o\1.-]\'l :::13!"1 -']'%1-A\7\ "'i'-1-~ll\l 7]~%'1\'] ',l"J' 
(r-strategy) ';A,l¾ _J;l_o];,; 3!\']:<]oJI Lil~ \'!'ll~ ~A\7\ ~.8.5]-tj-Jl -']4.,Jt:1-. ~ 

l/l, Shaffer (1983)i= o] %0 1 71-½oJI -'.l"''i!:7110!1 o].saj &-l§-oJI ~\'!-.f1'c '\!"-!a. 

.l'.:sl<>\'l!t:+. ttf2]-A1, 1-'- ~A\ 7]Z\¾"1 ,r'.'_ ,1>11 'l/5'.7\ H. filifennis"1 ~"'"' ~ 

\',OJ.f 7]~.ia.91 -',J'/;'-"]\'] 7\'lloJJ :::1 ~\']o] 'll1cc:<J£ ajs.f l!J--&J.1'.o\o) ~ ->\"-!a. 

-'&4-<Jr:+. 
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676. 
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{!~½, .:;L'i,~, 1995. Aiojj %5'. 1/'lio/JAi"i %~ (Mactra uenerifanni,)"1 '\J-j}J!} 1/ 
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cg¾--%% 7)! 11 '-l 'l! q. ~I 7)! A] i!J o] 'l! li -q!"7J'8~T 

-Y9.l1!~ 1-j ~{-Ai] ?/~;ct g '11 >l t!"7Ji;}-.:;i-, ~ i::Jl_12 {i 

~t:"1:~ A}~ %"' "'li .'i:.A15}"'f, 5!.~ 

A1~,J_1_~ y~ ,1 ~li 

i:11-¥- 7)! ~ '-1 'l! %~ ¾t± ,o.J~il'tl-oJ, .Ji!.~ 

'tfOJ 7)! ~- '-l 'l! 7ti!.f~~7~ {! O',!I % 

~--

cJ.,:J 1 ~ '-l :l! 7]~'irt.g- 'l!K ii- 'll ., ' 11 ti1 .!I. -l! 
.\j {I •J 'l! '-1 '!! 71~'a}.g ',lit 

LJL~-7J!~ '-l :l! 71 .g,'id %- 'l! li 
,, "- ,l ,, '1! A}L-1 ~ {}~AJ '11 >l ;<f 'l! >J <II .!I. 'li 'li ' '!I <II .!I. -l! 
~~ IUJ! ~ •l'-l-~ 7} ~ ~ g '1l'l \ll g Sf'/! 1' F! 'a -l\ 'lJ , ;j <ii .!I. -l\ 
~¥~1~ A}~ 7)~\1:l-% '1l'1\ll% <ll TT "- "- eJl 'l! "1 ' 'l! <Ji 'a -l! 
91-"' el ,, 'l! I '-l 'l! 7]~\1:}g 'fi'I "' 'l! % l1I ,;_ 'li 'li ' 'l! <II "- -l! 
~ "r 1tl 7J! 11 '-) Af 'l/ ,1 >\\l! % 'l!-"- 9- tl 7.}- -'t!, 11 tll }il_ ,tl 

'll •J ,, 'l! A~~ 7]~~g ;,j 'I "I 'l'! % eJI , 'li <II "- -l! 

.2,:r1J!~ ,'-}~ .-.~ ~~¾ 

~17}~ '-l 'l! .-.~ '.f.l~¾ 
%{17}.~ L-j ~ *~ ~ B!~ 
lj!DJ1j~ A-~ %is' ~1ij% 

~·-:::~1€l ,q~ Ai 8J1 ti] 1c; 31 % '11 'I A}'t!'J-E1J, ~tjj}l~ 

':Hf'J 'l! A~~ 7\~'.Li% ;,j 'I ;,;f ~ "cJ Ell , 11 r:JL!t ~ 

'ii '[j ,J 'Ii '-J>lli tl~~ '11 '1 "i 'l! % l11. ll <II .!I. 'lJ 
t1J-~1J!~ Lj A} 1;) 1:~?t '11 'i ,1 'l! % l11, -!l <II "- -l! 
·¥- 'r 1- 7)! 1& LjA}~ {}\:!-~ '11 >I <\ 'l! % l11, -!l <ii !I. -l! 
6,s~7J!~ y ,1 {}~ ~li. 

i51!1J-1J!~ '-l'l! ;:f 'i 'l!-" 
itl .ii! 11 ~ Y~l 31 ~ ,1 'I €tl'tl~t1l'K, ~Lll.!i!.~ I 

~-
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,no1-: 7l'll- "!{laJoJJl ~AJ"lE--"- i+E1-'-llc: §tll!IB~71 AJ'li-7l>a'lJc11, ,1:oi-.ei 

AJAJ7PJ'4 ;<J-!,-.ejAI Alo]oJlc: i'-%0] 'll."1\t 'T '.Uc]-. "ii!: :'i"1 ±•IA71 "1"1 

:sH§l~ l,0OO~oJI 'i'-'lJ-Ol'.l!t:1-\'l 1,000~ 0I ±S]:<171 :<]-!,--Ol:i'.:<I -012 .ej:<]-1,- i..j-q 

i.Jloj J,0Q0~oJ 3,SJ;,l.ej ,j:oj-oJJ til~ 717'171 '<)q. Clcjl-j- 'lJ:CA] :<J-!,-.QjAl71 71 

-?40] £1~ :)!~ .9.jo]i5}i:" ~.g.. o}Ytj-. 

';}Sf ±sJ,171 "1"1 :sJ§t'r'll<>il l,000~ g ;<]-!,--ol-'.l!t:1-\'l '?-'lJ:sH:&c: i ±sJ:sl 

oJl71I "1"1.S:.1,000~.el 71'-I!': 71:<]71I "1:<l'fr ±SJ:<12 Cl :,j§t!: 'i'-'lJ-oJ-71 ~-Oloj 

l,000~ o]AJ% :<]-If~ %.el.S:. 7f~ T '.Ut:J-. 0]"1~ 7il~"i] A]'l}712s<'- ±s]:,171 

"l-!,- <I :i'. <I -of 2 712s .el £1 "l "l 71 '8 t:J-. 
7}7'].'i_ OJ"t :;j-oJ :,J-.j:,fl:oj-ej AJ'jj-7-JaJI!: -\l--oJ-oj i..j-Ej-i..j-2 {!:§:_.'i_ 'lJ!;l.!: oJ-§

'5faj ~ij'5f7l.'i. ~t:]-. "ii!: ~ oj tf:W-:<J.Qj 7}'] !: .>£-\l-Sl, ~"}•I %:. .'1:~-ol-c: 

aJ•]sl-§-E-sc ";'lJ-Of7l'i. ~t:]-. 

;.fi~Lt A-jU]6oJ]A1 £½£1~ ~~.a:] ~;,;]9.j ~1g ~i5l~ tr ;;i:]~9.lJ,t(net 

willingness to pay)oJI 7}-'1},£- ±sJ;sf 0d"l'-l- 't,'jl':<f 0.Joj.ej 7J'a¾ 0J%~t:]-. ,fl:oj-

7f ~•':'!7il>JAJ'l}oJIAi 71'11'il ;;Jf- AJ'l}7}zj," <1%71'11,H:>1-.el 'T'iL;l """'11"1711 '<l 

c). A]AJ7}2a,° ±s];,f.ej ,fl:&"il til~ "]-lf.QjAl7} i5)¾ •i"1:-af2c~ c2 •1%:ilJ

'l! '-l t-f 2 'T' S.•I i'il' .el il-~ "ii .ei-ofoj .! 'll '<l t:]-. i "1 '-1-, <J%,H:& "1 .el 'i'- 'll ,j :& 
c: ,,sJ,f"1 ~•7ll :s]-l,-"1Al7} ,]'l} 7}zjg '.,7}-ol-711 '<le]-. 

j:1::l]A} 0daj ~ :-g-i;-,q 0daJ~ C?j"Efi5}7] fJoJl ~il."q-{!i!} ~ir~~oJl t:Jlti}aj :tf 

.£.i>"}C" ~o] ~__9_8-}tj . .:g-i:r-~-'d:: ATI~Y- A11:1]6.9.j 0J4 i7--g"A}7} ~~ 7}?43421 

{!71I¾ i..j-E}';l1cf. ']sl:>12 Cj \lt," Aj§t!: i,'jl'-Of7] ~i;foj !;l.q \JI,° •1%0]" 

tj. u.j--i:}A-j -t?-if~{j~ -'f-AJ-C-J ~{lg Y-El-t.H.32 AjAJ9.j .:g-g-~{!:: 1TI~ 7]'tj.9.J .:g

~~ ~ ~ ~~ ~.2..£. ~Al Jj!--"cf"B'J: ~{! ~ Y-El-1-lllll ~tj-. 

'T SL ~ c! ,c ± "I -'I 7 I "i ,.- -of c: 1 I "I '4 'r 'll 'll' "1-21 i'I->ii : '-1-El ';11 t:1-. 'T's.;;;- -,! 2. 

>H §l cj •i sJ !-.ej 'r'll 'll'o!I a:f :' -'l-l,-Sf :i'."I '5} c: 21 ,'f ;[ 4 Ej \!! c). ±a] ;,foJI 711 711 

't,'£I ~ ,Ho]-i..J- "i"l__,_71 ';;'7f~'T's' ±sJ;,f.ej ~7ll "i'.i!- ejAfc: {/±-af71I ',!t:]-. a:f 

ij-Ai '"r .,q_ ~ {! t ~ii}~ ~{! g l.f E} t.lj Jll ~ jl A\ .?J-oJJ.A-19.l ~ Jl ~{! :: 1TI ~ ~ 1:1] 

-'I "1 'i" iL ;;;- c! g -\l-~ ~ "1 o I '<! t:1-. 

±sloz}71 >H.o:1-.el 'r'll AJ ;sJ-!,-~ sJ-§-oJ',}.ej :<J-l,-.ejAfej ~71171 ±sJ;<f 0Jojo] 

tj- . .±B14Q.J tr°.Al~ ~,"}Q.] 3.7].£. "T'..8.~~ o}cJl ,¥-~Q.J 7},241!£..£. ½e1,y.}<?J ¥ 

~~ :£.i}-~tj. A]?f54 ~~7}2j.g.. ~..8.~~.llt i'-"E"-q-~Q.] T{}Y-i:" {I.Q..£. Al~oJ]A~ 

71'11512 sj§tcj AjSJhej "1%'i1-~.el •Jsl:7}"1"1 ~>II sJ-§-oJt:]-. 7]'11 £1%B~ 
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0 ]~21 "§~-,! >1..-icf -'i"l'-21 A§~"]%,°_ A]'l}7f"!J;.c} ','ti:}, 

A§~O<f7f 'Ii~~ ,1..-icf -'i"l621 {l;aJ]rJI%,°_ -'l'lf"il-'i '1,i'"c 7fZj.,;.q ',l,Jil 51 

jl 0 1 :>1°171 A§~O<f 0Joj ~,°_ 7,l;aJ]?<]rJlaj-:,:, ~ct. AJ~0<f 0J"li'"c >l:ol-cf Ai"i '-21 

1~7}5;) (production value)*!: tr~~&: 4E}t.1l:.iI 01"=" ~'ft~1!34 7}2=]1!£..£. 

0 ]-','<>1-'li'"c 37];; cfE}'(l!c}. 2"]?<f 0Joj9+ •J~,;,f 0Joj7f Af..-J-"!-?<]21 11~~ 'i'11 

,°_ of \,I;<] aj-5' >I ..-i cf "i "i A 21 tr' '11 "l 21 3. 7] ~ ~ 11 "f le c1J ¾% "I :>II o] %-<! ct. 

~7,17f:>]c: 7,l;aJ]o:]-;<fa, 0 1 O<f'lj:<f~ '>! ~7,l;<f~"il-'i >1li'-51i'"c A]'l} rJl:>]i'"c "i"l 

'l} ,):ofcf -'i"l'-21 1"11"1 7f:>J;; '!!7f-of7l ~"l"l 0 1%-<!ct. ~7,17f*l""' :<f'lJ:<f 

~ 0 icf ~7,j:<f~"-1 2"l:<f 0Joj.ej- -l;'-'1-:<f'l)oj;; ;,IJ~%f7I ~-oj-oj 'f"J,:j>l]~g % 

%~ct. ~7,17f:>]i'"c 0<f',l0<f"1°icf ~7,121 ,;}EjJ;; oJ%;;foj ,;}~o] '/!:ofi<ls:l;, uJ1 
o]:, o]%%foj '!!7f-,lq, 

'1l "l :, ''il7f ~ uJI "I '1l :<f ~ 0 I cf ~ :1JAJ Ell 21 1'1 :ol-¾-'1- ::; '1161-ofi'"c 7,! 0 I % .a "I 

cJ. l'!ol \ilg,<>; 1'::eJl,J~2-ss ~7,1°] \'1:o}%f7] ~ 0 icf 0<f~21 :::rclss 0 J%g cf 

E} rJI 2, '/! o) 'U g :'. AJ 'll' 0 I '/! 9.11714 >f ~ 21 ° I % g cf E} ';ll q. 7,l "il ., ,cf% :'. -'Ir 'll 

ai 1l'lf"l ~<>1"1'll "" we ~1'1leJ% '?l-'llc~ Af:aj"J '11"1% 'i'7a"fill2 x"i~ 

cf. 0]2]~ x"i:'. 11'lfAl21 :aJ'il a,oj7fC: "1% .!ljotl 7l'lfoJI o:faj- \il<>1"1""' ~7,j 
;,f~21 "i'il¾ "i%oJ ','_~%filj:,:, ~ct. 

~~5It ~~9-1 7-11{}!: 'ii:- 7)-:~lo]cl-. 38~£il 41.g- "'J~-3i Ol~!il ,e{!g ~'Z!' 
ol-::: 511'!''11- of Y 4 sff 0J•f~ 21 -e>I 7} >f :oj "I \':l "l Oil {l:\'151::: 'i':,J: "I '1:l "121 i'c 

~ 'i. {l-'1}%f aj O f ~ q. o:f 4-'i oj 'ii ;<J S1 21 ,1 ',r :'. ,1 ',r '11 "l oJ -'i ,1 'lr"i %-'4 ,1 ',r 

"11 o:f:' ~7J"1'11"1 i'c{\% 'l! tr' J/l"]g 'i'"il%foj 0 f ~q. 'l>S, tr'J/lejo] 0 ]_,;_q 

'12-'/l o] 1l'lr:'. >l:oi"i2-ss "1K%"l 0 ict. 

'le!\l!-"12-ss rJl>il 0 ]%7H,- >l:ofcf -'i"i"'21 °]% 7}',,--'Jo] "12-'/l :ajg9-',- 0 ],; 

~ )}{!oll utf- ~~:: ti~ "Ci ~~c}. n:}2}Ai 4---'r~ ~7aJ..}~½ ~t}-B}C :7-]~ 

,°_ : l. "i S1 "I A I -1' 'r ~ -'I S1 'le! 7 I 'o ',j O I "'q ~ "i S1 21 AJ {! oJ o:f"' 7J >II :aj i'c 

~.g. rJl:\J];;cJ,ajoJ <Ug 7,1-l'oJI cl>il-'1"1°1 it;, ;;I-\' _,;_q ajc}, %f7<]\'J- ~ "1"121 

11 'lr Oil o:f aJ- cl >11 "1 S1 <>11 t1\ ~ 0 1 % o I '% 7 I %<>11 o:f "' -"l- '!l 'l! :,\- cl >1\ "1 "I 91 % 7J O 1 

"1-:of'll "il u:J-~ "i "i ,_ 7,l-2£ 7,l-'1,%faj 0 1 ~cf 
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•J'IJ~_ss 7\-'o-~ £'§ 7f"']il- :§J-JJil_ss .lf_,A]-af.:iIX\ ~9-- '-11'11.eJ 7,J,i]:aj 31!Qj.g. 0]% 

x\7\ ,ij~.2} Ai"l6"i] rjJ-.j-oj ;<J-\o--.}.:iIX\ -a\\c- "i-\o-.eJA\ (willingness-to-pay);; ~ 

JJJl 7f*l.ss '-J-E}\!!t:j-. "°"'"' 0d'9\c- 'r.fl."/-{l, -'J{!;<\ 0.Joj\c- t,'i)'";-{!% 0]%-afoj 

4':;J ~ t:J-. "'"' ;<f OJ oj .eJ 4' :;j .g. 'r .ll. ";-{! ~ '-l-E1-\.Jl \c- ~ ;,J] 7\"I O \'11 "i "' 0 I .:il, ,g 
{! ;<f 0.j oj ~ ','~ 7fZj l'f t,i)'";-{!~_ss ,.-;,j,\!f '<) ;<] ej ~_ss 4':;j ~t:j-. 

cl! '1! "1 ?f *l 'll 7f l'f'li-@- cl! 'il "1 3.71, ~ *I. -'J %, x] ~ -,'3o %oil Ai-';!-El cl! '1! .eJ 

'ri!l '1-"l, ,g Ell '1-"l '<l 7] ';; "I '11 Z)-oi] 711 >l]t,'o-f::: Ai "i-"-.QJ 7f*l %"ii 0]ic-9-

(Shabman and Batie, 1987). '-11 '1! .eJ 0] %oil rtj-;a. Ai "I 6.e] 7\;,,J::: 7,J >ii :aJ 'lJ oj .eJ 

~JJJ17f>]'}'l1°Jt:j- %;"- cl!'il.eJ Ai"i-"-% rJl'il~ 'r 'il~ rjJ>JJ7J-'o-o] ~,ij~ ','.'r. 

'il q. xf'l'! :aj 7} '1! .eJ ;;J ;<J]'j 7}"'1 oil rjJ ~ 4''\1-@- rJ1 'ii '>i'"l .QJ ;issJ-/1--'¥-% 7c)-'1}-afoj 

o, ~c+. 

1 '1! "i]Aj ;<JJ 'i/--"] \c- >J :&9J- Aj "' 6ej rjJ J/-~-@- "J-j/-'lJ :aj o] ;,j'-J- {!-'jj "] '<) Jl. '<)-£ 

li O I .'l %-af .:i1 'il q. -1! '1! .eJ A f ~ "1 7] "l ~ cl! '1! .eJ 7]-'o-oJI i:-;,J-.J-JC 'il t:j-. o] ;,J ~ 
7]-'o--@- o]oil rjJ~ 'r.fl.7\ 'ili::J.'ll 7,J"i]:aj 7f"'l;; 7fo<]JIJ -,!q. o]ej~ 7]-'o-.g. ','{! 

-']% A7-'j;<l, 'f','3c'l), ','{lo}.AJ, Of-'J.Jl.:O:-'J-l,- 1'f{f %.eJ ej~-£ S}.:iI 'l/~aj o] 

-.; .g. ::J >ii ~'l "11 Aj -'f"l '11 •l :& .!l q~ 'St.' ,1 '1-.eJ "I~% Sf .:iI 'il t:j-. 
'll'l'c"l~.ss o!l'l! ,f*l;, '1-llil.ss '-l-"E1-\.Jl~ :af:;J 'a'oJl\c- "f.ss oJlliH\-.2} .2.sr:aJ 7] 

-'o- % oil t1\ ~ 7 l 'l •J- 'll i"c % ,;. % , l "'l 'll 7\ 7 l 7 l-'o-% .>;,r 'll :aJ '1:l eJ oJl *l 's' .-t JC 'il q. 
cl!'lleJ "l•PJ ,1,i.oi1 .Jc~ 'r.fl."1-{!:, !r.½-af1l 'fl~ :<\i<\c- ¼~.-t"l \');.g. 3-1°1 

"IJ"l~o]q . 

.2." '1 'it A] 4 ~ 'Ii- 1'1- 'i! % ej ~ 7,J Aj "l A \c- 'll 'a-"1 '11 A] 'il"oJI Ai "1 llJ 7\ 'l<'lP'l

'll: '¥*l•f"i \');\c- >\-Aa 01 ,Ut:j-. ";, 0 1½ •l~'--l- •1•16\c- A\"] 7]'llo] -']~Sf"l 
\');E_aj <-S];<\½£ Ajo}oJIAi 7]'1J,aj;,.] '/,"7] •IHtoil 7\;e\:, ;,.];.--o\>.] \');\c-q. ::,.ilJ 

<>ii.SC. %-i'--af:O. 7J'<):'_ 0 1 :'; ~7,J;<\-'l) i 0]%%E-.ss>i '1\"1 g ~.:il 0\-.; ~7,j;<\~ 

.eJ >J{i'.' ,J'1).Qj Ji\--"l 7c)-±oJI ~:'. 'l!•Jci ¾ct. ,11a"1E-.ss 'l!QJ 4''!).g. A]".J->i 

:o:fl.-j- ej <]",j-sJ~oJI £',' %%..:! 'r 'UoJ 7J'U:'. 0],; •i~Y- AiS]6ej -l/-~% I'\ 
o-\7] ',]&foj £!JC~x.eJ "l~.Q]J-\¾ 7\{! 'r ,Uq. o],;.g. 9-;,_ S\A]'if-'8 '1:)"10]7] 

uJI '1-<>ll ,! * "1 '11 7a >ii 1'1-'ll 21 '\ll ~ -"l.2t "° "l ;,.f 7f ;is,J-.J-"l \');\c-q. rtj-aj-Ai •l A] 'if 
>l:o:ft+ J-i"l-"-21 i/l"14'!J'.' ±e],f'r.ll.4 2e],f 0Joj.Qj- -('i:i/'!oj 'Jtt:1-. A]o}o] ;is 

,ff-.f"i i'l\c- •l:o:ft+ •i"l"°eJ '1l"1i 41l<>f1J 'fl~ \'l.,O, •J'iJ,;oJ 1J'lf-"l-"' <U 
q_ 
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01 Afc,j '(] :<f~-"1 tl:'llo\lAi ~7f-'f ;,;f~-"1 ¥l'll2..ss o]%iij-.:il. £(2.oj (Shabman 

and Batie, 1987) 7aS\Hi'-'1-& 7J!'l! !!'ll-"1 \\l..fL-'J% ~,J;;-f_:;r 01¾ .$l~ S\]£."l -'i! 

~{I¾ i>}Cr.Jl £%~ "T":i!. '.U.t+. 
A\-j/"ilAi Jj'1J7f'o~ sj:§j-4 AjS\'6.2j- :,)-oj 7\2joj4 Jj'1J"af£1 ;sfjl_7f \llc :<f 

'll:<f~0]4 ~7J"i 7}7,l's'!~"il i'l:~ 'll7l"J-l'la, 0] \ll-01 7j'l,S,.:il. £(t:J.. c,j7\"il-'ii= 
oj;, 7f*l;; '!)7\;;-\7] -$];;-fc,j 'lllfr"l2..ss \iol 0]%"1.:il. £li= 'jj-'lJ ¾ Aj')j-7f,j'lJ, 

7f-j/7f*ll'l, 'll-"1.it¾ 5'.'!/, ~AJ7f*ll'l, z:/l"117Pll'l, "11"1"1 li'--'ll'l % 67f:<l"il z:/l 

;;-f c,j -\l ':l ;;-f .:il., .2. "t "l O 1 ¾ "ii :<\ 'r M O I 'cc "l ,g c<f "I ¾ "J- l'l ~ ½ "i iel "11 'r-"1-'lf "1 

7r*\'ll1I •J\'l<>il"l 'lli'J-iif,l.ss ~t:J.. 

'J!'ll<>il "1~"1" -ll'll"l "1-ll-4 .r-& ;,ff~'= -'l'll-71'11;; ¼ilt"l 1f3sl7\ 1'/'ll'<l 

ct. 011': >1:.l"i 7\21~ ".l!'i!-"1 -'&c!-'a"il tll'll A\~.91 :<l-.l,"1>\ 7\*1£ ?1l¥\t:J.. 
A]-j/,f,jsj 0 )%-1'.· Aj'l)-7f2jc] ".l!'i!-"1 ,j:§1-4 AjS]67f 'i,''(1->j ~-& "1%>1.ss o] 

%'WI u\J "l~i;ft:J.. 0 1 >i•l'6"1 7el"il"l 1f*l'= -'J{!c:<f,f 0 1:.' ~ 0 1¾;;-fc,j -'J~iife 

-'J-%"1 i?~=:.si ~711.ss *11"12 ~-& ~•l:<1<>11 "1"11 ~•1"1c 7eJ,i\ 0J"l.ss ~'ll 
Bi:!. oJ-ll--'l-'l"l 7 l'o-& <>J-ll-"1~2..ss ~'ll~ 'i" £lt:J.. oJ~eJ ¾ 1f*lc "1-ll-"1 

"l¾~•l"il tll~ j:S\:<f0Joj.2J- "1~*"1 ~ "l'lf7,*\.£ 'r-\J-"loJ~tj. 
-'j-j/7f2j'lJ-& 7}')} ';!cl 'Ji-B:'1'11 :<f.ll.% o]%~ 'r £li= 'jj-l'Joltj. 1!'llolJAi 

S\j~S');:: :<H1"1 7\A,J- %.8.1' )la, %"1 iif47f 'r~il--'&~2.£ o]l,: 7\*l¾ l\17\ 

~1,1 .$l'll ;<fJs.5'. 0 }¾~ 'r :<le .)! 01 A)-l/<>11-'l 71'1!"1.:il. £le 'r~%.QJ ;,Ja\l"J' 

"1- 7f21 °1 °] %'<! i:l. a:f<Fi 01 "J'{j ,& 7)! 'll "1 'r~¾ ,g ~ 7\'\,-£1 'II 7f"l 7f-j/ lll' 
oj :re1.:il. 7~¥:fi\j2..ss ~%~ 'r JJ,;:: '%\'l-"1 SfLjo]tj. :rcj4, A]-j/7f,j'jj~ 7.J! 

'11°1 a!Ji\';;-\c -"l~ % Aj-j/oJ]Ai Jjajj,;j,cj Ul= :<HJ"l 7f*l 'll7lo\li= :aj%~ 'r 

\Ulc "1"1% 0 1 ~ct. 

'/l-':<':aj2..s!. SjA)')}<.J,i~.si 7f*l*'llo\l \ll"Oj 0]%£)2 £('2, "l•»:<I "1%'%1'l"1 

"f:il.0\¾ 11-'1I;; "l--1'-o,7\ ~«f"l 0 l¾"lc tll>il"l '/l-l'l2.!a. 1\%7f3sJ'IJ-l'loJ £ltj 
7f'J7f*l"J'{i:C S]Aj~-'J >1:oft.f Ai•V-<>11 tjj-Ofuj 0J%:<f"il7ll ~l'jj:aj.Q.!a. 11'1-:S 

.i;.sfc,j "1~"1Af:S '"'A\~2..ssAi ;,\~"1 7}*1~ ?'lJ1ctj. •l~o\l ell~ 'll"1"1 Ai 
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fL to IP lio to Ir Ii< IP lo-I', lot,-[,? ~,r bi'l ftl jg{} I< b R lio-& iL ¾ lo lo~ I>' Ii< IP 

liilioie.HL 'o-1,\,-f'" lo ·t:,.;,, ~ Ile% lioli,i;:, ielti liolr-&f.t i<l~IP lo[,-8,cf.t C:SbR 

~1"-lc-f" lo[,-&f.l 'o-ii',0%.rlofo {;,[>'jg:;'.[" -loiiho%lsf,c[•i-o ~aol>ci\H, 

(la pow .ll!i!in wopue11) ii<, i5 gs< lo Ii\ "f:::, 

· -bi? "3"[Lf-i%lo [In ~-lL& ~(anteA a:)Ua1s1xa) l~{tlt~~ to/HY O 

[,\,-f'" lo 'ktetn ·t:,)l; ~ ll.%lo aol,\,-f'" ,~It a&~ I,,,,, 1<11>:tL cS:fYHolP lio 

1/3[. (,,fo ~m ~ io&~ ;;1,1, 1-o{g-% %l/3[o%lo [of,:%[o ~l,\,{'"l,jL,'.j, 

·t:,)l; TI:fs%lo [of.\ liobi'll,ft lo~IL l>c./ao lo[,:-'; .:,O[n ~[,\,-f'" [o ·(S66I '·1• 

10 uo1dn) b\¢fs1ffe fL,L~f;\tt loor i,,OOt'l lr,,g[>' a-:o:lo ,L~ wk1 [lo% 

lo i,c-1,;o toii\-f>:~-a- toP.£961 'o-1,\,2!1 lo ·t:iwl fu ;,[sf, tol.-ldHt i-o-1-'1& 

'?" ~-lL~'to E[z'.'{L ~lo% ,m¾[-c ~{aR> P:,{.gft 1"-l-~ to"Pcr-lr~[rr 0~ l=o{.<?lt 
[Lj,.[r-f'" ;,tt,[rI toii\-fr :':lo jtj,:-1',g lvH•irI toftlv~~ ol,\,2rl- 1,t,i'dL 

·t:,[o[,\,-f'" {ell,% lofL!l,(>nJBA asnuou) ls!L {l-jv[R l>{L.l,do 

o [,\,-f'• lo ·t:,n; E[>'{L a fv-&% ~lo ~ lr,jat, :; 1,1, lok{L f;>p p;,{,.Hl [loy 

[sfy t,-W[< 201,\,lL 0¥. [ofv~-iJ- o 1,\,1'- l,,,f,-1',jL '{;,[rj,. ·(6L6I 'U!>(JaqaH 

pus doqsm) blo ~ alo lol<clofs lo-lol\n ia-b½lo lo¾l" all>:rv lohto¾ 

lr io-%lo ~-&lv1S,{L 'o-1,\,f. [o -jo.,; ·t:iocl21', te-l:n [io'51\c lois-R, i-olP [lofv-S

% loi'ld1' 'o-:,c {2-[:n [lo{}[y ~[s{L %IP [loy[Rk lo{>'-!',% ,i{g[o,S, tel11 [lo'5 

& lo[s,[,c {oc;:[L lo:':{>:-!',% ~l"{L {.lo [iol,\,f. lo ·vio ~ i,-{2./', {2-[:n [lo">& 

H•lo %IP [lo~[L l\S l/3[v lol<,i(.c ~'51\c lvlo¾[,: lo[oH, iolP [loY'[Rfy i/,i(, 

·pn; ~~fo 20~.fR ~½ .&-lL i1.[Yfo [o~f.\ ~::i [of,1 [o-¾ 

[R 'o-f!>t,',[l,t, ·t:,)l; lo% {vTi/ti- ~n 1Vi1,-wifc 'f!,o, [l,t, ~lv-ilw •vj~3% 

¾ko.g i:6~~~ ~-l.<?. ~:5lttf=lf-t ~-lvlo¾l~ lo% 1:r-&Fo ~~ .g.lfv ~tt- ¾R 
iv' lo-w ii< -f,:-1', !,e lie -1, p,"' IP [lo-f,:-1', R, l,c-1',{ L \,, b ~'".fl,% ' g b fl' r . t, ~ ;; 
R~ {of,!: lio-f,:-1', i,,b i-o{g&i;:, ~irlf l!,%lli t,[oirlf¾'? lofo o &-lo lol,\,f• 

hdt-1',ft ·vw ~">111-ta.t, ;;1v1o¾1" to-l-'11P 11o-..-1sfv toll<ir.c -;-1cw "'l"'"''~ 

i• ao-/l,IP a-ie>tldvT %-{}I< i,,-l-'1%lo :Sl>'i'cw E.f<\ lv{~{v'E ;s[t[,ll>:rv lo 

{>'%lo fvl/ofL!!,[,{L loilc trll>-f'•%1R {,:[,lo kteln ·vit\ilo'5% ;,{Ylo¾lv "''" 
-% ;::{YT-lcw l~l/o:St>'%lo p;,fglt (L1"1\c'? atoor l<H<f,, tol<,i(, oll>1'- lo 

·t:,(icfolt lf1¾{L %1\cfL ¾-& 



*l~ {,'-"'i~t:l--

0 I •J-'1:1 -& "'\ •S sf "I % .£ "'1 <>II •l o-\"l <11 >ll "l "I '>! ~:,J +¾"1 o'- "l <>II J;J. t:l- '!!

"I¾ '11-t:l-. 01 o'-"l oJI Aj c JH ~ "1 rjJ >I] 0<) "1 "i] rjJ 'I)- •J '1)-l,-,;j o 1 '!!.ll. .-j-nj J;l. tj- 1ll ,': 
"\.ll-7\ '!!.a-,,1cJ-. cf.'11- <11>11,.1"1"1 >;•aoi1 <11~ 'll~'ll- 4-'ll 01 °1-1- %.a.-,cJ-. 

<;l "1 K ¾ .5'. '!! !: .ll. &-3 "1 o/1 o/1 Aj '?, "r '.l/ * 0] ',! 7H "1 <11 % O<] ;,; _'<. ~t;f :iL 'll 

'i'- H 
E ,j J c<I "i '1] 2"i"i -'II 3"1 "1 

¾SJ q 'l} 1J A)'7" 5.2 4.8 3.6 

S:{f ~£ ;•(]"'r 8.7 5.9 6.3 

'11:"l' -'II J;<]"! 01 7ij'lf ojj,Jl;,cl<ajo]:;i_ -'I] 2 "i"i:i!J- -'I) 3;,c)"i-& 01 "]'i'-o\l 'l\.2.'--t 

%~ tj-0JA~3Jt Zt:-lt~ ~~oil <?.l'-t!-21 .7;}0l7} 'xl,tj-. ¾91 tj-OJ=A,:/34 5:{f-~.£7} 'E"¾ 

T ~ '\'! * >f-'ll £. .ssJi "1 7 f *I <= !;l_ cJ- '1t Jil ~ q. "i "l "1 'IP-] 7 f q .£. :i! oj •J A I '{} "l 
sf 0J %.2..£. ~t;\oj tl-'i/-7.!j .". z} "i"l \ll.£. >J-o]'I)- •I¾-& "]½tifJII '<!t:}. Jl 8-4 

c 3'll "1 :@:<J-7.!j o] 3'£"1 :@::,1-;<]ojJ rjj'I)- oj-§- •JEii¾ !;l_oj','-:i! 'l\i;}. 

'i'- H '11 1 o<] "1 '11 2"1 "i >ii 3o<J "i "' 
"l".!•l%1-'llJ 10.000 20,000 30,000 

A 
UJ-~~T 4 2 0 

I B 
oj•J•]-ll-1-'li) 15,000 8,000 40,000 

I it}u~,..,._ 0 5 J 

f 
V:- T 

oJ ,g "I %1 -'ll J 20,000 20,000 20,000 

I 
C 

~J~;l~ 5 2 3 
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~-"1 .!/- :<fll.71 'll-"1 :it%5'.'<loJ)Ai tl-%>'1-"1 7f;<);; :;l'll"l2 .'l'.t} tl:,il\ll:§j-oJ) 

IIf~ >f*I 'll:o:f~ 4'll"f;,- ¾.ll.t} :<fll.71 -,!t:j-. 0)~ c<fll.7f 1'!%zlJ 0) tl-%c<).ej 

tf,il<r¾"'f :J. i'l:%:<f~.ej 0J%oJ) IIf~ BJ%:<)½"1f.ej {Jsljoj) i'!t} •E"1)i,- tJ-~~ 

<r '.llx~ t!t:J-. <>l•E:<f "1% 5'.'i'!oJl<i::: "l'-1--"1 i'l%"l'll-¾ i:JlAJ-.Q__sc -01,1 "11'-oJl 

:i ti-% ><I -"1 t!:-'il 'r ire O l """ I 1I Z!oJJ 7.l 'l \ll :o:f of "i 1'£.Q_ 'cl & >a <r¾ -"1 \ll:o:f "il 1If 
~ 1f>ll\l1llc "i'l'I ~I Bt:J-. 

'll-"1 1t% £<!).g. i:JlAJ:<)Qj ¥'/l ofyaj- til~);,)Qj.ej 'll-1'-~<roJl tl-t! :<fll.£ '.! 

.ll..sc 'if i::1-. .'E 'if 1'! % ;,J .ej =; AJ O I e.J Af :;! 'll oJl 2 ,,i,,1 "1 o, t} t:j-. ~ e.J "11 oJl Aj ¾e.J 

t:j- 0J;,]'r"t £-i,-1"-'IJ]<r7f 1'!%0<)"1 \!!.s'. t:j-goj o)~o) tJ-%7~.ej 0)% •E"1loJJ 

~a-jg ?~ ¾..8.~ .B_'tlo] £1:.:r_ '.V_tj-. 

2f. ~~:Pf~ \!t\1l(Hedonic Pricing Methods) 

=; oJ 7f ZI 0J-'1l :'. t!:1-"1 11 *I ;; "1 'lJ-of;,, .'E t:J-~ •J-'1J ¾-"1 -of 40) t:J-. oJ '\'! oJl '° 
c] 1:1J1t}o1 i2"7]..2..~, :{:g, Al-<17a-¥!: %9.l ~~~ t!-7a..8.'tl% 71-A]TI '.V.=-4 ~.g_.. 

:J.',/0<] .j'-'5}.=.t.jc Oil IIf~ ;,f~-"1 7f*l;; :;j'lJ'5}:::ti) 0<)-l1,.ejAf.ej 3.7];; 4'll-a\7] 

~'5foj 0]%"1'.llt:J-. "i'l'! tf,iJ ';oj.ej *.!/-"I) n:fi!)- A)'lf7}zjo] t:j- 2 11] 'el'8"1l= ;! 

: B].ncOfoj -,'-'lJ:<fe.J- 'l'fuff;,f.ej oJ%•E1'!1;; .ufe}W.Q__scAj tf,iJ.ej 7}*)~ 4'lJt}t:j-. 

A}~fY ?}*loll ~~% ¾ "r '.V.t tj-,e .&'tl¾ ~{11}~.£.M] ¥1:~¾ 7}7.]]1 ~ 

t t!-?JR'tl~ "r¾ ~~oJl u.}"E" 7Pl~~~ 71H:!~ 4- '.V.ct. oJl~ ~cl¥%~ 7} 

.?4.g.. ~{l"r, £?.]"ff.£., ~_ii!.fY t~Aj, AJ~c]-§-~ ~c]Aj %6ll ~6\1 ~"tJ:% ~¾ 

¥'1l~c144~t!&1%oJJ-"1•~£t9:~;,,t:J-
O:Jc~ ~1JoJ ¥%~7l-7.4oJl ~a-Jg Yt ~,,,3 7}~ ~~9.J j?H:li': oJ~~.Q...£ Zl 

\'!'5ft:j- '5f0<)'l]- -:,/~).sc 0)~ .ll.'11: l"--i'f--0}2 l\17f"fl=ti) oJ)::: "13\%0) Jg-0) '.ll 

cf. .:I ei L-}, o I "J-'1l :'. 1970\'! tJl oJ + Jg-:'. \'! 'i' 7} o I-',' oj "I A 1-"J-;,f ll. ;; o) % 'if {} 

'll "l '11 'Ii "14 'll "J- '1l -"1 "I L-f "- 'a! "1 ° l % 'll <r '.ll t:J-. 
'; -'J 7}zj "J-'1J £ oj •~AB] %0) t+ 'll -"1 :i't % •J-'jj "1f :,)-o] 1j '1] .ej o)-§-•E 1'11 oj) Ai ~% 

7}';,-'if 4.il.;; o]%'ift:J-. 

of. Cll;;JJ7f-<l(Replacement Value)l"l7f\1l 

:Jl\!joJ "1-"1"1"1 'i""i<! >1:o:f"l- AjB]6;a >l)'t;'-%f0<) *~ -'a-9- o)~ AjB]A;"; >I) 

i''ll-: ~' '.l)::: 7f•J- ',!:'. BJ-§-.Q_.sl ;,j]"~ 4' '.llct'i'! o)~ B]-§-o) i:Jl~) 7f*)o)t:j-. 
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~'il."1 11§)-7]1,--"1- <>\-i'i- "i/J:"121 7]';,-:. cl1>11~ 7],';-"-1 "i%t "1-cl1~ '5!2-£ ],l_ 

oj s! c\-. n\4>1 i:ll "11 ".l! 'i! -"-1 ;a\± "i %-ol '1l(least-cost alternative)-& ".Ji 'i! o] ,U %-oft 
Jj§j-4 Aj"]67I ;a\±"]%2...s'. qj"1]'9s..;;; 5ft "]%oloj ;,\±B]%-oj,lj_g, ".J!'i!O] 

%;<f2] -']-l,-SjJ-f7f :1 J-jB]6-"-l AJ-{!oJI n\,s'- AjB]6qj"1]7f "1±•1%:ilf 'l!*l"ft 

,11~1,q 0J -'l¼"\2A ..-\t -ol"'i•l%0 lct. -'l--"14"1-c of.aJ~f"i ".l!'/i!e.J 'll-'l-71'; 7f 

*I Oil i:ll t} 'ci 'r 7} 01 "i -ofoj 01 "c ~ 'll ii14'-"-1 'cl 'i' "1 :i1f ;a "14'% 'lt*1 cl 'il-.<J ,J 11 'r

"19\ ¾%•I~ 'a-~ 11§/-7]',i-2...s'. ~{I-~ cl1'1]7l>l'll% 0 ]%~ 71•1 ~1'- "J-'lJo] 

'llct (~>,P/-, 1996). 

0 1 "J-'lloJI -"-1~ 71"1 'll7f::: ".J!'i!o] '11-t'"lc 7]-\s--"-1 {!'ll~ 1f*l"ilt 'i'c 0 1~ 

c\-2 ~ T 'llct, 211'--l"fl'l n\>'i-<l ~'l!-"-1 ~7,J-<Hl ~ ~ejJAJ-<Jl.s'. *"1"171 ~t!
•1%t 'll'i/4~1 \ll" 0 ] -\l!Jl.;;f;,ll -,ltj-_ -of.<]'{f ".l!'il9J 'l]§j-7]';;.il/ 'i!- 0 1 ~'i! 0 1 :<II 

%-of2 'Uc ¾Jl.~ 7J',i-o],q'1! 7f*l-" ~{l-8f1loJ1::: ;,fJl.11 • ]•I~ 7.l-'/--oJI :i9.J

.,;.g, "lit% ;;f::: 11 'ooJI rll~ 7f*l ;-; ~{1--,foj 1f/1f;;fJII -<ii:+. 

"I- Ofoj >cJ !E~l1l(Emergy Analysis) 

".l!'/i!eJ 7)>]71 A&<Jl711;, %~ oJlLi0<le.J ..-%"--"- 1"--'1-<lct (Odum, 1989), ".l!'l! 

o] 1J"8\c Aj§j-4 J-jB]6-"-] ¾ oJ]t.jO<]-"-] ±Jl.,<"-£. A&<Jl,!]71';;-"-l ¾~% irA 

Jil"r (valid index).s'. 41'1-'s'lc\-. "i]Li:,;11"--'i-& %%~ Jj:§j-9) J-js]~-"-1 ~11E.§'. >l 

'1! AJ<Jl>iloJIA1 'ljoj;<]::: * oJ!t.iAl 0JoJI 7l&~ct- 0 1 "J-'ll-@- ~'i!-"-1 * 'l!*l'J" 
<;J (gross primary productivity: GPP)% §J--'l'<!KoJlt-i:,cl-"- :@~5\oj §j-l>j 7\3'1.s'. 

~{1-~c\-. oJ!Lj0<]1i':-'1-& oji'oj 11:-'l"J-'lJo] 'U<>l ~\'lc-"-1 oj:,c]7f 'UE-1.-\ ".l!'il-"-1 '&<ll 

7110!1 ;c,71;;\:;:;_ 'U<>\ wt "1-~"17\ ',Fr,..-12 'll:C "J-'ll¾eJ .-}1.-]-o]t;J-. 
0 i"J-"ll"'i 'llit~ e\9) .to] ~'/i!oJlAi -'11-t'"i:C ~7.l;a:\~oJI qj~ 7a-'ll"1 7)-'l "a 

7p~J1t].Q.£. "r.£. Wol 0]%~:il.. 9.l~ 77}7;1 ~ ~~~}Jl 'Ucl-. or~ BJ~,':_ J 4 
1'-rll.s'. 'll-\:!1l% 7\0<]2 'lJ0<l'fr B],l'l!- sfl§J--"-1 7f-'l"a7\oJI ';laj o]-§-£12 'llct. 
0 ]';, "J-'ll¾ rJl-','-11: 0 1 -'/--e144 ".l!'l!-"-1 ~7el0<\-!r)_ "a7foJI %%'ll "r 'llct. :ie11.-\ 

~{!"1E..s'. l\l1,•\il."1 ~'.';11£, l\l7l"J-'ll"1 "1%7\'o"aoii ir+e.1- 0 1:; "J-'ll-"-1 A\% 

o] >II~ ~ 4- 'Uct c:Jl'i!-"-1 7]';; ¾ -'l--"11.-\4 c:Jl'i!o] ,,,12 'Uc i'f'Jl. 71',i-;; 'l.! 

4-~%"~~, A~~-7-]7\'o, 78.:d:}7]%, ~o]~ 7]*~ ~7}6l] l'J"o\ o]%~ T 9J."C ,q 

:;] 7,j -'11 "1 l\l 71 "J-'ll-i'c 'll:oJI "'i 'll it~ 'll-'ll a;' ¾"II J-j A]'J-7Pi 'll, qj >ii 7f •I 'l/ 7), oj 

•~1-fel%'ll, Jf'lf7r']"J-'ll %01 °1%'ll "r 'llcJ-. ".ll'll•1 7]';;oJI llf"-1- %%1f',j-~ 
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l\l7f".J-'1J ," J!. 8-5.2} '(fct. 'T'~¾ >J~7]'\,'," A]'lJ-Oi]J.7 71'1]"]:: >J~:,.£ A]'lJ-

7}2'j'1J, s; >.J1f?1'1l %% 0i%w "' ~c+-

7J ~ 'J%7f';; '!]7f'1J 0 

~~ ¥- ).g ~ 7] 'o A)AJ-7}7-il~, "I§; AJ 7}~ ~ 

A-j ~ 7,] 7] '; •I 'l}-1f 21 'II, rJ!4*~'*'11.*%*~'11.'ll"1:it%'11 
AJ §1- / l 'a rJ!4*~1*'11.*%*~'11. ';1*Zl'II 
{J 01 "i 7] 'o "11~%'11.*%*~'11.'ll"1:it%'11, 'a1*Zll 
Ell% l!J- A] 71 'a rJ!4*~•*'11.*%*~'11. ';1*21'11 
¾T.1:AJ7]'ci rJ!4*~•*•·*%*~'11. ';1*211 

J.7~0<]7l';;"i l\l7fic "1-il-"1 1-9-"i]ic A]'J-712'Jl"i 0]%0] 7}'\,'5foj ,.,-'l,]7] 

'o"i _;p,- %"ii rJl<'fcJ rJ!'ll7f"-l l\l1f'1J, 1f'.J-1f*l'1l, 'll"iA%'1l %% ~%w 'T' 

~ c+. -:Ji \\! "1 11 ~ 1 I ';; >"- -:Ji \ll. "i rJl 'ii 1 I '\5' E- .ss <'l'T'¾ 'll-"1 a1 'l!-"i <'l "1 -"I '>l- ," rJl 
"1l1f>I "i11f'1J"1 °1%01 1f'ssf2 :E~ 1f-'o'1f>l'1Jo]4 'a'a1fzJ'1l"i o]%.sc 1f'\,' 
€if c+. 

{1°:'47)';:;"i l\l7fic eJs: J-•l~"i 7f*i'i"1i".J-'1Jo]Lj c.} 0J<'l>il 0]%"12 ~.Q.oj 
0]:;¾ ',lej oJ%£12 ~:: '1]-1°1 cj•~el%'1l4 7}-'-J7f>]'1lo] ~E-oj ci.2j 'll"i 

~%1tl4 ~"-j7}~\lj5:. o]%SU:l <V_tj-. E{]%S.AJ7l*34 %4,S.~7]';;'~ A}~.A~~ 

'l)-0<];, -'11~ rJj;JJAJ{!.ej z11l"il u:f~ "1%11:"i"i rJl47f*ll\l7)'1l 0 1 ~.Q.oj :£~ 

1f-'-.J-1J>i'l11)'1l4 'i'a1fzJ'1l 0 1 °1%"11l.sc ~c.l-- .'E~ ~~ 7J\\!"i '~¾c.l- 0J1 1f 

*l"i 111;a '11•1,,,1;,. 1f'J-7f*l"il1f'1l, 's 11fzJ'll-'1l, 'll"i:it%5'.'i!! %-& "l¾w 
~ ~n . 

.l,J-2-"il 2JAi -~ejL)ej-Oi]'r. 0]:, "J-'ll g 01%~ ~7<J,f-'/<!"1 7f"-]"il7f Afill]'<!'i'-'r. 

!i!.2 "1 2 V q. 1993 \:'! 'll 'fl '<! '?--'cl O I '? •~ ~ ~'1 "1 i' "l "l 7] 'il'"i ;,fl sr~'<! 'i'-!i!.2 

Aj "ii "1 <'f\'l ~'1 .2j '8-"l "l 7)'\5'% ci>II ~'1 ~ 0J 7)'\,', ell 7]11:§]-7l'\5', ','-'/<! ~ 0J 
7)'\,', .§S.Af%½'l)-0<] 7]';:;, .ssJ.f-',-.ej'l)-:<] 7)';:;, o)>~%¾!i!.CO: 7]';;.ej 67}:<l ~J-el-"11 

ell~ 7 f*I;, 'f"1i<'f',)tj. 0]:, 7]';:;.ej 7f"-]'ll7fo!]:: -;!,1-JcAf;; ¾~ 7}-'o'7f"-l'll 
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7f'1;1.2_s<. Al%"l"f% -li''J"fs:lt:}. OJ% r:Jl7J'l)~7l*"l 7f~l7f 8.43'o-?,, 'r'-?!%"J7l 

'c,ol 7.93'o-?, % f.eJi..fe} -l]-,J.eJ ¾ t,'ejaj 7f~]7f 283'of,oJ] 0)1,-t:}('lJ'll'll'?-?J, 

1993). "E~ •i¾r:Jl~ii!<>ll-'i ','-•J~ *'ll.eJ t?'"l"l 7l*oJl 1'!-~ ',J'j'-,=- 11'-'ll.eJ ti' 

"l"l 7)'o% .!e. 0J%1'/"J-Al, ','O<}f,\~0,l', r:Jj7J'l)~7]*, -'ef'lPl 7f>].ej •11 7f>cl<>il r:Jl 

i;f<>j ,U7fi;fs:Jq. 01 'll'?e 01~ cJl 7fAl 71';,-oJl :;<!.sf<>j r:Jl"1l•l¾'ll:ilt 'll.eJ7}>l 

'll %~ ol-§-i;f<>j lll'll'~;s Al.£i;}s:J.2_uj, ol% r:Jl7l'lJ~7l*ol 5.93'of,\, ~'ll"l 7} 

~l 7 f 4.23'o '1-l % ii'- 'll .eJ ti' "1 "l 7 l * 7} ~l SJ ¾ OIJ -& ll 3'o '1-l oJl 'it"},= o:! .2_ s<. i..f E1-
';;l: cJ- (J.J%r:Jlo:J-ii!, 1995). 7}')]- ;;.Ji>-oJl 'lH!.'1! ?J!'l!>c}-%)9.] AJ1'1i"l 7}~1 ",l7}"1l e.] 

"1-1'! q-ej42)-.ej 1!\!leJ 'r'.R7l'o-2-s'. 9-l!-% "J-lc, A1°"1"l 71-'%', >a~ 7l'o, {lo) 

"l 1l'o.2_s<. ,'--ll--'f:il 01~ 1l-'%'S1 1f~li\l1f"J-'ll-2--"- "l'll°7fZl'll, r:Jl>ll7f~l",l7}'ll, 

?f~1f~l'll'll %~ 0l%-'f"1 '<l-~'ll"l~ 'lJ{} '/l~"a% :.r,J1}.s}s:Jct. 01 :.r,J1}<>1l .eJ 

.sf',! ha~ ','!{1-'/}-l]-";loJl '.UoJAj 9~% 'J~ol 900'l}'/-l, "1°"1"l7f>l7} 700'l}'I-), 711 

~71-'%'9.J 7f>l7} 3BO'l}'I-) % q_eJ4e} ?J!'l!.ej ha~ ¾ 7}>le 2,000°.}'l-).2_5'- 41 

,;J',jq (~-7,l-'i'-, 1996). 

'J!'l!.ej ,J'l[:C 7fA),sj.2_s!_ 'y'~o<ffdojl 7}?f {C ',j'tf~ ¾ct. o\j-l, ~oj Aij'frj,' 

Af'lJ 0l'l! 01 "11 'i'.!'11:0il"i "'Af'1! oJ-!l-,c- \j>I, 5'.9-eJ, :il.%"1 %.ej 74%.eJ % 
97f oj~5j'.l)t:}. Aj'l)--jl- ,J!'ljoj]Aj'c. 7f.!j'-"f, %?f, "1\%, •f;<j"f %.eJ 15%-!l-.eJ 

'?1 >ii -1,-9.)- aj-•J ~I, 'ii 711, il'-711 % !Ooj %-ll-S1 Yz/.Ji-7f Ai'" i;f :il '.U t:}. oj .ji-oj ~ st 
-€'.- Af 'lJ Aj •» 'l! Oil •I t-foj Af 'lJ Al •n oj + 40% 7f {rcl:"1-s:l .2_uj, 1! 'i/ "11 •i-'-1 ,;} :il '.U 

~:- 'B~%%£.! ~~ 1990\1£ 3".it}7Jt,AJ 1~0:j~oj A]~Q~.£.4 ~Coll'C 80%ojAJ-

0 j {r cl: .sf s:J 9- ~ -Oj '!lJ il-ll-.e.J- 7f.!j'-"f e_ ;,jj %-'1!:•R oJ) Ai ,<f e}'l!.2_ uj, •f "l ,t .eJ >J ~ 

l'c 1,000~01 'kl '1l 7,:! 0 I 60 ~ 70~ .Q.s'. .,, c1 "l .;r ± "1- s:1.Q. uJ, 1! "l •J 01 .eJ 7el f. x -'if 

•R ~ "l O I .,i 'I-«f t:J- ("I, 1997). 

9~;,. ,g~7J'oeJ 7el>il"l 7f*l'l!'?:a ~~ -"f~l"l'1l.2_5!. ~.l!"l'i'-, sr?l"l'i'-, 

c!I -'i'-.£ ';/ el .9.)- ':l % £ "l ,' ;; "l «f s:l t:} ( ~ -7,l -'i'-, 1996). ~ ..I! "l ,' 'r' 0% Aj ~ .a} 1J Oil 

oj.§-'{! 'c)aJoJ'll~ oj.§-'IJ,sjol 781.94haoluj ol 7.lQjoJJAi AJ0,;J,=- 9~%.eJ 'i'.!'1> 
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-ia,'§0QIJ-& 73"1'1!<>11 ,l-~tj-. o] ;'; ha,l- 'i!-'11 "~0QIJ2-.sc tJ:0t;fl'! 939'<}~,2_.§c '1-

'll 'i! cJ-. ,2 'l]- ,q 'r .e1 7,l 0J"i ej ~ ~ ,0. I'! '"I <:! 'r' 7\ 2'?:! 0 I uj I'! '"I I'! "1-& 40ha <>ii o] ,',, 

tj-. 0 1 "i"'i<>il>i.91 '1!'1"~0•Jt 97,6004, 0 ]uj o];:: ~llfl7\*l.sc ~0t;\\'! 346"1j'l} 

'l!o]tj-. 0 ];:: ha,l- "~0°~2-.sc tJ:0t;f\'! {l 0J"l"1 "~0-'at 865';]-~oJI ',r~tj-. ti! 

J/-£ \!'1 _Qj 'r'0%A~ ,;1- 'f''ll oJI o] % >He· c;j 0J"l :ilf Jill-;,. 0J"i _Qj \'!'"I<:!','~ 9<:J-2_ 

g 0 ]%\'l"i t 286.2ha 0 ]tj- ti!.!/-£ \lc1.e1 ',',;1-,r *"~0QIJ-& 22ej~,2_g o]% ha 

q 'i!-'11 '!l "I A~ ,;1-QIJ 2-.sc t!,01'\ \'l 754 'l}'i! 2-.ss '-t E} \l:tj-. 'iJ ¾ .5'.-'] 'rle c;J OJ") 0 I 

16{!, llfl-i,- 0J")o] 8{!2-.ss * 24<:Jo] '.l\2-uj o]::; \'!"i,O. 310ha<>I] o],;,,tj-. 'iJ¾.5'. 

A]Tg.j ~{! ~~% ¾,,_g~ajj.g.. 30~¾:l_.Q...£_ 0 ]~ hats" AJ~Ql].Q...£- ~1"5}'(! 954~ 

'1!<>11 'it~tj-. ',',;1-% A~,;l-7]';; "1 J\;>] ;a 'f''ll1'f7] -'11tl- <ii ~.ei A\illl"i'r<>IIAi A~0 

"1le 'cii'f %'~0Q!Jt 12B"l'i!<>1I 'ir1'\uj 0 l;a ha"J- 'i!-'11\'l"i 7\*l.ss t!,01'1\'l 903 
'l}'l! o]tj-

oj{,.Ajoj:,]7]'efej "l:aJl"i 7\*l<'-"1"1lle ".i!'l!eJ {!,joJ',Jit.£.71 "I.ii!"!~ -']"'I 

'1] 'il¾'i'J]'r9t .f_l;l_;<]'r.91 .!j'- e<J"'ig %'il2-.ss '1--'ll~tj- (tl:7,l.!/-, 1996). 'iJ¾S:. 

"'1 T .e1 "1 7 \oj 'll <>ii A] 11 "1 ~ '1! {! S"'r' "1 ¾ '1! 'tl "1 'll :,f {! 7,J-0,J-oj 'll S1 "I %% "<. 

~~ l'!zl:10QIJ t '1!',}o]']jo] 8,586"1j'l}'i!, {!7J- 0Joj'1Jo] 185"1j';}~<>ll o]guj, "ll 

{:! 0,l- o1 'll ej I'! {! A~ 0 QIJ 1,272 "11 'llc 'l! g "\ ;,] "\ 9 'Oi 7 \ oj 'll "1 -i' 1 0 "I -& 100 "1 ~ Oil 
01 §.2 '.ll cJ-. %'!/ 0QIJ "1 95% 7]- 7)\ 'll o\] e.\ '1',~tj-2 7}')ji;}'1\ 'iJ ¾ S:. 7)\ 'll ej Ai") 

"']7\*lle 95"1<>1] ,l-1'\2 °]:: 7l'lf'1!"1"11226.2haeJ %71*]7\ 'i!tj-. 0 ];:: ha'it A~ 

,;1-AJ 2-.ss t!,,;1-t;\\'! 'iJ ¾ S:. oJ! ',l ej '-i "J "I 7]',f 2-.ssAi '?j 7P] le 778'<}~ <>ii ,l-~tj-. 

% .!sl-71'?' ,1 "J'-\';l <>11 "i '-i "1 "'1 sui .e1 7]',-<>11 ti!~ 1\*l "a 7\'E ,f'J- 0.J-"1 <;J, "171-"1 

'll, 'li'r''i"1'll :;oJ '.Uc/ . .f_l;l_"i"i 7J\'1l.e1 "i"i"l7J';;2-.ss'-ieJ 7,l>il"i 7f*l.ss o1 
s:JoJ'll 0 1 <i"i"'l7l';;"il 0 i"l"i"I"= 7\*17\ ha,;J- 495'<}'1!2-.ss 7fc;,f '1t2-ol 'l/'r'7l 

oj ';l O 1 99 '(I: 'I!, 't 'l]- 0J oj 'll o I 26 'l} 'I! 2- .sc % _l;l_ "i T ".I! 'l! "1 '-i "l "'1 7 \ *1 'E ha',} 620 

'llc 'I! 2- .ss 4'll 'i! c/ . ".I! '1l eJ -'i "I "1 7 I ';; 7 l *I !\l 7 \ <>II '11 % 'i'! % _l;l_;,J 'r '4 'iJ % .£ "i 'r 

.e1 ojJl->~,;1-'Jt 'cl{! 198"1'11<>1] 'il:~c/. 0 1;, ha,l- 'i!-'11'~0'J2-£ t!,01'1'1! 700 

;'J: .itJ. .£. ~ ~ 11 B ti -
o];, ,:;]Eji']"ceJ if"]_l;l_'l);; 'll~ "'i*-"1Af '1-,Cjjo] A]•~"1'llc/ (Whitehead and 

Blomquist, 1991). ,:<H;'-s_A}ej 7\*l 'il"r~ il)e}1'f7j 'lji;\oj A}'l) i/'1-s_Al7\ '-]•~ 
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£1TI ~~¾A}'C ~Ei7] 7-]4".A}~ ~.Q.]5-. -@78<5}5:ltj-. 1J~~%..& ¾¾Ai.6JA1, if-
0<].QJ ct"' 01%, '(l!Ej,]',a i,0<].QJ 0]%7f'~-'8, "I.J: >i~ 01% %g 3'c~%f.i!. ia'"l 

eJ 71? "'1- '1l "l g '<! i:i-%15:l c+. .:i el .i!. % 'ir"I :a <>ii 711 ,; 'll ir"i "11 ti! %f"l se1i %} .i!. 

'ia'"l _ll_-,!7]ja'.QJ 7}',,-Aj g _ll_aj',a'l)q. 11¥-'lic g 'il"l:.<>11711 zj- 7};,!]7} 'll'll~ 

a] %¾ 0 I% 'ii 'if-'l _11_ {l 7] js- :, 3c AJ %f aj 'if -'I _11_ {l :, ~ ~ ir-'l '?" 01 ;,ii ~ <>ii {f Aj 

~ -;!'1)7};, {l,'j'-%}5:lq. -'l-\1-.QJA}.QJ iik2. ',aoj{! 'lJ.11_<>1] uj-2} 5',l-ei"11Ai 17',l-i!jAf 

01.ss L]Ej,;J:q. til"i]AjB]!oo]] ti!~ 4'71 'lJ.11_7} 91¾ "lie -'l-\1-eJAf7} '>!711 L]E)L] 

.i!., _11_-8,-jj 01 9J 2 'll _ll_7f ? 61-'l \'! "i-\1-eJ A}ic li 711 L] Ej ,;J:q. 

4-21 i..J-21- ::: 'll 'll g ttf 21- "l ,i .<r. "1 sJ- 0 'll "1 "I O 1 'ii "a "1 "l llt -& .2. 'il .,,. 'll g •1 
½%12 '.l/2,11, 1!'lleJ 'll.o:J-11?"11 ti!~ '1l'i"2 1\'l/_11_:,i '>! ~el"l oJ%"1"1' 'r'll 

"11 AJ•J-~ 7]'9;; ~ -;!.<e..ss _!1_'1)q. "1\l-'l"i cl!'lleJ 471 -'l"i<>il ti!~ 'll§f?"i 

3'A}"11 eJ%}\'! -']"1"11 ttfaj- >iel',,-"1°1 '11- 01~~ '-l-E\i.Jl.i!. 9,lq. 0]:a Af~l-'l"ieJ 

'lj§}';,"I-& -\'-'iJOjc:o};, 'lj_<e.'() y '.Vic ~see} '1) %OJ J,t;,j] y-Ej\J:q. 7}'lf -'f-y 

~ ;,c] "I 01 •i \! -{} 'l 0<] .£. {lsee} '11 e] "ii 71 'o "I 01 'll 'l]-c] Ei 'jj- 'cl-{} 497ge] ~ see} 

67.9g.QJ '1)g >jej%f2 -;!_<e..ss y-E},;J:q. Af{!-'a"']- o]oj] ttf"' 'lj§}';,"I-& ;<j~.QJ 

s:."83Zt ,0r7l~ -.V-~345:. ~~~ ¥!7-ll~ t.f-E}~.Jl 9.l.t:r. ~, fl-71~ W~ 0 1 E"_g.. 
-']"loJ ¾7]-,!- ~",fo] ',1,2. -']"1<>11 Bl%}aj 2~10•i o]-'J.QJ 'li§i-1,-"i g _11_'9',a:il 

9.l.ct. ~ ~~·-'WEll'Alt .£,AJ % .Q.J-¥-oJ]A1 ¾~£1"=" ¾7]~.g. ~'8~%}.:il. ~~~ ¥-
7l'iJ0Jc'iJ g o]%%}aj J,t-& -'J{!cAJol ¾-"l'fl g -l,- 'T '.Uc+ (t\7a-\'-, 1998). 

'-£ q,s'- 0<} li "11 .QJ 5} \'! '.J! 'lj ,aj .aj-,!- .QJ 1,\ o1 \!:! i,''s'y i.JI 'iJ 0.}',J * .'r_ £-!/-Ej ;:J! 'lj 

eJ ¾71-,!- 1"-'i! ';, ,j ¾ 'i''li ~ ,! "11 .QJ%f\'! {12}\).'r..QJ ~"ii,! 'l/-& 3.0~ 18.7gC/ m' 

/yr, <1:of"J3c"il ~"° ol:,!"11 3cA\~ 7.l"'i-'11 'i!~'.J!'l/2. 311~520gC/m'/yr01q. 

¾11\l.'r. 'l]-~J-,J!'ll-& 14.7~15.7gC/m'/yr, til01!'ll2. 2.2~226.7gC/m'/yr 'li.£.QJ 

¾7]~ ~~'o"~~ ~~ct. o]~ ~i!i):.g.. 30gC/m'/yro]tj-. o] ~it~~ 7]{?E....£. 

4-el l-faJ- {l ;,] 1! 'll "11 Aj 1"-'11%\ c: ¾ 71-,!- .QJ 0.} g '11 {!%I\'! Sf 21 \'1:{" (BOD 221'1: 

,')Ole}. -'/-eli..J-2}.QJ i'i'"J-(Sf21'! 8{1 7Jse)"ii"i 1\:!%'1} "J.jl-%}2 BOD -\'-%}",f 0] 3 

\'1:6{1,e.o12)Jl t,fL] ,!'1/.QJ >J:of';,"!OI 'l/ufy- tiJ'il:%}-'] cl-','"l 'sJ"]-~ 'r '.Uc} 

(ol, 1998). 

t,}y>]el'l]-.QJ %}y>jel'o"i.QJ -'l.ll..ss BOD, COD, ¾'11, ¾~se %0] '.l/-'11'! ti: 
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"<J l\'-"1 I'! T (1996)oJ)Ai <e BOD'l!c¾ 7) ~ 2-!a. t! -o-f4';\j el 'l} ej ir 5'.9+ ;\J el'a'"l <>I) 

a:f-e •!%~ ;\'-'j-o-foj ".l!'!!"l cJl>iJ7f-')!a. '!J7f~tj-. q-el4aJ-,e Zf A)· sr 0 ftj- '8f 

'T ;.j el -l} ~ 7 f "' Jl '.l) o<) 'l! cJI -'i'-li'- 0) I •I ;.j el A) -il .i<. "1 "1 '.l) tj-. 1,- I'! 'i' <>11-"1 ie \'! 

'1} ;<J "i eJ i;f 4' ;.J el 'l} % Oil Ai 2 •I ;\J el A) -iJ ¾ ,/-¼ "l "i "1 A) -ll % ",le o) 20'l!-1" <>I) Ai 

30'<!-ie- ir 5'. 'll -'i'-11-, 'll 11, '1! 0.}ej 571 i;f4'¾ 'll"l el 'll-¾ ~ 'll '8t'.l12.nj, 0) % "1 el 

'l}ej ¾ BOD "1);,j",je:'_ 13.4'l!ckg2.!a. '!lir 26,873kg:, S\Jel~tj-. 571 i;f4'•lel'l!-"1 

'!lir ¾ A\<ljsJ,e 688Qj<>I) ,t;;fnj 'Et! '!lie 1'!7,J:i'!:el•J,e <!"l•L "-,-l,SJ, 'll<!•I, 

J!.::j=:-1:11, ~~1.Al ~~l:ll ~% =f~~Jl oJ~ 1:11-e,.g- 33.7Q:J~% 7;}.Al"5l-.:i!. ~tj-. ¾ 

A}'lJ•loJI "it! 'i'-£%"1 i.ll'i'l'!~g 50\'12.!a. 7f'l)i;f\'! \'!7,l :-<)½•1%01 13.?Qjg 

'-t Et i.Jl Jl oj 7J oj \'! TI i'\el sJ :S t}-o-f \'! o-f4' ;.J el 'l} gJ \'!?,}SJ%:'_ 47.5 Qj ~ o) ±,_Jl_ 'a 
tj-. 0) •1%:'. i;f-','-llJif 26,873kggJ BOD:S S\Jel~ 'r '.l)2.nj, o);. ".l!'!!"l ha'if 

'll 1'\'1el1s'"12-!a. ~{}i;\\'! l,238ha"1) o) .§. ,e ".Ji '1! -"I 781'\71-'l• 7}0<) 711 'a cJ,. o) 

~ 1i:!-.$11B-3'.J 1a' .J!~.Q.j 7}*].£. ~~<5},~ hat";} 384~~91 7}5t:]~ 7}A]~ 3!..Q..£. 4 

E},J:c+. 

o]'s-<>i)A),e £;,c)o\cJlgJ .2-'il (Odum) ii14''\a]o) 7J!'!!o) o<)\:l 'iJ§f'o'")g >ll1'~ 

7.'!'11- 7J!'1! lha,e o-f-','-oj •~%"r-"l {}2.R'i''ll'(BOD) 21.7kg¾ 'l):o}i;f,e 7,12.!a. '-t 

E},J:c1-(Odum, 1989). 

Pennsylvania"l Monongahela River,aJ 'T',_-.J%<>i) a:f-e 7}:>);. ~'l)-o-f7] ~i;\oj 

7)AJ£<!e~"J-'ll g 0)%~c+ (Smith and Desvouges, 1986). ¾'i/0<\::;<>1]>1! 47}0<) 

%*"1'7"W9%-ll-£9J-i<>lla:f-el'!TI~%0J•<>1~2~:<>11cJ1t!e~••'ll 

o-f£'s- t\c+. 'T',_g, i -l}£0!] a:fi!} -2-"1--"l oj%'8cJI;. "JAjo-\oj ~4- o),e -2,s,J

~ 6 ]%9.l ~7}?j"'oj]J,,Pf-Ei ~~ol, 1,-r,"1, ~~ 7}';- %.Q.j -7-~oJ £]..Jl 7l~4-B-~ 

7f~oJ4 -'lli;- %~ %t! •J%.<J-~¾ 0)%~cJ-. 30171-"I -i:lli'- % 213717} 0)%"1"

'T''s! '!l 1'\oJl a:f-e 1\ "l :a 4>"J o-\ 1) 'l\ o-\<>l 1\'l} £<!e.!l\ y c~ oJ 2,oj 'll cJ,. ~ ',;-ol 

'T'~<>IJAi W-"l 7}'5''7"~"1 4'',J-.J.<J-oJl a:f-e 31!"1 :'. 36,rci<>IJAi 86,rcl Afo);,. ~ 

78slSJ.4. ~~o] 'r¾OflA-J 'T~ 7}~ Y¾_Q_£~ 4'-~ ~AJ-Ofl irl-'E .A]~Q.j,q 641g" 

cioJ1,\i l50<ge1 ,}o\"'- ~1l"1'l!cJ-. 

'A'!!<>i1 ,'c•l"fl'. 'U2-LJ- 7}:>JgJ ~l)o\ "1"1~ ;;)o\ 1) • \c;j 7f;>] %0\tj-. oJ: 

gJ 7J';;o\ SJAf%-"1 7fs];. 7f:-<\Jl '.<12-o\ AjSJ!o<>ll cJlt! A\1]-oJ ,'csj-o-fl'. 'U0<\ 
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lo lo.f'y-\f*H• la;[,< lo lo-2f!' l!ilio:'i{r-1', g =:fdo~ lio-il-lo ~-\r*ll, ·t:i]<;{-'?-[Y 

rv :S{v'Ei'ri"\- 2-[:§:i,c e,{-'?-ilc:w alofo a {hsts {r-,,.f,: loi,;[,,- lo alv-t-', l,c-t,o 

-\e:%lo ~-\,-*H• ~-'.5-f,l.>-se ·t,i,;~[lc{, ;:1~{L !,cit,-[:§: .,.-jn lioi"\-1',- lo~lt-tao 

-W Io 2 ¾ ~ [3 ~ O to-f~ PJOJPdS: MclN ,½snasm.pessew O (Ls61) nauuo:::)JW 

j:11'4 {3.-j-, 2f21',0£ fv [lo f21',6 l =: {Y lo-If I>' lo 's Io -\.e ft ;'; [v %tt i,c i,-t, % 

{o ·tip;t5;;~ {L1'-l>' \o/l,9S£ \<io,:'k>-se llil\<>\rdkt,l: -\.e ;;-[kt,l:w-4 -\5-.!,j~ fvlio 

.fL ~ty~"E"FY ·t:i~{.gly[~ ~-R>1'it ~-{.g--§--{t 20.g.(L ~Pc, ~[¥-\} to~~ ~{:1% 

{o ¾R;-Ht {o Ir-l..g ~3"{gfo"t=- ¾f.!:-{Lk1 P.lta ~{.@ft, [d.g[¥-l} ~ii!?L [o[qi;, Z 

-=.?!;OR lltllo~{¥~% ~~{Y lolln ~~f:'i~~ lot!:~ t.rR{Y -=:-"2toR ~-aK lo 

.f'L =:fvliolLe:> ·(8861 'do4sm pu, 01,fog) -\:tl¢l5%lo {L{Lfu R'E;'\-{L e,{-'?-16 ;':{L 

& [¥-l.L~?Lg,{¥ lo-M-{.g.fL -:ZN-'i?'vft ·-bn; :s:-r:-~~ty -@ft ~l~%f.!~ -wn 
. j:l /¢ 

f-1~'? 2RB. ~Olt'9 ~[¥.:·k ¾ U~ "Wft ¾~fa:-M-=E in{.<?~ 2-=?~"ffftt ¾ U 

j1 :Slo ·t:ip;lo&{, af21',l£ ~l~{L-{lct,l: i,c-1ao lo~! 'wit ¾'i,c-bl: -/,-CE tol?IJt 

{o ·-p~{~"fff-2: ~ [¥~)¢ -{L[,5% -f.o."5'.fn ~ ~l:z::: L :S:l}o,!,-~ ~{L~ %{6:{nRJ lo% 

[H'i):j1 lok&tt &~ ll>k> i:c{-'?-i'rit a%[H-le~ 't,;-g '%lo fy[lo[,p, lo-2tf -f,c 

{L -\.en "-\:to${-'?-i'rit ;';*~[•e:> 1S J.-jilc -/,-','[yjo '[o,\l: i;\l -f',[>' -e'%iti{Y'E ·-t:, 

.S{-'?--1',% {L%tt %lo lno!,;lo&w [o/l,OQQ'f 2O!,,loll, % j1-,,. "'""' {ol-,il't;, 

il, e:>{-'?-lt ¾&{erofl< lo'i,ct,l: -!l-'E ·(166I ,,,woo1 pm, ,adoo:i) -b.S{-'?-fs¾ :; l~ 

{L 'i,cf,t -/,-CE -\.elti [[oAan•A U!nbeoj u-es lo•iwom•:i p,{-'?-%[o ;:{L{,rRCE-/Y{L 

·(6861 'p>na pue nauuo:i>w) -bt4{3.-b afel,,Sl-/!, R,tt, ~ 
-lvlo-lfl,,- lo\r,%lo %IP lto'iolti lo ·p[oil' ~,,,_ lli{Lt, t;,~ b-l" ¾tlc*{-'?- i:':{-'?

t~~ ~t,tlt:~ ~fa PR O.folt-i Wr5 ~1'zh., ~0-R,~ '~-dlorv~ ~ts~1ii 20{0 

j1 fi',,;e ~fo IT{wf;>¾ ;:[v3 jt,!,{-'?-¼[v lotl,-,,.[v-c, -b~ 3-,L-j1 -w&'? ;';{vlo 

¾I>< -wit lt-k-lr.f'• ¾~o!l--'a -&-l.t+tt, lo(i\-,,.[v3 ·p.Sf>1--B-'a af;>i,,0L9 -1',•4 

[orofl< Ile{, 'il:i,, [f1~.S{'1-1"{, ¾[¥{c l,c[nfy lol<tl(,'. ~(Sl6l) ia1so,1 {oe1dn'.) 

·tito(f\t86t$) 861$ -1',•4 

~[¥fl l,c-1ao 'il:11 los!e-\:t[22;;' "j:lfo IT[>'{L :S{v[o {>¾[>: ¾(i:'[c986!$) SIil$ 

20 li<-1'- ii<f' o -/!, •4 e:>{-'?- IP ll<>-, [>'-lk-lil: lo•4-iaf ~ tr,-&f,l: lo i,, if,'. t, [o 1,,- lo½ ·t:i 

fo rr[rk>½lo fa-1,-l,'t,,: ~-,L-i,, -[:§:falli %IP lio'?l•fv-&!?c ::{-'?-!?ell>" ;; fdnfv lo 

~l(L ·-pro K[-r{L ¾~ii: ~n; ~ {:a-&l~ ¾-8-lo ~[t1f} ~~ ~if~ to% iY+H:#" 

i'r ''l'-& l<c-1a o 'rv 1 is-¾[, ll<>i'r l!n ?,fob -lo In¾ ii< Ila 1/v o i,, if,'. ·p loi'r 1!n lcf,J 



% :ilJ- •J, ~ 'lM': 'Al ~ ~ "'°AI sf '.s! t1-. EE~ • f st .QJ .2. 'll -"I "I ¾ 0 I "ii 71-.! 11 ~ % 'it ;,f 

7} 'l'! of '-1- cj •fl 'r-i\-"J ~ •J,t ~ Ji \'l 7f;, "'°Al Sf '.s! t1-. 0 I "'°Af<>I] .Qj Sf\'! -"I "I .2. 'll 

% 0 1 "il71-.! 11~ .2.'ll"il \'I{}~ %'ir-"f~.g- o]'(JJa.tj- 2•1771-"l 'l!-¾~ ;l 0 ]e}'= 

%'it% af'.s!.£."1 "il-rr •J¾ ~'r.91 %7He 50~80% %71'9:: ;l.£.."- "'°Af"i :lit+. 
<>l•J•l%ilJ- Af~ 11'11"1 ;<f.!l.-l< 0 ]%afaj •l'r-i\-'ll-.91 'rJl.~'r7f ~11"1'.llt1-. zj

iiff'T~AJ-~ 'T..8.~{! g ~AH AJ-E.Jl2} !2.~~~~21 ~17-l-f.21 "r..8.~{!_Q_§.. T~i>}

oj £AfSf'.s!t1-. 0 ] ','c 'rJl."(-{1.9] 'iJ$l7f ±tl];,f 0Joj;, 1.fEf'-11'= -;!.£.."- .2.'ll"il 

u:fjat '2"191 \'!71 71-'l:: 1985\:l 7]€'.£..s'- 8.3-11.4"'1\'l: ',/aj,s'- ~11"i'.llt1-. Mc 

Connell 2 .2. "r "l sf A I "ii '.<\ "1 Aj ,2_ 'll -"1 "I % 0 I "il 71 "i \'! •IPll "1 0<] 01.9] 'lr¾ '-'I % 

7};, ~ 'J Sf 7] $l Sfaj '(J:o} -ll_ 'i,'-£Af :S Sf '.s! c}. .2. 'lJ -"i :aj¾.9] :,J] 717} ~ % 11 ~<>I] 

'= o] -"]"so] "11<11"1"1 \tAJ oJ%Z112 tj-jal qj>!] "101% o]-§-Sf:;:i_ o]<>I] u:}e} Ja.t1-

ig-.g- oj•j•l%'4 A]{! 0] 'l[A~S}Jll Btl .2.'ll<>I] u:fl'- ni,,11<111:: 3%.9] ~'<!%% 71 

1]Sf'.s!~ «II 1985\:l 7]€'.£..s'- \'!7171-'17} 3.l"'l\'l:',l:a]"il 0 il'-t1-. 

-1)!~,:>. 1r!71Z}.9.1 ¾Y%1=g S:~t;}e:J %4-oJl a+"E '?JI:§ '31 ;;i:ff{±!!l~~ Y~~tj-. 

'E~ \'!'l!c;l!'il-& Ei1% 0 l \'!'l! 7)771°1 9-71%<>11 u:}e} Eil%.9J '11~~ 7,)-±sf:: ~¾ 
01~% ~cf. u:}afA1 c;i!'/12 Eil%.£..s'-.\'-E1 -i\-;<].9] 7l'lf"l01<>11 qJ~ "1%11::: 7,)-±Al 

l ~ 0, .C£, -\rl 7 -;::= 7 ~ '2. ~ .... 

~«lQ.J A]1~ ~.Ajoj] rr}2} .:S:"r~~ ~ Ell¾~1l 7]~~ ~.a~ 'T '.V_.Q..nj ~ 

•I P]~ej P]A]A]"i'J Sf-;,-"11 $1-'l~ -','-o];,]oJ1.f'l'.9J ;,;J~ %'r£'ll \,! Eil%£'ll 

7]';.g_.. A}-~ 7<!~]~.Q..£ ¾Ji.~ ~wg ~t:.}. 

c;l!\ll!!I ¾'r £1!71-'l;a ~11~ \'!'r"il .9]Sf\'! ha'if \'!i'l ,ae]o] 200',/ei.s'- ~ 

11"1'.llcf (Gupta and Foster, 1975). -'i'- 0 1-'1°1'-l c;l!'/1.9] ¾'r \,! Eil%£'ll7]',i-:ilj- it 

-& -'f\'!,ff•l CE1!.QJ 7}-'l:: ha'if \'!TI 7,800',!a]."- "il7l"i'.llt1- (Farber, 1993). 

~ "1 l-f af "ii Aj :: '11 -oJ- 7J -'] 'r .9] TI -'I 01 ,l .£. .s'- \'l Sf oj ~ .l':-'] 01 % "11 'l! 7 f 771 ° I 
v"' .'i'."l.91 "1i'r'll'1l''4 1c:: •»'r'll'if.91 "i•l~ 11~'111 '.<!cf. 0 12 A1•1'1!.9J 
1l}.ZA1 Z}-:aiu~1EJ o1~olli:" 5\l"'T7} ?~~~ ~ 7J '6}-=t,~ II}i'-} ¼"r EE~ ¼~~~ 

"1 7} -? \11.5'. A] "i 01.9] •l 'r \'! '\}'if O I l-f Ei-'-t"i f,r'.lJ:-'l '1! TI-'! oj ,l .Qj 'lf £"ii {! 1! 

~ "ii :: 'T \11.5'. A I .9] •l 'r 'll ;,I O I ,cf 'T '-t El-'-t O I :'; ~ \'l O I c;I! 'il nf :i!] <>ii u:} ~ c<f \'! ,1 
%11 c'E 'lJ 7] '.; .9j AJ "1 <>I] '.<l "' ;l .£. 5' ]a_ aj 'cJ t1-. 
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o)';,, .eJ 1l7R '?'! '1lcoJI $1 '-I~ -1! \!l eJ 7,l >II "J 7)'-1::: .l!. 8-6'4 '1-t:\. ,Jl \!l "l 7)'-1 e 
l,'Y";f:~, Ai6}?:), ~{}~ J.j{}, {Jo)~ 7)~%£1 J}.7;}~ 31:_~°5}Jl ~.Q...o:j or~.g.. 

0<Je.J'l 's'.l '.!! ;J'Ell•l~eJ 11-3'."l- 7}"5'"11 tcfe\ "l"1'J2.;a. t:\ 0J~ 7f'-li1- !l.oj'r 

32 V q-_ 
oJ-,:- ~'ii -1!\!leJ ha',l- '?'!'{} '\l'fr7l'-l::: 5,373 ,te1°1"1, 7,l>il"l 7)'-17) 7)')} 

'1,.g. -'l 01 .g. ~'¥- ,.J! e.J .,r_ i..\ 0 l ;a. 14,401,r"i eJ 7)'-1 ;, '-1-1'.]-L\l ie 'fr 'l'! %'¥- '!li "l cit 

'?'!'ll ?J!'ll-"1 7l>li=c ha'a- 2,992 ,t,i;a. '¥- -'l"1eJ 7.l>il"l 7f"-lie 5"1 "ilxeJ '-l"l 

:a '-t E} Ljj Jl '.ll q. 

"I "1 ha',l- 7)'-1($ yr') 

North Atlantic 7,031 
~ 

Mid Atlantic 3,721 

South Atlantic 3,169 

Strait of Florida 3,081 

Eastern Gulf of Mexico 2,992 

Central Gulf 3,422 

Western Gulf 3,526 

Southern California 6,081 

Central California 5,164 

Northern California 14,401 

Washington and Oregon 6,519 

P}-'<,- llj;,r 5,373 

'i-"1"} 01'-l- 'l'!'ll 7J!'ljej ';'!'{} ;g,iJ<!j 7)'-Je ~~ ... ,g~o} 4,670 'i/-ej, "J:§}7} 

'o"I 2'i/-"1, {lo}"J 7}-'i;- 0 I 1,757',l:«1, -§-~i'ir"I 119 ',rel, ;,:)'?'!>Ril/lc£'!1°1 7,791 

',l:aj;a. * ;;ic<Jl"l 7P}e ha'i/- '?'!D: 14,339'i/-"i"l 7).>.J;, 7)0<}:il '.Uc\. Costonza et 
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al. (1997) 01 .,_-'1'11 -'ll.lll ?J!\!!91 'llrr -'JEil"l 1}:sl<= 'r~% -'~~o] 466 ',!el, 'l):§:]-

1]1,'0] 6,695 '<!cl, "r';'l•l'il~'l!11':s' 0i 1,839 '<!el % 61}c<l 1]':s'oJI tll'11 ha';J- ';'l 

n 7}:sl 7} 9,990 '<!•I::; LJ-Ef'-11.:il '.lie+. 

T'll-"· 
-'r -:;'_f€ A~{!-

).i-ol "i 
'jj:oj-7] 'o 

"i,ju]~7]';; 

%A::,J_:~ TO e 

A}~ ~~ 8H :f. {i 

kl li :g-"J 

~I 

1
' Farber, 1993 

zi Nature, 1997 

~c,J;,:] 0~411 -'ll ,ii eJ 1~t! 
4,670 466 

- 169 

2 6,695 

1,757 658 

119 0 

7,791 1,839 
- 162 

14,339 9,990 

<E '11 'l1 tJl ><l 01 <>ii ig-oJ li'-~iii .:il '.ll ~ uJ .::1,u,ei 1}:sl 'lt .,_-'l '11 J.}al] ';'l T' 

(Harniltnn and Snedaker, 1984)"11 ej ii}'I! ha 'if '1l {! :,j ,<J] ") 7}:sJ ie Trinidad7} 

2,892',!el, Fijilf 2,120 ',!el, Puerto Rico 2,506 ',!r]!a. ~J.},aj '.(!q-. o] :a, 7}:s]S= u~ 

.::J.!a.£!.-"I •~E111f>l% 'r~* o]~, -jl-\\JO]%, -2-'t"l o]-§-91 Af-§-7}3<]'1]-¾ '\l7}-0} 

uj Costanza%o] iE"~~ PJJ~.!!~ ,q)Jll ~ir 7}7:]'i! 9,990 1gi!-l.!i!.tj-{=- .3J..g. 3!.2. 

~ aj1}£].I!. 'Ur+. <5}~1~ Cotanza%o] l7\-~ P~::Z..§...!!£1 i!-~l¾ 4-~% -"J~, ~ 

o] ~ 7] 'o :ill- -@li t?-"E"9.1 37}.Al 7]';;" o1l ill~ 7}*l'C' 1,286 lgi\.£ Hamilton% 01 ~ 

61'11 37J's-1f91 1f>l1f c, :ltJ\l 'lJ1f"1.:i1 '.llc+. 
c<]'e,'nf><l ~lfj;'- efe} :,/ 0] 7.J!\!!o]l-) "~.::J.'1.£!.91 11-'ll"l 7fc"]~ ><li!J"l ";-';j, 

A~%91 1,-!e_ 'al ).f_§j7il,<J]aj 0 1%'1! .... oJI "1-2)- "1-0,l'ii}J\) LJ-Ef,J-:. 'il- 'r '.llct. 

o l c;:- 91 ,J! \!! t! "1 ~ ';'l "J-'ll .!/-ef ,;c 'll .!/- '>! ~ \!! t! \"! 1 l t! :. 3lf 91 ~ 91 -of oil ¾ 'll 
'1.:il '.lie+. 7.J!\!!B-"191 %.R'11 .R'l) %91 -O}Lj-7} uj'i'J:i!f <!cal % '!!-1191 \'!:o:l-<>11 tJl 
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5j-cj 'il"il"l 7f-'l'fl7l;e .l'.~ilfie t!:'il':J"J'fl1,o]cf, o]~,O. 1969\'! ~7)t!:7eHl'11 

'll (National Environmental Policy Act)<>ll .Qj •1 '5' 'jj B .Qj "17) "l-'11 <>I] Ai t!:'il .Qj 

':J ')}¾ TI ill '1)- 1l -"I 7) .l'. ~ -"I s: ,._ "1-'.ll cf. "l 1 I <>Ii ie o I ~ % 'll \Jc, t!: 'ii 'll , I.Jl .!/- -'a 
sl <>iff- ~ o]:Af%~li!.~~ (Fish and Wildlife Service), ~¥Ac3Q.J £ 0Jli!.{!~ (Soil 

Conservation Service) %-"I 47J ';'l•J-7]7"7) .l'.~-"1"1 'l)cf. £Ii=- oJ¾-"I~ cJ!'l! 

-\'!-'1 'IL". 1972 \'! <>Ii >11 'll -,! "r ~ 'll 'li 'll ( Clean Water Act) <>Ii i=-7l "I TI 'l) cf. o I'll 

-"1 >11404&<>11 -"I ill\'l t!:'il 'll "t o] ~ -&-sr'5' 'l/ \J:O] "r \S.-"I ¾-ll,} off i/l <>ii -\'!-~ "1 

1,'{!~g 1,"ITI Ql.ll.oj '11) -,\<>ii t!:'el-"l \'l~<>ll cJI~ 'el-'ll"l l\17).QJ I.Jl¾g .l'. 

~"I Jil -<! cf. 

cj7]<>l]Aile '1!"1 o]~Oii"i cJ!'l!.eJ oJi/lOil u:f;< "11H!:>);, -jt-"].!i!.7]ie. ~t:l-. o] 

~ -"I off i/l '17) 'l!:>lie 'l! 'l!'17f (general permit)9t 7J \!! '17) (individual pennit)iis 

Y-'f-"1-<! t:l-. 'll '/!"17)ie cJ171 2<>1] o] "1 °] %)-"I A)'lJ <>I] "l %-"I le '"''rl-.5'-A)'ll "ii Sil 'a" 

"'oj 71 \!! "1 7 )le 2 Oil O I ,i O l AJ- -"I A I'll 'll 'ii + <>ii Sil 'a"-,! q. 'l! 'l! '1 7) .Qj 'ii + Oil 'll 

•i"i 1<>11°],j 0 1\'1- "I'll-"! 'ii+<>!]~ J.)'lj.Qj t!:"il':J"J l\17)ol]Ai Al'lJA]')JoJ] u:f;< 

~%~7]%011 r.Jl~ 'g-oJ:, 1il7t:r~ ,,.~~9.J J.i~A] .e;tHoJl Lilv.1- ~~~,J: %Q.J -R-¥ ctj 

.!/-:e '\17)il)cj ':J~Jg op];,] 'i'-~t:l-TI '.'!:B-"l'll 1]E} 'l!'l!"17)J.l"J--"I ~<)g c;J 

5eil)cj o];, ¾is'~ 'il+<>il A)'lJ"?'ll¾ il)TI, ~<>!]Ai 'l!,J~ "J-.!il- %<>I] Qj-':j~o] 

Ql.ll.\'l ,1W"11f.QJ '<!'11% '1-"1711 '<'!t:f. 

loJ]o],j o]"J- 2oJ]o],j o]il).Qj J.)'lj'l] 7,l+<>il 'lJ"1Aile 7J'lfA]•J:<f71 ~o''5''l/B 

oil 1J 'lf {! 'll -"i-l'f :'i >Ii;:,;;) '1l '5' 'll B ::' 7J 'lf {) 'll-"l 'll 'l c ,J % c;J 5e "I TI -\'!- \'l'\'-"I 
2t ~.Qjil)oj .QJ{'lg 4';,J~cf. '5''lJIJ,O. 4''1'8 .Qj'('lg c;j5ei\")9 71\!!"17)-"l '!l.ll. 

"l .!/- :S .;J. 11 ;;) "l ,1 \!! '1 1) -"I '!! .ll. -'a O l 1'l-B -"I \'l ,1 \!! '1 1) -"l '411 g ,i -'I TI 'l! 'l! "1 

7}9.j .B.Z:J.g ;!'~~ ~~i517}.£. ~1.£1~ ~~<?Jo] Q.JZ:!g 1ij~~ 4'- '3!£~ tf7S 

-'1 ~ 71"-l"foj il%"l'd Af'll-"I -¥Al 1'!-B "l.!/-:e .;J.11~'1. 0]9t '!lco] o]S(-::' 'I" 

::' '•I'll-"! rr'i'-'l!"l"-1-£ 1l'lf<>li u:f-e t!:'el<>il cJI~ ':J"J01 .t 'el+"ilJ.i .!i!.t:l- -<ll'll 

~ ~AfoJI -"I'll '\111 ~ ~ 4' 'l.ll= 1J\!!"17f-"I i!J-11 g '1-"1711 Bt:l-. 

2<>!] 0]'1 ohJ-e.J 7~'!,At'JJ::' 7~\!!"17}.Qj "1-11;'; ,j.>],j -,!q. cJl.l/-l/--"I >f'ljo] 
0 l l'l 'J' <>II •1 's" -"I oj 7J 'lf A) 'll -"l 'r Jl. " 11 9 .!/-ie 7J 'lf <>ii q;< t!: 7J .Qj "1-':l "Jo "l .!/-

7 f -,Jl. il/171 1]~0] '<)q. J.f'ljo] i''l!Boil 1J97f £1\'l i''ll'i!c' 'l!'l!i''/l-% ,._ 

ilfcj ,._,~ }0117,l£Sj -"li'l 4';,j1)1J% 71-"]71] 'tic}. 01 7]'{)-%'1! 7~'!,J.f'll'-11%<>1] 

r1l "f cj i' 'll 11 ,o. % ~ o I TI \'l 'll-'ll .!/-1 I 1'l-, ? '11.!/- 1 I 1'l-, "l 'll- 'll .l/- 1 l -\'!- 'ii'- '11- of y "-1-

-\'!- '1 °JoJsl\1 'JI 'l!'l!1J'd.QJ e.]'('15: 1J-<]'8t:l-. -"li'l 9'1 ~ Af'lJo] -\'-aJ'l!~ 5! 
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OILl2 

Cle] 8-2. Dl",21 DHili"Pi"i JH\!l "Pi 
~,:f. 
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2...ss \'fl'!:"1~ 7aq.oJJ~ A)'lJ>:t"1 1J'll-1!l~ {111% 1Jztsl>!I "12 i's'"l ?t":'. 7a 
q.oJ] ~ tti/l i'! 11: 7) .SS 'j'sj-,! 't'-1J ~ % 7j ;,j %)oj A)'lJ 9j E}',j-Aj oj .!/- ::C 7,l .!i': ~tj

"c'lJ ej 7)-'/-% :,!'l]%)~ ?il. "i)7) il.'1.)~.g. 7,J,i]aj Ej-,l-sj l/1'-'1} o)yej- ¥1:,;Jaj 

il.'1.).ilf A}~aj il.'1.) ~5:_ 7,}'1.1:~tj-. oJli,: ~,'! oJ!'1)9j 7at!:, o)"J%-6J%9j 7)3<1, ¾ 

? oJl'l}Jt.ilf, oj7)~%"1 .2."J-aj o].§-, ?'l! %% 2'1~9-. o]ej- 'I!-:'. 7,l"i]"l, ¥le 
,;j "') il. '1] ej '/l ~it :;)-'t!~ oj A} 'lJ ,;) 'l) oj] t\l ~ "] 7} oj .!/- ;, 7,;j 'l] ~ tj- ct~ 7j ',!

A) 'lJ-£ AJ•J~Ci!e<) %)~ 'r>l]7) 7J',!-A)'ll"l 'ii-.£ ',! 'Al~ J/1''1} o)yej- 1J'll-oJI 1I} 

~ t]-7,jej '/J~ej- e<j{J-HJ-'1.1: %~ ;<J]½%)oj A)'lJej Ej-',J-sj oj.!/-;e 7,J'l] 'l!,~tj-. 

u]-s; .g. 1)! '!! 11 'lt "l 11 '!l-"11 ll'.}~ 7.J! '!l "l e{a) 01 ::,-1,JJJ ~ 7a q.oj] ~ 7}1,- s;J 'I! oJi 

'il"l e{a)~ :11~~ ~? '.ll:: 'll•~~ ~,,,2 '.l/cl-. 0 1~ 'lll/!"l2...ss i:H>il'll'11 

(mitigation policy)2...ss '>!'!l."10<]Pj o]~ A)'lJAl•J"l -l,1-7).lljsjoJJ ll'.}~ A)'ll"l 'ii-.£ 

::C 'ii ~1} 2..:sa. M\ tl-7,I 'lJ ~.}.g. ,i 7J~ Ci! tj\ >ii 'l] '1J ½ ,..~oj tl-7a ll] '11;, J:I. '1<~9-

o] 2} Qo] u]-s;.g. oJ!'ileJ 7J'lfoJJ ll'.}~ 7,l;<J]aj, ti-o:Jaj "1'11::C ;,j]'lf~")"1 o]~ 7) 

:>] ;:c li.%"1>11 ~2...ssAj ol!'il"l li.:,131} *"lti:2.1% Jl\~ 7a"ilt!:'ll"1 'll'11 ~ *"I 

i;)oj \:rs,"~ o\-'i; '.J!'il ~ 'l!"l"l ~'ll ~ _J;l_~o\ oj-y2.j- 7.J!'ilol 7J-0<l:i1 '.,)~ 

7] '; .ilf 7) >-1 'I! Oil Aj "l ~ 'll ~ :'. li. ~% :<] 'i,'5)-Ci! V tj-, 

~ l\j nJ: 'r '/l "l ~ '!! .g. q.2.j '-J-2.j-ej tj-~ 7)! 'ii .ilf o}% 7)-:<l .sc ?0:% "J s,l:, Aj <-] :<l 

7]1,-, .2.',l'l]~7]1,'-, -i]u]aj 7]'; %% 7f0<]"1 '.,)q. "i"I q.2.j '-l-2.J- 1'11°] 7f:<]Ci! 

V.'C" ¾..8..~ 7a~l~ 7\-:~lt° 'T~~;.~~, A-J~;i;] 7]'o ~ 1:a'f-71~~ 7}*1.£ ~~~ 
£ o]ej- ~\~~ 0\2...sc Aj-,l.¥)tj-, 

s;fxJ'l} 0 ]~ "1] 7f:<]7]1,-oJI t\l~ 7\->-l~ ~.}~ ;<f'ljllj-~aj 'lj,';'cAfej 7,;!.il};e 0 ] 

.§-"I oj ii'--"I '5j-Ci!Af ~ q, 1I} 2.j-Aj O] '/! 'll ,' Oil Aj ~ A}~ 7,1,1] "l 2...ss '1} "iJ 7} 7 f '; ~ 

-iJ u] aj 7\ 1,- % 1} ",l 'l}oJI Jl\ :>] i\ '1] ?.Q.'.l-eJ 9-"\ "\ 7] 1,-oJI t\l %)-oj "il 7\-i;) Jl;<) ~ 

c). ll'.}2.J-1-1 '11?-!l-'ll-"l 1>11"1 7)~1 "iJ7t7t ~"il'll: 1'!!21 ~>il7t>-l7f ,,i? \l/2.. 

PJ, ~llJ'll: oJ!'l!"l ojeJ 7]'; % -iJo]Zl 7l'o"l '>!.!/-'ll: "il7fs;f:,JI '<li:J- ~"il'll: 1 

~91 ~,U~J.~~, Ai~Al7l~, .2.~7g~7l'o %% ¥..~~ 1~l~ ~ 7\-:7.\~ -0-.}~ 

'<J'j'Af',j<>l]Aj ¾~"l2...sc "i)7f,sf7i] ',l '>! 0 ]c). 
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- OS> -

·titt',{3.t, a,;,-{o lo%la lo% 1e-&fo lo k%f.t 

~~~"ff.ftct loR,ffL klloWfrcr~ThFo •t.ifo LI"~P:,R ~ ~ ~tJ.f<; l¥E lo~lol¥ 
kilo%% 11>'.fv lo i<,-6, ,k ~(!86!)uewsn•H -lo(9l6!)S!ll!M '-bfa [Yje [ot",- [llF -lo 
,, JJc to \ir .,;-[:n lio-Wli\ lo !-"fr 1, ,;,-[I< Th k llo-cc is t,, ~ fv j-tje to H• Is-~ :': -Wli\ [LF 

%lo llo%lo lowfrl'r,;,--l',-1'1 kllolnto wls-1<> ·-p-[../1,¾ klloRJ,,1,+ -[elt lio-lr 

[In lt.fo [r-{.g~{L ~f.t ow~cr~{'vR -h~2L ·v& l-ol5fv~ 20** [t2{o row 
J,,1,,:,--l',-1'1 loR,tt, ~k{L lovlak .,;-[:n lio%lo l"%f.': toR>Ht -bi}li•-cc kao 

~~:1 ~~~--a--& tofoffL ~lo lv &"? tocr-&~ l:o-l~~"'? ~-&~er-::? lofo~L tz-Ia 
-irPt'* to~-t?trt iilhdt1tit,. 20R-I? "E"'q-&lv o~ cr~-% ~ir-& tol)c-&a 

·tie. lo~[L ~{-'?-{Lil, :.-Wli\l>dL 2-ln liof.t/< &,t ITf•lLfu ~l>e{L vlak & 

~ibt" lo[,,-8,f.> [o{l-[a[,lo ~-In lio-lr.fs [1'-8,f., ~[~{3.j-t lli{elo.f'y [o./z -lo[o 

-bf\-tstt lllle lo;",- o 
%la«•eo -[-2-[:n lloi,,l>-' In -t.. «•eo lo{elt [Lj/,-&[i>'. ~ .... [afy &~R,js tofol• [e 

lo [oR,HL -is rrati lo%la«•lo te-ln llofol>-' In -!.>-lr;0R al,,[>'. in[<, klioi,;[, fe 

lo -b%%lo ¾.fyj:l, ~t-'?- iollo*l" ¾%la ~f•«•lo k{uifi::- p,{-'?-[t [Lj/,-&[l>' ~ 

v[afy ~i'i-&li< klio&~is{l". ~~lo f;\f.>1,s, e,{-'?-[t [L{-'?-ll-H• ;:c[l<-lr -iefelo 

-pn; LI"-l.g* [y:~ l:o-l.g-&l~ ~-g-l:i: 

lo3& ~lo ,;,- -l.>¾3 ~,;,-{ol,,;,- -is-£ a-t.li<&&lit lol,-{L%lo 2-ln [lo{l[L lo 

vlafy ;s[o rrr,,r ·tin; foi'i.faHL ao% 1<-&Fo ~lllltLf.> t,I%la ~f•-&11>'. ~v 

[afy j-tl,'.:i',-6,H, a1<.\: llilio;s{"%lo ~%lo vlak ;s[o '-b[of,- ~.f;) ki'ii'tlia 

p,{-'?-½ ¾~[-t{elt<i -&lY lo%lo -[l,[p liovlafy 's [o {.It a t,,-J;t r,,loo 'I,<% 

-b-l-@ 1, 

¾ lo-l-@lt :':tef.> lo-&11>'.-..-lak wfo-b ~1't& -is% liol>e{L lovlak 'slo -bi}-[-2 

-le, te-ln lio31l-%lo loPo-{l< ";[o t,i !ao c,-,;,- f-tlo!s\o[L-& o?v;, ~l•ll-i'z ~ 

[>e{L •tif.~lo llo[I-;. ~ • .-&Ii>'. [o&~ist" ~[,:jL r,,[1<& lov[afy "slo 'I•~ 

"-b'to E[r-{L ~.fvR- i?-"°8"',% 

lol>-'{L ,k ~-!\:IL ;;lo liotlf.> R,l,li>'.f'L ·ti~ lo{e.-&11>'. :':l>efL lo-!\:[L l,c[n[} lo 

% -&~~[l.2. 't}% ':f,.ty 'lvf1t llillo ~ l-2-½ 0 ~t¼~-lr lo% ~[l.2. '~-fv 1

.fL '-&~ 

%lo l,?.h,¢ [o~{>'~-W:fol!g ·1 



- I SS -

lo ¾[,-ti, %1• l;,li<t?.: lo% %!•«•to -b-1?.: ~«•to ::S l>dldit -=;fo {L{rli',to o ll, 

-f• lo '-bi½%{;, llo{Lflr{,:{L l;,{afy -il"-'oc l;,-t,,o 201;,{/,/'o -il"i\'10 %1• «do 
j::1)1; 

E{ow [of.\ llo{Lfu[,:{L lowHr-&-& fol5%{Y 2-.g-[o lniAOS6l oto~rlc %!•«•to 

[o 'j::1)1; + -io-iz[y 20%le{vlo¾l>' loR,[L a%1e[,to lol•«•lo loll>i0• lv{Ljo 

~n, c:;, ~~'? ~l¥-lL [o['t'-&t,! ~['L{-'? ·ti'~~ ~-lL ~-g{'L -P-&¼ ~B-k--S-":7 

Th-i1 ~Ile-,- :'_c{vlo¾I" win liolrilcf,l- lo~dkt,l- .;:,te-t- 'fv-letn ·t,w-tir.1: '"" 

-&Fo ~ft ~[-r:..g-~.:g if~ ti.~m {L1f-&fo 2Q[yfi'tfo ~[¥:{trf.! Q-{Z f.6--8·~-2:
p[o;~-\,7[, ·t,to[> .;:,t,j.o lo~ a«•lo k{u~lr r C::fvH•lt ld,.%lo :a,wtt, 

ilcll: lo~ I" i'l> fo lo ~,llcf,l: .;:,t,,_. lo.£ & :a f2 to lowi•ilcll: io?.c t,,: ilcll:fo ~ 

·P.W%lo ~1:f{-r: Thr2l~ 
In foP) 7 ~%lo :S1l"{>" -&Iv lo[.-]';- [vile-,-+., .. ro% -lo[Y{L,&[v 20!;,f\ffL 

oll>,i wf2[0 '-bioiElo liolti~ io"°'{L ~f,l: ::S{L C::[r{L :sk{L t,jois, lli[ioR, 

[L [o';[o j1[>'..fo [>c{ .. "°'{L lt;!k fvlio-&lv {Lv{AfY ttwtt> oll>ii {Lfu {;,[}]2 

'j:,jo 3{L{ .. ilc~ 20--§-{A 

«•to .;:,,,.{l,n a% !•tel:> 'I•½" :si,:{L lokilcll: fo-; ::Silo ·-t:i:i. 3{L-t,,l\c,} 

to-(,,%lo ::Si'il>c 3-:e:w .;:,t,t,t, .,,_.½ -!<lt;!k.frlv lo-Wi•iH,! -lolo 3lr1L 

·pn; Trt5~liL [o~~f1t '"iSfd ~f5 l✓.{.<?~-4-:- ¾tofu 

lo?lefv -rt-Wli< .;:,,fo [>c{,.HriE [o,&{v ·-t:i~ [of;f,l, {opfo {>[RY {o1'7{Y[AY 

o fu,}loflr lo?IAfY ttwi, -&Iv!• fy{2{:n ·-t:i.;:,.ro [,c{ .. H>iE {L{Y[Ay {ojY-G,[v 

lo[<cf,l:[!<I,'. R,l;,½R [lotH\n [L[oioflr 11,,,&[Y{A 2'>' o ';[o ·t,n; 7 isc{L ;';jylo 

¾l-r: lo3"W~!=f F=>{.<?1-6- [L{-<?{lr ~R'1q,, lov[Etk -b~lil'.' ~lo OToHL l-o'to ::7 ~ 

%% -½o llo-wtt,-&lvlA ttwff,-fvlv -il"fu-,- toRr aol;,f',[L ·t,~ ~,'1R, of.I lio 

y{l: [,c-J., lof6HL -il"rv./1,- lo~{:<{?.:-i" '; lo Ek> ~ toRr fvao{o.%[o ¾ts{YilcW 

's[o -i,"R,ffL E{ .. ,Lfr 3[lo{l,r ·-t:i.;:,.ro [,c{ .. ¾[>c ¾l,-{L,&[y 3's{>"{AY foo.fo 

k1"-G-[v lo!l,[L {;,{y C::vlAfY ttwtt, 's[o '!,;o ·t,n; lofv:. .;:,,fo [r{ .. lrro -is

t,r[l,{'.{Lfu lofvlio.f'rlv R,i;,½R C::?l•fvt?.:w lo% ~f,l: {l-'E t,[y-1', 1;,-1,;o 

·t,n; Ei,-l,.[L [of.\ [o";ll,{'a{Lfu i,.f,l: lio-Wi«lr{L loilcw t,[ojl;{r~ 

,,,. .;:,P) {L1!"{>" lo&lt;!f,'. t,[o[,-{L lo-,l: -lovl•fv ttwH, %-!''dLlt;!f,'. fvlio-&lv 

Ji!ia" %[R ~lo 0
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% ~cf- -'.a! '11..:. '1l ,ip,J "i %0 1 tr'!i-"I oJl-'i '11-ll'"l '° •l~QJ- -'i "1 -'-"1 7Fl~ 'll:'ll 

iil.:;r 0 1"" tr'!l--"l '!1-11-oll IIf<'- "1*"1-'1"1 :ii-'l'-1~ <!1:P!.Q..S:. tr~~ 'r ~cf
-tl:-31J-Al~ lfr~·8'}C" 7~~Sil ~,>,Jg ¥!~~.2...£.Ai ~':PM·AloJl tllt!- 'T.B..-W,'T~ £½~ 

'r ~cf "i, 'i".R~-;J:: "r"1CU ~:: ~•l"l 7lzJiiloll-'i tr'!i-"1-"1 '!l-11-~'r71 :;j_ 

11 '<l cJ-. 

"1•] "i¾"J'll.g, "i-'l1J- tl:7<!•1§1-.QJ l\17loJ) '\'Hl-'l1l-oll-'i"1 ±Hl'!lEII;, 0 1%~ 
cJ-. ';iii tl:7<!-"I-UoJI cJl~ -'i"l6 °J%oJI IIJ-;< HJ-§-oJ 71Zj.QJ cJl>i)c,J'l] ';;/.2_.s!. -'I 

%'<)cf. 0 J'C! HJ-§-.g, oj•]HI-§-, 'l,11)-.is, ~'l}oll>i.QJ "1%:ilf tf7,Jsj.oj-.QJ 0 J%i ~ 

~ -"11'-•l-i''ll %oJ .l'.~Bcf. oJ "J'lJ.g, tf7<l-"I-U:ilf ±HJ,)½Alo).QJ 7J~-"),cc ~ 

-"I '1! _1;1_ ~ "l 'll tr ,ii ;, 0 I % ~cf. cf-' I 'lf "I\'! 0 I '>! .g, ± "i -"l ½ 0 I "I '-1-2r. \l:l-2- \'! 

::i ~7<!•1.o-foJI Eil~ ~'11 1L-§-.g, \l:lcf'° ',!g "1°l~cf- IIJ-"1->i tr'!l--"l"1 '9'E"l 
%0 1 -"lcf'-1~1 HJ-1<1\'! Ol.!j'-5'- 7)><1 ~l; ';;1°1"1 tr'!l-><I.QJ -'l.ol"l ~;,JJHI-§-::'. 'O'oJ 

Bcf. "1•]4"1% .'i'.•J!.g, '9']-"171 tr'!l--"l"ioJI oj•]iif7) ~'11-'i<e 'lHJ~ HJ-§- 0 1 

\ll.R~ ~ g 0 J%~c}. u:f"t-'i '9'E"l% 0 I -']"J71Zj% cJl>iliil711 ,aJ.:;r oj•]:>Je.171 

cf. 

'9 •] "I % .'i'. 'i!! .QJ 7 I ,'- 0 I i" ,o_ tr '11- -"I .QJ "J.'1- .o1 'r QJ- '9 •] "i % :ilf ,cc "I "1 '11- tr tr >ii 

;; 'Re: ',!oJcf 'll'll:"l-2-.s!. 0 1 '9'E"l%oJI'° -'l-'l"L sc"l-"L -"1%*1 ¾-"l"i % 

'9 •» -'I l"! % oJ .l'. ~ '<l cf. o I ~ i!-:: "1 •» "i % .'i'. 'i!! oil cJl ~ -i' >ii aj .Q..s!. :ilf 11 % -'.e!-"1 
.Ii!.\'! cfg "I i!-cf. "ii;; g \'!, 11-\'-71 '11\1171"1 '8'~ 0 l'-1- '1l'i".J\-1l-oll Eil~ 7<lo<Jl"l 
7}~1~ ~j]_A} ~ uff :i ¥1:31J-Al~ ~t B-31J-7Jl~oJl,ll 1i~S:A}!i 1lAlif "r :Ut:1-. 
-ll.'1-£-'1"1 '-11%:: J:';gJ 71-'r><l. oi•E>ie.J, oj•J%'l}.<I, oj•J% HI%, oi•J7I'(! 
%OJ .l'. ~.,!cf. 

'9 •E "i -§-.g, tl '11- -"I oil cJl ~ 'r .a ~-;J i 4'11 ~ .Q..s!.-'i tr'ir-"l-"1 ¾ 71'-1 QJ- 'lJ "1 
g 4~d~}q_ 

'9 •E sf HI -§-.g, tr -E-"l "1 :ilf \'! ti: B '9 a) .8. 'll oJI "1 '11 :;j_ 11 B cf. 

Cij = f(DCij, TCij, Fj) i=l, ... n, j=l, ... m 

DC: 7Je.lH1%, ,J'l]igJ -"l"177)-")"1 >1e.loJI u:f;< "1% 

rr ~n~~i4"1~4"1~~~n:ilf~'ll•~n-"1~% 
F : 'lJ 1)-.is 
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YOl] .¥.~,tltj-, ~~~~y~ o] ~ -2.]ofl ~"=;Y~, Ji!.~15=., ';"!~TX %9.J Al-~7a 
;<Jji!j il.'d::; ~ !l~~ 'r '.lie/. EE.ti: cjo]l'!'r (dummy variable).s'.ic aja]zllol 

~'r <>i•O~"i 0 J4 ~:'. 'ff-7}71{}%'1l"-I <>1•0°14 %oJ '.ll¾ 'r '.lief. 

71 '11 "l "1 •o "i"l % 'll-'ll "-1 tll >il"l '1l "J'll~.s!. ;,c] "I "I "1•];,f B]%'ll-'ll (Zonal 
TCM) 0 ] '.lief. 01 5'.•;!!.g. Clawson-"! Knetch (1966) %o/l .eJ"II ±7»-"l'.llef. z]"j'l) 

~12 9~~:;i;]~ '5'{]~.£ ~~1:J'T~ "F{l.2...£. Lt~ Y ;Utj-. :l 0 ]%~ ;;i;]Q;]~ ~ 

•O -"f "I % '1J- 'll :'. T' '1- B 7'] "I "-I '1l T'-it 5'. ;a I'! ".l -of 7 I uJ li'- o l q. 0 l '1 '11 'i'-it 5'. i= 

::I "i"J--"l •01lT'"ioJ] rrf,' -,'l/- 01 Ail."-/ ¾%>Jo] J,:7] uj,1-o]ef. oJ•OzfBI% 

5'. 'i! ~ ;;f 4"-1 ,HJ-z] "I oJ] tJI ;;f oj -i' '1-B ot] "I ~.s'.-'/- E1 "-I oJ •o B] % o<f il. :a O l % ~ 

t:/. 'ir'ir"l"i "rl'l"-1 oJ•O½'ll,z];s ,"l/--Ofoj 0 1 "l"io/lJ.191 <>i•Oel%:'. {)-:'. :,!~ 

.s'. 7f1Jtfef zJ- "i"i~.s'.-'/-Ej oJ•OBl%31f "l']'~'r '.!) '1)-,'i,- a]%5}"1 zJ- z]"j 

"-I oJ •o e1 %31f oJ •o -31"';; 01 % ,,,oJ t1--'ll- "l "I 91 'r il. 'c-\! ~ x ½ t1:t:1. 
"' "i "-I 'r':: 5'. ·!l "-I ,; 'll "11 rrf 4 i 'r' 7f '1 ii -"I o\ "l "i "l "1 •O :sf "J 'll "-1 5'. 'ill 

~ TX~ tj-g .ill- Qt:}-. 

Vzj = V(Czj, Popzj, Sz) z=l, ... z 
V : Zot] "I "ii >j j oj •O 7'] "-/ "J-li'-'r 

Popz : Z;;c] "I 91 '11 T'r 

~ Z~"i"-l±~'r'¾J1f{l-.g.~~.t~"i'111'!'r 

oJ•];<f Bl% "J'll:'. i %%>J 0 ] Je:ef. rrfe\>1 °] "J'lJ.g. :,j--'lf7']'1}7'] B]-§-9.j t:/ 
0J~, B'ir"i"-1 ~ti'!.</, -\'l'i/>Hl"1 ±'ii %"-I l'!.</.s!. 'dtf ±eJ:<f "i-.1: "11.f I'! 
~"ii tll ti: :f[J1j-~ e; ii"':: ,11 ¾%-of ef. 

0 I "J 'll :'. 7f :>i "'; 1l ~ .!/1 ~ ~ >ii "l '11 "J 'll '11 11 "il 1-1 ~\'le "-I "1 "i :: \ll "i \lief. 

'i "' "1'0"1 "1% "J'll& 7f-"J-"i'11 1.Jt.1-"1.2.o/l "-It! 7f-'J-.aJ'11 'itl'!li!.ef ~;<JI oJ% 
BJ% ~ "-I :sfil.;s 0 ]%-o}7] uj,1-oJ] t:/,s' 'lf'llli!.t:/ -\!~i'ific "J'll"-1 ;;fy-o]c}. {/>!] 

.£ ~~~Al- l:l]-§-tt.J-12 7B~o] ~%Al ttJ~% ~"51-9 ~Dfl~ A]½~ AJZ!-g ±_l:l] 

.;} 7 I 1'JI li'-oJI 01 ::; "-I ~ Ell .s'. -\'-E1 'l] xii 3j 7}3<] 7f -Jl-o'.1, c}. 

"1'0"1% x'!l:'. 'i'J-'i/e<I"-/ "Jli'-e<f"il tlltf ',l7f"i 7f'!J¾ 7fe<J:;,. '.lie}. 'il-'l, zt 
4~ ~"fi°!a ~TAB~-~E~ 1fr~7Jl:: ~~:: 9~~1:ll¾¾ 7}A]j]_ 7}:XJ- ~ A]Q:j~ ~ 
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•]?C}7t '/Hi'-B'IJ-?C]<>I] qj-o}oj 7}~ 'ft:'_ ?C),.-.e1At;; 7l~t:l-. %-"I, Eil>il'\'l:'IJ-?C]Jac 

sc,>l-ot"i U.2."l ot••I%:>_ 'i!"l oJ,l-'\'l:'ll-"191 1'!:'ll-'1!¾ ~~ ~.2..ss 1t'll~t:l-. 

11"1, 5'.,S B'/l-7-'l.91 >],(}oJ] Eil~ 7]~•1%-@- :;:to}Aj %'l!~ 7l*I~ 7}?C]l'c '\'l:'IJ-;<) 

<>ii Eil ~ \':! 71 el 719 ;<f .Q.J ~ 7l"l •] A),(}-@- B'll-;<)-91 >11 >l A),(} B~ .2..ss Ji!. if -"l oJ 
~ ~ 'llt:l-. cJl-"l, j'f'IJ-;<)-91 -!i\-'il'\l(congestion)o] '\'l'll-'-'1-"i A%<>1] ',1.-J'¾ 9"] 

Ul'ccJ,. ~, j'f'IJ-;<]-91 i!fc}o]-§-oj ::i j'f'IJ-;<)-91 7;,l"l'l! 'IJ¾ {)-j:oA)S');<) ?,-l'ctj,. 

~oJ]>1 \':!B'~ •f.2J- :;:to] i 7};<) >il"l'~i'Jo] '.UTI -O}?C]'l} "1•]•1% 5'.,!l-@- '\'!: 

'il-"1-"i 'll"l~'ll¾ ~~ ~.8.-'l--;!x½oJI -R-%-Ot71I tr%"1JL 'llt:l-. q;;. 5'.,S 1"-"1 

"J-'1J<>l]AJ>l'll oj•]•I% 11"'1l.e1 -"J-',l-oJ] u:f;a. ¾%-".J:'_ t:l-&i!f :;:ttj,, 

~,i], B'/l-Zli-91 oj•]•l%oJ] ]i:'_ :>} 0 ]7} 'llg~~ o] 5'.•!!-91 {]-"lxl'c 't;,0 }~tj,. 

~ ;<) el "l _o_ .5S "11 ~ A I "i Ji!. q. :: '11- 0 I ~ oj 2-1 ;<] "i ¾ ~½-of '.ll g "1 0 l 5'. ',II .ei 
ft-% 18 .g. j:f O} ~ tj-. 

%,iJ, oJ•]•l%91 Eil'l-1"- 0 1 •J,l-B'/l-"l½ 0 )%-o\7I ~"11 eoojc;J "1 oj•~•l%5'. 

~9./ E¾Ajo] 7~~ we+. 1t}-~ O:j'8~9.j ~~o] -?]~llJ-~ % ~~ ,&~¾ .¥.~<5}.:il 

'l/.2."l oJ c,;_.!)-91 {]-"IS-:C: ;;to};<)Jil -l'!t:l-. 11"1, q;,. Af~'a>il"l'l! Jlj:o'l] j:oc;, 

Aj\'l, '1.!i;l1":.l'. %x jlej.sjojo[ ~q.. o]a; i!_j:oa;o] '1)-o]~ "i"i.2..ss-91 op],Jj 

a; oJI ~I :;,}-'IJ-;<) "J-¾'llxoJI '1)-,l-~ '>i"Jg o]{! ~ 'l/7] uj-lj!.ojq. 
0 1 "J'1l.e1 %el~ 11:'_ t:l-e ,(}'!J"I 'll""J-'1lx of{],7};<);<)'1} 7}:>]½ '!J7f~ '1! 

~ B'it 7}-\,-~ •]Ei17} 'ij;<j fAg ~ 'llt:l- u:fe]-Aj •]At% 7};>].Q.J "il7}A]oJ]l'c '1-"l 

"\fi>}q.. •1>}%<ffJ.e1 7}:>] 'lJ7} A)<>l]:C: <H!i!f 7fl'l!.e1 •]Ell Af0]<>1] -\'!'it~~ 'll 

:C: '1.\:;,fo] sf"] ?,-7] uj1,'-o]cj ,E~ oj•]•I% .£.<!)-@- 7]~:aj.2..ss -'a->il"l.2..ss *'ll 
-ofq (USDC, 1995). 

<>1•~%*'1l-"loJ%4t:l-&i!f~~-~~JLe1"11~~4•g~~JLUt:l-
11 oj•~•l%"J'1J:'_ 7}71JA~{J- 0 J;a..Q.J g-s-o]q, 7fllll'c -\'J:'IJ-;<)7Jf;<).Q.J Aj,(}i!f oj•] 

oj .2. "1-"i '11-is' g '] 0<>} 7] ~ woJ q, B'll-"i 7J};<j oj ·~A),(} %'ll<>il Jae oJ 'l'! '11-is' g 

7}'l/-ot"i ?,-7] ul¾oJI 5'.,S "1•]•1%~ 'R'll-"loJJA1.e1 ~71%91 ~c;;; ~"11 ;<J-l,r 

~ct. u:fe]-A1 .5'.,S j:oU);<f 0dojl'c -\'J:'IJ-;<).Q.J ";'l!oJI 7]'l]~c}. -\'J:'IJ-;<)7J}?C] oj•] ~ 

'a -\'J: %¾ ~ 7] Jae 'l!is' o] 'll.2. '1J '\'l'll-;<) .Q.J 7} ;>J Jae ilf qj "a 7}1'! q, ~ >ii \'l 'i' <>I] Ai 

o\ ~ ~ ~*~~ ~ C ~ ,': ~ _7;] ?tc}. 
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2) oj•]ol .2."'] -oj-y-.sj ¥1:'ll-*"iola,1= 7HJolq. o\li,- :"1 .5'.Al.21 oj•]Zljol 

'&114=-~?J-o{I ~Al~ 7}C £¾011 tj-~ .t},.:.g.Al011 Di.!¥-~ 9£ $:lJl ~.g. .::19.] ~~ 

0 1'-+ ~'r:s ,y-~~ 'r'.'r. :,lq. 0 1"1~ ~-'IH!- 71l~"l 'r,'-'il- "J'll.g. \llt'.\. '<l'r"r 

7r oj•]1JloJl'1I "1']*"1°1 "1--lif"l~"l:S 'EAt5t"1 -'1l£15fe- ".r'll~-toJl1= \llt'.\. 

'E0~~ oi,Zl!"il~ 2:-21 "11-lif"l~-~ ,'-*"1-.£~ ~~'il- 'r tit'.\ 
Brown and Henry (!993)c: J!. 8-8.il\ '1°1 '\'l:'ll-<>llAi.21 'l!,~<>11 ell~ "1%¾ 'llir"i 
.2.5'- !;!.oja;'iI. :,/.2.uj .l!. 8-9c: 0 ,•~%%i '\'l:'lf~ oj•~,Jl~oJI 'iFlle1 %<>11 cJl~ 

½ ~ % 9-1 ~n 11!- ~ Lt El-~ jl ~ q-. 

-i " " "' .£-(%) 

0tA]%61%EI'~, ;! 'll e 50 o 

~:1:. ¾ tl e 20 " ~tj. .'£! ~ "' ~~1 10 ' 
~~. 11--iFf'll'~ 9 
11 e\ 2 -

L al 100 

'r " "' i-(%) c 

,q.;,;L~,:,.JoJ, A\t} %9.J @- .20JoJ-tt 28 
o\ el ¾•I l'J",:'. o)cAJl%-~ 29 
o}lli:'-]7~ .i!_!7]c) 25 
:4 <;'.:) ,\] Ell ~ % ~ a] % -tH!: 16 
,1 "' 2 

"1 100 

3) Al{!oJI ¥!~ 7]~"]%.g. 1j'-ojoJIAi ¾il~ Jl_~o]:sl 0J: oj il~¾ "1'!/711 'l/~ 

5\iL 1J1:,J-"i~-"'- 1"-61~ 'r tic:7r<>II Cll<ll•i o,,i wol 'll,;,J;,j :,l:sl \lit'.\. 
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±•];,f 0d"l<>il 3'~"1~ A]{!<>I] cJI~ 7]:§1•1%:'. ojej 7111<>11 ttf2-]- 'lJ:%0] cf0J 

-al 711 '-1- e+ 'd C1-. ~ •,Fr~ * ,1r,J •J- 'il i O 1 % -a1 oi A I n .ei 71 :§1 • 1 % i ~ 11..-1 '.ll ~ 
t~l ~'5"'T"tr~ 30 ~.x] 60%~ *l-A]i5}-'C" ~.Q...£ ~~%}-S!'J,c} (McConnell and 

Strand, 1981; Kealy and Bishop, 1986). McFadden (1974).g. £A] <>ii >1 '8-c-af"l c 
5'.;,f.ej _ll_cj- Wf 2 :il •ls'!- .i<%.eJ 0 ]%0!1 ttfs'c A]{!.ej 7]:ol•l%i ~11..-f'.l/~<1] 'll 
~'T"¾g.J 40% ~X..£ ~<ili5l-S!'J.tj-, 

cJl-'/-;/-ej \'!-,'-~ j'j*;,].ej oj•]<>I] ±•l5'Jie A]{!ilj- "J'jj-oJ]Aj.ej ')!o-f~ A]{!.ej 

7]:ol•l-§-o] ',[c)c: 7,J~"]c<] \lf:'. 7f:1Ji o]-§-o-f:il '.Uc)c: 'jjo]c). ojt~,Jjo] j'j* 

Al~ l=l,}-5:"~ ulj J AJ.zJ,o] ~~ i5l-'C' A]{l-31} qJ~~ 4' V.~ TIil 11~1 ~~~ 7]~ 

•1-2-2.-"' .st:: )!.g. w<a-.sfcJ. 

:ia,c+. oj•].sfej <l-*"IOilAieJ A]{! ±•l<>11 ttf:" 71:ol•I%:'. '1-'lr~ 'li..8.71 \ll 

c). '111-f-.}\'l oj•],.jo] oj7loJJJ,i oft.j\'l c)s', cJl'il<l-'lf-'IOilAi j'j'lfA]{!% ~•l-af7] 

uJl<i'-O]c). 

4) oj •]•1%"J'il.g. >Hi-71~1'1! ~ ~'\l~c). <l-*c<]7} ~•l~c)le- Af~o]4 Cl 

1'!'/f-'171 •J.:V:-Oil c)s', Af;,l-Oil "l•l 01% 7f'o~ 1l-9-.eJ 7}~121- >l-:'. ~>l71~1'-1-

%{!-7}<;i;] %.': llJ7}-i5}-.A] t',t.:i!. V,tj-. o]~ J}-:;\]'C° °i'tl. ~;;g.A]7}- ft-~'8f-.:i!. !:;~o] 

'.Uc: -'l"l'l!4'~ _ll_cf ~ 'r '.Ucf. 1J,i]aj'1] %"1.s'.c: cJl;J]Ajo] 71.eJ \llle- ;,f~.£. 

-"' 'l)~o,;s]nj 01,1~ 7}>].ej 'lj7f;; ~•l>il=- 7\'] 'iJ7l'il%% 01-e--.1oi Al-8-71 

"i s;1 •l>f%7f*l~ %>HI 'iJ1f~ 4' '.Ucf. •l>f%1f~l0il cJI~ "l'l!~ '1!%"J-'il.£. 
!c.ie cf:" \'!'i'-Oi]Ai.Sc i:,-o] o]-§-'<l )!;>HJ •IAf-§-7}"];; Af%7}"].ej- >l-c):il 7111 

"le: )!o]c). 

5) "l•]•l%,O. 'l!'l!"l.£.!i'. oj•]7JJ.eJ :§i-llll•l%'l!~ '1-'llc~cf. <>11:e ~\'l, -'1%~1 

o]%Al 'lf7]{! 71"1•1%:'. ;;l-7},'-Jzt•L \'J-~71"1'3- 4'"1•1%, .s'-1!•1% %01 -'fW 
"]"1°t ~cf. 'll'/!"l.£.!i'. -l:!ii'-"''l<>il>i.eJ •1%:'. o].eJ- >l-:'. Zl1l•l%~ ,i]"i~ 'l 

1l •l%'(1- ~l-0o-17ll 'E!cJ 

6) oj•]•l%'1f'llc'. oj•Jes)"i J1'rc<) ~1-7,jo] <l-*"i "J-ii'-~4'"1 "i"]\114'.s'. 7f'\I 

~c). '(1- 0 1 "1<t! <J-'lfzj :". <l-*"i 11,,1¾ "i"i<>II ~ 1l-9- cJs'c oJ•J;,feJ 71'rt!-1l 
o] c}.S.:i!. ~'ii"Y¾o] tj-gt:9 EE~ 7]~tl]%5:. tj-~ 'T V.c}. ::z.2.~y- ~t!~t:1]%~~ 

,': 7]~1:1]%-9.J *}oj~ {:1-~<5}-A] ~i:"c}. 0]2.~~ *}o]'C" ~,,_J~~5'..t:,il (hedonic 

wage model)~ 0 1%<>1"1 "iJ7f~ 4' '.Uc). 0 11=- &,cc'. 'lli .sfc12-]-.Sc 71~;,J<>i] ttf 

~ ~if~l ~}017r ),J7li:- ~-"J.9-1 ..B..<?J..Q.£ ~7d~Q.J ~¾, :g-:g-Ai1:1J6, ct~ i!fl~ 
..8..'tl %ol 9Jg ~ <V,Lt. 
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7) •i-,s'lf><lle "1•B"i%, "; 7P1 g -'i"Jl.Si '!!'\IJl.'1!.Q.ia. .-fs:lct. -'i"Jl.~-'r~ ± 
=i %"f ifj2. 'i;'Jl.«fcf:;, aj?j;<]~ J.f~ 'lJ:,\/'lj Jl.'<)¾ .£~~.Q.ia_ ')]Aj !;!cf 4 

.g. -iJ',jo] 7f',;-%}cf. 'l!"-1 7-i'r"'i"'l ;<file;, 0 i%tlct\'I Af~ 1JJ.il'1l-'i"½Si lir"l 

71 °1%"1 4' '.Uc}. o\l~ ~\'I. "'i°'1Si lit±=; 'r€', i:Jl~l i'!'!i-"i'll"'i"l <>1•B"i%, 

rf:tTI"..ii?.~"T'tt' %OJ ~~.21 ~-Y.£ A}¾~ T 1J,tj-. 

8) o] {" 7e1 'ii~><\~ .g. '.llcoJI 'i •,J-irtl ±"I ;,f 0,J "1 Si ~1 °1 :§:fllll ± =; ¾ 'l! 1l «l 

711 &•I ?J''V:71 "111-<>il _l;!AJ-'i"Jl."H!o\lAi .5'-½"1~ '\1:§ttl ±"];<f0,loj7\ 0 fye.]-:;, 

-'r'?l-tlcf. cf•J") Willig (1976):ilf Hausman (1981)~ 01 .!j' 7J\'l"i ~'ii %%o\lJ.i 

*} 0 1 ~ !: 3.Al ~tj-C' ~ ~ .li!.~°YJl '.V.9-. 
"I •E "I % •J '1l i2- 0 I •1 tl "ii "-I ~ llil ¾ o\l 1 I 'a -., \'I 'r "1 cl "1 -?:! ( "ii {} % ) t-f <>ii ,,.i 

ol~ ~A"!)~ 5f~5}-<:tj ~~t.H~- :,;Jol ~~~ l:lJ-to1t:}. 

1'!'11>1.& ~.g. 1'!'11,,.1-l! %<2- i'!'!i-'.!1:;<>11,11 cl-0.l'tl >1-&Sl- '1"16;, J.il-trtlcf. 

~ 0Jtl:%~ tl-.:W-71/~oJl?/! T~, 1;-tAl, .ft-;g- %¾ ~~ BJl""r"~~' -¥-¥-"liL ~~ ~ 
4'%-11'~ % J.il-ll'tlcf. ¥!'!1-1.!1:; <>ii 711 >ii 't'-"1~ 1'!'1f'fl. "1 °1 \ll "1 >IJ-11' g -$1 •1 ±Jl."1 
~ "]%g 'c,7\~ "el-'/- B'1 :,}'1fJ.)AJo] -'ll-11'"1 'r '.l]cf. oj7]o\]Aj %Jl.tl ;!t 

~7}7}- o11t! .g-'t'-AH~Y. Al~¾ ?~~o11Jl) ~~~ ?J~oj) "\'i.g.. ~~o] 9).~ -'r 

'.Ucf. o:\'\Ai '11°.l'B'!i-Al-l! Qt;!:, B'!r7.!lo\171l "11-11'~ llil Cl J.]-l!<>il i:Jltl :§1-lJ!l 

7}"1 a; ',17\.-\~ ;! 0 1 %.it."ftj-. 

Oil as ~ "1 'r Jl. "'* B ~ ><l "l 'll 'if") 7f <l-"i uj '11 'll 1l -'1-o\l '.U "1 Ai O I "i "l <>ii Ai 

"'*¥!~ 'l}-i/<>11 a:\:' "el>il"l 7f"ISI {/±;, 'll7f-&'f7l -$1'1!Ai~ '11-'i "'*i'r'¥"'1 

Si aJ•E"l%g "''1"1"1°1 t}q. ½.ii, lE 8-10<>1!<14 ,,!-oJ "l•M"i%:ilf aJ•Bz!l-'i""-1 

:,}ll\;, ~.ss.-)"1°1 tlcf. 'l!"-1 °1•1tl -'rllc7I \rt% 7,l-'/-<>llle i'r'!r-'l~-"1 °1% 4'¾ 

°'l ¥I-~ 78]2_~ ~5:..~ 'S"}~oj: ~c}. o]~ A}li.£.';::: ~3:!J-7.Jl~ 'X.A}, o]~2l ~9-Al, 

lc!Jtt"~"T" %01 9)~ 4=- v.c+. 
~7,j7f~l 'fl7f<>IIAi 7)'))- "1"1¾ 'll<2- tl-7,l 0 l 'll_uf<fr* 0 1%-'fo\l;,\J 'lj•J¾ 'rle 

7f o]q. 7J'l,sj 7,l-'/-<>11 '.l]ojAj oj•]~f "1% s_ci!)t i'r'!r'Jlo] 7~'!,.£ '1)"f"\ "1~ 

,iJ 'll•J~ '11-"-t>l 0 1 'll'J"-1 i'!'!l-zli"-1 '1/Ello\l "1'!!JJI 'll'J¾ ?t"i;; '11' '<lll.71 
'.U cf. 

11',! aj•~-'l"il qi~ 0 1% ~IE.;; o]%-.foj e1',l 8-3o\l•i2l- .Qo] "\'l"i%:il\- •J 
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T.fl.~{i.g. ~t;]t1l%~~ o}'-14 B'%1JlSJ o]%.;!"r0\l ~~¾ ½ T '.UE 1q't], 

51-1 ±'=;T¾, Ji'.~~£ %.£ ~w-~ -'r '.lltj-. ~ 0}~{5-~ B'~i!l 0l 11}~~ 4 CU'i:" 
11£;.' 411~ T :Ut:J-. oj•];<}S\% "r.8.-'t-ol.°. ~110<\"l.e] "J-1':011 r.\l~ r.\l.l!.-'l 7J 
~ (representative individual)O\l ~~ ~~Ol7l tqj~o{j ½~~ 9-Jl~~ (aggregate 

demand curve) 0 \ 0 }'-]t:l-. ~~"l 7f*l¾ 411¾ -$J•ffAit 1ij'1).e] cS:S];<f 'll"loJI 
~T-'r~ zj-~.stoJ ~{!-~ct. 

Burt 2l Brewer (1971)t Aij 0<J'i'-<l"i .2."t"l J/lSJ 411¾ -'fl"iifoj 7]<'° B:-'1/-"l 

"i "l•Oel%4 t!.>/J-z!J 'i':.' 0 i%"f'9 :zJ- t!-'11-"i"i 'i'.il. w-4':. 'i'-~t:l-- :i qg oJI 
<1 t!.>/J-:<\"i "r.8. W-"r¾ '?"ii}7] -$J;;}oj 7]<""i e\¾~ rr'i'. ',) ~'l! g 7}~ <'!'!I-
A) SJ ,Y-Ji_ ~"r°~ ~_:ii..~ tj-. 

Caulkins, et al. (1988).g- o]~ 12.!::.~ '?-~sl ~T-&-~~ oj\£ 4--€:-, "r~ %0 1 
t:l-e •l"r~"J-~"i 71"1oJI ttfe t!'lf'~"i 0 1%11£¾ 'll.'i'-"f'.l"lt:J-. 0 1 'll.'?oJIAit 
Zf <5ll"r-&-~9l 1t;;.J7} ?-& ~ 4~34 ~~ ~ AJoJl n:l-2.l- ~~.st°'i Zf ~q4-&-~sl 
~7<1 '1!'1-<>il a:fe 7f~l 'I!~;,' 411"ii}'.l"lc.\. 

McConnell (1987),0. •R"r~'if"i 0 \% c;l~<>il a:fe .2."t-'l 7f*l ~{!¾ "l•Oe\% 
'% 'll g O 1 % ;;f oj '!l 7} s-f '.l"l c.\. '9 2\ •1 '<!oil cJI -.f '9 .2. 'll O 1 :U ¾ 1'11.eJ- Id½ 1'11 "i "i" 
.8.'i--ol¾ 47ilii}'.l"lc.\. 0 1 'll.'?"il•it 47J"i ol'l!oJI r.\1-.foj 1i'--'-1-of'.lJ,q-. oJ ¾ .2.'ll 
\'l_'l!g 27J -ljlJ"i,f:;,_ r.\l>i\ o\% 7}';;'<!'<!¾ -',-Jij {:j'ljqoj A]{roll r.JI~ 7]~S]% 
.2..s'. 'l)ifg 0 ]-§-;,f:;,_ oj"!Je]-§--& 0 }'>/ 'iJ- 0.08',1-al.s'. oJ%-of'.lJ,tj-. .2.')i<>I] "I~ "1 
'l!"i .2.et"l ,,~l"i 7cccS:t 1,100'1!- 'iJ-21oll oJetJ-. 

W-"il 'I!- ? l'l "i ? .8. "ii 'll'tl-W ;,cf~.2.5'. ,c -'/-'l!;r oil £ el .'I. %~ 0<1, ¥1 'lJ roil % oJ 

el, 'l!"l- •ff'i'.J\-'l/- 0 1 -'f- '¾ :U.2.oj, {c]-!-o}¾s.J %'4<"14'1'1.ilJ- i'/'.'l."i eftj-l;j-A]Ej7f 
:u tj-. 

-'i'-'l!r "i •1 >11 '1l %-'-1 el oi1 -'fl *I~ £ e-1 .'I. %~ "i::: ~.g- %'4 ~"11 ,t ,1 "- zt-'11-
~ .:il :U~ .7.]~o]C}-. S:.i'!l.¥.. %-~A]°C ~ 7,QOQ~sj -t:Jl::i.10\l *A1~oJl ~_g. ~,q.;(.J
o] :U~ oJ ef tj ¾' .2..5'.::: 'lLlo.2} S'.'111,- 0 1 "J-'a "1 o\ :U tj-. -'i'-'l!roll •1 ,c £ el .'I. 
Ai~ ~1@'i} ~j!} Ai~~ t~'<l~ % OJ~~ ~~!fl~ ol¾ii}';: iiflAJ u\7}.:g.zl-g 
1J'l!w 71\~¾ 1\.<]:;,_, •Q"i"*'lJ-, 'i''J-'11"1-'111, 0~'l!'il- 11*1 ~1~ g_ 7f"-l:i! :Uc.\. 

ol'r*'il-"i 7<1.q. •~Af'l}.e] 'ir5'.t ~o\ 50m, 7.1°)7} 1,500m it5'.o]oj, 97\oll 
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lOOll/l -it £"1 *~I ~ 2712f 50ll/l -it £"1 Af~1 'l} 271 ;a 1!:>) ~ 01Fll o) c}. ?'l!-ail ;q 

A) 1! .QJ 7J q. .!il..s'l}% cf </1-0,.oj £ Ei .!ii. E 2f ~ 7).!il.§.;, 'ii?\'! <>I) •l :>)-o-f :i1 ,l-1J 7Jf 

;<) Oj%-S-foj 'ffA) ;a ~ 'r '.,/'ic~ ll)~;,f:;:r '.,/q !E~ ;<f%:>f;a_ of":J~ 'r '.,/~ 
'\!-~;a 20ll/l.2.£ 871~;, cf\':!~ :,j)~g 7f;<)Jl '.,le} . 

.!j!-'l};<)"i.QJ '.'f'lJ-7.Jj,0. 19991\1<>1) J1,375'lJ"ilAi 1993\1<>1)~ 82,345'lJ.2.£ \'!'lJ,r 

°'a'7f% 01 93%£ ':;'7f-O,.:;:r '.,1.2.oj -%1"1 '.'l'll-7.JJ"il '.ll<>1Ai 7-%14 8-!,<>I) :,!>ii '.'l'll-7.lj 

.eJ 80% 'jj'r.;a ;>f;<l;;f;,,. oj;;"il l't~ '.'!'lr7.JJ 01 >l)-¥-;;f:;:r '.,le}. 0):, '.'!'lr •»Eil"l 

s; 'a g ~ nj .!ii. I'! cJl .!/-11- "1 '.'! 'lr 7.Jj O l <s-'l! '.'!'lr 7.Jj .2. £ '.'! 'lr ;<) "I) Ai >I) -1,-A 1 {}o 1 ll/l ir 

2A){}g y-tjyjoj oJ:, t:Jl.!/-1;'-0) {!-;j~ t,oj;a ~of >l)-¥-1'f~ <-j'r.sj-7f:,o)oj ~ 

toJ]i:- 4~ 7}~ *0J:z!j 0] ½!.£ ~7}i5}i:- .}~1oJ] 'V,tj.. 

~ ll/l ,,. "1 {! cg-•l ? ,o. {l "1 "I "ii ~ 311 'll ~, f '.ll .2. n1 I'! "l O 1 2,400ll/l % :>f "1 -o,. :;:r 
')le). ol* Al-\:1"1 1'll-?~ 1041Ho)«j %Al o)%7f';,~ '11"1-& 400'lj.Q.;a. \'!<lc 

01 % 7.Jj 'r C: JO'l} 'lJ oil O 1 ~ c}. ,0. {! "1 A) 1! "I) •I ;;f oj 9' \>J. oj {l ,O. •I :ii[ "l '<! 0,-0,.oj 

'/':>f'\1- A]-',jo] c]•l1'foj :iit'8-"l ~'jj-1'f:i1 ~"cA]-',jo) \rt"1 >il-i,-1'f7)"i)~ "1'9%"1 

'.ll c). !E ~ 9' \>J. A) "I oq \'! ~I i'! 'lr A I 1! 01 D 1 ¾ ~ '1l O 1 <>1 Ai i'!'ll- 01 l:]-;?-0,. oj cJI ct? 

7} ?~ ~ ~'tloJl ~~£161 11~ ~11°19-. ~~o~"r-J'.½-'?fi': 'if~1i!9.J ~~~oJl ~ 
;>;]~}Jl 9Jtj-. o] 8"\14-*AJ,€:- 1:l]jil_~ Wi?:- 1~% 7}A]J2 91~ 7c}~ 0] 91.Q..1.f ~u-] 

e1 'ii ?-1'- 'll :i!f if 0) ~ % uff 1,-0) 'll e1 % el Y-JI, 71 'lf~ ;<) 5\'! nl '<! .2.£ o)") 7Jf ;<) 

'l!l":'11"1 01.g.o) l't"I ?,t,O. '!!o)c). 

~llj;;'e] i'!'ll-zli ?~ 1989\'! 52,120'lJ<>l)Ai 1995\'!<>I)~ 20'<1:'ll 0)AJ.Q.;a. 4•l'll 

.s: -;;"1fs-foj '\"¾~ ':;'7f4'"11 ao '-1-E\l.Jl:;:r '.ll.2.nl, 01:, '.'l'll-7.JJeJ cJl.!/-li'-"I \.Jl's-'11 

"ii a; ~"1 <>1 '.ll ~ -ll 'll 01 c\. i'!'ll-7.JJ "1 -%1 "1 •J¥-'!I Ell~ 7-1:! 3!f 8-1:! "ii :,i >ii '.'l'll-7.JJ 

"1 54 % ::; •f "i ;,f oj "1 ;; "ii i'!'ll- 1.JJ o I 'll ¾"f~ JIM! '!I i'!'ll-'!I Ell :; .!ii. 01 :;:r '.l\ .2. n1 
o]~ tJt.!jl-~o] ~ojc.] O~"'r~~, ~¾<5\14--'€1 o]%7Jlo]l1.. ~Q.}-ii~T-&-'?f o]%7Jj,': W 

"i ?,tof l'<s'll 'l!.S: 0ic}. 

~ uj e1 •H?*'ll<'- ~ll/l ;;' ~ll/l % 6j AJ e1 2031/! "i "i) ~ :>) 1'foj, ~ll/l %<>11 Ai 4km, 

cJ1 £Al '11 'll-'r'"il-<i 50km 'll 'r.e] i171 e1 "ii ~ *I 1'foj "i "i 'r''<l "-1 "1 %"1 A);<)£ "l 

w~ *"le\. ::ia)y- -'i•l•fc\"-1 "i'll"i'<l ~1'-uffoil~ •l'T'7f 10km ~t"r"i %el 
Y-11 u.Jl~Oll '?]~~~~ ~~~..Q..Y- o] ¾~~..Q...s'.. o]-§-1.Jl~ ~~.5:.~ ,:~q.-7]01]~ 
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o]t-tf {I ol 'l)tj-. 

o] •RT'.!l;-1!-.9J .3.7IC: 36,000~~£ 1982\'1<>1I >jg~,,_ 7R'lf,-l'l!cJ-. "1jAf'lf.9j 

7,l_o]i" 2km<>il 0 ],;oj <ilT'.!l;-"J-.9J T''ll:'. lm<>IIAi l.4m£ •R4'.!l;-'"f7l"ilio "ltl-,-1 
cJ-. ?.ll.-'-l-\:!£i" .ll. 8-11-"t :,, 0 \ •,H.'½'lfO] l7R±£ 2,400~% >f,q,-,:;i 1'!:"1AI 

71 7~ 'iJ-5'.£ 27R% 0 l '.l)tj-, 10~ 'ij-5'..ej ~11-{!:'. 27R71 'll~oj, "F~1-"l'll,& 1 

%o\l 20~~.sl 'i'sl"ioJ '.l)tj-, S\14'.!l;-11- '1'\l!"i "i"*IAI{:!,& 27R±o\l 700ojcJl7f 'i° 

;;.1 7f'otf 9,811~.ej ,l;\-o<l;; ~l,l_s;f:rr '.l)tj-. 1991';'1.ej 1R'lf7]:z]:,& 7-%/ lO'l!.!/-Ei 8 

-%l 22'l!"l''1 44'l!-0 1R'lJ-'"l'l!cJ-. 

!E tf 'l.1 '1;'½11-'lk<>ll 200moi1 "'"''° {I ff cJ-"171 1994\'1 o\l 'll ;;.J '"1"1 ,.J! 'i! '\Ii el\ o:/

>l-11- 'a! 'll'll:Ol"J-~_s;_ ~%,-1:rr 'Uc.\. •RT".il;-"J- "i"\1!<>1\lcc '<l"t71-\ftf c;J 0 \ 61f'i' 

71 '.l)~oj, -'-J-7}71 9%o\ '.l)~oj, ~c;J :'. 2:,co\ '.l)tj-. 

'i' ~ 1! ~ 'iJ-5'. ( 'll ) ,c ' 
6].:i!."' % ~- <:, 2 I 2,400 
i'f eJ Af 2 7 

Ai ff,~ ~ 1 20 
:01- "J- {! 2 10 
20 ,11 , I 11- 2 10 

g "r ~ I Alc5J-"y- 2~ 

"6ff"T"~'?l-~ .ii!.-'8-13..g. ~~%~1Ai ~,Y-.it-AJ9'tAl # 11~1-an .!~Ht¾ 15Jii-}-J1 V.9.. 
oj, 'ir'r"l\ Ai iiJI T~ 'lf-'71"'1 cc oJ--'i- 8>f i!l\ ;;_ 7 -1,1 JO'l! .!/- el 8-%/ 22 'l! -'71 :sl 44 'l! <']- &:

'!' 5J-:rr '.ll c.\. 0 \ •R T'~"J-£1 01 % "i ~ 'cl ?} 10'<!-'ll <>I\ 'it frf :i1 '.U cJ-. 

%°'~ tff~~~91 7}7.1~71-% ~~ -'@~Al ~At~ 2057ff7} ~YSl~9-. ~~A\ 

.9J ~,i:•J-'r'= 291Bol9 :i 'i''a :'. \'!>l %,l--"l"i 'll\!! % 'l!'/!'1 ~~.9J 'l/,i::il\-
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oj •» ;<f "I % "J- '1l -"l -'}-'jj <>il Aj 'll .ll. ~ oj •E "I % , 'r' ;,J ;<) %-"l •J ~ .ll..s'. 'i'-"il 51 "1 'll 

cf. % ,t ,f ¾ \l- "ii O l 99 'll .ll..s'. 48 % '1l .<r. ;a •I ,J "I 01 'll .ll. oJ , % ""I .sJ '1! ill 1,-3'.;,. 

20qj.2} 30qj7f 16l'll.0.sc 80%.sj 'li_qjcf'r;s ;f,jt.fJI .::1.sj 40qj7f 18'll, 50qj7f 8 

'lJi ;),]is)Jl 'llcf. %',J-c<}.sj 47%<>!) "1)'3'isfie- 99'lJO] "'~isf',J_Jl.oj Oj~ "o' 47% 

1j £. '?.} 46~ o] ~~ 0 ] ,¥-J\l.£. i.+Ef-xJ;-c.J-. 
•l'r./l-'lf 0)%7~.sj aj'lj,& uff4" cf"Jisfoj ~A}~l'j- 'i,'.!j!-~ 0) 82'll.ll..s'. 'l]'i) % 

',r ,f "1 40% ;a *I ;.;J isf Jl 'll.ll. oj .::1 SJ ? .ll. ") 'lj .ll..s'. 1'J-nj 'I) Aj tl] ~"), ii'-4/, ;<f 'lJ 'll 
%0) zpj 18'll, 18'll, 14'll"l >fc<)is}Jl 'llcf. oj~Qj ;,J'c',)ie- ~"Ji,",)"l ;,J'c'c<} 

7} 114~.2....£. 7}~ fJ-.2...rij, :J. qg.2....£ ~'?Al~ ~?A}7} 38~~ *}A]'8}:i!. V,tj-. 
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\'.!? f% 1lJ- 'Ef "1 >ii "11 ;a % ~ 'a' c<] -"l .5!.CO: ~ el 'll ~ 0 I% ~ -'I 'I.! Sf .it '.U cc "11 'r. "I 

'll-*15'.c: 1972\:l '1111-'B '\'.!'<!"l t!e]'il (US Coastal Zone Management Act)'Oil 

2) LIJAJ11,!JJ,& 7]1UH~£ '?__!%}°'] ~{!.£]'E.; 7)!~oJl rJli5}°'] c}~ A]~% uffiJO}O;j t:1]~] 7,i!it( 
% _1:;AJ~,2_3 .. Ai -'t{!~ 7)!1Mii ~.g_.. 71~-i- 7}~ 4- '.U£~ °8"}iL ~~¥1_ j!ig9_j 7j-7;1 
oiJ tjjo"J-o:J:: E"~~ !2..-'J-% 3}s=..~ tJ:tj-_ -'J-1!~ 1~~ rll~l 1J!~.QJ t:1J%.g.. \':!~3.71 
2] tlJ¾o] o}i..J ~{!¥! 1!1M~ !';-'-J ~ 7]~oJ] 1.!}2.} tl],£0] ~78~tj- ~it!~12..iL t>J:~ 
".£!fl7}?:]ij ~~o] r:7 o]'?f fil¾ ~o]i4:: ~~o] 91¾ 1-'?-:: 1:l.9l til~]7} 0]foj~ 
r:}. oj~ '?oJ]Ai:: l:}.9.j t:l]¾.!lt:} 1{.g_ r.Jl~]7J!~.9.j 3:"J% ..9..:j".fs-}7].'r. i5}l"lj ¾~io]Cj

.9) 1-9--oJ]:: 1.2 t:1]~£ cJPll7J!~2] 3:AJ:cj- £~ .f 25\::!{! ~{11(!~.9.j ?~% _R_'.l~}
cJ. 
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"1 ~ ''1!0"1 1'!:e.l -'"!a.Cl;;! (Coastal Zone Management Program)':;,\ '1l1l"r'll'll 

(Oean Water Act)oll "1~ '=i;7f 7]"r"l "!a.Cl',11 (National Estuary Program)''!, 

~!} 7l"r~ ~T · .!l,e:tt£.::::z.'i@ (National Estuarine Research Reserve System, 

NERRS)'I %0] ~ tj. 

'1! 0'8-~1'!: e.J -'"£.Cl ',ii{'- <,! 0c<f~ "1 7j 'llc:il\ .la.-@ "1 'fo~ol) ~;aj ~ '¥- :i'- ~ -'] ;s 

-"'~~ t\ 0J~ '1!0c<f~"1 We1"1 °l¾J!l~~!a.'i <,!•,J-lJ-'i'-"1 "i~:il\ {}.!\-t-f<>il "c 

11 'I- 1±-'11 !a. "r 'II . "I •» -"I :;, ~ tJSI. 

-§-£;<J<>J 0<J,J;" 'ell 'll-$1-"l .§S::c<JoJl-'-i Jf-'g-~ 0 1% 'i/E/l !ff- >il~-j,c<]-'8 °1 
% 'i/E/l;s -"l'!lt-1"1 &:c<l 0 1%QJ ~e.l"l'll 1E-•R;; 'i'.Y.-fc: ,,,~1'!:e.l"-11HJ- 'lJ'I} 

'l 'll 'll-'ll ¾ "1 t-f 1..t O I cJ- % £-'I "1 "l -1l sJ 'll 'I} 'l 'll ~ 'l <'c '<I-¾ -"l :: ss -"l O l % s,J 
~2~, <?JY ~¾£1 1%Al, 1}1;" Ait1] A !i!..ir9.J ~11, 7t!,e<S}';: §..A] 01% ~ ~~A} 

~91 }il__~, 3:l1l'V- 1B~~ %£ %2..£ ~~~ * 9,.ltj-. <S}A]PJ %£7.]Q;j A]1~ 

ojo) i">H.-f:i! ~f- 5e;<jo]-§- 'i)Ej];s \ll'1-"),]J14 -'/-;;J1J5f~I Jj'![-'i) -')"1"1 1"

,i\1J i •17.i!t"f;c,. t~l= Jt:i!fsjoj;<j '<-~ ?;[~!a. 'll-"1"1 ~cj-. 

u]~9.] -'fL'.'.::~{l ?Q.°\ 7Jq.-';: ~Al~ ~'ill~l }i!.:§-:.5~ 01= ~ A]~ (Wetland 

Protection Zoning Ordinance).2.£ AF,~% .2.s!..M-1, if A] tll oJ] Al 2-j ? 7-'.J Al 1B ~ ~ "ii" 

>\.-f:i! "l'il', ;,f-@71 ,q.,1, .-1°p,,i % ia°"I ~1% l'l'1-"i"l-'I \'if- ~%'1! '111.-1 
.i!_ '.UC-t. ~!fr¢:j£.£ u]~9.j lfA]oJlAl ~7} ~ 'fi"A]~.:i! 9Jt" o].§- ~El]';: tj-g."i!} 

;le)-. 

]J 717'°~~£..:J.i@,@; £!¥- 281H 7[,°<;cf-§, tj{'i}2_~ Aj~.'<./.."il. 9}..?.9, ,{J~~.:a:J w -\'.1-C/7-i!~-l 
T'Ll %4 Q?, F.B.1+~J.Q] 113~ A]t!J1!¥-, "-l'i!, ~tlJ-7]B', ~E'd~l. ~~~1, 714'-,;q 
0]-§-A} ~£.i~ :;i'g~ 7];;1-~ ¥-i5\l 0]-'(-o-]~tj-. Lll~~.9] 71T~ ~~i,;!lf'.' ~1c1J. ~"'d 
¥. A!tlJ-i:/¥ %Q.~ -r'B!il ?J~.$-1{:{&:1, 7Ji'--:l~~~.il, AJ'?.!Al~-$/f./§!{f %~N .1.J;,~,,,1 
j2_ 9J, Lt. 

4) 7 IT~ ~T • .!i!.e¥-.£:ri\!l.g. 1'!tJJ1¥. T72¥, A1UJ~!,!-~ 11-ccJ~ ~Lll~ ~ !.l..~~1~1 
<lls.~ !!.£...::r•IYE.~ 1972\-:!¥-El .1.Jt§£j2 ~Crt ~ ~~..::r;@,g. .ii!~. 'i::!·f, J..},'f:l :;~£>l 
~lJ]E'.:S'...::.l~~ ~8~ 7)9-q:J:i!} ~';'.}-A-j~~~ i'}~Pl o]8Jl2} 't!C:]~ ~~i5}~ :,!% -'tR 
51. &}.i!. 9J,Ll. 1996\l ~A] 7]4"~1,!_~A]~.g. 227~.A1q:J(61R~1~,g.. f7}A!1 ll!~oJ[ ~; 
$,-J 1,120 km'<>! "!!>I -"l1£1"1 j)_e_uJ, NOAA2J cii'~x'lJ,J-<>li'i ,Hl•f"' j)cf_ 

:il P]~5!l '(!'liq:J'{!el~oJ];: 'federal consistency' S:.'8°J 0 1 9J,o-] ~),!J 78-¥-oJ\ ~~ £:::'. A}~ 
:c-t ~-'g-oj =E!-iH~~ Y5!l 't!~ zl-fL 4Q:f 0J%, "S!l9- 0J* %o/J ~~J-¾ i:ij~ 14'-. -?1 
J;!-2] ~'li~ '{!i'.J 71]~:tj- ~;;;Ja}oJ 0i tj-% ,t:Jjt;).:il ~C>J 'B~Q:J 't!-c.l llltl5!l {:!~'g~ 
7J&"\-A]7].il. 9J,Ll-. :E~. Ji]~ -'r'1J ~ ~~] tj-785!1 ~?~~ 7J_:E5}ccj -tH:!¥1 o]l1\J "a"A~ 
zf ~ 1'-~~l ~~~ 1/~ .8..{!E.£ {ts:.8"}.31 9Jt:1-. 
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Directive or Statute 

Executive Order 11990 
Protection of Wetlands 

Executive Order 11988 
Floodplain Management 

Federal Water Pollution 
Control Act(PL 92-500) 
as Amended 

Section 404-Dredge and 
Fill Permit Program 

Section 208-Areawide 
Water Quality Planning 

Section 303-Water 
Quality Standards 

Section 402-National 
Pollutant Discharge 

Elimination System 

Coastal Zone Management Act 

Flood Disaster Protection Act 

Land and Water Conservation 
Fund Act 

Federal Aid to Wildlife 
Restoration Act 

A}li Mitsch and Gossehnk, 1986. 

Date 

May 1977 

May 1977 

1972, 1977 

1972 

1973, 1977 

1968 

1974 
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Responsible Agency 

All agencies 

All agencies 

Army Corps of Engineers with 
assistance from Environmental 
Protection Agency and U.S. Fish 
and Wildlife Service 

Environmental Protection Agency 

Environmental Protection Agency 

Environmental Protection Agency 
(or state agencies) 

Office of Coast.al Zone Management 

Federal Emergency Management 
Agency 

Fish and Wildlife Service, 
Bureau of Land Management, 
Forest Service, National Park 
Service 

Fish and Wildlife Service 



O Oj7}"],cc 01% •~-',] 

- _§_Oj, 61%, l,-, oJ-lf-, OfA~ %% %91 .Ji!.:,1 •~-$1 

- -ofo]i,/, \fAI, Af',f, 'r'iJ %EJ oj7f ~% 

-
0 r'& 611l- >l ~ 

- oj.;,- 'JI o)'f %% Ji!.§. ~% 

- 'lJ A I :<HJ-
- 7IE} c<1 7J-£"1 01% •&-'fl 

o 'fi-c<IB o1% •]-'fl 
_ oj'IJ, 4'-71, ,t;.j-

- 'll'i' 'i'~% <l i! 
. -"I "1-"1 ~ '.i 3. 

. ;;f'r% 'l! ~ e1 ~ -\ii *I 
~ -fi-~"8 %~9-1 n\]71 

o 'i '11 o I % •.i-$1 ( 'i '11 "J 7} "1 ,t,J :c; oJ) 91 "11 7 H,-) 
. 'l\-'ll ""17}'8 -lif"l ~ -$1~ £s!..9j <ii! 

-'it-ol~'i!&"l%-$1~~·~%<l%"1<li! 
· '§-~, oj7} Ali!, _iR.Jt A]i!ej <Ji! 

- ~71, 7~6, ~~. ~"r.£, "8t'T£ ~ 7/El .::g~ A1l:l}~ Al~SI Z:!~ ~ .a-~1 

P)~!aj 7J--9-- 'tf"Al~ .¥~~ ¾..8..~ ~'t!-4~~ 78-¥- !EC 'HZ!- j;}~oJP•i &~g 

-lif-'l 2-.s!. §.?:I :S 'r%ii}i'c Af i!JI 7} \lief. 'I]{} *}~"1 oj 'll '11 7a ~ Nature 

Conservancy, Audubon Sodety.21- '1-t ~7<! 'il>i\ %0\ %~ol "1~1.-f, -"1"1.2.1 A\ 

~~oj ~'t!--¥!-~~-'td~, <?.!0A}~ 1!.~ A~B% ,1AJ%1-.:il 7l"E"~ P}~~}<:>4 ¾ii~ 

;;;;,\ >Jl']\JJI;; oij'lJ • 1'fe1~cf. PIAI{} '/"(/-l·l)'ll-\'-oJIAi ¾'lJi;}:;, '.U;:: '1\.l£:aJ'1] ;; 

7'] oj'lJ 7\'6-:C q-§-.2.j 57fo<I '!Is!.;; %'1\Ai •11-';J-,!q. 

o Michigan Natural Resources Trust Fund : nlJ,ltl "r-78-¥-"1) ~~ ~'21£1 

oj {)Pl:aJ, fl-{j:aj, $]i'j-aj 7}'17} V,cc ;';-o<I~ oJ'lJ-o};::cjl A}%'il. 
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6 Michigan Duck Stamp Program: 4-.H. ¥}-oH~ ~~ o]Q-J"B"-& "g-A]sj nH~ 
g -'1J 'ii Af-§-'iJ. 

6 'il.z.!' *}~sj 7l"B"'tl : 7H'iJ 0] .g..r.'.J]t.l- AH~~ 7]-¥-W-.Q.£.M] 7J"ii"% Z:Acl 
0 t!:1 "i:!-~ : The Michigan Nature Conservancy, Michigan Nature 

Association, Ducks Unlimited % 

o A] ti.} ~-¥-

'~it, 0]%.il., '/!if% c} 0J~ ,:J:aJl.aj 014\..1~% Af-§-•foj ia'""] ;<f~-"1 'l!'li~ 
o]-§-~ 'l''r-•f::: "ei"'1:i.£ 1l;0 ] Af-§--"I.E '.Uc}. "ii% ';,oj 'ia'"]:S 7].!/--S-f1= ;<foJl~l 

"il'it c;J-'/! •11"1 ~ 2r>1'-}, ia'""-1 ~ '/!'ll ~7,J9.J ll."1% -'11'11 tl-%•)2 B,floli -f\-"1 

~ ,11 J- «ii "I% "?1= 3'c"illl '11 g 'r,l ~-"-!a.'"i 7,J >ii .aJ 'l.!-illEi!:'-;; >ii 'i?-~ct. 01-~ 

.il. 'll -rc.f 1= 'll -'11 "l '?.! -ill El -"-"ii~ ;;,-"i .!i!..:o:. "ll .aJ e,' "l -"-!a. ti-% -of-" '.U 1= off .! 'i!! .<e. 

T9:.l 7J4, ~7-]7.]~0l\',~ i,tAl '!fl51 ~~~ 6]%~~ J:j!-7}-"5}C9 ~~'ff~ 's'"A) ~ 

'?:!0 A}~ 9..j .!i!..~7] ff£..£ o] %~tj-. 

T~9..l 7a~i4 {118- 6 1 '.ll~ i.]Q;J.Q..£. 5,514 krnS!l ?SH~~~ tjj"'J.Q...£ q-~ ~-78¥ 

.2f "i-"'•1"1 'l,'ciJ.aj_<>_;a_ {1-6•.aj'l] \'j'1}-o]-§-o] o]-'f-"17'1.i! '.U1= ,]ejo]q_ 1965\'! 

A,.J!_ E \4 A] ::::'::..i!. ~ .!i!.~ · 7H ~~ i':1.:§'J (San Franscisco Bay Conservation and 

Development Commission, BCDC)~ ~1! ::_ 7Jli'.l!ft...l 6} -?-1-11-9..l Sll'tlAt~oJ] qj 

~ ,t?_ tl-,lJ"4 '11-"1.aJ 0]%91 -\l!.fl>Joil 11!~ 'l].qg 'l!'iJ'iif.iI '.U1=L11, <JclY\..Jof 

"r~ ~'?}.Q..£. A]%]~j1 '.V.~ ~'{!.!i!.7@ ~ A}~sj Wr.l-3i 6]%~ ~~ 1:filJ::. .:.?,-

7f •l 0J .!,LOJ] "1 " !a.:::I ,l, c;:'7f 7] 'r "1 "!a.:::I ,! , c;:'7f 7 I 'r "1 \'IT • .!i!. ~ rr !a.:::I 

,l , \'l '<! tl-"1 711 J1 ~ \'I '<! .!i!. -e tl-"1 A I '/l % _<>_;a_ li c1 '<I 'r '.U q ( .l!. 9-3; :::r \'l 9-1) . 

- 592-



'i' 11- ~£_::r'l1J Pa~ 1;113:J(km~l 

'y.£.ii:-.'r. ~7}~oJ.!i!_§_A]Q:'/E_~.::I~ 4244.5 
(Channel Islands National Marine Sanctuary) 

j! 'l! :s>_ ,J-Jt ,C7)'1] OJ' !l__o_>) 'j U "-.:J. ,l 1346.6 
-',;- 7}'5] OJ" }l§.A] Q;/ (Cordell National Marine Sanctuary) 

E_.£..::r ~ Slf <l-~ '1l ,:-,r '11 'll &.o. >I 'l ""-.::r 'll 3212.8 
(Gulf of the Farallones National Marine Sanctuary) 

.g.Eii!.J '?.!" :i;"7}~0cf.!,1_.~A]Qj ll£..:J..'1!j 13639.7 

·~7}7JTC!l.~£ 

.:Li',!! 

-:,;- 7 }1IT<2=l<t:!+ · 

/,l__-l:: ll.£:J..~ 
~-

91 '1ltf al ii 'l 
~ 

;,J ef 

(Monterry Bay National Marine Sanctuary) 

££ 1i!(Morro Bay) 7]TQ::J 1!,.£..::r,;M 
{!E}.S:. Lj 7}1?.!-(Santa Monica Bay) 7] TQ:j ll .£..::r i',]I 
~ ~~A]!::.i!. t.Ff'(San Fransisco &tuary) 1]7"Qj'~.:ir,1! 

°.!!~;;-£.rr(EJkhon Slough) 7]"rQ::J<;:!.T · .!i!..,eE.5-..:::r~ 
Elir 0 }4 7J-(Tijuana River) 7]T9l~T · .!i!..err£.::ri@ 

,!! al .'[ y Of '1J '1! 1't al ll "- .:J. 'i'J 

'IJ '1! !! <° ,/ aj Af 'lj J5()oj 7j 

I ~J~ JI*~ ei,1-.!r.e !!£.::J.E!l(2JH) I 

; ·i!J XI 

I ~J~ JI*!:!! !!£.:Ji1!1(4JH) I 
[ e!e!!:2.~e!'C.1!!£:1~ (150JH) l ~------'",,,.,.,. -----ir'·~" 

t 
~cl:£.LIO~ e!e!-tl12.1~~§.I 

8!:!!~Al~.i!e! .!r.eJH~~S§.1 
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~ C 1'd ;J 7ll 'I 
~Oll~ ~igJ-~.!,:!-71 

T ~ 

(~*) Oj 

0 ,J "l ;;; ,J <'! "1 'Al 'I 'r ,J 575 100 
~ ;i:J .£! 2-J lll ~ T ~ 

{;>J.!l..o:~ ~~ ~•Pll•I 'i'-~ 0 1,660 1,460 

0 ~78¥- %~if:,;pr~.::i~ Tlcl 713 272 

0 ~ A] $!l lf '11 'I! " lf ol "' oj JfAf •J ~ 

~~o]liJo:J¥- ll"\ e ~ii]~~ •I 5,402 3,240 
;;; A I <'! "1 ' it •I 'ii •I 0 

7H {1 
_i[ 

0 -g-:,;J c!l~1 fil!gJ .i}:j 
19 II 

lcompensatory mitigation oolicv) 

0 ~ 7J'T~1tjoj] 9J~~ 'g°A]_!l~ 7ff{i 28 28 

0 ifA]4'-%ll£.:::Ii@ tf-qj 16,752 -

~ e"g"A]gj _!l§_ 0 £.A] ±¾'?oJ] <11~ ,n,i,q~ '1<11 6,272 6,120 

0 1tl~A]~.Q_5'.. -!-~ 'B'A]_!l~ 7J-:§} - -

0 A] Q,J'g"A]-rl:2-Jll].:Q:JoJl E-jjj~ 'g°A]~ 
B' ,1 ,f~ 'i<ll 

~~ ~ ~~¾ $1~ ~Al'r¾ 
9,282 4,5300 

q. ~xf~~ A~gt (Wetland Restoration and Enhancement) 

i,-SJ.!l.~ %~t!:"1711'ioJIAi "'-"l"r%~ "1121~ 7,l~ ll"i21 ~cl ~¥1~ ;;;,01-1,

~ll"ioJI ?o]~t:]-. i,->Cl>Cf~.!l.~oJI n:fl" 7,l'l'l 0 1 %-!/-~ >!!"13'.'-1°1::C 1976\1 •!!cl 

3'.'-1°ll'!'l!t!:"1¥1~:o];, °il"ii"f'.l!:;r % ¥1~:ol~ ii-"loJI cJl~? ll.!/-21 t!:"1-"11l 

% 1981\:l 7H'<fS-f'.l!t:]- ";1'1 1976\:l >J-'\j-,! •!!c1Y'-1of ? \'!'1!.!l.~¥1~:ol (State 

Coastal Conservance)2" ? l-¥-91 ~~if.AloJl qj~ 11,jJlo] "TT"AJ]ol]A1 13'°Al~.!el34 

t!:"1 · ,c]~.".ia. 'd~s-f~ 7117171 s;J~tj- Uosselyn, 1982). fr>C]-!i\,~ll"i21 A]•]% 

*"11 '!i."1.'fYOl?lJ.!/-~ 7l"r"1 fi'>C]2j 7,l~ 2000\:lllf>CI S0%o],iJ- 0 1 -!i\,~-',l 7,1.Q. 

£. 11 °J<S~ 32 'll tj-. 
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71. Cll'o!~E · ~~ • \'!!Cf.3. 3~ !1<"1"11:.tl (Trilateral Convention) ,'~ 

Lil'>!\'! E.<>I] Aj <;l! cf 3. <>I] oJg 2 800km-"l '1] •)H:1 :ilf '1! 'l!~"!¾ '<-~~ '1/' '1Pl oJ 

8,000k,/<>I] oJ g 2 '/1,0 '1]-',j "ii"! '11 .9},j) "ii 2 'll'-@c ?11 :ilf '!!-~~ oJ! '11 % ~'ll 2_,c 

•12 Vi:f(.lf. 9-5). 'i•I "l-•1-"l 'ir%~<>il2 Li)'lli'!E.-"l Den Helder<>ll,,_1 'i)Pf.3.-"l 

'fr £ <>ii 0 l ,,_ 7J 171 ,q 450km-"l "11 'l!-;J <>ii 7a! "l ,. :: cl! '11 ° l 'll-.t "1 oJ V i:f( cl! '11-"l "il 
iJ: 'I- 15km, I'! 'l :'. 80'l}ha). 311-S:-"l) 7al "l V 2 .9} 'i) "11-"l ".)! '11 :'. af 'll -"l 'J! '11 °) 

1f'l}- 1,,loj 'l!'il 1'11-"l 60%:S >1:>J.-12 VE-oj Lj)',l\'tc.9} t;l)cl.3.-"l ".)!'1/-@c 30% 

.eJ- 10%;; •lzJ .-12 V i:f. 

'?'! 'li-&-~ "' ~if A] <?,j 'ff A] ~· j-~A] ;,,.\~ '1- ':'\ is\\ ~'I!<\ ~ ~ 

'l.1/ \:!~ 
£Ai 2/ ':'\ tll 

Lj11g ~~- 385 2,500 85 

Lji::~~'l!! . .lit!]~. 
155 2,100 117 i)-{-g 3. 

~ i'l] .!;;_ l:£1-*!:-. £1-'i.l 280 25,00 63 
~--

L~U}Cl'\-3,. 165 850 81 

¾ \:! ~ 985 7.950 346 

9-}c~g~~ ~~.g. ~~ 0J:,,.~~,)l ¾1f-'8}:i! . .:t:'ft""~ ~~~-&-"'.:loll -3.ita'~ x;;::Jg ~1 

~Sf.I' VE-"i, ~i'l~-ll--"l >1-"it!-'ilE-!a..'i' oJ-§-"12 Vi:f. 1,000'1!-1,200'1!-"l % 

<1~ 01 l-7-"1%12 Vl'etil, 200•/!~250'1! 0fe1-"l .2."1-"l- :,j.\']-l,-.9} 100-700'1! c\"1-"l 

'¥--'I' 01, ",L >1 %-"l -ll 'i/"-l,-7f 1-j-"i ~ i:f. %I:>) '1! 60-70';1 rjJ '1! 'l}o I %-"l 'lJ-'g JJ/ 11 oJJ 

"1 'lf "!I~ ~'))-7] '11 .2. 'll % '(,!,c '11 "11 9t'i'! •l -"l zf'l!"~ 1'1] ,i] .9} •1 °Jzf-'l)-"l 'Ill i"' ii 

7iJ ~ ~ Li] 'il. \'t.S, <;l]clOl.3., af'lJ 3-S:--@c 1970';1 rJI.J/-E7 1 "1 'IJ ;,JJ -'i'~¾ %"11 -")<;l! 

"11% -l,'%2-,c tl:"1•1"1 ~i:f- 1982';1 >~1'1Jaj2_,c ¾Jl.~ .eJ-t;l]'1J-"l t!-'ilii .l'..§:•f 

7) -'?-1€4~ ~~all li!..§.~ ~~ ~%-'st:§¾ ~Ji.<5}2 ~~~ ~~~~ <5}~61) i1"% 
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A}-'j!--;:-% -ll*lii}:,lcj-. 3-;:- 'lj,!Jg] 'f'Jl'11%.g. ')!ai, "]Ei17\l"il Pl*l" 'il",l'¾ ~"' 
:§j- S-}71 .!/1'11 lljaj,o- 'Jl '1'-~~7,l¾ 7j-\JS-}:il ½ai, J<l-'11"1-Jl-£1 {!'11')]-, ~-i,- Aj"] 

A] ~ A,r2.-7<J"~~Ai 1~~ .!;!_;@'5°}Jl, AJ1~, 4-c4~ ?-}~.JstJ:¾ .!i!.1l"5}t ?;! %0] 

t:l-. -'l4f"1'1l 'll"I¾ *oil ti-%<!"1£1 7,1~¾ ~"1~ 3-,:-2_ 1997\'l >ilB>} 9tc;l!•l~ 
"1 (Wadden Sea Conference)~ ¥-811 "1-"1'1l7\I~ (Wadden Sea Plan)"t 3-;:- t/-%.2. 

l..'\E.i us._.::z.~ (Trilateral Monitoring and Assessment Program)~ Al~~~ ~9.j'5"} 

:ll cj-. 

~ 'll '!14'- '° "I- 'ill oil 1i' "I !l ;;I ~ .!/1 oil 
Conservation Act)"il J.i -ir'!I ~ -;:-,J t?-~ '<I'!/ 

'?l '11 ;<f '?J!l11 'll (Federal Nature 

<l\'l~~,J-% &.c/l's!. 1i''1ic'o"l"l-¾c'o 
Et'1l (Shleswig-Holstein, 1985\-! 28.5'1)- ha), '--)ci"l-l!! (1988\-!, 24'1)- ha), ~4'--"-3. 

(Hamburg, 1990\-! 11'1)- ha)~ S;-,lt/-~-9.s'. '<l'!/"l"I 'i'ri'JS-}:;i '.l)cj-. % 'll :'. -;:
,l ti-fl "1 "11!-iil-"1 oJI II}el-"'1 r:f 'll' ~ <!"1 >il.£ ¾ ti-% s-f oj :Ji 'll g l'l-"1 ii} :it '.ll lo c•J. 
7IJ!-"1'1] l'J-"1~11}& *A}S-}cj-. % 'IJ"i] II}.s'll -;:-,JtJ-f-!.g. ol%7}-'o' •]$1'!! 'r"l 

% >Cl'!IS,f.£,;. i;}jl '.<)_9.oj, A],J)'aj_9._ia. "F..8.~ >Cl")~,e_ >Cl'!i'f! >Cl").g. ½iJOl c<\l 

t\S'Jc:cll, '11~-'r"l:'. ;;l>IJ S:-,ltl-f.l'll"l"l 30-50%¾ *l"ls-f:s:t 'Uc\ . .'E~ "i-'ii!•l 

-;:- ,J ti- -V 'i'l-"1 7J'i'- ~ -ll 'll ii}"! 'll '1!-'ll 4'-"il "1 ~ "l'll "1 l'l-"1 >ii >ii¾ 7' "1' "I E.s'. Mi 

"I 'Jl-1! 4'-"l <l-"1 %"! ~ c<ll ~"1-:it '.ll r:f. -;:-,:1 %-V "l 1l ¾ ¾~ ¥!:"1 >il c<ll ~ i'-~"I :s:t 

'11 g oJI .S'. -l,- T "I :it 2\- c;l) oil :Ji 'il .g. oj :@ "l '8--?J >'1 "l "l ¥-<>11 Ai £1 7;l c<ll ~ % -9.s'. 'll 811 
'il •J¾ 'l)c Jl '.ll "1, 'il'~ st Ci\ "11 'ir >Cl ;<f ~ <!"1 <>il 'U "1 ti-~ ><l "1 'Jl "14'-><l "l, 'l! "J 
'\)4'-, ><ltiJ-'\)4'-'1.QJ ¾tJ-1'J:e1'11"1J ,'~ 'Jl oje}g] ~7f>il~ .'E'° '<]");,j]~"i]A1 'g

~J ;< l "l )il_ 11 "i] "1 tr~ Al ~ u I \'l % 0 l .a T "1 Jl '.ll r:f. 

Y Ci ") -l!J £1 ~ 'lJ t/-~ £1 7,14- ,;- 'lJ 't' 1\ :,j e1 '° ;<l ti,J- '\J 4'-£1 -;:- ,l t/-1\ -1J-e1 '\J <>ii Ai 
i>Lil '.l/-9."l, ol 7l'i'-"1 7]-'5',g. ycj")-l!) :J!'il"1 !l'd11"1'¾ 4-,Jiif:s:t 7J'il"-I ']Eli 

71] 'lli'-: 4-•]i>flocJI 'Ur:f. 

'-1 c, 4-l!! "1 :Ji 'll .g. !:l:@ 'll .£ "il IIt"t 371 ><l "l !:l ;;I •J-'l! 0 l 'i'- '1! "1 :s:t '.ll '° c•J. !l 11 

ii .£ <>il IIt el- iT c<ll "J- 'll .£ ¾ 'a' "I ',r e1 "I :it 'U cj-. 

>ill!l'li"l'i'-c: 'l!'ll><le'l~s'. yci"!--1!1 111 cl!'il"1 54%"1 13'1)-ha~ >l><ls-f:s:t 
'.l/2."l !l117,l-.£7f 7\'l}- ',;-of 4-~'lJOl'-f 'lf'll"1 •]~"i] "il~ol '.l/-9."l, ½ii.£ ,!) 

~'iJ '101 t..f lf.Al i,- IItaJ- 7f-'5'S-fcj-, 
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>ii 2!i!. s! ,q "I :'. ¾TI: ;ac] S!J .£.sl s! >ii '1! 'i1 '] 45% '/! 10.8'/!ha~ ~, ;ac] 15]-:il 'l).£. oj, 

11'!:"l 7c"Ht {l-J:,-"]7]1= .5'."' •~~~ "1]~5}oj o,•J%%o]i.j- 6j>J,j ll}.ilj;a -sf 

;<]A]7]:il 'l)q. oj7]oJIA11= ~-l,-,j {!'1!,A]7]'/] 4-%J'/-Ej 7-%j'l}A],= ',/.ilj- :!!_A];, a:f 

4 ½'ll o] 7}'\;'iS}q. 

,J]3!i!. sJ;ac] SJ~ 'i,- 0J"'I SJ .£..5'. 1!>11 '11 'i1 "l 1 % '/! 2'i!ha ll .x.7} "(-',j *~ "I "I Oil 

~:.!'I- 1,-:>,'.iSfJ! 'l)q. o] "'l"l :'. "1J4'Jl-llo]i.j- :ff- 0J;ac].5'. o]-§-o] 7}1,'iSfoj 'ff-OJ;acJ 

.eJ it.5'.C: J:,it.5'. u}~.5'. £loJ 'l).£.oj 'i'!¾ 0 ]-§-o] 7}1,'iSfq. iSf:<]'1! :<f%~1 -,£-•~ 

o] cJl'l-11- i,-:<l£loJ 'l.l.£.oj, {1% -ol"i' -"loJl1= "17171 'l!Jl.s;fq. 

cj] "1 \'! .SC "l 9t 'i'! "11 ff:<] !a. 'l! ll '11 :'. ~ 'll '\I '/-9<1= off~ -'if 0 1 ~ '!I Ell.£. 'r ',J £1 '.ll 

cl. ~ 'll 'll '1- 7 I ,q "J '\1 '1-"l %"1 9t i'l: efi'! ~ ~ "ii ~ ~ 1l! 'i'!, 1980\:! (1993 's:! 7J '\I ) 

'i!~ oi{! t-JJti!~c: '4~tTI .!!§.~ ~~ T7-~ (Wadden Sea Memorandum)' t 'T 

ll '1- '>! "i "J 'll '1-.eJ "I~ "l !i!.1! '>! i'l:21 "ii cJI ~ 7 I ,'->ii ~ "l -'a ,i ~ >< :i! 'll cf. a:f 

4-"1 % -ir"r"l -"]•~~ -'f 7}:<l ,;J.5'.;a %SJA1 -'J*"l.£..5'. o]'i-oJ~ 'r 'l)c:<11, '11 

"'1 "'l"Jll'l-"l %"1;; •l-'11~ ~'ll:ill ,re1 'Al~4''>l.i1J-'lloJl-"i AJ'l),j %"19< :<]"J 

'\I '1-.eJ :<] "111 ·~ ~ :i! e1 "' :i! :<] "J'li '1-"l i'l:21 'i'! ~ ~ '11 '\I W .£..>'.'"I {e/1[-"J 'll:i! 'i'-

4f "1 'll 1= 711 ~ 0 ] £].'r.->\- 5}'.l/q. ½,ff.>'. :<f'i'!!i!.1! 'il (Nature Conservation Act)%} 

"l :<I\'! 7J \a% (nature monument).>'. 9t<;l! "11 "l ¾ Jl.;ac] "I ~ "'l 'li W .£..>'.'"I % ><I SJ 
'] ~i'c ',! ll}.ilj;, ,&'1l,~ 'r 'l)c: •~~"i]~o] o]'i-oJ:<];,J] ,1'.,lq. 

c;l)u}3.,j ¾:<]!i!.1!'\1'11~ ~'ll.i1J- '1l,l\'!S"l !-W'ilo]e} 1,- 4' 'llc:<11, '1-'c!•l 

'if"Al~ °FA~%~ ~ A}c,1.!!1!AlT (Wildlife and Nature Reserve).£ Allii}.JI ~~ 

.i1J- -&-'I~ 'i'- SJ "ii ;; "l % 5} :i! 'll q. 0 I 9t W "11 9t <;l! '11 .x. •1 '>! 'll ¾ "'i .eJ ¾ .ll. "'l "I 
~ \'l-'-l~"r"il ']~ -"-"'"i'i'- ',! ,&;,l'i'!W ~-lJ-it"r (EC Bird Directive)oJI .ej,j~ 

"; \11 !i!.'°' "I "I (Special Protection Area).>'. :<]-11 iif :il .'r. <1 ',! 'll \a':<] "ii cJ1 ~ :<] SJ >11 

~ "l 4' '>l '-I o l ;; 1l! 'iJ 5} .x. ->i- "I '.<I q. 
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-"I .!il. 'l:! <>ii -i'l-~ 'il i!: oJl l'c ~7.l 7] 1-'-'il, ;,f 'l'l ~ 7,l .!il. 'l:! 'il, ;,f 'l'l 't'~ 'il, -!I:~ >R .!l~ 'il, 

.'E<rs!.~ 'JI <r,a"il -i'l-~ 'llil:, 'l1¾~7loJI '.1.ll'c Of-'3%61%-"I ¾ .!;!_'l]oJI -i'l-'1:l '1l 
il: % 0 I 9J :il' '; l! .ei ¾ Ef. ,cc A] "1 ¾ ;,j l! ii} "l >11.>'c 4 ,i '!f '!l ~ ;; -ir -<ii st :il 'll ct. 

oj ~ '1l il:oJI -"I '11 Ai "i l! "1 :il '.1.l l'c ¾o] 1-j- T "1 <>ii l'c 1,- ;ac] 2j- er ::!coJl Aj ,Q irf::: ¾o] 

9'r 3'.~"1"1 '.1.(9. 

'it A I 5' "-I .ei % ~oJl '.1.l "1 Ai 'l1 -l"-oJl Aj '=' 5C'r .!;!_~ 'l/ 'r 'I! "ii -i'l-~ '1l it Oil 2' 7-j 

1'foj .'E<r.!l~'r "s ',!.!;!_~;,]'r %"1 .!il.~-rs: "'illl\"f:i!, .'E<r-"I £~0J4 <rl'! uH 

,g %Q./ ,ij~~.$1~ it~l"&i-.TI. '.UC"% {f~l .!ii! 0 J i~o/J .9.J<5ff ~.1)-~2 ~~ )! 

¾ -,! -l/ '"'{i ej st 1-t 5'. ir} TI £/ q-. 
£<r .!;!_~ -rl'c -SC 7};<] 'll "1- ;<] "J-"11-'i'-:<] lJ -"I 0/ 0 ] 'll::: ril, -S:7};<] l! £ 'r Ji!~ 'i'l'c 

541ij ><l-r, 491,000ha (i ¾ l;-',!Ji!~;ac]'rl'c 42:c<l'r, 112,000ha), ~;,] 'lJ "°'<r.!l~'r 

::: 3,713"1'?-, 3,110,000ha (2 ¾ ';'<!Ji!~?-]'i'::: 591?-]'i' 184,000ha) 0 lct. 

-e:,1,,ll! £<r.!l~'r~ %"i-tr"iolll'c .!l~-i'l-i!J'i'l0 l ~ 1:o) 1£ ll'll ef¾.s'll 

-2.~ £.ff- Ai,:';:/-?-~ ll)¾ ;i::A}i>}~ ~c}- 7d~s) '7"-.B..~ Ji~· .2..~*7} £~ii}~ 

if;<loJ]-'i::: Dl\'! 1-%/ ¾€' zJ- ;,]'1)-;,f*l'1loJIAj 'l/'1]1'1 Aj<>J.'E-'}7} ~A]"1:il '.1.lct. 

tr "I -"I .!;!_ ~ oJl tl-~ .!;!_k_ T _;a_Aj ,cc CJ. 9J <>ii ~ "ii "1 '11 7-}'l'l ~7,1 :, .!;!_ ~ ll"f::: 'll "l 

'11 'i' £ ~ "} 'l'l ~ 7,1.!il. ~ 'I! <>ii -"I "ii Aj ;,} 'l'l ~ 7,j .!;!_ 'l:! ;,] 01 "' 11 ,g ;,} 'l'l ~ 7,j Ji! ~ 7 1 01 ° I 

"111"1:i! 'llct. ';1'] ·'l•JA~;,}'lj~7,l.!;!_'l];,]Q;joj]A7,cc -'f"illlloJI 'll .. d'¾ ½ 7}'6-'JO] 9J 

E •f!/17} 'll"l"l ""1"1:i! '.1.(9. 11-'f0<}'l'l~7,l.!il.'l]?-]01-& 5?-]'i', 5,631ha, 0<}'1'!~ 

7,l.!il.'l:!"101:: 10?-]-r, 21,593ha, ~;,]lJs.] ;,.}'1'!~7,IJi!~;,]01£ 5J9;,]01 73,609ha 0 1 

ct. 

'; 1'] 0 }¾ ct¾ 7,1-\'l- Ji!'l:! :, l'f ;aj .2.5'. ii} ,cc ;,}'l'l 't' 11 'il <>ii -"I 'ii Aj -SC ll '8-~ 0 I 28 ;,.] 

01 2,047,265ha, s:'1't'11°1 55,qQ;j, 1,343,231ha, Ef. ~"I'll ;,f'lj.cg-~o] 304;<]01, 

l,945,!65ha7} ;,]'li"1TI 'll:i!, CJ. ¾oJll'c \lf.g. tr"i'll- >'c%l\"f:i! '.1.lct- s:'ll · 'itlli\' 

~ 'l/ s.£1/-~ "i 'll 7.f 'lJ 't'11-"I W'11 l'c .;:-.1a. \'! "1 sJ SJ' 14%;; 'll iii :s1 '.1.l 9. 

{P'i ej .!;!_SC¾ 4'{! '117} 7] !/J 'ilAi ,cc ,1 '1HJ-%"il 9J '11-'1 'lf Af "1 :il 'll l'c ><}'ll nf"'i 

1+ ~ 7,1.2. 'll %9J "J- "i 7f 'i iii ¾ _flirf9. 1997'tl oil -<111 ..i ~7,1 'll ~J'!l 7e'il oJ1 Ai::: 

'8' * 'T \'! 9J >1 ;,j %-"I cil -iJ- 'i'. 71 '!f A e 'lJ oil -8: 611 Aj ~ 7,1 'lJ 'Jc '!J 7 t ;s _ej !/-~ i;} :il <j 9-. 
..2..<f:lllJ-Al~ -$1~ TT~l~ ~t~\-'C )l.Q_.£.AfE "r~.2.~1:IJ-.Alttl, §.l:"T~li!.~~~~*l 

'>/, •l 0J.2.'ll 'la! '11'11 •H•l"J--'1"11 -i'l-~ 'llil: %0 1 '.1.lt:1-. 

'l/1"-"1 G-'l.!il.si~"i'~ 'f%4°.l'"a "t7e.!il.'l:!'l:!"i' ¾oJIAi il'"i"fEillll-"I ';'ll% 

¾A]i5}'C ~g ~~.Q_.£. ~ li!.§:.A]~~ ~~% 4"{1i5}7] ~~ A]~9.l ~7H, 1;1.AH 
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lo IT[,i [orl,l,' t,;B,-ll,1a[k If, %-lt-ll,lt,'. Is -!'1" 'IT\o E{_.«. {Llt<{rlr ./',l\-, % 

-\,l: llolr!a> lzlz ~&>¾b'-\l: lowlv :alo ·tin; Ejgl,,HL lst,.ilHr!a> · Hv~ laft ¾ 

-l/,HL Is t'R lal;faz liolr,\!, -I!-% ,roT{Y-/> lo[Lv tot,.{f{y 'C,:{li[e 'fb,\!,[v1a-&IIR 

{o[l/l,';[vli"{o 'C,:afr.,1,- p,{_.ft [Lj_.(i,~ ls{L% lofv[lo-,,e,, lafob ~[¼cf,~ 

·t:,,g!rr{Lfr [ole,~ 

{ojLf,, lofv[lo~e,, iafoti % (a[y '[l,[L 'O~N 'jil:[L.'.c[o 'U,,[~jr.f"lr IT[-,jo [o-(l, 

jL.;,c -'sfvllo[Yr, [ol,;,{o,!: r Ta 'Ej,.\{ijil: liob'lil: td<11" \olr!a> \0% ~\i, t,[o 

l,- I,, iafo-b%ti ::: k [lo 3 [I, I,, \tt-i= loir ro la ft ls r ·ti lo E ,_. 2 o 1,,,-,; 3 % [o 

~~~ r Pdo [oi1~R \olY~ '~i-~to& [Ii~ ~h·:~ Io-f'vlP r O=lo':E{Y.& 
·tin; IT[,i[Ljl, 11£{_.foti io~T 

tell:· R1a lalo lloli<ldr.fel,.. lo-lz -lolo -'skliolrs'. 10\rlz irro la \.lil: 11o[,.-!;, 

',;% ITE ~~R> loli<\~jr.f"I" -'slo-!rri'r fy\lo\li'll: ,~,toT{v-!l, [o-lz -\olo ·tin; 

IT,_. fl- ;, I~ T la ft ¾i",1"\w Irr lo ta la lo [lo-!<T fy I \s -l'c ii<~ \lo ic,6L ::: fy llo a {a 

£ Bdlilil: \loLl'l-c · ,l/ui) \o!l,'1,?/lll,l, R,[,.-!;, ',;% t,T1·11'l> \lo-ir\ln r ·tin; 3"' ::: 

[5 11£,gf>;;' {L\!<jr r &Ir k>lo jL\~{Y -'sfo ~l\-,~ telo \lo[ot<, kliofo\, [o~ 

[vfdo r '-a-I>' =:¾ ¾tklr lo% -blo!!e\rR>lr fv\lo¾I,, f:ef.l, \loC,:1a[ojr ·t:i[o 

&lio i,,[k[l> [o~\liR1"t>f¢[oj,c l/,½t,.{f{y liof>OO0'Z 'E'(o E{_. ;;{vT]l,1at,{¢ 

[oj,c \oil<~ J,je{v [<!¥ -'sfvllo!l!!l'll/! ·tin; E[rt&ll< [o~li<Jl,1" [ol,a,-!l,.% lo% 

111/loti-lo+ 'Fb-!;;lv1f-&11R {oili;,;[vl16{o 'Fb!a>ntir.'lL 'Fb!a>a[v.,1,- 'ilia{r.,L eol_. 
20-IT!-lL ~R'.r K-J.~~~ ¾~ii:~:3.Y{n~R f½¾:S:ll-@* ~3li-i~ :6 ·p.n, L!:"[Y[l.g 

f!i! [o%[t:i Iok-l:ofk -Wlt ¾li'R[-c.'; lolW'fiii kfl!?to [lo% l~~ ~-l-c-J..gfy~ El.f 
[r ¾I>'% \oll,,l!/f_.-,,: 'l~T ¥.>lil: liolr.f" -Wfo&>i'r lollln'Bt 'l~T-tet'\tt'r> ao-1,,

lv i, I~ Tic [L [>,{¢ -'s fvllo:f!Ml!I 'l,', :'a ~ [lo ·ti lo 3 lio -'s lo IT, .. i!e it> a ~ lit l> t¢ 

tiloll:Tt,{¢ '[e-\,l: liolr-!;; aol,a,{,c~ -lab{o -il>ir. alo Ej .. [k[,.- ;;,LC,:ja lo% 

Fb-& [o{r 'fo lrR1a i>'iG: [o{r ',L c,:1a e,,T cifv llo [li-f'> 1¥ 1'r33 ll, l'<K Th~ R · ti /l: 

-&{L {Llli-\l: lo-\olr-!;; lio-lr\ln [Llo ITj,.-&[i>' ;,c,[eki!e[• %lz \.R,f.l, 'E{,.b'lrr 

¾]I,~ r tilr-!;; T, 'Ejgp,f.l, [l,~ lio[,:-!;; \oliLliL jLli<i>'{".f"lr -'sfvlioirro 

·ti lo E Ir ll• «• lo rl: tl, -lo:b" Ii>" 'le \tt lio R" 
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1'> i,is\-[,:<, t,,:-&:~1:so i1', -&:~~[laf, loir%{6is, t,{af,S ;;f,l:-fr -kR"7foH• 

Ill-!, la~lki,llti>'ia IE, lY><I:<!'." (c:) 

'(8661 '~) -P-Wfn ¾i>,[,: {oflt~ 's[Lfy e,'8<, {6%if.,o [lo{6 

H• to{iej,'. ;::,jj\ lliec ¾%ls? lo-/l,{lr {L{>:Fo livla lo%(Aep) sf!>- t,(lJ!S) jy[a ;::, 

F-iW¾ 2-M-~ 'l~:1~f-ito~ 20,.a, tz«v Utt~~t?rr v:.-~ toiLtr.c, 2o~"lflro ~fittft: 

-b-i.o[alo ~ [r~jsf/, i>"-ln [bl/,i,cFi[¥~ -o'll<K' 's)o Fl, [o-f,,tt, lo-,Lis, il-

'-b-wfa atolic lolr{IL[i,[[i 

i'L ;::,,.~ [of/,[,: -tirii-lt"7 lb[Yc,'{z l-,1'r2ow~i'L ;::,~~ [of/,[¥ 11'Wit"' lb 



'il "il133'coJI "1- 2 \'! 1f;,J_!;!_.:o:_;,J "l '1lcoll,.i1= qg :i!f 0()-.g, •!~7f >11 ~'<!t:J-. 
o .'{i¾~ 7]E} .:g-'.3}%gj ~¾ 3:C ¾~ ~ £7-1£1 ~~~la 

O 13'-A]9.j 4,$1 !ft 4-%1:oJl ¾7tf% 7}~..2.C 8~~ 

0 .fr, .2.~, A}~ SSC ~ %gJ JH~ 

o **9-l ;;.H~ 
0 % . "1%-"l '11~"1 Sc'l], >;jaj-, y~ 'l'.:C: ,1~ 

•l's" ;<]Qj4''1)0] t;'-%'/-".lo] 'jj-S-f1', 7]<'.}oV,} '~:>ll"i'"ir 'l'.1= oj7f~% % 

91 J'i-,sj.Q_,l ;<]4/-S-foj .g, ;;Jaj- · y~ 'l'.1= ;J<i1-"l ;;J~;, '11-"l 

sc~ \'!'1}91 fr"i'?\l! i'ri!l"l"l 'l'.1= fr"i11{! "i"l '1}oJJ;.i '~'11711~"11 -"1'11 
% · -"!%~ '!>"1'!'711-t -"!,jSf1', •~~7f j','-;<],;joj, \'!'1}-"l 'la'"]?\!! i'fi!J"]QjoJJJ.i 

iPJTT.£. c]AJ-.Qj {!~A\-~, .:g-4t4-1B Dfl~P+~, 7]E} %Al.!2.~oJl $liiH~ ~ 4- ~ 

~ 8~~;;; "5}.J2]} ti}~ Ja-9- tH 0J4-{l--¥- AJ-"fl:9-J 'S-=?.1% ~o-J°F "5}~, -¥!-7:l1¾ 0J-~~1 

7) t:!- !2J ~-'11 ?J -9-oJl 'C iiff 0J"T{l--¥- ~¥l-.tj- ~ !2J 15}0::j °F ~tj. 

0] 'il ~l !53'c"i] II} 2 \'! •1 °J'r~'I- "Ji'!:'. \,'A] .!;l_.:o:_;<] "l 91 .!;l_.:o:_ 'a) i'I i!] :a ~ %f 

"I ,; -s-1 'lf Jl.%f t:J-.:i! '11 ll -s-f;,, ;;, ~Oil 1= oil 'a""l "l 91 ~ -'I- 'l'.:: 'l! .l/-<>11 Lil %f"I 'l! 'll 
~ 7] '1% 'li-S-foj c:i "i"loJl91 ½'ll i "1]~-S-1711+ j','-;<]~ 'r '.Ut:J-. t:J-'l!, Sj',J- "i 

Qj4''1)0] 'l!'ll-.aJ 'o-'ll'r~'ll91 'il~ % ,~~qj~i,- ~%foj ½'lJ%f1', ;;,~, 'a'"]_!;!_ 

~g ~~ A}~~ ~"5}~ ½'tJ8-}'C' 1-9-, "i[",q->,t ~-3:J¾ ~<5}0::j ½~<5\-'C 75-9-, :.H 

8Jloj]llJ- ~ ~T %% ~&H ½~'8-}C 1-9-~ ~~~tj-. 

Lf. ~ ~l!f~~ (~ii :>fl5913~. 99.2.8) 

(1) ~~ ~ ~S?.j 

~~t:!-2.J~:: ~~t}7Jg .!2.~i'i}Jl ~'<l.QJ A]~ 7}',;"~ 7fl~g S...2.is}O::j ~~g 

i'-11~"&}.iJ. ¾.8..£-.'L- ?J-54 Ei~..2...£. ~Ajti}C :;:1g -&~.Q..£ ~ll~~tj-. ~«l-t:!-2.l~ 

'ii 23'c <>ii "1- 2 \'! \'! '1lc :'. \'! '1lcoll "l :i!f \'! '1lc~"l .Q_.sc ll 911'! t:J-. \'! '1lcoil "l :'. "i ',!;7f ("J 

~T.<?-l{i.~£-¥-E~ A]~.:g-lj!-oj] %~~ A]~7J}A]9.j A]'2cl)9+ 1I!~T.$l{i..2..£¥-Ei "5i>~ 

21 QJ::;-~~11JJJ}Al ~rq- (~Al ~ 15}¾.£~ £~)~ £~~q-. ~'?.l~qj~ 1r-'ilx."1 
(2,6897J), \'!'1}•J"l"i ~"]~ 7i171i{!.Q_.s'.'/-Ej 5QQn]Ej(•J'l)'iJ<>I] "I~ c-<]'l!•JuJ, oj 

8,}'tloll ~it!: ~11% o-ja-J- ~ ~13¾ o-i~ef !E.~ ~~~Al ~ 7~~0!1 t!"~ ~i!O!l 21 

~ ~'ll'i':"191 1~<>111= JtlnJE1) '1l~ ~91 ~"l"]"l.Q_.sc>1 \'!'1lci'l"1'il ~]53'c91 

'ir'lioJI 91~ \'!'1lc'a-~ i'!:"1:>ll~oJl,.i 'll~ "l"l:S 'llc~t:J-- \'!'1lc'a-~ 1'1"1~1~<>11'-i:: 
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•E'll'i1"1 '.l! ><l'J, 9-l' 'lli?J<>ll .eJ~ .!a.><1°1%, lll:J, 4',11, so-!l- '.l! ai1>1"i'a.eJ ,: 

"ii, "~ <ii ;,j], ail "1 .e] 01. '1! ~, s. 'll t! .e] -~ 'il .!/1, Al~ . 7<j -'II "I ~% .e] \'! -1'!: "a % 

~ .:il~iil-°'l ~~-¥!~ ~~ ~ A-11-¥-~.Q..~ 1iil-£~ ?i}Jl ,Uc} . 

.!t-c.l Y-21-9.J ~ ~.g. =iz.!- t! 7a .3:J ~ "'J 1 4-~~ % 11 ¾,aJ 0 1 % lclJ--6.J oil t:Jl tt, 2 

~&q-c uH~ · Z!-~£..£. -¥-~~ ~£t?-z.!- Y..8..~ ~.!J.:~1-ct~ 7H~~~~ ~.£1 

'll 7]so"il n:fcl- 71'lf · 01%"1"1 ~9-- o]"} 'll-:'. \'!ti.e] cl'll"l 7J'lf, 7J',!"l Afti 

Oil n:f ;,, B "1, B i'! il -'i'- 7 I B '.l! 'II · >ii 5'. .eJ -'1-{} "a .2. 5!. '11 'ii \'! ti ¥le 7cl 1'c "l .§1- "1 'll 
:i!. •J-7J"J'1] oJ%.-"i"1 •10J "121¾ {e!i)o]q. 

u\ cl-Ai \'!ti%. -\'f el 711 ~ 'r I .eJ ~ "l :'. ¾. aj O I :i!. 0 1 '11 e<J •Jaj -\'f -ll Oil Ai \'! ti 

~t!"1 •el"l oJ%•~ •1, ~-"I~ \'!ti.eJ u\'11-ll 4~, *ZloJ%-~@~ 
'lf · \'!ti¥!:"<l!i!.11 % 1"-01'11 >J'lJAf•J-g %• soil"I"= rJJ<>il '.llcJ-. 

\'!ti%. -\'f i!] :,JJ :J 'T' I .e] rJl 'l/ '1l .!/I ~ \'! ti-\'f el '1l -'1l23' <>ii Ai 'li AJ t;f :i!. '.ll ~ \'! ti 

~ "1 :,j- \'! ti •l "1 ° I tj-. \'! ti-&- "1.eJ '1l .!/1,c- 'i'! "1-ll '1l :,j- il Oil Ai e<f \'! . A 1-'I . 7cl >ii aj 

~-"Jg 3!..~"5}e;j 7]ir°g £½<5}.Jl, -¥--~n i~ ~ A]Q;j9.j~ "T°~ %9.J ~7:}~ ~ 

t;foj 11 il 'll 51 °1 tj-. 

\'! ti% • -1'!: "1 711 ~ Oil ~. 'll '-11 % 1'c \'! ti-&- "1.eJ 'll .!/1, \'! ti B "1 <>ii B ~ 7 l -!'- il 
"i"J-•J, "]"1'11 \'!ti.e] ef,l-"i~ 5'.f;' (011 · 1J'lf · !s!.'@4'.ll.;'; 'fl-ti~ •J;l %), 

0 ]%•~.!/l{r 'l}-;\a*,J] s,'l)Af•J-, :fl.¾"J'1J \'!ti-\'fel;. .!/lt;foj "'"]-sf;,jy- e<]@ (so 

~)•Joe ~ Af•J-'1- \'!tii)eJAl'lJ.eJ 7]-l'-"J-'ll' %o]tj-. 

\'!ti%.:,,pjg 'r'l.<>11 '.lloJ \'!ti-&-"ioJJ r]Jt;foj,=- tj-l' 'il'll<>il "1•1 °J 0 ] 711 

~ 01 4'1"1"1 '.ll"l'-1- zJ-¾ %x><l"i - "i'r - 'r"i %0 1 ><11 (7371 'ilii:, 16911) -'8 
1$-J 'Z!oJl--1-1 Y~'6}':: -3!g ~z].Q...£. <5}~, ~~gj t!7a.!i!..{!o]Y- A]~ 7}~~! 7~~ 

g ~ltf"l \\!Jl.~ c:l-9-<>il~ cJ-'e 'll'lloJJ .eJt;foj 4'1-'8 7li~ 0Jy- e<J'lJ-'8 %x"l"i 
%21 '/l7clg t!7ll •]i)7]-j'foJ] Jl.'r. ',' 'l)tj-. n:fej-A1, \'!'l!<>il '~~1"1 zJ-¾ ;,iJ~o] 

'-1- ,J'lJ-'8 %5'. •l"i %g 5'.-'f- ¾•"1'9 !i!.'.ll:% «! \'!ti~7cl!i!.'@ 0 l'-1- "i4i' 7f'o 

~ 71 'lf ~\'!<>ii "i *-'11-ll 01 '.il>'= 512 \'!ti%.7ll ~(ti)<>I] ::J. \'l 7cl('l!) g 0 1'1:l t;foj 

-\'f '1:l -¥- >1 • f .eJ ~ .eJ ;s: "1 -"I \'l 7<l • 4' '.ll ~I -'8 51 ° I cJ-. 

(3) 121~~t:JIA~~ 

~~781:1],'-}~~ &~~ '?1<tl9.J ;,;ff$Jl~ l=IJ-A]'5}~ ~<tl-01%9.J ~{iAJg ~qlA]7l 
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•t,fo fololk./l. .:ct,{. jo{ofe 

:a{L~ lo1¥tetl:-&K• :::{r "s{~ {r.:c,w :Slti• 1ogt, kl!olttti,,s,·lh'l, li,2{n Ii<> 

11,r,>j,cli,oc\,-l!--& ·t,,w lo!,;[-L ¾!k{l'C{LW lo{L-ec "s{i< "s{" {1'.:C{"-8-{Y "ssi %Ile 

~ [o 20* ~"W~ lloR-[r~-& 20~-j}[L ~lo~-&%-& ·pn; -& -Fo ¾~~ [lo 

-1>.ilc loli<t'>.l>'t"~-!k ~a,j(L lo¾-/rll1 "s-Wn¾ kl!o~l" lolo r ,:c{g~ lio~ilc 

lo-/r-iv,s,fol!o jl,a,j(L "s-Wn¾ kl!oltt i1-f• l& lrf\.Fo-iv{L-ec '~lrlk :a 'fy{2jn 

~-&%-& lo{:l[L ~.f2 lr-l~lef.t lof.r-R: ½-G--&fo[i -
(t¥tef.H's[r) -i'>ilc jy[i<", "sn -&lY~-/k • -&[Yi\,:; 0 

li,,s,-l!--& lo-0i1f• wlklr 2ofuf;,¾ll1 -

[:ii -&-ls-& lo 
-0 [r p Fo-iv{L-,, l½ 1k Ir e,,{!e lo Ii<> lk./l. lo1"9li< ¾ ll,-(1f,l: l!o-lo. it l& Ir Fo Fo-iv 

tti-&% 

-& lo-0 ~ Ir 1k :; f!; 1k lr "''" lo Ii<> lk./l. lo-f•Zlo:1"911>' II<~ Iii-Ii% i'Vil:2-ec 
(t,cr,>ilcfo%) -(o.jlc ilc-& -/rjy,s,fo[lo o 

·t:iro fololk./l. io-l> t,,: g{:i K<l< ~ff' 
tcf.t lo~-:c!,%-& ·t:iro -& ,@. Kt:i~4f lloiti-&%-& ~~Kt' ~-l~l!e~ lloloi.Y Wlt-& 

~U -brWlt--&:P~ ao~Th'ro '~ ·ti"Wfn ¾if Ri+J-i':- k2l)'..'lR 101'!--& ~:a: ttt 
oc\, =:lo-8-fY 20%-&-& -[3.[L 'f~ · i>c¾ ·tit•~~ t,,lo,,li,oc\,-lj--&,, 'li,a{n l!olo 

1k loll<teilcli,oc\,-l!--& ·t,B,~n l!oli,oc\,-l!--& 2o~ll, Thlo,I,,[(<, fvl!ot,,t, t2"6" 

(s·i·ss ''li1>l6S8". ~Ill) ll\t2~iilsl--1H~ 'b 

·t,g; llilo~n lo% 

~ll<&s/c iii %!rt i\',C,li, loFolYlelk-il,li, '~lli [Lfr · % loFo{Y[Rl\c-il,li, 'f•-lkit 

lL 1orotvl•lk-ioio "s20%1ttlf½ 1o~tlil•lk-ioio ·t:iro .:c-w ~"'l-"IYE l1o1af.l: 
~l-£ ~lofv lo[:Q:t"oR-16~.fo-% ½ "Wto~ 11!-& lof.t[L{\:~~.fo-% lli-l½ 'C::5, ¾tzlo 

lof Y Ir", ' Iv p,f~ {!,-js- ¾(-0) [le lJ< l• lk-0 i<, loilc-& -/rjy,s,fo It, '*1"" fo fo lo lli °W 

[l,,s, "''" 20-l',,lP ¾-ioio if: lot!:-& -/rjyocl,fol\o 2itf, l',01 ~ilclli l•lk-ioio 
·ti-a; -& ~ ¾% ~-lvfy'=p lo 

% ll¾W'fffolte 'll-&l!i'-iv 'ttte{a 'Fb--&ll>K• 'I-Lil< loi>-1< 'Wile lo-&fo 'l,,;Je lo 

~,. wfv lo!,,o ''?[LR,~ ',;,1[ li<lnfe "s20Folvlf½ ·t:iro [f1 "s,Wl!,-1" ¾ll 

-& f>~-(6 i<, "s fo ,0, {o. ;c>-1£ Ii< j~;c>-[< IO [O [y ,:C °W W [L ~ il:-i¢ ~ 11,-(l, ll, l½~ it ',:c 



O -lJ 71 · -;j -11- · 71] -;j llj · 1'} OJ' ')I- · 'zl .ii! · .ii! 'lf • CO: '<E • •J- llt ,i] • 'lJ-A f ,i] · i,c £ ,i] · 

£'l"li'- . .!/-'¥-. '1-li'-. 711-ll S'-ic 7]-ef-"l 'Ir~%¾ {!~. 7j~. '1!7,l ':Eic "11 

71 S-f :il A} ~ aJl 
O '1>'%'1"\'!<>i] {le;~.£,'];'; 'l"\'!0]1'}.£ -,t"]-1'}:il.A} ~ aJl 

o .:g.-ft-4-1(!% {?~ !EC" ~3j-<5}TIA} ~ uJI 

o .:g.fl-4-1?:! _Q_.£.Jj!-E-j c;J "T'ii}jj 1-t :g-i\-"r1a_ ofl '?"T"cS"} TIA} ~ trJl 

o '1>'%'1"\'!<>ilAi .£-!,j 0]y- Af"i !i >J<ijS-}71'-l- -'I%% >l•l ':Eic >l\l!s-f:i'.>} ~ 

aJl 
0 ~ >i s-f 711 '1>'%'1" \'!-"l 'l"~ g .2.~S-f 71'-l- 's"'l!.!1.Zl-lJ- *Oil~ -i-al 7} '.l!"' •E 

.!/1 ~ 1'f :il.A} ~ aJl 

o ct'll'-"l -"'-"1 · ~1H%!i '1>'%'1"\'!<>il '¥-7IS-f71'-l- 71-ef 'l"-il<>il OJ•J,¾ o]{! •E 
~ ~ °5} TIA} ~ uJl 

o :o:'<l · •J-JJJ-,1] 7]-ef cJl .... "il"ilo] 'lls-f~ A]-lj-l,-.,a.Aj 's-7} ':E~ ;s]•J-;sf>l\:!:>11 

9-l ~%oJl ~%1-C" ~~ ~%<5}J1A} ~ Ill] 

0 7]E}2j ~~_Q_.£. -1J'%4-T;J!~ l%<5}.J1.A} ~ trJl !E~ "tf-R-'T"lt!oJ]A~ ~~~.Q_ 

.£. 9-%.i't {f.g.. ;.p·J.g.. ~7-]71- .!cl.11. '.Utj-. 

0 i1-%4-1t!oJl %-&¥- !Et %%!ll A}j]]{y--~ ti-\~C" ~]~ 

O 4-~ 7]E} "t?-%4-1t!2' Al~¾¾ 1HlJfl~C" "!~~ 

o 4-tr" 7JE} i1"%4-1rl.2' Al~~~ ~,e&~t.t .ffle~ -9-i:411- cue- ~~~ 

o I 2f 1)-o I i'-%'1" \'! ti:;,) '11 t cJ! 'l!-"l .!I. 'l! Oil ti:~ "; ~'<'! Af OJ-,0, ~-2. y- -i-;eJ y

"1- ,~ 'l! ti: ;eJ .2J- -i'! ii! '<'! 7 f ')I- 7 I 1ec c,J '1l '11 "l rr 'll g 'a":,,_ '.l! ct 2 ~ 'l" '.l! -2. uj • 7)! \l! 

-"l ~{lg "1"11~ 'r '.l!~ ¾-ll, -.t"l-, .£Af>l,lJ, '¥-71, 'r~.2.'ll %-"l •~.!/17} % 

'11 Oil -"l •i "11 ~ cE ~ """ I "1 2 '.l! g g 'l!- 'l" '.l! ct. .:1 e-1 '-l- % '11 <>ii ::: cl! 'l! :S :,,. W 
~ <cl '<l -"l .!I. ';') • 0 I % Oil -i'! ~ A f •J- :s % ~ C3j -2. £ ~ 'll S-f 71 '-l- ~AJ- '<! 7)! 'il ~ <cl '<l 

:s "i"t"l-2.ia. 1J,;J'if "r '.Uc: "11£"1 'll->171 '1"1"1"1 '.l!t:J-. cE~, •l~~"i-"l -"'

>101%<>11 cJI~ .... "11-i'f;e);; ~ 'r ~~ ~7117} '.l!t:J-. ':E~, i'-%"r\'!-"l 11% ~ ).f 

%017}<>11 '.l/"1Ai ~'ll'll"i 'J;) 7J'lf<>il -i'!~ 'Iii!-, £A]711~'11 % "f 12,1<>11 ',/S-fc: 

~A1~tl:!~oJ] .Q:j~ 7-l]~9.] J1.A]7} '.U% 7a-'f-, 0]c1~ tj~ 7fl~~ofl 2j't}~ i?'¾'T 

\'! ti-ii! •E.!/1"1]~ 'J.1 0171 %01 "1"11.o:f ,aj:,,_ '.l/"1 cl!'ll-i'f;e)-"l ~_o:_A,j<>I]~ Ill& li'

>I];; '-11 !,_S-f :il '.l! t:J- (~'s-"11 °Jc<cl-i'± . "".£71 'll<cl-i'-'l-1, I 9%). 
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-lJ -ll-4" \'! nl '11 '1l Oil J.7 "uff '11 " 0 I 2-1- ~ ,',- % '1l oJl J.7 'it'll ~ ~ ,1 Oil 9.] it\ <>I i'-ll-4" \'! 
¾ uff~ B:.i:" {!~5}-'C ~..Q...£ 789.j<S}-:i!. :U9-. ~'€~ l:l}-9} ~o] 1996\:! &H 0J,Y{± 

,¥-.Q.\ {!~i!} ~7J\l -E-%'T1BuH~oJl t}-{l: ,i..}"13"Jo] Z:!1l.ii!.~¥-61],1,~ 5J10J4-~lj!-.£. o]¥!-

51'.ll ::Cc~, % '1l oJI nj-.§. \'! "ii 0J4"{'.!/- ~ti-,<,- -lJ-ll-4"\'! g -oc .s'.9.] -,!>ii "l 'l! 71 ',;<>4 

%.'coJ] ',c'c"f ¾W"l~.>'. 01% · tl-elit\7] ~t;\oj nfflO\'!n\ct i'-ll-4"\'!n1'1J 7]-,L 

711 :§1 g 'T' '<I "\<>I 01 ~ct 32 ,t'l)-o\ 32 '.U ct. 

% ilj oJ] 9.115H .:g.%4-1?1 ~ 0H ~ ii} :i!.A}- 5Fc A}i::" Bll 0J'r{!-¥- 7cl-tl-.Q.J 1B ~ ~ ~ Oi 

o) -o\1=,c11, "11°J4"{'.!/- ~{loj \'!"1:0 it\32:<\ ~ uj]oJl1=, o]el -\'J:71l¾oJ•]'lJ7]{19.] 

"J"t ~-"lit\<>1°) itfoj, nl'1J7]1"-71l~oJI "lw~ 'il~'l!oJ]Ai \'!"];; itfajo) ~ct

~>c!, ~A]J.11~-=?-~~Q.] .:g.%'T1i:14 .:g-%4-li:!oH~t A]a]~o] 78<5}-'C .:g.¾'T1BoJ]A~ 

9.] off .,J ,0- A] •» ",, 0 I 'll t;f 1cc 'll .!/-.!\'-:<f 71 ti- ('Ii-<>\~{! ,!--l}J. I, ~-oc4":<f ~ -l}Af, ~-'ic .s'. 
;i;j.:g.A}-, ;,]E-}9.j 78.!:jl-~A}7]t}-¾ _:g.fr-y-1(!.Q.J uf~ ~ ¥J.J3..~ ~i:" ,I..}~~ 4'--tJ.s}-:::: 

'll.!/-.!\'-:<}71-\'!:) 01 off'1Jitf"1 •1'119.] "f"i · ,tS'. &::C 'lJ:<l"l'd%g 7,)'l)itfaj A]•]",l 
01 78t>}t" 7a-'t-oJ]'2 7H~ %O] uH~~ 4- '.llel,.:i!. 'Tf78£10i :V_tj-. ~ 0J:4-~¥- 7cft!-

o I 'll .!/-hf 'll ~.£ J. I •» t;f 1=, nl '11 A f 'll ¾ 'Ii- 'll "f "l 91 nl '11 /-f 'll Oil t:il itf '9 1cc '; '11 ~ 
784"~ ~]~fi}JI~ 'c;=-~~¾_:g.A}S.. '6}-a:j~ J A]-t~oj] t!-~ '1j1r!-~ t:lf-t~i5}~ '.V_tj-. 

% '1l Oil 91 •1 A I •E "11cc Zr "l . 01 '11 J. \ 'll :'. t:il .!/-11- 91 1! 4- 'l}- 7 I Zr, t:il 'it S'. .£ A I •E 
51 ::C Af'll 0l:c'..>'. -l,'-l,-4'\'!nl'1J 7J-,L74l:§1 g 4''1Jitf::C :ilj-'lJoJIAi "c.s'.7l'!foJ] -\'!:i/.!-'il 

ct4'91 741 ~::; ZlcoJI '11- .o:.-\'!:i/.! ',l 0 1 >11741"1 ¾WAJ 01 .§l-!i!.51 <>\ 0) itf1=,til oj Oil t:il ~ 
32aj7f o\t,itfct1=c :<J")o] 'llc\ ("]-:il} 01, 1997). Sc~, •1'11741~% 4"'1Jitf1=, :ilj-'lJoJI 

J.7 7)! 'il 91 Af Ell "l 7f S<I, "i "i '1' '<l ::; 9.] ~ 91 ':,, Af ~ 1l >ii "l <>I Cd %0 I "l'il ""I 32 aj 

'll 4" 'll1=c 'll-*l1l '1<>1"1<>\ '.l).g g 'll- 4' '.Uc\. ~'l'L 01'11\'!"191 i'1~0I t:il-'1-11-
,.l'c"iJ.f %"11 ~'ll"1<>\ '.l).<>jJ.7 °1'1JA\'l]::;o] \'l'll:91 ;,]4, 7}',i-~ 71'![ >\~oJIAi 

.:R.%~..Q..5.. .Z78~ 'T :UC Alt Q.j~A]£]:il :V,tj- (A~%Lflq}.ii!., 1996). 

~l/:l, 1'11 % -ti'-ll-4'\'l91 °1'11<>11 91~ ~1lllf"l,f 'llzt"il"l32 °ioJI t:il~ s:''<l 

91 4- aj 7} 'if o \{I Oil n:J-2-1- a<! s:i 'll .!/-1'= i'-ll-4' \'! •1 '11 '1l g -,i \'l ,1 'll it\ '.l! 1cc c•I ,1 78 
~9.J ?..8.t.l1%,g.. tj-gi!} ~tj-. :;!~, 5" 0J~{!-J\L 7J--B;,g.. -t?-%~~uH~7]~7ll~¾ 

4-'1Jit\1=c 7cl-'/-oJl1=c ~7cl:i!f -""~"1.'c_,,. it\32 111'-:>11~9.l '-11%<>111'= •H'<I~-"- 'lJit\<>I 

"f7]::C ~7cl '.>) "fEil71l91 \'l.of91- ::J. t:il-"loJI ti-~ 1-f~J-~ £~Aj7J'c.,,. "l'.l/ct. Sc 

~ -ti'-ll-4"\'l•H'<I 7]1"-741~ 0I '178 · 32A]-'i] 0 1'1!"1178"1 'l!oJ]J.71=, 'il"•H 0 H'11 "il'lJ:<I 

91 °]%"11 ti-~ <>\<;li'! % Al.>'.¾ ,'lej;, AJ78~ T \ll£"f ,lj~~~.>'."'i &AJ-BI 
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91 ~7f;, •.J->'1"1-£~ %f'lJt1-. %'l!"il'° ¾t/-'1]7f + S';:!o]i.Jlo\l'° ol'lJ~ .ss"]o\l 

<JI~ ,J-&91 oJ'1J%£;, l'l7J~ 'r \ii£~ .-f'lJ.£.'-l-, :i .fl.<!% 7J~-afoj ¾t/-'1171 

+ 20'<:!%'1! oJ'1J"i9.i %£;; l'l1l~ 'r \ii.5'~ 1)-.£..sc;<i .!/-71-ef"l ;; g -\'1~ t1-

%"r~11Til:i ~ ~~1~ "r v.x~ "o}JI '.Ut:1-. 

2. -lr-"1] "1] 7] 

1992 \:l .l'. 2j-~ ie] 4-o\l Ai 71 a,] "1 'll Ii ' % 'li! t!-7J 3lf ,1 'l£ :oj 9.1 ' "11-"i {! 'll "1 'll <;-1 

';ac]", 7f'o~ 1l'l)-'o] S:-71 'll-'l!91 Al.sc¾ lljajtj-'lJ.£..sc <Jli'"1'1l-"i, :i %'1! S,7f 

'li"f"l, '1!.l'."l •Hl"il-"i %0.l- 78.!/-91 7J"i~ ?5'."1-o\l A]•]"]<>] -& \'!'1!91 i'!'l 
Af'lJo\] <JI~ 11'->I] ,1]7]7f t1-0J~ •f~o\]Ai 01-'i'·oJ;ac]:,, '.Ut1- (Ol, 1996). 

"i '<! 30"1 \:l i'! 4-i!J t.J-21-91 ".Jl 'li!-& 'i'! 'l • oJ '1J 'o I 2}'° 5'-;<] ~"J- S:-.ss7J 'lJ- '1J '1! .£. 

.£ ;';-\J-"1"1 %'°c11, o],i] 's-7191 "a"7]:aj'1] •l'l)o] ';acl", 7f'o~ 7J'l)-'o]2j-c: lljaj 

t1-'lJ%fo\l -l/~"1"1°1 ~t1-'° ;acfzJ- .-foil 4-i!l91 1j'i1 78-'11 g •l£'ll"1-"1°l ~ o,101 

t1-. 

4"i!j '-f 2t'° ic\:l "il '{;';<]_ll.'@'iJ' % ,!]78 ~ .£..sc;<j 1990\:l <JI %\lJ:o] +.sc '@ A}:oj 

"l .£..sc .!/-zJ-B {;' "I .l'.§. o\l <JI~ =t'J:-jl g ~I .5' "l .£..sc ~ -l1 ~ Al "1 'l! T '.U '° 71 \l} ~ 

ofil! "1- ~I "1 'll t1-

:ii'! ".J!'li!"il -i'!~ \'l'r'° ".J!'li!"il <JI~ ;acf\'l"i-01-"l "°'I 'l! 7J>il"l 1f•l 'l!,f .!/-

11'- o\l Ai '5' 'll "l .£..sc O 1-'F o] "1 %'° ,11 ° I el ~ \'l T :,! 3lf 7 I ".)! 'l! .l'. 'l! 711 ~ T '1l g -\'1 ~ 

'lH'! B >ii 711 .-f o\l o I 'f-"1 "I "i \'i"'.U 7 I oJ 11'-"il :i :,! 3lf 91 '1l >Jl "l ~ % £, f O I SI 91 g 

g i'!4~ 'r \lit+. 0]"11 '1fAf (Ramsar) ,J-AfS:--'19.lo\l-"i i'l:it-'e. •f.21- :Q 0 1 •J+ ,j 

'il.l'.{! '1J '1j o] -l/ ~ aj.£..s'_ A]•]"] 7] -\'J "i!A7 C: ,j 'l!.l'.'@91 %W"l 71] ~T'lJ >i] 71]-of 

o\l Ai 'll '11 ~%& "l O I 'll ~ ~ "°A} . \'l 'r ~% % T •] 1)-.£..£"I 3lf Of"" A 191- ll '11 :,! 78 
Z!<il Ii]t::lf!l TS:~ ~~<5}'C" ~o] 3€l"r~~% ~6]%floF ~ ?;!o]c}. 

,j 'ii _ll.'@ 9.j -ef "l-& 'l) \'!"l .£..£ ".)! \!! A~ '11711 _ll.'@ 'JI -al-~, 7j \!! g %<1 '\'r '1J i:" 

7'10jAf:oj9.J '.;;J-91 ~• 71{!, ".J!'l!"l t}ie]:aj 0]% %% 3':W~t1-- ~'ll, 4-"1 '-t2t ".J! 

'l! .l'. '@ 9.1 ~ 71 711 ~ g 'r '1J %f 7] -\'1 "ii Ai '° 4- "1 '-t2t S:-.ss 'JI 7'f ~ 01 % oj {l g 7,l-'1! 
-o}oj '1 'l! .l'. {! 9.1 .l'. t1- T '11 "l '11 -ef "l ~ -l:! '1J %}oj 0) ~ o,l o] oj o I'° ~ Aj "ii 0J'r~ 



'\'-<>Ii Aj {' ~ ¾ '<) 'lJ 'lJ:% 11}-\'J:e1 7]-Je. sJ-•JgJ 'lJ 'jj--lJ '1,1-<>li Aj ¾ Cj "i] 'f aj .2..ss 5'. ½ sj 

ojo) ~ 5!o]t:}. 

A]..J.:,c i'!"l--'l'll, Afl'l!i> i'!"l--'l'll % .::in ~'1121 °1%.i!f i'l'l!,.1"1 --'I•»'<! 'l! 

'1!21 ·ic711J"i% 'l/7fo\l !i!.I'! '<1'121 '~21 'M' ,.J-iloJI 7]"1"1"' ,J!'1!21 4°J~ 71 

',,c <>II I1I ti: '~ 111 "l , --' I :,J "l , ;<f ~ 7s >I] °d} "l '<l 'll 'i' £A I 7 I '\'-~ ssf '.ll .2. "I, 0 I ei ~ 1J !il. 

;; 'll"i '!l'll<>il .q,-&~ "r ~"' lli.<o"'i ','£71 '\'-JJSSf'.ljg g 'l! "r ~t:} . .::2 %'1! 
'll'll:£1 '1"l 0 fl',J 0 ] .s'_;<]~'jj- 'al "l'lf'll>l!2J 'l!~E-.ss 7J-,ji5f>ll ?5'.'i'! 'll:\'! 'll'l! 

1!'1191 .s!.'l)g ~ti: "i"'i±,& 7121 :!J-;;J',!•J'll7l<>il'<! 2Jeo\l.;,, ~'ll 0 lt:}. 

t>' ¾ "i" \'! 01 ',J 'll <>ii gJ ,-f \'! 7ff 'Jf A I 'll Oil :!J- 71! ',I •J'\l 7 I ;; ~ A I ~ 5! % 'el A I ,-1 Jl ~ 

t:} . .::20]4 o] '11<>1JA1 ,i]A],-1'2 ~'° :!J-71!'11~'ll7f 'll "i'il'l!'J£Af !il.JlAjgJ "11½ 

,1n°1 7J'Jfl'!Sl ~c; .f. 671~ i.Jl"i 1\'l.2..ss -"lot ~ot ¾.,_ti: £--'I 'll 'lJ7171 

ot i'1 % g 'l! "r ~ ot, :!l-71! °ii oJ"il 7171 "cl "l "l E-.ss "r •» B q"' li'- >ii 'll O I "11 71 £1 "

~ r:\ ( "l "I o 1, 1997). ~ , ~ ,1 21 :!J-7s 'l! oJ 'l! 7 I ,i] 5c '° st 7 I'll "I 'al ;>ii ~ "r ,J 4 'll Oil 

Aj 7] '1121 :!)-7,j 7}*1 ;; Af',l "ii 'lf *f@ <>11--'i !il.:>e SS} 7] <>ii oJ .!/- o] ~ ti: '115'. 'lJ % 'l! "r 

~r:j 

n:fefAi, 1!'11"1 :!)-7,j, A~Eillll, •l'f"i ~<>II -\'l:~ ?7],j'<] 5'.'-]E],Jg A]•]SSfJl 
0 1 "1 ti: 1l "I 71 7.J! '11 ej !il. c;! 'al o] %<>11 tltl: '\I "I "i"'ll 4'\I <>ii .q,-&-.! "r ~5'. "° SSI 
'° >ilx"l 7]'/!21 'i'"f 0 i --'lif,.ft:}. ~,1 'll'l!g t11,;,>.2..ss ,.I~ zt¾ scAf7) ,1',! 

'11 ~I~£ "i"•» -"i Jl ~ 2ril, Sc .se.,!-l:I ¾ 11};>1] ~ '11 Oil 2] ti: Sc .se.£--'I, :!)-7,j 'll '1! 71-l'- '11 

oJI 2ltl: tHl-2-'llsc--'L :<f\'.1¥!-7a!i!."1'lloJI 2Jtl: "l'll~7ilsc--'l, "l'll*~'lloJI "1tl: 

"l'llsc•I, 'lfot~'ll"l'll<>ll 2Jtl: :<f@sc--'I, ~,1,ff~'ll<>ll 2ltl: ~"l-'l@scAf % ,1 

'>1'1i'col 1Jssl~ ~"loJI n:f2t ±'i'l- 'l'-•i'>!£ A]•»"1"- ~r:\. ~•» sc--'1'11"11,.l<>il"i 
'c; 5:l-)-9.j J.ll% ~ Aj~AJ- ¾~O] ~;.~~ 'r ;ll.Q._9, S:A}~ ~i!}oj] ~~ -5'~~<?_! 

1J !il. {l r1 >ii >ii 1} '\'- ,1,-1oi 1J !il. :a: % :>e ** ssf "i 'i': W-E- sc "1 sc--'121 A4 71 -'t rj .el 

sj,] *"fE li'->il'll 0 1 ,!]71'<'! ef ~t:} (~CS:-"11°J'll'i'±, 1996). 

{I~un~ % 1~~ 7H~78~ 0 1 :i %~ ~_g. A}~~~l~ °F7] Al{! y_a~~.g_ 

78~~7sT~9.l f~AJ -¥-~ ~ 1:1]1i}Y"'JoJlAi ~% Y 'V_tj-, ~, Z!-~ 0H~-'+c::J..2._£ 
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-'I 1l "I '<l :uj "111'- .I!~ 0]'1! 'JI 0J~ 'll :<), "i "l '? 'l! 'E ~ "i 'll-"':>]'it '1l %0 I il ,JJ 
.:!il:41"11 ~"l~-? '.U~ ,;..s!.71 ~~ol.£..s!. off~ >il~"i<>l '.U<>l, oJ% "i"il tf 
'11-"I ~ 2. A] .$1 %£1 "1-'it"l "1 OJAJ .£..s'. 'l!-<11 £1 A)~ l!. ½<>Ii" <>l'.<l cj-. 

a:fe}Ai 'l}~ :J!'l!¾ .'lcW~ 'll'll¾ <ff,J%):;pf <>I~ ')l;JJ 0 1 ~'sl~ 7,l~::C 711~ 

"r ,l £1 & 7 I 'it 711 "ii Ai -I'- E1 B: \'l {I 11-7}' 0 I "11 ¥! ;,j] "" 'l! {! I! '11 % .s] ~oj :e * £ "I oj 
<H ,l .s] '!! Jl. AiJ, off ,l .£. .s'. '1l ~ A I~ 7,l >l]aj · ~ 7<J "I '11 •J, <ff ,l A I 'll £1 'l} {I -'8 , <H ,l 

.2..£. 'i_J~ t;i;-o]-§- ~ ~~AJ"C~~ ~8ff~-¥- 15°0] ¾W~E.£. ~.£.£j~o]: ~ ~ 

"]9-. 

'E ~ 11 '1! g .I! 'l! "i "l .£..s'. -"I'll "I:;, ti e1 W"il '.U "1 Ai £ i'l:\'l O I oil ti Jj] ;<).sj %"l 

:e * ~ il ;JJ 'r' ,l -& '!! '? "I O I cJ-. ::i % 'll "I '1l 1'I: 7<1.l! 'l! 'll "11 a:f 4 7.l!'ll g .'i!. 'l:i "i "'I -"
.s!. ,]:jjofoj .'i!.:<:.~ "r '.U~ >1]£71 '.U'llgoJJs::. -!.-'i'<>l:i! >il<ll.s'. A]•J-"1"1 ?,!2. 

"T.8...9..~,':'.. ,!~oJ]A~ "']711~ ~';::: o-J1il~4.9.l AJ¾~~]oj]A~ ~g 4- '.V,tj-. c]9.j 8ff 

~~- .$J<SllJ.lC ~~g .!i!.~A]Q;j_~.£. A]1H}6l] 'sfA~ 0]£. 0tJI ~~J% ~~ '?..12-

'r ~! '.!! "1 \'.! ~, ti \'l \'.! n 'it >ii, "i "J-"I :>J I! 'il "1-91 ¾,1- '11: ~ .sJ 1f 'l! .11 <>I cJ-. ';, :l! 
~-Ji!.~9.j -'?JlAJ ~ ~.fLAj, ~~g .!i!.~Aj~_Q_§_ A]1i5}S,g uJj ~~].£. ~15}t:, 

0 I % •~ .$1.sJ >ii ~'ll s::., <11 'il 0J ,iJ 'r' 'it .sJ >11-l?-, ,; '1! .I! 'l! 91 it"'1- %"ii <II '11: cJ- 0J '11: 

ic.-&,il.£..::I'€J9~ A]'S~g ~i5H t!-~ 7]{!- w ?~.9-1 9,J~g ~].:i!.5}';::: ~01 <'>J.:$- ~ 

~.1!.~g _ll_jl}~.Q..£. A]8~~ 4- V,';::: 3;:~o] ~ ~o]q, 

'f '1! .I! 'l:191 '!! .11 -1l "il <II '11: '<l ~ 0 I -'l t'- ~ "1 -"; 7 Pl -"- .s!. >1-~ -"1 :;, '.U g "ii s::. -!.

T l5~ :i!.. 0}3] -~~ g !l~i5}.Jl ~~5}71] o]%i5}7] .$1~ c}0J~ 78:fill"T"B.9.1 7ff~c] 

Pl%Sfcj-:;, 1'f'i!~lcj-_ 

:J' '1! .'1. ,L': T 'ii "l .£. .s'. Ai ") :>I ti "1, AJ-,f ¼ <! ;,j, O I % ·~ .$1 {'f ;,j .s'. '-Ff· oj "I uJ • 

-9-?] Y-4~ 1-9- 7)!~.!l~~ .::z.%0 \!7H~.£. fle'.:e! ' 7)!~~ *~ (restoration)' 

:4 ,j'j}A)'lJol] a:]-;,- ':J!'l! \'!~.s] ~.of (mitigation)';a 3'~%foj 0 ) ~cj-. 5"'11: 'Y\!l 

.g. <'i?f, :fr.ii• uQ~ %2..~~ o]%i>}'C ~AH~ 'i:h~c]-§-l{J-61~ A] 0J<5}E 11M.9.J 

•HI g "-!<II~ ~%<>1"1 1/\!l 0 1 7f:<]ic 11'11"1, 7,l>il"l 1f•i~ C:-<11~ ~ 'r' '.U::C 
l'J'11~ <>1%')]-'1J<>I qoJ<>f~l 7j'j},ejojo) '11:cJ-. 

Sc~ '}'1! 01 7f"lic sjAf"i, 11-~"l 7}5<]::S 'j};,c<>):il 'l:i'G'<>la1::C x"i£ of'!:'. 

o]-a,t)-uj, 7J~X%-9.J 90% o]AJg i)-Aj~tj-Jl ~2=]{1 ctj"'d.I.%il:f% .!i!.§..<5~7] -'fl~ 
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7]"'&Af.£ ..!-\'-~ {l'l/OJc}. 1!'lloll \'!:~ AJ'1):ii!~-1!:%,". t!:7<ll'lc>il1"- ¾-\J.Q_.sc AJ 

"r-"] :i! il 'er~ , 7J-.§J-.5c 7)! 'll 3'.-,! % ~H! 'r '11 "1- t!: 7<l I'! 'ii "1-91 i'-% x "] -@- :i <ii J!. 

"l'1l Afilll"il 4fi>foj (~-"l\'!W · 7J-~5'-A]'1!\'!<il, 1998) o]cl~ ,:J~:, g ~Ss- 1!'ll 

5' ~~Al '!.! 'r il ie 'll .!/-91 "I ~ "l '1) ;,;] -'l! O l 'l1 Jl. ~ ?,) O l c}. 

::J.'/l 9-2"i]Aj 3'.'e sf"]- '!l:0] -i-"1 t.1-2} 1!'ll.!a.'l! 'l/",iJ¾ {/:itaj.Q_.ss ~'di>f7] 

.!/j •1 Aj ie ~>1 "]- '!):-@- \'!l/:1_ -"j '1J ¾A}"]- \'! ,'-'j}6j % ;,;] 0Ji>} .:iL 'J! 'l! 91 \'J:"-J 'l/ ",iJ % 

¾W"J.Q_.sc 7l'lfi>f7] .!/]~ cj-OJ~ 'jj",]j-"j x?;jo] 'T''l!-"Jojo\ ~c}. 

:J! 'l! aj '!J % ,.-iej ~ ,lc%-@- -9-"1 y-2} oj ~Af ~ 7f '1!.:il il 'e ,'-& "l, >I] .£-"j 'i'. 

-;? 91 'l) Q}1'}-0J 2J-'e 'r1J-,", (-,!, 1998) '1! 'l! .ej 3'.-,! Jlj- oj ¾% ,.- el .\l/-.:iL -,! Ss- aj .Q_.ss 

'lf ']-.f .:iL il 'e c} 0J~ '11¾'1->IJ ~ i'!-~'11 1'- uJI 01-i- -le!=; "1 °} il c} 

..! (1998)91 \'! 'i'-oJI n:f 2 'i'! '1! 'll oil <ii~ oJ '1191 '] ei'! % 7J 'r01 'l! 91 ;,;f¾½ '11 
.Q_.£ <>}ie oj'1)91 '>]i°'i'!', Qj'l{aj'1) *"-1:a/ t!:7<J% :§JJJjf>f.:iL '1J:~%f:,Jj ~O}<l, :>f 

¾~ ~'i'<>f'e '']'ll'i'!', 7<l']<iil711 '§711~ "i'"it.t>t .c<f¾½ 1.Jl-§-.Q_.ss <>}'e ''~'ll 

'i'!' %.Q_s!. ,''i].§j.Aj7].:il Ve}. '']~i'!' ',l ''~'li'i'!'Oj ,1-.§j.aj, -"\-.c<jaj '\J?joj 7J-i>f 

cJ-'i'! >J 'lJ i'!-@- 7<l ;<Jj-"j, Af ~ :aj -'J :a/ o I 7<}%f c}. -'J 'lJ i'! 91 9' Jl.{/ >I) 'e ''lJ oJ i'!' oj c} 

1! 'l! 91 :(1-"j 0 1 '/l Af 'll .Q_.sc -,! % aj .Q_.ss 'iJ .!/1 i>} \"'! -'] 'll O I ¾ I'! 5" ie oJ '11 a; oJJ Ji] 3'. 'll

i5" ~ 01-i=-"E' %~ .A]if~2..£. A~..£¾ ll;JISl ,w,e~~ ~1!7} 7}*~9-Jl ".11Zf<5} 

'e 'lf-'J- ;,;f >iJ 7 f -I'-,,,_~ '11-1'1-, oJ '1191 >J ~ i'! 0 I .:iL 31 -"I "'l ~ .g. 1! 'll 91 t!: "<l -"- ..! 'll '1 
.5c ajq.. -\'-'i'.<>f"12J-'e ?;!% -f\-\;]'i}of 'ij ?;!o]c}. 

~'1,, ~ (1998)91 \'!,'oJ]Aj ;,;P,]B •f-"1- ,!0] oJ'1!;;91 '-'§'lli'!' ¥ o}i..jief 'l/"' 

:i!•J¾ tt1t.t.:il '.l,!.c<J ~.g. ''l/9'i'!'"1 3'.CO:..£ -',"Jl. .:i1'9Jl.'1)0J -"JoJoF ~ ?,)oJcj-. ::J. 

% 'll- 1! 'll Oil -'1 ° I -1'-oJ 'd rJl-'1-11-91 :(1-a] 01 '/l ,"_ oJ '11 a; 91 ""1 'll g e} "i' 'e rjJ "il Aj ::J. 

*I :sJ ~.:il -'] i-t!:7<l % ic-1""1.Q_.ss •Hi'-cJ-'e ~'i'! Oil Aj 'll 'ri'l g {l 'i} i>f\1 cj-. OJ ieH} 

-e\' 'i'! "il 'i •J-9' 1! 'll 91 _11_ ..! '>l :s] 4f 7 I 'o ~ o I % g .!/1 ~ 'll .!/-91 ll •~ ,<: :i % '1!- al 

'!l .Q_.ss ~ ~ B 1! 'll 91 -<§ 111 >II "1--'ll ¥ 01 '-1 ief 01 'll .Q_.ss {l is11 B oJ '1191 '] ~i'! % 

a!-~ t1t'e •J- 'lf .Q_ .s!. 'T' '!l -"I oJ O l ~ ?-1 ° I c}. 
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~o!Jilll'=<°OW-lr<"~or 

" ., " lfJ " .. ., l:f r-1" .. " of ,R ill ]fJ ~ W :a:i '.(:r 
Ka BJr\$0=©-<r oT iJJ IU ~ijJijJ~'1:j 

il8I" R lJ r-l Jlf Jr j'lj) ~ 
: .:; ]fj «ii . . . . 
~aw Kr nJ 

IIII ~ ::i '" ~- rlO ~ 

a" 
. . . 

,o SI 
RnJnJru ., ar r-U R.l (il:" 

~r " " RRKtliO 
OJ <J ~ :.:r Cl Okl i'<O <f Ill ~ ~ O ., OJ . . . . 

nJ a,/!JJJIOROOO 
~J orro~oltl 

Bl ::i {If lll 1ill liru IIN®R~~ . . . . ~ 

i ~ OJ "' • D, «>I i:ill : ~: OfJ tlkJ D-1 :!3_ 
i5«if1Ukln =<: ~ nr 

"' '" < iii' J-j i{f ., l1f "' Ka .. ar o~J :a:i ~ 
. . . .. " orwaar ,_. w =< ii!O .. 

ii rtJ i5T i51 6K f::I Ki Lii ffi ~ flll m m !lf5Jif:::i~ 
~ ~ ~ l'l!l=<f-1'Dl11J . . . . . . 

*""""'~ ':(" 'Jµ'<" -<~~$.JP-i~Y~'=< 
~,...,,.. ~mi--< o\:r 

Q\~tilQO ~ 
~~ourK<~W-1 r-1' 

K - -
rlr H ~ 0 W UJi J : ~ 
o~JµoJ~'ol"'il"RJ'K" 
ur lK "ii< at '<" <\Ir ~I 
"IF oJ IJJ\ ~ ill' R• 
,i, ur o\• OF ,f- o\• 

;;i, 
'i'c '<° o\ U\o ,\, 'ii' ~ 

IJJ\ o,1 K\o ~ : 'R" • 'i'c Rr ;;o 'it o ;,, J\o •f- 'R" OF R"J 1i'{r-JI.J~O\,.. W'.:(J~.J «I- - :/;ro 1!" iJll oK ill' '<JI or O' j" OF,. 
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1E. 9-8. ~-?- Great Barrier Marine Park.Q.j -§£Al~~ Ol§t!I~ Xilf! 

0 1%1HI 
°J !fro]¾ "i-~Pl&~ ~'f'/->l.: !U!i-~ ~¾;,;)Q;j ~iH'-~A] ~ 

•I 'l •l'l A] Qj •I 'l 
tj-ol IIJ. J;!.5.., YES YES YES YES YES YES A\1-ti:~ 

¾tA] YES YES YES LIMITED NO NO (line fishmg) 

?!~l¾tAI YES YES YES 
.ll°i!~ l!. ~ ;/ NO (troHing) oJ-fr'I' 7Hf oJtll!: 7Fi· 

~~ht A] :\Jl ~{!_A) Qij (!;;,:.~i'J YE.S YES YES NO NO 
]4-~J 

011'-i ~ 7~ '€" 

•HI PERMIT PERMIT NO NO NO NO 

~H!~ xrn YES YES YES NO NO NO 

i".JPI o1>J]XHJ 
(S:.T-'H~l YES YES YES YES NO NO 

i .iI 7] ll] 17) 
YES YES YES YES 

J[~;j 
NO (.:::ri~rni <>1-it-~ ;pg-

<I ,,~ YRS YES YES ,1~,1 al~ NO NO 

t!_;~]<>l]J.1 
it j:rn YES YES YES ~Al NO NO 1HltlC 

0J=_!!,,5L -1t!-

-\I~~ "I'll YES YES YES NO NO NO 

S~oj~ YES NO NO NO NO NO 

,11 YES YES YES YES YES YES 

:,C, (YES, •H!-, NO, i,->l, PERMIT, 'J7f'l)R, LIMITED, ~],rc,J.Q.:,_ '1%) 

;:{.Hi : oll 0J'T"~¥-. 1998 

( 1 ) \'.1 '1 x I Qj .'i'.:ia. 'i'"1 

!ii. ~Al Q;j 

'?cl"Jls! 

500' o]AJ 

'cl '1! .eJ '11 "1' ~ ~ 7e1 ¾ .!l. :o:. "1- 7 I ~ ~ % .sc. "i "1 >ii "1 'l! ~ .Q. ;a. '11 11-"i "1.!l. :o:. 'il 'a 

(Sensitive Area Protection Ordinances, SAPO)o] -"l%"1:il ~ti-. SAPO~ 'l!'/!c-"l 

.Q.!a. ,l-~l'i', i,'"l 'JI Af'r %"1- '>l,o] ~>U"\ ~'11 ~%0] ,J'0<]5Cloj,:jot ~ '1111-~ 

7e1 "i 'i' <>ii 11 -'ll 'iJ ti-. 0 I 91- '>< .g. 'll '1! .eJ '11 11-~ 7,1 "i 'i'~ 'cl '1! <>ii 's ~ 'iJ 'il ~ !//' 0 I 
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wk,l<-lv-&-& ~il: -tocs:lic '2-cs: 't;,t, o 

ft. Hn Is ~,;.;. i½-i¼ll>: %It ¾l<-ll loTw'ic' iii -½-.le '-&,,c o 

% ft.kn 'l<-~ '-!?l" 'l<-l}: 2,\,k• %It [L{o.[,c-jj- f'ifL{-l!Wlil ¾CS:[l<,\,H• o 

2~Ha -iQ.~ ~ Ht=tkr¾~~ :a rt '~fl: (f.l '*-1 o 

-io-& lk -io i's ,\, lo I<:- l v lo o 

· t, i½ Io % l> lio -lo- ll 'ic' 

-wi'zll, lo%¼ lo% ,\,lo '~,;.;. 'l<-~ 'ft.kn aol<:--iltlo "tlio-b-ll:' ~il: t.r ~t, 

-&I.: loi<:-lvro o 

:a.%lo cs:rnt.: iii f~'ic'\lc'i'i' o 
:a.%¼r,,f.lc¾%[yjo -lo-!Ho o 

~,\, lolloi'G- -!rr-11:~fyjo o 

[y[o[li'F[!;! lorv ~il: {rrfu-b-'i'i' iS ~"' 'f,{y 'Iv¥. 'f.do{-1! 0 

1£1f lo~-&fdo rti -!Ho •~~ '¾b ':fo3 o 
·t,i½ lo%[> 201,,%11>: i1itf• ~il: t.<%-b 'r<:ll, lo% (~UfUP,>p) 

,,, lo '-r,,;.;. 'l<-~ 'ft. kn · ~ lz "< 2 it«• "< 15 Ir,', 20 l>c-ilt ro lo k 11o ltt i,; k/l: Ia 

,.:" ~,\,Iv %lo at;af.lc i½il'-i'e "tcli Ito'%,, o 

li<-£ It o i's ,\, o 

[,c.fl, ¾ 

[1,:{rr lo[,c[yfy[o{>'. '%Iv iS ¾%fyjo '¾fv %,\, -i¼lo-lJ- {3.[, 'rv~ lo-l,lo 0 

I"-& ¾rv~ lol"~ le.-.lraol<:-la "<'li 'cs:.t,;. 'lvf.c o 

"~ ¾R-io f3-.lrao-&~ o 
tG'it ti fL{-1![~ 111 ¾ I,; [,c{l: Ia [lo [Y1:f[ft 'TI' {-l!~y~ ¾f.o ~ lo-ll< kt 0 

l):'.% ~ ~tt ~ ts-tzr ~ ~.g. it. ~ !I: lit ~-b o 

C,:'i'i' TI'{-l!'i>'i'i' ¾-l\-[L 1,:-(o{,c ~111 [lol,;[,c{l:f,', o 

~Ti%e ~llolt l<:-fo{,c wll1 liofvi: iii R-io 'fdt lo-&-& o 

l"-& f.o~ -i¼l!i-11- %lo ao%lol"a o 
·t,jl: t.r~t, ~I,,% loi<:-'itlL lolkl<- OdVS ·t,n; "'~C,:'i'i' p,-(.o.-£ ¾% Iv-& 

(s10.quo, ~UflJS)[l>:,£[,cll, 'tifL-lo-lkl<- ,;(a,ed5 uacfo)l,cll1f'i f'i[,c½fL CS:fn[,e t.,t, 



o ,'I ~3''-t sff•J;>] 

0 z!%, AJ,ll%, ~4<-'ll'r"l~.:il. 

0 z! -i! ',) 7ff3' 

o -"l-sl-"1~'§=1. 
0 -sl-4' .2. ¥-~ el 1! •l 
o :frcJ •l.il. ',! ¾~ :§]-~%~ At-S-o]t-} •l½ ~-"] 

o] ~1-"11 1'17.l-"')'r~ -ll 1l ;;t:e W-61 "111=' .2.~ cJJI] 0)c % £"'1 "1 "il 91- 'll ,l-~ .!i!.~ 

"1-r 1!1l'll--6J %0] :UcJ-. .2.:Cc>lJ 0]c %£"1"1"il'E 1l'lt½ "'1~'!1-.Q.!a.-"] fr"] 

'l! cJ-e l'17,J-;,c] "1 ½ .!i!.~ ~c}. .2-" 6,fl 01"' % £"'1 "i "il 'E 31 ~ -r "1 -it'll, 'l/£ 

Jl.-r -it'll, iic'!l %£"']"! %-"l 'll-'11½ 's-'11 °)~'>) 'T' '.Uc}. 'll,l--\'l %£"')"1'11 

'11 'a -& .!i!. '6- 7J-,t •l cJ--"l 100 \'! 'll ,l--\'! 7il >11 oJl i:Jl ;;f "l "l %-<! cJ-. 'll i/l"-1'! % £ "'l "1 

,iJ 'll 'a o 1 \'! '1} .!i!.~ & "l g -$l '11 '; \!! "] -i! >11 -<! ;! .g. 0 f '-I "'] 'l! \'! '1} g .!i!.~ ;;f 'E 7 I 

'is-% "t'.lli::\-. 'll,l--\'l %£7-)"l-& uff'lJ, •i"i", ¾-ll, :cl-ll %½ 6171:S *"1 -rr>ll~ 
c}. 

(2) ~*"IC/1.QJ lii~ 

SAPO.sj ~7f;,c] ~ "J''l) ,"_ \'] 7,};,c] "1 i'!i!J-"l ~>I] 7} \'] 7,};,c] "l -"f>I} o1I 'it~£! i" 

a~ '.U cJ-. 'll '/l:"J .Q..ia. \'17,l-><I "1 'Fl/:! .sJ .£ "I o I %-& \'! "1-0 I i+ 'ia' "'i ~ 7il o11 ¾ cJl ~ IL 

"!-~ ? Pj "111 "'] "1-€c ~7,l "j.Q.]a.£ off 4- '<) 7,}i;fcj-. !E ~- \'! '1):o] t-} {;;<] 'r l/:!-"l 

u]1J'lt-'<! ><f\'!-"]i:Jlit o]%i;f.:il.;,cf 6}i" Jl.-r½0] 'lMI ¾?fi;f.:iJ. '.U'E ~'jjo]t:j-. af 

2J- A7 .!I.~"' "l ? l/:! "11, 01 % •] -$j 7 I ,iJ ~ "} .:il. '<17,J- ;acJ "l -"l 71 'lt g ~ ~ i;) "i] ~ w + 
'.lli" ~¾;<)i:ij-l,- % -\l!Jl.,jj 0] "1)7]-,!tj-. ~¾><)i:ij.sj -i!ll-& 'i- 7f;,c) •J-6j.Q._ia. 0]-'1' 

"l~ 'T' :UcJ. 

'll "1, -it'll -<! 1'17,J-"l "l ½ ½ aJ "1- .:i!. :U 'E l'tll-"l "i o1I i:Jl ;;f oj .l!. ¾ ~¾ ><1 i:Jl :s -ll 
11 ~ 'T' :Uc}. 

("I}) - -l!-'\'-411 .l!.'11°} 5% 0Ji;f_ia. ,iJ~"}'e 1000,;JE ~¾-"1111 

- ~ "4~ ~7,j*,ij 7t ")%"} 1c' 'l) ,r.:iJ.3,-\J.Q._ia.','-le] 200:nj E ~¾-"] i:ij 

½;<Ji. '; 11~ 7]¾<>1} -"JoJA7 iq•}7f l/:!.ofi;f'E l/:!%~¾;,c]i:iji!- ½ 'T' :Utl-. 0];! 

,o_ 31 ~.:i!.ll ~¾-"l 111-"l- ¾%~¾"1 i:Jl ;, ~~ % 'll "1 <~, %%"1 i:Jl-"l '--1 •11=' "i 113c 
:cl o11 S1 "1 _ 'I! 11 'fl cJ. o\11.- 'ai "l, %%~¾ -"l i:Jl S1 '--1 •11=' ir-"l S1 .;,s ,t 1}ll]-~ -"l "J, 
½%~ ~i'l"l, •ff4'7f '!!- 'l! "11=' .£°d' %oJl af2J- 1!!1l'ilcJ-. %%~¾-"lcJlii- -i!'ll 
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"It 51 -I'- ,±~ .,i 'lHl:¾-"l r:JI .!i!. cJ- Ci 1i .°. -1'!:"1 -91 '\!!.8. i'!: =.'7] Jil ~ c]-. 

@¾-'I r:JI -91 ° 1 % •J ~ >ii ~ 0 I 'll 'll- -"l "i .!i!. cJ-;co 'll '4 "1-><l ~ -"l 'llc, 'l! 11!-"l % .'r.-"l 
"I 41 •E ~ >ii~ .!i!. cJ-;co .!i!.co:-91 ll .'r.7f ci .=t cJ-. 0 I 21- 'll- .°. %¾ ><I r:JI ;co 'l'l '1! -91 la' ><I 

i.+ cJ-e '11'1-><l"i g 71'!!.ss 'l!~ -'1-ll"l 'li".l'-91 7f'o-'a~.ss.!/-E1 '4"1-'l"l;co,11 71 
oJ \ii ,Y, cj-. <>ii \ii ~ "1 -'-I •~ @¾ ><l r:JI :: "l 'll .2. 'll ~ oj ,Jf-'l ,] ;co "I~% ~cJ-- 'll 11!
'l ~.£ "i {j .2. 'll -91 'l! •,l':. ~>il "It t-lJ '.ll "1 Ai -'-I-'~ @¾-"l r:JI -91 R,ift %¾-"l r:JI 
eJ t..i"l, 7fllfe ll.'r., -'-1%"1 %'ii, "f'ileJ %4<¾, @¾-"lr:JI;, ~,Jf"f:: -o-;; eJ 

'ii Ell %"ii a:f4 'it4{! ct. a:f4-'1 -'-1-'~ @¾-"l r:JI;; -ll 711 ~Oil '.ll "1-'i ;co ><l "i-91 r:JI 4' 
¾ -o-;; 'li 0 1%.ss, -"lc:l-o:]-, -"le1-o:]-, 4'li'--o:]-'l >;,-,Jofl r:JI~ 71"""1 'll.!i!.\ii "f'lf~.ss 
.!i!.co: 7]-\,- :. £1 r:J1 ~ ~,,_ "I .'r. >'f "1-oJ o, ~cJ--

(3) ii,~g.5c.xJ"'f g/ ..i£ i<'i'•11 

ii' 11 % .'r. "l "I c<il .2J- 'll .'r. .a. 'r "11 ;co 1'- ill :aJ ~ .ss % % ~ '!I ic' '11 ° l cJ-. 0 l •J '11-1'- 'r 

"ieJ cJ-e .!/-~ 0 1 7l'lf.£J-"l ~;co cj-;co zi':iiif"il 7]1'-"l'l! %.'r.-"l"i>il '1J"aol -"l 
-'liif;co 51.!i!.cJ- cj z'll"\711 i':1%¾ y;co ;;!% 7l'lf'll-"l"il7il S,7liif;co 51~.ss, 'l .°. 

'l.' '1 "ii so '11 :aJ 'l! 71 'lf % % .'r. ~ ~ .ss-"l .!a. ><l ;; 11 QJ' "I ~,,_ 71 'lf "f .'r. >'f ~ {! ~ cJ-. 
'll .'r. .a. 'r >11 ;co cJ- g ,if 'il--1'- -It 'ii~,,_ {! •E ~ 4' '.ll cJ-. 

0 ..2..~ ~~ 01~ 1:1]%: .£.7.l ±¾'T'-91 ±-fHt ¾ ~1tiJ-&-..g.. ..2..~ _,._lf]Jo]A 

.ss .!i!.co: .£J "1 "1 o, ~ cJ-. o l 3! -I'- !a. "i -91 ii' 11 71 'l! g % .'r. "l;co t-lJ, .!a. ><l eJ >; ll 

-\'-~ 0 l %"1 "I 'l! ~,fl~ 71-"l .,i '.l! :. all >; "l %% "I cJ-. 
O ~~i!t-'8 JI'a J:1]-j- : £.£, 1;!.X., -tr~ % 7]E} ~f-3!}.A,lQ.j Jflr!9.] 1:1]¾~ 

c<il ~"I:: •J-'-1 °1 cJ- 0 1 "i ¾-I'- "I~ '>! cJ-e "l 'll .2. 'll 11 Oil eJ ~ -1'-ll "i 'iJ 
",l'g >11~"1-t 7]-';,-g ~cj-. 

o 'l!.'r.'11~: 7]1'-'ll"i ,i- ?714'.ss ?7Jol% >il~-

0 i'l '!l ¾ : {! 'il r:JI -"l"il r:JI ~ {! '11 '11 ',I'll :aJ "ii r:JI ~ "l ¾. 0 l 'fr 'il -1'- 'll .'r.>il ~ 
o]e}7J.!i!.cJ-t "l7l'r"i 7l'lf¾ ii''lliif;coc1] 'll'l!'l~.ss '1%.£1.,i :,!;co •J'11 
o I cJ-. 

(4) 7H'o/i?-!.9.J Ol~(Transfer of Development Right: TDR) 

'1l"i~.ss, TDR~.ss:J.,'1-/'- %"1"1 {l_'IJ'il .£A];:: 11'!!~-'l"l~.ss.!/-E1 ~"1-'l',l 
~.ss-"l '171'8 11'!!"1 ~o<];; ,ff~"l"f;co 1]'o% ~cj-. {!>!l'l~.ss TDR".ss:J.,'I,°_ 
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'1!'(}~ '!!7J-"-.s!..!/-Ei ",j'l}>']"j_<>_.s!_ 7l'!f¾ o]%A]~ ? '.,lq.. TDR '!Ji:='ll ~ o]% 

11--"--"'"I, ll 'l-ic '1! '1]:oJt-J- \a' ;ac] .eJ 7fl 'If¾ >ii ~"lie 7J ~' .!a."']±%'? 7} ::I a; .eJ 71 

'lri'!ii q.~ Afs;J-a;oJIJJI "tic 31% oj7fV-"-.s!.'"i :::ia;.eJ >il~B :sff~i'!"il cJI~ .!I. 

AJ% ~ ? '.UJII Bt:J-. ::Iei'/l -\'ful;acf.ej 'll~ic CJ. '%.eJ 1l'!fo] 'lj@-0] is'"'l"1Jil 

"1.:il, 'i'-Ul ;acf .eJ 7J ~ic ::I .eJ ,1 ~i'! <>ii i' ~ "i _<>_;,_ 'i'-Ul i'! % 4" 7}~ 'r 'll Jil B q, 
oJl ;; ::; <>I, 11 '!fi'! 'i'- ul o<lic '11 ll 'i! 11 '!f i'!? "il 7] & -of aj '11 "i-"-.s!. % x"'I "l >ii 7f 

>lite"lic 1l'!f<>il cJI~ <!'ll'll.5'.;s ¾7fAI~ 'r '.,li:j-. 

TOR TI:£_.:z_~.g. 1iB}A1~8.J £.A]$:¾T7} A}{!~ 7H~-r!~ 19:-.5:.~ %7]~ -¥

oj-of:: %Al"il t:J-~ Af,ta; 0 ] ¾x"'l"l>il 'll'll~ &.>Jj--ofaj 1l'!f'Of71;:s §JnJ-~ uJ, 

o]Q} :Q-.g. 7H~-e!¾ TnH-8}~i:" %7)¾ lj!-Cl:j·8-}.:i!. 9,lc.}. TDR~.£.::Z.,@8.j A,:j~Cl:j.!j!-"C 

cJI -j]- "a 'll--"I "l 41 <>ii Ai 11 'If i'! "ii cJI ~ "I 11 ti- A I 'll- 0 I ~ ,1 "lie ti] It iJ1 'll tj-. TD R rr 

;,..::r sl .g. -'>l 'li--"l "'I O l .!1.§C "'l "l .!I. c.f -it .5'.7 f "i 711-J-, 11 w i'! .eJ -\'!: ul 7 f 7 I .!1.§C "'i "'I 11 

ll -"- .a!. s: "'l ~ %'? 7 I 7 I cJI -Of ic .!I. ')}is' .!I. t:J- ~ s'l 't% 7J ~ ic ¾% "1 7 l 7 I <>1 'll q. 

(5) 'o)AJ"j 7ij'o;~XjJ 

'l)Al"i 11'l!,;->1]ic 7l'lr-"l-ll¾ ~4"711-J- 'l)A]-oj_<>_g ¾l±'OfiJ-1.:il ~ uJ "i%'0}ic 

•J 'II o] i:j-• "ii i> a; <>I "'i "j ;,fl ~ .eJ -!if .aj % '<1--'>l 'Of 7] .$1 O\j 1ij 'If~% "ii cJI ~ 'lJ A] "J '<) 

:g-A]~~..<?_.£.Ai t:}g_sij l9"1~g -i--§-~ 'T° '.V_tj-. 

0 ;,fl~ .s1 ?ll ¾ "1J ~'Olio 'lJ A] 'II ill 
o "l 1! ~ 11 •I 'II ill::; 
0 {!,o-,;j7f js';ac)',j 

0 AJ"y-:S:. ~ ~l-'T'.5:. ii-Al~ 

ol"} '>l--& •J'lla;-& ";'lj0<]"ja;o] 'll'i'-"i'<l ir-<!l>ll>il'Of"il ~'ll ,1J77f0<] CJ. Al"l 

~ .!!~is}~ T~% ~c}. ~, 7-ll~o] ¼~~ u:lll/}71 'lltJ-Al~~ {1.3ill5}~ Aj;;i;Jg 

O<I '1! Al ,1 ic Qj ~ ~ ~t:J-. 0 I .2j- :,}.g. •J '11.eJ 'sl-,1 "I 7f *I :: '11 ll '<! "'l "1-.5'., 'll Al "l 

71 'lr-'i!- >ii ic <,! llil ~ 'r £ '.U q., oJl ;; ½ '1!, AJ-? 'JI 'Of? is' -"I ill O I 1-J- <!,.. ,,i 7} is' "'l 

i\l :' 'll i\l >il 1l "il 'll: "i ,,i 7 I 'I! ¾ 'If% t;fic '(;I_ -"I- ;; 't % 'r '.U tj-. !E ~' 'ii Al "l 71 'If 
-'i!->l]ic 'll'l-.eJ i'!-91;, &-"!--o}ic •J~o]efic ;,,,J.eJ aj0<]7f '.Ut:J-. !CfeJ-Ai o] '1}~:' 

c.f ;"- '1J-'ll 0 1 ~ •~ -!I-7f 'o 'Of .:il {14,-~ Lil% 0 I Jl. 'i'-£1 ic 7J ~"i] 'l! 50 {l ,,._ i/l 711 "i % £1 
<>I "1 or ~tj-. 
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(6) \:!\:l ... 51 "E~ >11~:<1"121 ~~ 
013! .g. 'ii •,H,l oil 7f'7f,£- "; 'll "l "l oil t!l iifoj '1! '1!"1~ 01 %.21 jl' "l "E'= all~½ 

7fiif'= 3).2_.s!.Ai '11 '1!11 ::; ttfi!J- 'll'll ~ -2i-"l .2] ¾-& "l "l oil t!I '11 -'!-'ll<•! 2..5!. "l % 
iif:,,. '.lie}. 01"1~ '11"1 s.*l'= 7J'l}.2] •l~i'!ol ¥,;,ff"f"l ~7Ji.j- ~.g. 1J'jj-ol 7J 

.2J '1!,;1 'Jcoll .§r'/l1'f7l7f ,;j~nj, 'li"t!l"l-2-.s!. 01•»•1%01 "1'/l1'f:i!., ~7f"l .'l'.'= 
~ Ci "; :§f-'{l 1i' all oil "° 'lJ ½ 'J<½ ',' '.ll-2-E..§!. zj-~ol 1:J:,:_ ii)- :i!. '.ll '= 3).2_.§!. ,1--'J 
'<! c}. 

'9'--"1.21 71¾-& all~"l"l.21 7111.ilJ- -!1-, all.2J"17J'-l- >11~"1'= -i-%.ilJ- ol%.2J %'!I 

% i:}0.)';;f;,JJ 11'\l~ 'T' '.ll-2-nj, all.2J"l"l.2J -!\-5'. lOOmollAi 1,000m,;,f,cl i:}0,l'?i]-q. 

Ai-'\'- ~','-.2] '9'--"I 'rr31-& 100\1¾ 7]¾-2-.ss "l"l"l {l"J•I~½ :,,ilj"foj 'll~-2-aj, 
Pl"c.21 \l"-'\'- ,ff~i!J-oli.J-'r'= 40\1¾ 71¾2-.s!. "foj >i"i"f5ilc}. 

>il \']- "1 '= -11-%.21 ¾ '!I oil t!1 ~ zJ-"c .2J 'l! \'!-"l '\'!11-& ct%.ilJ- 'l!-ct. 'ill 0 1 a..2]- \l" 
01"' el ;,f 91 all 5'. '= 'r !a. '1! 'l!t!l 91 Ji. ¥coll * R ~ '¥-:i!. '.ll c}. ."c 'lf !o .2]- 'l]SC.91 >il 5'. 
'= '\'!'I/, SC.Al, ~'ll 7J 'If .il]-'= ',!7j ,a. '1! '1! 01 %,1-o)oll "a•.)'% 9"'= Jt{} ~ 'rt "J _2_ 

.5!. 'i''il"l'l!-2-aj, 'l]5'.'= 01"11 ci1'f"l '1!'1!.2.'ll¾ '1)-~AJ;,Jilj'= *R;s ~7fs;f:,, 
'.ll c}. 

'9'--"191 'rr"i .g. %%"1-2-.s!. %"1 "l 11 '!l-;,fl :§] EE'= % 5'."l "l, -2i-"i 01 % >II:§] "1 'l!-'\'-;, 
'j'--'J"fJl '.ll-2-aj, o]iej\']- ~-"l'rr31-& ','-.5!. '1!'1!"1"1 '1!-2-.s!. 'l)'ljs;~ 1J'll-oll t!l>il 'l! 

-"l "l jl' ,q ;:; -'i'-.ilJ-"foj 'li"t!l "l-2-.s!. •I% ~ ½01 ill'= 3! 0 l c}. 

~ el i.j-i!j- cJ! \!! Ji. 'l:[ 91 9-.8. t!i %-& cJ! \!! 9J 9-.8. aJ °.f {\'"J %, •f c}Aj, ','~,g %, 

"' '1! 7<l B % 0 l aJ cl! '!! "1 "14/ 7 H,-~ 0 l %.ilJ- '\'! ~ ~ 'r .8. t!1 'J-& cl! '!! 91 "1 'll ( "1 'll 
i'! ½ 'J"1 ~ "l "l 9-'l] .'f ~), cl!'!! 9-l'!"l "l "il 7l'r"r'= 'r'll, 1 \!l oil Ai oj 7f-ic% ~ 
ii}.:ilA} <S}t" t'.!-3Y-7Jj, ~~¾ ~ ... qi'}-2 .5'..l-fE-'.j~.S}]lA} .s}t ?dtr7} ~ ~7{}-1c'J.Jl % 

01 'ii ,!olq. ol~ Jliljs;foj c)!'!!li!.:<:."1"191 %5'.~ Fig. 9-7:i!f 'l!-Ol r11t!l!l'l! 

"i "l J , r ~-¼ "l "l J , r %t!I Ji. 'l! "l "l J 2..5!. 'r:§J "I~ 'll-'l!¾ all 71 ~ 'T' '.ll 9-
";, ".J!\!!ollAi *.8."f7li Jl.~'i!O)'fl '11°.f-\\'"Jil-, •f,cAj, ','~Ag% %9J Ai"J"] 

'Jal 'r .a "' '1! 7e! '\'!-& r 11 t!1 Ji.~ "i "l J -2- ;a. >'1 'll ~ -2-.ss "'1 ° l "i "l oil t!1 ~ •Jc¾ i'! -& 
oJ,j"flt!l.2] *-2-.5!. \el-Ji.~ 9 '.lie}. ttfi!j-Aj 11t!lli!.~"l"loJJAj~ oj'lJ 'Jal O.)'"J'!J:% 
0 l il' "i "1 Jl, '\'!'!I '-'i 91 ½ 'll sc. il' "l "1 "1 °1 ~ 3! 0 l nJ, .2.-ol 11 t!1 Ji.~ "l "l cl! 'ii 91 
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·t,[oilc ¾lo * i,-%1,, aoi,,1"-i¼ t'tn liof,- ~ lo 

lolr aoll>./'• teft [L{!?%ia fa-.'rao~it lo%-!l{kf,l: alol>'f>-kL[r!;!. [t; lo[:cee

Filr!;l, o f\kt lolol>'&Fill:iF,- i's lol>'-%-f6" 'l<iloil< ¾lo * ia-%1,, ao(>'.l,- lolo 
l>'teli<fo¾ c,,tn 1io!l,&Filr-!;l, ois\kt lolol>'Riall:ilt ~lo .:rl,lvll< a-t,rJ; to.,L 

~ it ·t,n; * {a[,-:.§ -bl<~i:.11< ;; fo¾ loli<>lolr r p:,{'?-1¥ ¾-illt %1¥fo p:,{!? 

11:i 11<>-.'rfo :::,; -.'ril< lololr -1',k• 11<>-si>: ~{'11¥16 ;:rp{'?-1'~ .,,.,_ft :s t,,f,!: · a: 
e: lolol"-a:e:lr!;!. ten ·t,n; * -to!¥lr ao% lol>'wktlr-!;> 'lolrlef,!:li'<-.zlr 

"> 'lo 1"ee-1a 1",;; ¾ i,. iv ~ lo Jt 1~1L -r. &e: 1,, i,, ~ lrt 2 tn 11<> 11, & 1a I"-!;!, «.r, 
·t,toK 

i>- jop:,{'?-"i-\\- ',;ci-la lio[,;[s, ~t,[o%lo ~.",{L !j,[r i's"'" lol,,i(, a%'!>1,p:, 

to tr,-&f,!: lw20 {o [o[y ¾ lil, L2 "'* E il<1'fll< IL lo fv lt<>-& ~ .,,.,. Iii~ -lo li< f',jz ]i, 

'.:rlo"" [,c[v-Wll:i-2 ;;t,r:i, r lwaof..~-lc p:,{!?lit~ -lrrli>&fy* ¾{n-&f.l~l•i' 

\o (6%\ic{c !\,lo lio-.'r-G-*fol\, k•~ T~.,L- lo-&*Efll\'fl!,i(t \'f, -&\oi'ol)<l/.i(, 

·t,toK ~ jop:,{'?-[r{'. ¾-!l'K -l!-11<\o lolo[ri,,i(Li>c ~ lwao-r..~.,L 20!,,1" 

j¼ 2i<,IL[y ¾-&\of¼.l\'fll,i(L ·t,n; * -ialvlt< ~ TT>-!'• ~{'?-%f,, ~is'[< lo-lsi!<\o te 

lo lio [c,-8dil \1 fv llo-& \o ~ ll< jj\i(, '1!: [G lvlr.§ =: is' k• lo-!!- II< \o ls-¼-% t,, T-2 llc lo 

li<>l,,i!L ~fvl1<>-&*Ell,l1<!1,i(,- '<c ·t,n; * ilelv-W'l'~ ~[l!{ll: lollilts[,jj\i(,- telo 

Ito tr,-&ft lw20 -&,'l< Kt kt li<> iiz-&f.l 20,-& \o I'>- II< !I< ifL, {ll: ,-&-ll' E ~ lt<l/. i!L, \1 lo Ir 

S&te t'ln ko{?,-~ l\>lolr tab{o lo&' ~~%t,, fvllololr -'½o [l:CE-/,: lf1~~% 

t,, ">-21lc tolr,-&f.l tab{o ii¼ -ia-".{L lol,,fo \'f, Fo\o ~kko 'lol>'RFill:iF,-J 

b 
fo * lo.Ir{'" ko&{v ¾-i~dn lo-[l!f,',\o -[l!lr,-&f.l lw2ofl;lvl,.g ¾Fo¾ to"211rft 

'1!:{'?- lii~-!/,{L {1[,,fo i's Fo\o ~lvlioll:ilr~f6" '<c ·tiro * ~-&ia ao!<-2!,c f:i 

% ¾%itl,,fo it !l,\o lolvffojj\i(, kolv% ~IGlv~./'v -!!:-r,,:ll'.&ia lololr&Fill:ilt 

lwao-&&i,- ~ 'll:ilr%~J [lolo{v 'lolrRiall:i{'vJ {ll: 'lolrRFill:iltJ -wn 
·t,n; * ~tl,"i c,jl,.ft< ~ 

[6lv&~ ~&-G-Wv ¾-G-* il'<R ltt lolr lwao-lkS-~ till); ild>Bt ¾~-to lololr 

Riall:ilt ai«lol" 'ai«ILlv -½!>: ~,~&I" ¾lol"&e:11:ilt aol,,1'ree:e: lrl,,fv 

to¾ fd'>* 'ilt-io ·t, lo il< ~ lo \o lo"% t,, i1%-it Pa fa b o I& {v'E te 11:i ko It< Its [v 



M Cll 5! le XI "i 
• Olel ii gt6.J J•::. 
• l:llm.ii!~~~ ~~ e!~;:111 Olllllff. All~i5XI 

• jjmO\~~ El~eJ- ~~~ OlllllW All~J•~ 

gisx1 "i 
•Olel i: ~.61 J•g, et~~ •ruax1 

li! CII 5! le XI "i 
• OI el il gt6_l i==:½AI 

· ~~:z!l e2Ji5XI 

. Jll.~:f:N J•~ 
• 2LIEli!I Jf:S -

;'.;;<]l;!_co:.c<l"'IE-5'- "1'\1-B "1"'19.1 7<l~ ,,-;<].!il_'l);<]"'i'11~9.I "r'll, 0 1•l'if<f;<f'(l

o]<J'))-% sc'\I, 4'~'ll 'll "i"'i'?'l! >&ic¾"];, ~~ -l'!:elsc•l 1R'l! • A]•&, A]\'!5'. 

yEj',l <1-el, ,,-;<].!il_'l)'iJ AJ•&oJl !Ifs'- '11'171 Af~ so:>] % 'll'¥-'il"'i 0 1 ~111'>! S'! 

cJ-oJc]-. ,,-;<].!il_:0:"l"l c<J'\I 'Jl -\'!:eJ;,Jl~ 4'',J • A]•],9c- 7]¥, ~el '-l-4 ;<f~ 0 ]%•] 

'\loJ]Aj '-l-Ef'd >I]~· B""l 'J/ '1] · ajJfoJ] 7]'/!~ '4'%caJ -l'!:eJ'oJ]Aj ;<]'\1"1-caJ ,FJ 

oJ] '<!Jl.~ Af'lJA]•&o]ej-"' '';,-%caJ "1-eJ'>j>j;a,_9.J \I!:§\~ sjo]~t:}. n:fej-Aj ';,-%caj 
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1'!:"1 >ii ,iJ <>I] Aj"' •E 'll? .8. ¾ cJI Oil n:J-~ 'll "I :ii[~ 'll 'll "I~¾, 'll-'i'-cJI% 'al •E '1l >ii 

>ii .eJ >1-i'-Aj 0 J ~ •E -"I "1 °f ~t:J-. •E '1l >ii ,iJ.ej 71 'cl .eJ j Af~J '=c 'cl '1}% W-\'!"1711 ti 

'4' \'l , tHl 1'!: e1 '11 "I 1'!: e1 1 I .,,_ 'ii ti '4' \'l % 'ii \)'t!: 11'!: '1 'll -'i'- .eJ ¾ cJI 'JI Oil 0Jct!: 'll 
<>I] tjJ~ '<1-"l.eJ >iJJl %°'-£ 'i)~ :,cj•.J-'1JOJc?-0-'ll.eJ '1JOJct!:'ll.ilJ. .;j~JoJt:J-, 

o\1°Jc•~'ll 'll-'i'- ¾cJl<>il a,~ '4'.ll.¾~¾ .$lo\l 'll-'i'-?']"l{l 1J'!lc 'll •]'ll>ll711.eJ 
Aij~,':. qg~ At~J-¾ .3l~a~°F ~cl-. 

O •fl "I',! 1'!:"1 'a '3 Oil n:J-~ tj-0,}§t 

- ½ "l .!! ;;. "l "I -21' \!l -'l 'll-"' •l \1 >11 "1 'll -\'-
0 '""w•1 °Jct1:11'!:ei ~ .$l ~ •E '1l >11 >11 -i'-~¾ * ~ 11 'ii t!"1 'll-'¥- '1lc'll §t 
0 i'f e1 ,1;\- aj ',f ';j '1J Sc_ ;, Jl "1 ~ t! 'iJ ~ 'a ';J §j. 

0 -\'!,'\ 7] i'f:(} 'll "'I >11 ,iJ -i'-~ 

- ¾ 0.J--\'- •1' 'll-"1 -<l •J;acp] 'i! >ll, 7] ~:,cJ •.J-;<f ~1 'i! 'il, "'] •.J-'11 °.}'4'-0-'ll' 4 cJI 7.J-t!: 'll 
-\'!"1 'll, ;<] •J~ £-\'!"111 % 

•~ ,J 7J t! 'll-'¥-1=- .cull 'll 'ill · 7] ti 'll-'¥-2l- 11 •~ 'll-'i'--"- 'i'-,1-~ 'r' '.U t:J-. -\'-"1 4et 
~~1~1111,,_J AJ1:!J-AtJ;112-~1~ J?..%iPr~ 1th? {J'!~~1f-Q} ~ 0J-1r-~oi1;.~ -1-1~1M-::. 

'll -'¥- ss -i'- ':l "1 "1 '.U "1 ll >lJ · 7 l ti 'll -'¥- •l ½ 0 l % t1l :al °'--"- '>!-.g. l/l O l q. 1! 'll .!! {) 
:'. "1f ll "'l "I Oil t1l ~ ~ ¾ :al 1'!: e1 7 I .8. -i'- -"I <=c '11:\l' "l •.J-:,cf ~1 \1 >ii .eJ 'o'% "l 'll -'i'-'4' 
•E :, * ~ 1'!: e1 "1 'lf ¾ 's! >I] 711 ;'; '?(4'<=c ~ 0 I 'l! .8. o} q, 'a -.J 'll -'¥-.eJ cJl % <>il Aj A I '11 
.5'.'-\£1"81'!:"1, AJ'l}'i}oj 'al 'l)6]:,\jJl, oJ'IJ'l}¾ ~ll %3!} i),.g. 'i'\ii'-"J • 7]\>'"l 'lJ 

1/-71 ?'/1-'9".s'. 'll'ill. 7]ti'll-'¥- 7J§t 'll 0 )
0
,}:, %oil ;acJ•J;<P]'il->ll7l ;<J"i71lti 

'i"\'l · AJ•E.eJ ?>il7f '@ ? '.USc.,;. '11°F ~t:}. 3'~ 'll-'1 · 7]~'ll-'¥-.eJ ~~~ 'r''] 
°'l ~a~ A}~~J:l~ -1-l~ .Al~ '-fl !Et" ¾0J-~ ~tr"~-,Z.71~ ~ .J1.%3J1..~7l~:i!t 

'll "I •I >il ;; 'i'-~ oil O t ~ ct 'a •l " % 2 ~ 7 I t! '4 .eJ 11 "i >ii >ti 'i'-~.g. 'ii 'it 2 ~ 7 I i'! 
Oil \17] .$l"r:iil~ ~Al~ ¼•1 {)1f,Aj ~ K.iJJ."l°'--"- >IJJl~ ? ~°'-9, {!'l!~ 'll 
~~711~ £1'.lls!.. ~_a_~~~~· 71~~ ~ltr"% ~% 4- ~~ ~oJq-. 
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-l'!:"1 'll '1-i< ',j-',j--af1'c ','-Ai 9.J '<! "l~!a. ~'ll -"l 0 Pi1'c 'l!i'l tj-, "''l!.!l.'l! 9.J '!!.ll >a :i!f 
~ e.i "l '1! 0 1 %¾ .!11 "11 .,,1 1'c ti: '1! -¥--"1 n 1 "l "' 0 1 "11 ¾ -11 g ,._ "11 "' 'l! ti: '1! 'll '11 ° 1 
~tr-a] ~%·?•»'fl 'r '.ll1'c 5'.tli71 '!l'il'f! 'r '.l).'r...;. "11°, ~tj-. ttfel-J-i "''l!.!I. 

'l!:i!f t!:'1!'.ll1'c -'i'-J-1('11°.J'?{!-¥-9.J ;lJq- ?{! 'la! "1'lli'l-'1! -¥-1-1 &~; :>J'l)-;,f*l'cl:>11 
9.j ;ljq- .'r.Al, 'tl'lli'l-'1! -','-1-j &~)9.J •~'ll'<!"l¾ ill.~t!l-ll-oJI 8,.~A]7'jo) ~t:1-. ,f. 

~ ill.~ "J--'i "ii '.ll "1 Ai 'l! l1-"l . 7 I ~ "l "1 ">ii J1 ~ '11 '11 ° 1 ~ "l '11711 'la) jJ 2- \"! T 

Aj :i!}.2} ~'>II ~ 'll-ii[~ "';,.::r '!!I% A] ·~ -af l'l ill.~ 9.j >a "1-71 -'1 'll 'll '1-"il ti-% 'la! 'r 
'.ll 1'c A "1-1 I '!le ,g ~ ::,! 01 t1-. 

q-e.i 1-fel- \"!'l!ir:>]71 A]lllie.1°1~~'r{! ~'l o]'ij- %!a.')i-oJ]'i ¾.ll~ 7]~:>] 

01~g -afJL '.llJL, 1'!!9.J J/-11:'l!~ 0 B'!l 0 1 'lEil"l, li'-~"l. tl:'l/"l, t!:'il-"l 1f*l :s 
~~~t1-1'c \"!'r.!I.JL;s %'11 1990\1tJI 0 ]~ A]'1!B>ll :S ¾{)~!,. "''l!.!l.'l! x.i'jo] 

¾t!l-"l"1 ~t:1-. >;-a] ~AJAi-'14 t!:'1!i5foj "ft119.J J.]'1!B'111'c 9.j'if9.j "''!!t!:'1! A] 

'11 B >ii .2} 9.J iil it :s ? •~ -af :;r '.ll ~ oJ, 'l! ¾ '11 1 I "ii "1 ~ ,g ~ ¾ 'la! :o:J i'1 ¾ 9.J .!I.~ :s 

.!11'11 'ic>ll"l'<! 1"1 g 7J-~;;f:;, '.llt:1-. oJsH:!: '1li'.!B>ll9.J "'-"l:ilf 1ll•l"l"1 'if1f{! 
1,':>].!1.'l!i1].s~13.1'c ejA]of;; 8,.~'5foj ofA]of :>]"1% tJl')i-~!a. 'r~-"1"1"1 ~t:1-. 

"J'~ T'~'<! ofA]of 'ir:>].!l.'l!i1].s~13.1'c 0 fA]Of "1'11 ',f7f7]i'!, "i"J-:>f*IB>il, -11 

l1-7f, J.J '11 B>il 7f 'l)-oj '5f1'c ¾¾"l 'll E ~ o] -"l "1°, ~tj-. 

% ij]E~j3.9.j T~g '8-'1JAi qg:,Jf '1-~ J.l'ljo] o]-'f-"1°'1"1 ~tj-. 

o -,;71'!! 1,':>].!1.-ll 'la) o]-§-1'!:'1! :,\.il., 'll.!1.9.J ill.¾ 

0 A]'1JB'119.J 'if>ll 1"1 7J-§f:s ~~ iil¾ 

o 'ir:>l.!1.'l! t!:e.1 "i % 1J '!le 'la! %-il-
o %~~A}~}~¾ qj"c}-.Q..£ ~ JR~ ~ ,t.Ji!. 

'if >11 ~ i'j .g, %%9.J t!:{l ':J 019.J ;r, ,J 'la! i'l-'1! '1l "l 9.J '1l "l iil-ll-"il 9.J %JI O l -'i' "1-11 

t:1-. '1! "l ill. -il-9.J 'll'-'i .g, ~ '<!%JI :,i "ii '!!.ll ~ 'if 11{! 3c*];... 3c§]- '.l):;r 'la! t!:-"l 711 'i'-11 
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%f7] ~~ ~'11-"11'1:o:i.QJ7f 7f~ 'l)'l}aj'l): ,YE!lo]y- UNDP, UNEP, JUCN % S:-ftf] 

1)-'i'-11 1H£10-f;,. \:!71 \'l'T"!'-.s!.2f.g. ;:-1f{! 11:, ii!~~~.s!."'i 'll"lii!it::S ~ 

s1~1;,. "1~¾ ~t:J-. S:-"17\'i'-o\l "1~ l'l'T"!'-.ss2~.g. =tl"l'i'-"1 ~'ll:o\l rJl~ s:-11 

'l! {!~"i g ,J~o-f,1, 't"%\'l'i'-"1 .se.rJl¾ 'i'-~;;f;,.c~ 1J<>1~ 510]9-. "i"l zJ-S:-eJ 

i,'-"].!i!.~ "1 i'!:eloc"i¾ 'lliw~.ss"'i ~el t.J-aJ- 'oi!'!l.!i!.~.Qj 5'.'/l¾ %½~ 512-

.ss 7]rj)-,!t:j-. S:-"17]-'i'- \:!7]\'!'T"!'-!is2;;1l.Qj :a%:, "'rj)~o-17\ ~"11'-11'c q;; 31\- " 

.g. 1Jo] ,1.ej-"JojoF ~9--

o %1f"I 11llo\l '.U"1 "l4i'"1 'll-'i'-'-1•.l 1f'o"il ,1.ej 

- \:!71 \'l 'T".QJ "il 31\-71 1H 'll: <>1]71! ~"l-"I;,. :;! o\l .:z.*]"l ~ ,1, •.! ll "1 "J'I.\I .ss 'Z1 

'll£Joi ~en •H'Y{!-'l! 'T" '.U.sc."f a-111 ~o!l'-1 %11"1;,. "l4i'"l2-.ss % 'll 
.!/-¾ 'T"•Y~ 'T' '.U;,. ~:cto\l '.U"1°F ~9--

o l'l 'T" "il 31\- t-.!i!. . ,iJ 't" '!I- '11- o I \'l 

-
0 l ;,. ii!* " .ss.:z. f 31\- i'!: \'l O l '.U;,. ,. I~ ~.ss \'! 'T" "il 31\-1 I '-11 '!l .!i!. ~ 'Ji O I % 

31\- -tl: \'l ~ oJ "11 'a" Al-"l-o\l 711 "1 't"-"l .sc. "i- %11\ ~ "11 '-1;,. :it"l-"l 'Zl t-.!i!. 'll-'11- o I 
of\'J"1"1°F ~9-- u:faJ-'-1 -\r6i\J]Ej 'al 

"1:<1°F ~9--
o A\'lJ\:!"1), O];Jl'<)-¾ ',J-Af;,.f -lf<>\ ;<)~ 

. ?}!'jj.!i!_~ • oJ.§-31\- i'!:\'l~ o];J]'<)-¾% ~'jjo-f,1 ;<jej.Qj '-1!'1!.!i!.~ '\'>l]i!- "iJ 

'll ~17] ~ "11 '-1 ::: 0 l "11-ll¾ ',)-Af ;<f .Qj %<>\ ;; ll-'1-7f I:! ;,i] "l ~.s!. ;,.j ~ w ~;;'. 

"I 1)-aJ "l 'lJ: 50 7,j ~J-'lJ::cj .5'_ ½'!! 'f' '.U.5'. "t oj Of ~t:j-. .'f, ~ >'] "1 l.]J '\') aj "r 

>ii "1 ilf 7J~ ";\'!oil "l '-] '11 \:! >I] "1- 't"% 2-.ss %'-] o\l %<>\ ;;f;,. ",! oJ sf ;,J--'I 
%ft:j-. 

0 •1"1\'l"i".QJ ~7]"l i'!:'ll '(l;,.j 

- •l "1 \'l 4';,. S:-1.Jl \'! 'T"o\l e] S1I "IJ{!-±.8.7f -llclPl~.s!. ll!- 0 ] ±.8."1 ° .s!. .!.!. q 
r,- ,o_ Af;,j-~ o\l 711 {}<>\ 7]:o:i;; ;<j\'t"%f ,1, l'l'T' E31\-il- ;,f)J1%f7J ~ "11 ~7] 7.s] 

-\'! 'jj O\J.'-1 "11 "1 \'l 9~ Jl el S1\°F~ t:J-. 

cJ-. S:-7f'i?:o:I ~"].!i!.~-%)1[ 1Jjj 

OfA]of ir;,.J.!i!_.! <i].§.-%] o] 'i'-~31\-ll ',) T~~ zJ- '-1-i!t'l! ~'lio\l rj)~ 't"%"1 

"11:,!:, 5'.-"J%f,1, ~i<].!i!..!% ~~ S:-7f{! fi>j;\Jj"1j;, 7J~%f7] ~oj OfA]Of;,.je,J 

~;,.] .!.!..!-%) 1f% 7J 'l! S:-7f~ 'i?:o:i %f \'JA7 A)•_!~ '/1.fl.7f '.U t:j-. S:-7f,?§j ;,.j e;J-%) 1[,"-

7J jj S:-7f.9] ir"l.!i!.~oc"l-& "]~;;1::: 3131\- ~.q, o11,i-;:-11 ~"l-1'!\'l ~'-1-"l'!cO\l c11 
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'""i .!i'-§C>'1 "l "i 'll 'JI -\'!:"1 :,JI ~ 'r ',J -"l-'ll oil "1 ° I "1 ';f Af ;<t:(]: -'II-¾ 0 I '!f "» 5f .:i2 0 I 

e-1 ~ -'II-¾~ "i "l oil "1 "1 t!-"1 oil 7I '11'1!: 'll "I O I •» % "I "1-oi-<= Jl.cl:c.£ 4% ~ c+ ,; 
-0] -'11-¾"1 cJl-\'-l;'-o] q~ 0i•l~J-fe<loll cJI~ 0]"1"1 -\'-~ollJ-1 \lfO] 7]'<]5f.:i2 '.U~ 

oj, 01<= ¾~.aJ'<] e<f.K.2]- 'll.!i'-<>il cJI~ 'la!A.J-.aj 'll-c01 °1-'i'"1e<]0<] \lf<= 'r~.aj 'I} 

71l<>11A1 Sl¾"]c: :,!o]q. \Ifel-J-1 7.J!'lj.!il_',l 'JI 0]%-"1- 'lJ · {1:jj:a)~.£ -\'!:\'jg 'll!.:il 

'U"C" ~1il, 7-]~~'i'.L ~~ 7-]1::IJ-A}~lBjj] '?1Il, A]1ilB~l, ~~7}, AP1J-Al-~Pi!";;\j], ¾ 

\}-\'->1 %01 .!i'-¾51 .:s:, '.U <= "I K.21- 'll .!i'-71 11 ~-01 -11-*'9-"' 'r'ri..]- '\:1711 0<f K.21-

'!l -"'-oil 'll-c tj- 'r '.U <= '1171171 'i'-~"1 "1 o) 'l}q. 
0 ]t]'I} 'll-c>il>I)<= :,J]:§j4'',J ,;,,7]\:!711<>11A1 ~4,-51711 op,'oj;oj 0) 71l~'r'il-"l-'ll-"1 

7.!% 'JI 7l]~Al•»-"l-'llollA1 '!f"»~ 'll-•l"l "%% J-f',l<>il ~'!l · "1cl:c5ftci] 1[.ilj-:aj 

01 c+. 'a -01 '""i .!i'-§C"l "l "l 'll 'JI "il'i'-'r ~ "1 1l 4- "i "l 'r' '11 "1 "» 711.21- 61 'll -'l '<! 
~~ i ~::iI '.ll'C tfr~ %iE"~ A}.fi..9.} 1L~7} A]]~~OloF ~ 3!.o]tJ:1, ~~7}.:::Z.~% 

0] ¾ 'OJ- '9 O] "1 ,f A f e<f {I -'I}-" l .aj '<) "1 '(\ .ii[ ti: 'JI ;;j 'lJ: O] ;., "1 'f! 'r 'il C: !, 0 I "J "a '9 

"1 °) 'l}cJ.. e<I .il. 'JI '!l .!il_ oil cJI ~ 'll-c'J "il .:i2 C: 01 Sli ';J"J-f;<f{l '-ii !s~13.2]- "l '11'111-
.!/11! gj (71 '))) "I %-ll :il]- \1 % "1 "1 o) 'I} q. 

"I.is.· 'll.!i'-"1 't-11.21- 'll-c-'ll "il-"'.21- ~'711 "111-"l "1~"1 '"=;% *'l 01•1-;; "1 

% .!/1 "1 'll 11- 1 I 7 f % "I -., c: 0 l "11 ';t "I 0<f {1 ,11 .<s ~1 a<= "11 ';t "i "l 'JI 1'! <'! "'i "l 'll >ii 

~ o~~.S"C" ~Ell~ ~~~~of ~c}. % 1..i)E.~oj)i=, ~~7r, AJ'l}Bjjt A)~?~, 

1'! \'j •» 'll 711'!' 'l! ~ 0 l % "I 5f "I .!il_ q ~"1 "I O l jl '!le',! oj '<! cJI 'l1 g .'i. ½ 5f t Ci] 7 l 
"I tj- 'r '.U.'i.~ 'ff o)~q. 
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'; •I 'l! 1': 7} 7} % <>j iif-\e lj] E ~ .g. ill 4 " .£.:1 ,! .ej ¾ 'il-"f % 11]-~~ 1[ -"f .'r. 7 I til 

ti- "? ~/7 I llll 1': <>11 :ii! 4 .eJ ¥Hl !f. ~ Z:l cs] "1 <>1 o ~ ~ c.J-. 
'fr ,q _l;l.~cs] "J cs] •J-cs};>;] 11>11 'll-½ -?"l' 2..£ "ii 0J"?~-'I- ¥1-\"l -'/-Ai 7f {1-oj ;;fc ,:] 

"ii'l- ijJEqj3.~ 'j'-Aj%\oj 'lJ7] • -'/-'lJ7]:ejE..£ l1>1l'll- ~.ej~ ¾':l•f-2 j.g. :-<]"J

Af *I B >ii 'l} .eJ o I "11 ':;' 's! Oil uff 4- .a,!J-;;J 'l! 3! 2-£ \'l: 11 ~ c.J-. 11 >ii 'l} ~ .eJ 7} '11 ~ '.s/.:il 

jt -"f ;;J E. £ 'd •J "1 7 I .!/1 "11 Ai C ¥! \'I cs] "J-cs} *I 11 >il n ~ .!/-1 ¾, csf .E. :ii!~, 7a ~ ill* 

%0] %-'/-iif,JI o]-','-<>]?,,l y '1/.<r..;;:. ljJ§.qj3:7} 'j'-Aj,aj<>jo( tfc.]-. 'ifcsJ_l;l.-,!liJ§.qj3-

c 4-el i.+er "1! 0J~7/l i'l'1lc•ffs!½ %if:eJE-£ •Js!;;f-\etil 7J<>lt!- "? '.U.<r.-"f •f7I 

.!/1 %J % i} "11 °J~7,j lj] gqj 3.yj "1JAi T"f "1:: 3! oJ ef 'lf "i ,;}q-. 

oJ•i'iJ'A\:z\,;o] ,\1~4'',j-"f'jjoj]Ai %11',J- .:1-{l-Sj 0 ]•i:. qj'/_\%}2 1'JBD: =(1%11"1 

<\OJ¾ "tl,\-~ y '1/.'r..;;:. -o\7] -'f1a\]Ajc oj,;o] ~J-<>j~ "f' '1/-2 :<\].'r.aj 'ls'-;jo] P\ 

\'I "i o1 o, ~ c1- ei '°"" 'll '!I o 1 •ff ,J-% ""'ll ~ .!/-11! "11 2r. "1 ii n ,°. A 1 "' "I 11: !/-I ~ ~ 
(7f'Jl-"1 ~'1\71 "l'lf"\iifq. % .!/-l~~c sl_'l),'!.g. W,E.t+ ¾{'-tf ;,c\Ja.21- 'lJ_l;l.ej 

:<ii ii '!I -c! li'-7\91-91 ~ "I ",JJ T~ g * "11 "''IT 5'. i'l '<}oJ] Ai -'I- "1 'il oj\ 1\ >J 'll A I •J
,;,\ :-<J ;,o.ej-'fl 4' '1/£>;- •1°( tfc1-. ~7l"il % .!/-1~~7\ 'r"l'-"l'l! •Jc~ ;,\]~A]•J"1-

1l"il-'i 'lf'§~ ,J:%-"f i'l'1lc "11"10] %0]~ 7,10\uj, o]c .!!ctr,-,°. ',J--'}csf,;o] 7l 

'II <>II til ~ 'll ~ t! o I "11 ~ % "11 cs] "I ¥! el "l 'lf 91 % ti! !il. i'l sl. "1 c K -"f £ 7 I ti! ~ 4' 
cu~ ~ojtj-, 

'lJ "Is! 'll 7] ¥1- ,°. % -'f1 ~~ Oil 11]-c A] {1-<,j gj-<>j o] "11 ',J-A\:-<f .ej .ej 1':A\ •J-oJI '1\ll •I 

.:i1 ~"1 :,j:i!};e '\l"iAJ•JoJI -"l's--"lE..ss 11}':J~ 4' ~<>] 0 f AJ\'1:-<f<l-.!/-1~~"1 ~':l 
o] {;!:§:.~ Aj.:g-g ~% 4- '.U~ ~o}tj-. 

1-:!7]~ o]3jlt'JA}.A}Z} i}~.£¾~ ~~ 7]¥]-g 7J-§}ii"}{=:- A~~¾ ~{!"8"}"C" ~3!}

~"i] '2-711'1! 0]"11~% ¾'l)g .!/-ltf :-<]{lo] o}'1j£j<>]of ~c.]-. 0]"11~J¾ ¾'jjcs]{I .'r. 

½,°. 'l!>}'JE..ss A]\'):-<}¾~~~-"} :;'!-\'I •J'l)7Ji'fo] 7ll~"?,ll17'1 '!I A]\'1:-<f<I-~ 

-\']~Sj %-\l'il->l\ol]A1 o\','<>j;<\o) ~c.]-. o]:C: 'i}.eJ.<r.½½ ~tf 7]-,'--"J'Zl '@<1"1- "J 

'lloJl ti!~ '1}"11, ~-:::l'lE.!il. {!i'l£J<>1°l ~½ S1°it!c1-. 2B7ll!il.c t!-91.<r.½½ ~ 
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1'f[><J1. K[o~ -!tllolllI ~-i..-«v-io [lo[o aof•,!,-½[l, [;;,-B,1', lo-i![Llkf• 'o'fo[o -½ 

ll, loao !,; il,'iz[I, ·t,% 4o[lo !,,rr- ao lo- 1!,c Ii- ¾ ik ~>"-lc-i!./a It alls ii>lo Iii k1'c 
-% lllllo[I,½!,;[>< -lo[i<f'ijl,[y i½[k.[o [o[,,./1,-jl ~r,,f,lc loi'o-&ffsfv tf, /,,[y-g-1": ~1 

~t,;[t:i[L aoik r,c[<,½lo {LI</? l,,[v-g-1": -[ir('.-'1' lolo--&[ll[v *~ lol,,l• i½!lc: 

k ao!,,[":SC1'fl"!:'- l•:S "b% jol!@P,,jo ¾R:I<> [o-3[!< ~3\o ,!, I,, {L[~'ie lo 

t,,f,lc Pdo [o.f,, [t:i lo t,,f,lc lo i'ofv-,lc ~{Yi,,[" K{.@~.fL -!tll>'[I< (le«• t,,f,lc li', i(, lo1°e 

I" K•~ ~ fo lo{}[,', lo-½ll, t,,f,lc-i/, fo B>i5 [lo[,,!, .[o%r % n lt<-i'> l<{r-fl, [r b ~ t,; 

[y II< JL [t:i~ lo-½ [l, ~ [L • Iii (le lo li<f'>. l"J"-fl< I" fy llol,; R~.fLfa I,, (le«• B, .. ~ \le 

wl2 i..~t2f.<i,;il£ w,v1o1,, iw~ 111o~ 1oia;uiil ·h 

·t,w joK• ~CS"lo ,!, "r,c[<,½[o JL{Ll!r 1<>-i..-k-2 liol¼l"{Li!r % "'J•-io[L 

¾l¼lr{tl!r 20%¾ {o~i'o!t·lHr[o[Y 's--i!IL{lc:f• fl>% '{•[oik r,c[<,,!,[o al!sli, 

lo~i'o!ti'r{r[o[v ~"'%[1,[Y klio&-lir{Ll!r 1,:. ·t,% 4olo-:l<>½lo aolo-lt& ~ 

[L !I, % [t:i llo-lir lz t L l!r tot L l!r Th [t:i llo ta f,lc r,; \le 1'f lo i,. l(L fv-1:2-[:n . -b IO l• l,c Th l;f 

¾ -a-K• lioi'rkn lsc:. loli\i!L ~lo rr-lfa ¾fl>% %!!era -lir%-illltfv lo[o½i,,lr 'o' 

ik ~{.@{L llr ¾ fvil"' lo«• [y ["'Et,,f,lc Th !t ¾ l<c1'f li\ l(L r,; (le I" I,, l":SC1'f I",!), 

lo~iillv rt; J,::llf ~Ill lol2f.< · ~i!i i,;ilc i,;i¥io ·,,:: 

W ./'L f., lo f,'i ,¼ lo l>e ~ -& ~ -I,;. Po-~ J;!, lo 1¥ 1i" !rt if,- . 9 

"-biol(' {> ¾{>!,, %ir-% -a-H• 'o'i'o[r 1£1lcH< 

· lo-&f• lof.lc[L{lc:f• fl>-!! % l<:-lr.fo-% l!@!t ¾f•IY lo--&fv lokllo!,,[rU,{v 'k& 
-lirik ~{.@(le[>, 20!,,["l~{Y ¾!,,[" %[lo~ [0%.f.-[lo[o !<>lo llof•IY lol,;R % 

"-blo "' {> 
-ta llt-i'>¾ 3 lo~ Th [t:i llo ll,lv r,; !t «• i,. Ht ,vao &-tir¾ 3 lo~ lo- w-/1.- ~ li<-i'>£11< 
·t,[oik !sl<>½lo {L~HL ~i'o!ti'r{r[o[Y [;;,[L[k-/r · kdL(lc: 3{2[rl<,-R,to. 0:-t!-'l' 

~ lv lio llt-i'> ii" '~1 R, llt-i'> l\:'1' %.f,,l!@lo ~{• iil--io evlio &-lir f• Iv~ II< ~ l!t-i'>£ ·t, lo 

,!, -t> -ta lo~ % [t:i llo I'? i'o lo fl> ,!,t., i<: Th !t ¾% Io · i<: 1'f li\ i!L ~ llt-i'> z la -ta lo~ 
{%[t:i liol'?i'o [o[leit[L Th!t ¾lk'E %-/1.-llolo /fi ¾31o~ {Lllt-i'>r ·t,g- [li[r[<,½ 

lo [o&-t,r Th!t ¾¾3lo-{¼ a[t:isf ¾(.[o)f,[v · fl,,!,~llt a[t:isf ¾f,c[r lo-l!n Th 
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·ti[o\',: l,-~ l\c {L~ 

-a .;;n; ~ ~!,,% 20!.--EI.- lioR,n,,i!L lo*jL -{ojlti%-i- lwao.f.. -l,;=i{.s-1,dr 

liu% JcLHv lioli<-% ~.'c-a %f't-lz 'is{n lioPo-i- t,,-.f(o lo[.'.(vPo-i- ,½!',- ¾il< ¾Po

i- lo r,,. Iv Ii-@ l& ~ hdio- [,; iii< ltt-il -& tv-t l<> ;;. ~ [lo · ti Io fl.~ ll.< 1k % -ii:% ~1 ~ -/.<!- ['} 

Ile 2l1'½r,,f,l:]1,[!L ¾[.'.(y liu-& 1ofl* loPo-H• *** .;;11>:Po-i- [,i(Y k,t;,{n till\ 

[lo{/j_~ ~~ ~:fol~ ll-9-R, 20~-k Fb-li~ it-iz{ft1f{rR-! · ~1!! 15l~R'¾~lY "iT{-i 

-I=¾ =ilioi%-l>'B-lio lo.lrlkfo~ -½!'L loU<fl.[,,-{><f•I" %,tot-.- {cr.'c(\-R• l.sa. ·tit>; 

-&n =i-fHv -WIP [lo% {l{ft 1r-tr1t._a--g--g 'fvr ~~lv % {1-&ty-j- nt:!:-Y 'Fvlv 

-\,<" 'Po--&lta?Y -r,,b{o i1iotf .. -&b.¥ll-cit(L 'lo.'c=i:% ~~lliloi,c -wl& ¾i<:1'tll,\(c 

~~ ~~vialv ~~ ieirri<.il'i ·k 

•j;,(o\',: i,-ll,~ a~f, f.,lor,,f.l:ia;l>< .;;,11:i~ lvlot,,% %½ **"' 'R~H•lo 

-W-£ ~to%, '[~:1~'(¢ ~ ~ {2[1o i},i -=a-% izliL°fi:to -@-;%:- ~~i¼lt¾-lrUt[v '"5'[o 

{L -Ile f.l: lta ?v '('e f, rt 0: ii, (v ·t., ~ ~o [<, (5 % ll, -lo t;,f.l: \'& R 1'i ]I, \(c lvs {/< ;; !>ta 

'ii"iy"i.!!" % Ila~ {o[o '-b-@. iol-o~~ir [oiL2Il ~Fo ~ ~ ·lL~~-g-7!!" ~ -fv{tl 

*"' {LsO: 1><1L%*"' (I,½ ~llil1'*"' -w a(l<i<: ¾%./?C,:;'\- ·t:ia li<(,c[<,.,,-(o 

lo*"' lolta~ 1.-!l-il % ¾=i l<>l:ilo{o %l& ~r,,f,l: U>l.-llill< -\:!fl p,{.@i/i[R a 
e. ,\\, lo tv 1,-- .f',c i¥ fv lio &t.dh¾ w., ra "* <" % ,; ll< ,t*"' i1 I>< 1 .. '\f il\c =i 1k 1k ro 
;;;;;,-1= lo-l',,11:i *"' -(oij<,½ 1,1"' ·t:i~[<, (L{.Sit:i(L ~t,,~ lo*"' -½!',- is-f•R a 
Ila ~-le,. i,c 1.-1°• ro lo% ltt .;;-(.<, j,tE -/.<!-\, C' ( 0 [f., ra E * C' -ii, l>'l.s ·t:i f'; Iii Ir[<,.,,- I 0 

alta~ -wfo-b (rju(La(o [lol}lrl[l{o -wlt:i [lojr,af" ;lr(o f,;lrfv[lo e,!;,(y[r %11:i 

[lo 11, \(, lo lr-!', ll-o '-\, <"-ir fl, % fl, ¾ f•~ -ir fl, F<la l& · fo lo ~!>ran*"' % 11:i 

[lo[.'.½lolr ·t:i-wlo!<f•lv ¾lil,ran'*"' alt:ia ~ll-olo %11:i liow-a 'kll-c '-lo-fy 

lo[,'.,½ lo Ir ;;} lv ll-o It [L (k Iv i: ilc a Ii<½ fy lio.f'v 11:i lo 1k «. r.ef.l: 11, i!L ¾Ia½ lo t~ 

~ce,.~1!!' liJo~ ia-s2loJY ·b 

·t:ilo~ ~fo ~ ~l,,(L ~1.;;ol,-:{L -l!:lti% f.,l;;r,,f.l: ~{viol~ 

%¾ ~1/if,l: [;,ts,~ 's,.fl:%1" 1.-~{v %Th ao%-rl: aE[I< H•lo %11:i liofkf•i<c 



"]Eil:;,l-'!I- (Ecotourism),O. '>&Ell (Ecology)J .2j- ':;'+'el- (fourism)J .eJ AJo]~ 71 

'i'J o I 'l! '<JI :o]- "1 "1 'lt --1! 'i! :,\ .2. s'- tJ- 7,j Jl\ .eJ i\' >& ~ !;L c.\- 'F A] ~ oj ,g .eJ >;I Eij s'- 1980 

\'!tjj-\'-Ei ~tjjsj "1 c!J;c.]-, >& Ell i'!:'!1-.eJ 71 \l 0 1 "a ;,J ~ .fl \'!.eJ "O"ft.j-.s'-Ai t)-7,j,1-,J] oil 

tjj~ j'\~o] 'lj;,c]7'-aj£,_s'- ,e:of"1 ')\~ ~ ',' '.,/c.)-. ~' 0],J]7Jf;,c] \'!:(1-t!,%.ej {jJ!\ 

-"- ;,c] 'i'- it .5'. oil Ai t)-7,j llf 3lj 7 l 'st •E "1 Jl, '<l -11-.eJ 'l} '1\ 7 l '11 11 '11 ;,cj J1. '.Uc.]-" \'! "1 ° 1 
"f'lfO] £1"1 >&EIJ711:S ]lej~ *f~77\;,cl 'll'l! A]\'!.eJ t-0]7f 'li,'l]Sfoj tl-7,loil Ell~ 

!;L cJ- 'II "ii ~ "I "\ 0 1 Lt 11 !;L ::S 'l! .2. ej Jl -&\'= .Jt'i'-7f >ito f ;,c] Jl '.,/ c]-. !E ~ ~'B .2..s'

% ~ * 'll oll Ai ;<f \'l ~-"- :ol 'I] ;;f ::: ';! oil .eJ '11 i'.! 7J O I Lt 11 {! "l 'l} 11 ~ 'i'- ii\ ej ;,, •& 

% 0 I 'l/-A& of 711 "1 '.l! cj-;c, ';! x ~ \'!~."- "i ~ 'r '.Uc]-. 

oJe} Q 0J ;<f\'!O]t.j- t!-7,Joil Ell~ 1'!~ 01 1'"1:s! '1/~ol]Ai i'!'!l-'llllloilAi;c, ;<f'lj 

o]t.J- >§EIJ ~,O. ,'j'-:oj-;e -\'!'el-;; %'11 AJ¾:ol-5\Jl "i]i\'~~.s'-"i Aj.ss¾ i'f'!I--U'll 7] 

:ol.ss i}Jl'.,/c]-. >&Elli'!'!l-.eJ ';'li:'. 't!I~.\'!:% (Mass-Tourism)'~ %'1JAi 'l!~ 'r \ll 

;,, 71 'l/ <SJ '11:1.Jl :S 'le .2. 'a Ai c<f '1H! 7il 01 Lt 11-:ol-oil tJI -&\oj !;L cJ- 'll ,'j'-;aj \'! "I "I% 'ti

~ 8}.:i!. ~t:}.:c. <5}'C" tJ:-'1f7Jf~ ~T~ 1?]-~Al~ ¾9-C t~oJl ,Uc}. ~38, ~7J;i;}~ 

% 1f:s! "I "1 oilAi;,, tJI "J-7~ % 'r 'l!&;c, "I "1 t!:% 01 i,\ ,1 .ss ¾ :i!.% %½.eJ 11 :ol-"
~;,, %.eJ oJ'jjoJ '.,le]-. 

J'l i:i .eJ 'lj 'l} o] % Jl\ j'\ \'I Sf nj ,g EIJ i'!'!I- .g_ 7] j'c .ej -l\- "I 'F ~ aj, '1J 0J tJ- 7iJ llf Jl\ aj 

1~~liJ"O"J=g ~~l~ 'T '.Ui:- ~~l-3:J C!l~E..£. zt..g.g 1i!-.:c. '.V,£.t+, ' 0 1~¥cj "]~ 

1'!'!1-' 0 I 4;,, 11-"il 'll "ii 7] st ',g Ell 1'!'!1-.eJ ? 's]' oll Ell~ 'll ~~ "I ti :ll "1 ::J. A] •& oil 

AJ'if~ ~\'!O] nf2Jl '.,/cj-, 

oJ.eJ- :{!.g. ,'j'-~J"il7loil i'!~ ;,,;,c];; 'll~-ol of1J '11'11-'i >&Elli'!'!l-.eJ ,1'f/-l'-El 

'll~~I ~ '!i.fl7f '.Uc]-. >§EIJ:;'J-'!1-.eJ :,Jct AJ"}.g. '&%~~ 'lli\'t.f;c, ~A&.eJ ~'1)-5' 

Al oil Ai A I 'lie Sf '.ll c.]- ~ cJ-. ,g Ell i'! '!I-oil Ell "ii Ai ;,, cJ- g "1- '>I O I cJ- 0J~ 71 'i'J 'll .eJ 7 f "ii 

A I "1 2 '.U .2, 4 0 Fl "ii 5' aj .2,-"- 'll at 'il 'll ~ ~ 7H 'fl O I \ll .2. uj O I ;,, ,g Ell i'!'!I- 0 I :.I 
i:i ~oj jl-,j-o] 'jf',f"O"fnj 0]§- ,i]5'_aj~SC '!i!'l):tjiif7] 'I]~ 7]'l)o] O}-'! 5e'J'97] 
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"13l~cJ-~ 1lo\J,1i 7]'1.)~cJ-. ·WEll'i'l:'11-o\J tl!Oil 'll"1~ '.! 7f"'l ,.\lilll:s ,iJ,1J;;f\'! cJ

% .ilf if cJ-. 
o r >EEJl'\'!'1/-0]\'Jc ,:]"1"1 1,'-§:faj "; ")o]y. 7,l'\'!, o)sg %-oJ,o-g i'!-!!c, q.ia', ½ 

7]~ '51% .!if"l~.ss. ;;f~ •J:u1"1 ,Jc 1l'll-"i<>l '.ll"'l @~ ,cf'/J"'l"i~.ss."1 "l 

•~ ~£ 'll "1 J (Ceballos-Lascurain, 1983; Kenji Hatta, 1999o\] ,1j ,j '1l %) 

o r,~El!B'b'o]\']c .l!.:<J]"1"1 1'!"1:s .$]OJI 7]"g ¾'3;;\JL, "']"i,1f~"1 JL% 

g 'if½S-fJL. t!:'lliil* 7]~;, -'11-t'"l~ :,lo\] "1•fl e<f'/l.l!.&co\J -l;'-~t-fJil t-f 

~ e<f'/l"]•.}o;!ej 'i'!'W~!a. 'll"1J (Boo, 1990; Kenji Hatta, 1999o\]Aj ,J'1.)%) 
0 ''EElli'l:'11-:' e<f'/l!i'.&c7l e<f'/'!"1 .l!.'ll, "'ll>J1"-§:f"1 .l!.'ll %g ¾"l"l 7.e!~:' 

')r7]aj~.s'. B'b'o\] 7]oj~cJ-:;,_ s-f~ '1!-/-J~.s'. 'll"1J (Ecotourisrn Society, 

Kenji Hatta, 1999o\)-'i >fl'1.1%) 

0 ''~Ell'i'!'b'~ A~El]~aj~.s'. -']4c 7f'o~ •J:u,aj ,l:1fl'll-"16l '.ll-'I @,O. -'l"l 

.2..~ :-t.}~ ~ 7]1,fr-9...£ ~ -¥1:~0]4 789-L (Valentain, 1992; Kenji Hotta, 1999 

o\] -'i sj '1] % ) 

o r ';lEJl'i'l:%~ oj•~A}7f >JEJ];,i]y. -'l"l1"-§:f"1J ej-"J'l}g a]*]~ :,lo] ofye} 

-'l':5-']"1% oJOlls-f:;L ½7]e1 7}~ :;! :Q 0] tl-1l% •131~ ,1J1jo]y. t\-'llill* 

oJ -'11-t'"iJL "1"1"1 ;,f'/J.ilf 1"-§:i-El .l!.&c · -'l"i1l>ilo\l %~.,I~ '51% .!if"l~ 

.s'. ~ aj•~o]a, 'l!"1J ('ll1"-A\'l.l!.:O:~~, 1994; Kenji Hatta, 1999oJl,.\i >1'1.l 

%) 
A~ El) i'f 'W ej ½ 'If O I -'l '/l B ~ <>ii -'i ,0. '51 *1 'll , "] lli aj ,j 'If ,aj -'I @ ~ e<f '/J :J_ tJl £ 

jlo,j-q:;,_ '.,\~ e<f'/J g tJ!'-}~£ %f~c~, 'i° -'f'/Jo]a}c- j'l- <JEl);,i]4;'o\],1j c}O.}~ >g 

'§ ~I :,; 01 '-J:O:"i 'II %f :;,_ *"l •fl 7fc- tl-1 o\l tJl ~ <!~ g ::i tll-\J-~"- ;;f :;,_ '.ll cJ-

1983';-{ 9.J Ceballos-LascurainoJ] ~i5TI 91-~~~ 12-J~ o] A}Jl~ lf..~~ ~0J4 ~ 

'T '.l.l cJ- (Kenji Hatta, 1999). 

~'/:l, 'EEll'i'l:%01 il'Z1"1 'lf'ir%foj tl-%7~',°7} ¾7f%f:;,_ 0]<>11 ',°\l!%foj zt¾-'I 

-il"-1 ,1w %~£ tJ-7,j,cf~o] 7}{! 7f;>J7f e1l"i~ -i}'l}o] '1)-A~;;\Jil 51'llcJ-. 0)21 

~ 'il'Jg •Jcg;;foj Booe] "ae1o\]Ai~ '!l<ll.J-%"11 "-1•1 'll<>lkl 7,j>l]aj 7)*1"1 'll 

.!/-;. u}:;:,j,1Jzi t!:1JE1 ',°%0]4 .l!.'llg .!/I~ 7]"~"- ~%~cJ-~ 'jj,Jjo] -¥-71-'i! 

'tl-'1£\ i}o] •~El]-\'!%0) e<\'/'!"11"1 .J-%"1 0)%% 'l\>i].s'. &~ ~' 'l!'ll~ 91 

ajo\]Ajej tl:7,l.l!.:O:\'l: gig J!o]:;,_, !E~ >JEJl-\'!cwo]a,~ 7a"il~%% %&"1 tl:7,l.l!. 

-si 01 •]~7f'c,~e<J, !E~ e<]"'iej 7ij'l)-;i!f t!:1J.l!..,J,1fo]ej ~'ll -i/Jl.>j %o\] -\'!~ ~ 
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11 o] "i 4<"1 JI. '.ll t:]-. 01 :, :;,o,{l .g, ~ >1.'r. 7114<"1 JI. '.ll :s] 'l!: 1980\'! cJ1 + l'!.!/-"1 ;<) 4, 

7t-'o' 'i:!: 71 'll: (Sustainable Development)a}~ 71 'a o 1 "il 'l} "1 :,JI £j ,1., oj 7] A7 ':s] 4, 

7}:'g-~ {!3B-'o]i}-t:" 7~18% £.~ii}Oi 0J7-}~ ~~&f-t 2lt1J~ 7}A]r,1Ai Ecotourism 

Societyi..J- Valentainoll "1'i:!: ll"171 •J;,j,;J;t:J-,1. -\'l:B¥!t:J-. 

'] Ell i'l--\i- g :s] "il"I~ 'if Al:<I:: 1'!-\i-711, 1'!-\i-'ll:<I % 7] ~;<I, :<l'cl:<111¾ 71:S] JI. 
Ai o]~ 0J?-}~ ~o:i~o]c ft}A]9-1il % 3A}O]Al'fr r;;t]4f 7}~~ ~~21 4'-~J 

3!J 1'!'1 ~1"1 zt zt "1 i'l--\i-'r- >1171 cJI %"I~ ?;! ¾ .!I.\'! t!:7<l .!1.co:. oil cJI 'i:!: 'i" >il"l 'l! '1 
'1'110J oj{l%) 014- o]¾~g 'lJc 'T '.l)t:]-. 

ti: 7,l .!1.co:. '.ll >J Ell i'l: '/l-:i!J 1'! 11 ¥! 01 91- 'it ,o_ 11-"il 11 g '1 :;l_ %I 7] .!/1 '1 A7 ~ 'l! :{1-:i!f 

>]El]7119l-"1 i'i:71loll 1'J:%loj 'l]_i;l_;'; "i]'t'%f\'!A1 t!:7<!"11 til'i:!: 'l)6jg "i]JLA]'f],J. >] 

Elli'i:'/l-g 'dli'-"l~!a. :s)if%1~ •{ll,-71 :<]~>11711J "1 ,"-'\'OJ -ct•»"1"1°~ 'i:!:t:J-. 01 

9j- .)-01 •]El];,j]ofl i'l:'i:J: :i!J~"l :s].;J¾ 'i','-%1~ 'dli'-7li< >]El]1'!-\i-"1 -'1]4 'i'>ll!a. 

-ll 'll ~1 ::.:!., :il}"O)-,j '11 'i"oJl Aj '1l. "1 'c! 'll .!1.;; 1'!-\i-~%"11 l'!'il A] ,1 ~ 01 ~ g .!/-:i!J % .Q_ 

.sc "'I .!I. t:J- 91 ° 1 '.ll JI. w el "l 'l! •] Ell :;<1: '/l- 'ii Ell 7 I 'll: {l ~ '? '.ll g ?i! 01 t:J-. 

"-']'r71 'e"l"1 '.ll~ A]!o'\'IO]aj-~ 'l!-61-& "l'clJili< %2111 t!:7<loJl.'r. 'i:!:.SC.71 '.ll 

t:J-:: ',).Q_!a. 'llll"1 t!:7<!<?%"1 '-lloJ]Aj ir'il g 0)-'f-"1 7114r"l.Q_£ ~4,t;l,1..<I %I 
~ 7,)oJ ,14, 7f'o''i:!: 7J'l,o]y- o]-§-91 71',lo]aj- ~ 9 '.l)t:]-. -'!IEl]:;<1:-\i-oJ]Ai cJIAJ~ 

.'a. "IJL '.ll~ ;<f'clt!:7<! 01 0<)4;',j.Q_!a. ~4,%}7J .!/1"i!Ai~ t!:7<l'?%"ioll "i'll'i:!: 01 

%01'-t 7l'll:01 °1-'f-"1-'l"l \If~\'! 'l!:¥!cJ-. 
•]El]:;<l:-\i-"1]A7 'ti:11<?%"!J oJ;,! 'l]-ji'-7.ljollJil ll'-& 'l!:~{}¾ :=.,;,JJII €,f\'!Ai :;<i:'/l

"1~"11 7-1"1 'il~Jg 0 1*1"1 \',fJl 'all ;,Jejo] "il't'~ 'T '.ll~ "Jji'-7.ljej <?%'i:!:711 
~ ~~tj-. o] J~'s.g- '.t:IJ~7Jj2} o]%oll'i= ~~7} ~c}.:il '6"}C ~~ 9.]u]"5}.:il '.;UL}. 

ti: 7<l 'T % "I ,"; tj- 0J'i:!: .8. 'l! oil .si '1 Ai :;l_ 'll -"I :s] 'l!: :al ¾ ,j .Q_!a. :<] 4c 7 H, 'i:!: 01 % "1 

'i:!: .sc. "11 1'! 'i:!: •J 'll "1 '8: I± oil £1 "I "1 7.!. ll ¥! t:J-. 
t)-7<!9-§-"1 g ofl~t;l7] .!/1'i:!: ¾Jl. Jl.'l).Q_.£~ tJ:7,j,j Jl.'l], Al~"J Jl.'l], :;<fa],j 

.8.'l! %g :, 'T '.ll~•il, zt .8.'l!oll til'i:!: -'\J.!/-Al•J-& q-g:i!} >l-c\. 
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(1) ~,i"1 R~ 

o ¾ \'l aj 'a) o] % 7\-'o-~ \'l aj 

- "IJ;, %\'l .!'.eJ-~.sJ oJ'j'-o\-'- "t'll~1!.sJ \'laj-€, 17'1]- .iJEj-go]:,]'1)- 5'.'ir 

1\-'o-~ "i "l-€c- 's''"l "il~"loJ :U¾. 
0 t} 7J -'11 '11 £ 

- :,J "l "il tcfeJ--"i 1'c 5' 0J0] tJI \':lc1'] -'11 ~ -.fcfE:,] '\!r-'11-'.!J .sJ 01 % E-.s!. 'll '\1'% 

'1[7] 41¾ :,l-\'-7\ :ug(oil : A\'i'.sJ -61•~, :iVi!:"it:ll %). 

0 ovg,g~:<\'1-\ 

- -tHl'T'%"1-€c- 0,•~•~%.sJ 'r'lf, cf0J•J, 1"-3!."il .sJSl!Ai 4-\'-'£1. 
0 "I 'iJ 3lt -',) A~ "i] .sJ ~ '1j .!;\-

- 7.JA\7\ '.,l,c &'l-\o\l-"i1'c 'lr<i':'.lJ91 -'\'11 ;a .!<.7] oJ"'1%. '!1"1~ :,E7']"i]Ai~ 

•J<i':'.!191 :>\",le~ {l- 1,: 'r '.l)oj t}7J'T'%"1o] ',!-o\1J. 
0 '1.!Z!: "Jli'-'.!Jo\l tll~ %%¾91 •~%1'!~ 

- oJ1'!-€c- :i %%¾.sJ •~%~ <1-'r:. %'11 ~£9J>ll '1l:'\15JoJ 0t ~ Oil;, ~ 

'1J, -\'-zJ:cf _sJ :it '!j e) '\!r'it"il '.l) oj Aj :it '!j e\'\!r'it ~ .!;\-;>_§. Z1J .Es91 A] ~ \:!71] 

'll'<l 1988\'l :it',le} lP\"1<>11 l'l! Si% 'lJ-'1-zJJ 'r~ £]:it 4'1.)o]e),c 7](?o] 

~'ll'<l "' :ug. 

(2) Af~l"1 R~ 

0 ¾'1-JJlll'i (tr%1"-~"il/1l%'il) 

- 11l'--l91 ~.l'Jils. "t'll~'l-1% "il.sc 1'\\'l, Sit'll~11 '@'il.sJ 10%.sJ "'i"1o\l 
90%91 0]%0] {1%-o\:il, :i 0]%-"]'191 50%,c 15-"]'1 301,'-'/-El ]8A]30l/

§. "ii ~ '9 oJ :u g . 

0 't!'il-zJJ .sJ ,;-J~•.l 

- % S\191 JJil 'ti O I "''r 91 -';} % "ii 1l % -o\ '1l ~ 1]-'llc '!I "' 71-\,- A;j O I 3. '11 'il . 

0 'll-'1- '.!J .sJ .sJ s'l 
- ~ ·~ .sJ o] %'T'ic "i] 't!SI! Ai 'lfl,-zlJ-€, oJ ,.i :,\1 '!17\-o\ :it '.1) ic :,], ~'If "ii '1!'11 

Ai,c oJ«H:l: .sJ{!~ 7\;,]Jl '.l),c;<]if "i4i'1~.sc '!17\ti\<>\o, ~-

o -"l-11.sJ 0]%1\'o",l 

- '\!r'il-'.!J 4:'"l--"111, '1l.sJ-"l-!! %"ii tJI~ 1J,r -\!!.fl 
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(3) ~2.l"J R~ 

o oJ-§-91 li'-{1-:, .'r..£-of7I .!/1'11 'll-11-Zll-§- -'a-£1.-f ~i!IJ'll;, 'll"I~. 

o tl-*'-'I 4;-"1-AJ-',;! 'J.! J/l.QJAJ-\1 % 0 J-§- 0 J "il.'r.-ofic "J-"'.QJ ~\'!¾ i'f:o:}1'17I 

.!/I ti <ii >II O I \'! 'l! Jl. 

0 'jj ~ti lj _l;l_9]- '11-';! Aj "' e:,;, "il-l?-
0 o]-§-X..7} li~ A}-¥:!E-J ~-,1-~% li°~. 

o q- ,iJ 1-f _2_ _,,_,. 1 e ei o 1 % ;, 'lJ- ill -.1 ic ,. 1 11-"1 ,iJ -l?-o 1 1.-f <11 >11 4' 'll 

~7<!~:o:f 'J.! -1'1--'1! (mitigation)7J';l.QJ .'r.'lJ,O, 1934';'1 o]-S:-oJ]Ai "il'll'<! Fish and 

Wildlife Coordination ActoJIAi A)~tlc]-.;,. '/Jo] .QJ.'r.1'lic ;,!:'. 7J'lf"il .QJsJAi 0 ) 

>J%%"1 Aj");,;j;, @.<>1"1elic 7<!-¥-, •1£¾ _l;l_:o:_c<J.QJ ~.!I.a; .QJ.!/-:o:f1'1c:til 9.lc]-, 
0 I 31 ° l 1970';'1 <ii Oil ~ <>I ~ 711 a'->1I 71 c]- 0J:§} 'i'l "11 "tel- ,1 {l !a.-"I <>I ,1 'l£ Al 'll "1- tl-\'! 

1'1"1 qg "1- -l!:'. ~7<!.!l.:o:. 'J.! -1'1--'1!¾ .!/!ti .QJ.!/-71 'i'-"1--"l>II -"l'.llcJ-. 
O ~tr! ~].$1 ~~ :J.. ~.!:jl--~ 8]8-}A] '?i"'C ?;!oJl Sliifl, ::1. °atiJ¾ .'t}-{1"6] :uj<">} 

'C ?,! (Avoid) 

o <>1'11 •».!/I ~:'. :i aJ~.'r.'-f n-.£;, "iJtl-.fic 31"11 .QJ•l "il"J¾ "i"'tl-'"-£ 
til-2 :;! (Minimize) 

0 0J""J% ~.g. t!-15!1 T*, ;t~A~, *~oJl 9-18:ll ::J. CIJtiJ=g S:1iiil-~ ?;:! 

(Rectify) 

o :i •».!/171 7\14s'-"lic %'<! .!1.c,! 0 jy- fl-c<J•».!/1 a; •~-ofic ;,!Oil "1'11 :i "il<\!'% 
7-ll~~.Q..~ ~:±.i!>}J!.., ~.g. :±.~A]7]'C 3! (Reduce) 

0 A'c!oJ'-f ~711 ~ \!!.'r..QJ 'lJ-"'oJl ~'{)q{';,;J, <i!>ll-"lic A-'1! 0 11-f ~711% % 

½i>l-C :;!oJl E-ltll °a~J=i 11-~8-}'C" ~ (Compensate) 

oj ,lj nf;,;j :<l\'.l~'J oj '-t <J <Ii 7\J"i 's' Jl.AJ oj c<j aj -"J oj %;<]"1- oj 's' Jl.AJ % 7.!J i'faj 

.<e.£ 'llsJ':§}1'1"1 \l!".<e.'11 :i 7P);e >il>ll"l.<e.£ .!i.'@1'fic'il 'J'a"ti: <>lill-§- 0 1 crJ-;,, 
tj. 7}.7;]:::: ~~ ,q~ti}tj- 2%~ ~O]A]~ 7}-;,;j~ "9-'3!.Q..§_ ~7}"5°}~7}, 1f.'3! g 

"ill£ s-fic7I % :sl\1~711"1 71~]'!17laa 711,r:§}1'1.:s:nl "lie \'.l'i'-7l ;,Jc ~<>I 
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off+ -i!-'ll,..-J ~ •g sa) :il '.lJ t:]-. 
':E~ 0<f'1lo]y- t!-7,l ~-@- ,g,,_o] 1'!'1-9.J {!7d-, 'lJ<:J,;)?j • ,g-l,-"J ~\'loll o]*]ic 

'll 1.1 <>II 1'! ~ '1l 'i' .SC -'I ? :S oJ -ii- 'llc'il "] :il '.ll t:J- "; , "I '11-"f I'! '1--"I 9.J :ii! 7,}, I ~, 
7,}'J oJ 1.-]- 'ii aj -'8 %"I] .J-'il '& ?j l'!-il-~(physiological anthropology Jo] '-1- 9.) Of % 

9.) ;';'-o)ojJ;,i '1l'i'7f •'11-..-J o]',Soj;<]Jl :Ut:J-. ,;', 0<)'119.J '!}(Jl':)tf7,Jo]y- g (1l')t!-

7J, t,'714 's1%, 7]E} ~71 %0 1 l'!TI"i] 0 l*]c: l•J %0 ] if,°_ 'l!'i';,lil!J"i] 4/~ 

t:]-. I'! TI TT 4 .SC ;<f '1l "ilf 'll "!£ llJI ' ~ ,;/ ..-171 1.-]- ~ ,°_ "1- '1l ..-1 Ci 4 .SC ~d-"" 7,} 0 l 1.-]- :il 
0J-,! 7];';'-g "-'711= 7,j'1Jo] '.l)g :,)o]t:]-. o]e]ft >f'1l7f*]"il El]ft c,]o]E]9.) ~"Jo] 

;,Ji:-'7}7<],= 719.J \ct\:l.£.1.-J- 7,)-'lJ~EJl~ <g?j"J.£..s'. lI)-Qj-..-f,= "J-'IJ, -'f'l!oJ]Aj ¾'1J 

•:::A~oJl'!'1-<>ll~oJ~1=19%<>111'1:ft'1l'i'~'ll~Wt'il~:il'.llt:J-

'>l Ell lll ~ "1-"1-"l 'il "' g 7} "I :il .J-'!l-"!:t 'r 'd 1= 'i' so, ti- 7,J 9.J 7} *I .91- ~ 7f"il cJl 

ft "1°'191 'if';, 0<)-'1ltf7<!,ij- °lJ~{l?j • "&%"\%91 °]•1, 0 ].91- ,le-@- ;,l•J-:'; 0 ] "]Ell 
-j'f,g.g i}?j,aj.£..£ {,~..-}7] ~•1 'l!'i'"]ojo) "!, ;';'-o)o]tj. ':Eft sgEJlj'f'!}9.) ?~ 

% -?i•J;,ic: "'11"-"l 7} 0 ]E.1.-]- 7]~7}9.) 4,Joj -\l!y"Jo]t:]-. oJ:,9.) ~i1Jo]y- .iiL-&

"i] <1\ft -'i]s'-¾ ~12''-1"'-.'c %½ 'lJ_ :,)o]t:]-. 

(1) 1 8711 : Cjl0JEj2J ','~I!f li,~ 

0 "1"19.J t!-7J"I~, ,,_,~7a"1l"l .Jl.50, 7JE} 1'1:ic! ,,_f~g ~-l!•I oJ•lft ~ 'll 
'1J {! 'll O ] 7} 'o ..-J-:£ ~ '!l- '1l ~ ft '\'l:ic! .Jl. I'! "i] '\'!:ft c,] o] Ei ~ 'r 'll • -1":"1 '1 o, 
~t:]-. 

(2) 2 8711 : ~?iXf~21 {¥Xil'e1 61!11 
0 t!-7,J ;<f ~ ef ~ o l '-1- 1 \:!>ii oJJ ,,_, 'r 'll ft 11 Ell so,,_I "' il. "il 7J ,t -o"f "l ~ 7,l "I~ 

9.J 1"->il'll g ,iJ-QJ--o"f:il 0 19.J OIi..!% ~ft rJ!'<!% ,J'lf-o"f"l 0 l ~t:J-. 
0 t!-7,J :<Hl 9.J i'!:'M" % 0 I % :.zJ- "l "l ~ I'! 9.J '>l -ii-9.J 'lJ-.£.5'--'i 9.J o l % '1-oJI 1"- >il 7 I 

'& 7el + el 7 I :U .£. E. .£ ,g El] 1'!'/l-,1 • Al " ;<f ~ 71 'lf 9.) s,:,:} ~ * ;<) Sil O l ..-J-9 
7)'s' "O"} t:J-\'l '\'r'M"7l 'lf¾ 7C] "l 1"-~ 4 "] "19.J ']-ii-"J-'ll oj % :,:}A] ;'j" Pil ,,, '-1 ~ 
~ T~ii!l o}:~tj-. 
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-9'9· 

lrL-/kf.!; .fv [t, o 

·ti [o K -i'o lo [,,{ .. -,L.fL [Y 

"3"-t/t ¾ R' IP~Fi -lofi\: llo,& ~to iic la II<> 11·/do Ir lo-lo ff,-&:fi\: '6-f.!: IL ll-: f• 
il>f.t loto[r lofo [of,~ ~j .. -,L-., ¾lo[o lo-[l:[Lfl ,;-(n llo%.fo lo{L[,.
'j.[ojic{o -(o/j;js. i}lo [l<>[L-,. "a-~ lo{>C!!,{offL-{l,f,l: lo-;lrlo ·t:,{ .. lfi,1- tL 

l;>rr is<Wi'r~{Y {e[t, ll<>[o rr¾[r(o ¾gfo -c!- fleolo ~f .. ~ llo% ii, 

11Ji%f• 't,[oii,lt<l•v loR,,a,[a;l,c lo% lvfo-!i-fv t,[or-,-f•K{y lol!z-&:fi\: 

,fl,~ "tl>cla [l<>~{y[a;[r o 

·t:,ro * -t. 
Wli\ fvllolo [I<>%-!.- lol,,-{l,f.t ~15.fvllo 't,[ofvla[{o lofe{r l;,[,:.&K, ~ls 

te;'I,- lo ·t:,[ol,:-c!,i,- loll-:i,- [si}.fv lol1>%-c!-%-f.!: "tfvff•it [Ll•lr% ¾1'c 

loiifv fv[l<>[r½f,' lo'ftllo t,fy-;, I•~ ·t:,[oK -i> jo[o[,c~,£ fvao& 

:a {ejz{L¾ lofo ll<>~i(;C fy[ofo llo-,L[r-{l,f,l: ;'Kio ·t:,w 1off>ll-:iz ~-!½ 

{L(ol\". -i>fl-iil: ll<~lo "tll<-lo lo-loff,-&:f.! -\:on {LR,l\". -to joK•-loli< ~]le 

-lo loll<f.! l\o[ln {>l',3 llo11<lte -\:ofnlo j.l,.,i {L(ol\". {a 1oK•~-? ¾ll<f.! 

lon-l'c 3"il-: ,lo 'ct -lo alt:-2 -;,& ,lo -i.tt<i'r lo3"~lo -!o{,lo-c!-

-;s -l'c 0 

·t:,'['6 {L-a-~ ~j,e.f.\c,a, ~ !!,jy fy[[<,\r 

la:Fo- rr¾t,,% 11-lovi>' llo-loKL-!l<fi\: ~11½1;,lr 'l><-il> 11¥ '-½~ ~l,,~lo 

llolv:fo-flfy lo~~~ 2~ .:a-Ui~l:ol)( 'Vll-rlo~ ~ =lo~f-i lo-P~~1f f.g 

%-\l- fy[lolo llof<i½tolr ~¾f,l: '!><ii, -!s 'l<lol'6 {L-/,i,- ~lb[vlof,l: 20 

-(o[t,t,, ~jl,s\-1;,ir 'rr[,c [ofy,£ Ii<~ lo./l,[,c r lo-&:f.! '!><ii, ~ {• ~n; 

-c!- roei ~lttfo lo~lo -lofob ·t:,-i. lollo!>:lii: :;1r .t, lollo~lo llo!!,lv-&: 

f.t In tolr [rju3"1l-: ,lo loto[r-!',K, ct -\:or-,lo ~\s-{y ~t,,[ot,,1>:-l-.:¾ 

~ls--& lo t,,-8,cf,l: 'rr.fa {Lvlf ~ ~ * -r. lo It< aot,, Ile«• fyllo-f.!: IL i'A-f.!: 

-:,: ~lo lo to Ir -lo iP ll<> !!,Jv-&:fi\: o 
·t:,n; -c!- l'l< lo% {L{,c 

"<r lo fy[[<, to [r ,;t:, irt-lc 'fi\: [L-!',{, 1,,-{l,f,l: '{L {<-,. -2c lo 'jl, ,a, I;, [,: ~ ty 

20.fvi(:, r 1• ~¾ jot,,{.,ll-:iz :;{LloK {> jolo[,c {L{rto-c!, l•i<> {L-d, 

{~to~ 0 

·t:,[oK {> jo[lo[>:l,: a:1£-J;r-8,cf,l: %it!,, rr{ .. [1,-.f,- fvlon; llol;;[r-{l,f,l: 

-tz [,,{•-& ~lo~ lotot>Cil<-f.!:ff>lo (oi,,(lr,c lo-8,cf,l:[ttfy ;'f,l:[Lll-:f• fAf,l: o 



'-ll 's' '11 .'f. '° 21 'ic '11 % .2..§'. 'i'-1i'--ol-"I ? .ll. ti!% t!:'/1-zl! <>ii '"I w ~ t! '11-"J 
-jf 'Ji .'!.§'.Cl 'i! % 71 'l!,ii\"f Of ~cj-. 

(4) 4 8:>jl : XIS'f"-1 ~E/l~WAf'ej~ %~"I ~€/Xf~ ~2.I.Q./ ~~.<?..ss ~:s 
<J E\I ti'/!-11 'l!c ti! %'11 {I O I 4, Oil '11-"'i t1l o\l 's! •,JJ -oJ-.:,,. ~ '° cJ-;< £"I O I% -if% 

J!f.QJ %:<:."!-%¾ ~ii\"! t!:'/1-.QJ ;,fl:°J'lJ'lJ-0]4 ~'s!~ 'll•~:,1.'ll &1%~ l'±;,Jl 
"i]Ai A]•,JJoffot ~ ':)lo].:,,., <'l'l!~ <,IJ'1];,J]!;!.'lJ.Qj ~"!¾ >'],],cc ¾Wi<\-'/lt!cl 

;,j] ~ .9c) 'l) .ljl-.£ 'sJ '@ A] ;'j of ~ ':)! o] cJ-. 

(5) 5 8:>jl : ~E/l~WXI.Q./ %~~2.IC/1.ij Of~ 

'\'f cl ;,fl :°Jo\] ,cc A] -\J % .Qj '!l '11.91- -\J :>] !)1 :>1, ii}'? >l "1, ~ "117] 7'j "1, \'1 '11-oJI tiJ 

~ ~%{]~.£, open space~ lit~, ~~?1il~ ~<ti~ 0 1¾34 lt.!i.1! tH! 
7] j? o I £ ~ 51 "1 ot ~ cJ-. .'f. ~ .\'! "1 ;,JI :°I "ii ::; 2 ,le ;,J] <>ii Ai J!f Sj-~ tf 7,l c<\-'/l .QJ 

¾>\I'll g Oll°"-oJ-71 !/1~ zt¾ t11>1101 !<.~£1"1of ~ r,io]t:f. 

(6) 6 8:>jl : Al~~ ~"I 'a.! <J~~"f ,q~~ ~~ 
<,IJE\Jt!:'M-:i!f ·t!\':!.-f"l A]-\!% 'Ji '<!.QJAI-\!¾ -\!>-I· :ct-\!o-\,cc 7,l~ .2.l>\l'r •1 
cl, .s'.A\%'ll, '1li= -'lf'll-if%o\l -"I~ -'o'Sf¾'ll, -"-"117] %'lL ~g '1£',IJ %~ 
.,,_ ;,j .-\ "I o l ~ cJ-. 

(7) 7 8:>jl : ;>jl~Al~.Q./ ~Al 

'!J '11 '\'l-%71 '!l, 0 ] ¾W;,Jl :°J "ii n}e]- A] •,IJ .s] .:il ~ ,cc;<] "'i 4/'"! '11 7c)-A] >ii ;,JI ;a 'i'-"c 

.-\ojo) ~t:f. ~' %'/!->'] ;<\\'!tf7,l2j \'!~, c<\-'/! 0]%<>11 i'!-~ 1i'-"/J.QJ Oil:,!, c<\ 

-'I!!;!. 'l! ti!•~ --i {! Ai, "'l "l n 'I! "l, ""'.oJ- ""' 'll, -c1 -\l -if%-"I ':l ~J, .2. 'll •J ,q 
%i {l-A].il'l).2..§'. ,::j'lJ.-\"I "l'ir~ 7<)-A]•,J-~J!f 'lHl, !;!..:il>l];,fl %~ o\'1:!"11 

Of ~t:f. 

(1) '1Ji\' A]-\j%_g, i<\\'j_gj A,IJE\J;,fl.oj-_gj TI,,jj¾ 7\-'i,-~ ~ :aj;,i] ~tj-. 

(2) A]-\j%.g, 7\-',f~ ~ ~"ro\\Of ~ ':)!o]tct. "; ?~eJ ;<\\'!tf'\!:af s_~;; o]'} 

"1°1 -0\9, ;<]S!j '-ll ;<\\'!-"I 7\:>l¼ e".J-A]7];<] 'l)-0\of ~cJ-. .'f.~ "'i'l/-o\lAi 
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•J'jj:;;t~ %0) A)'l!'i:!>I) .'E1=- ;<)"j'i:!'1)oll 91"11 °)-'i-"1")7] "lii'-<>1) %~¾ 
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1980\'! ,:J\ 01 'l! 0\1 <= 7s >11 'lt 'l! :il} 'ic !a.71 'lf ~ al 1-11 :il},l) £ -lr~ 'ii 'll ¥- 'll '1 oil 

-"1 •l ti: 7s '/1- >11 7} .,,.~ ") .<'..sc 7j ~'9 "1 <e \lf '.<l-.<'. t.J-, 1980\'! cJl oJ1 'll "1 ~ \'! Ai ti: ;;J oil 

,:J\~ '1]"') 01 ,'!;;-}7] A]'l"f'.l!c+. "tf7ilj'l"o] 1980\'!oJ1 ~'iloJI 'l!-'ll'a'.l/:il, 1981\'! 

°'l~ ~.n!.11-~¥!~9-5.. s:., '5", :i!. :iil~Jl\-78oJl :t}73~~17't- q'JiJ-~71 ;.p'f5)-';!lct. 

>ii 6~1 .ii1.:il}4'll oJI Aj 4:il}"° 0 I ,a tf 7il .ii1.4"° 0 I 2002\'! ¥-Ej A1 •~ 'l1 "117~\ .ii1. -'tilt 'll 
7H 'I! oJI Aj <e 11.il}"° .<'..sc :e "1 '-1-711 '9 '.ll c+ ( 01 ef -ii' 1998; ~'ic "'i 'll 'o i1j 7j '1f q,l, 

1999). 1990\'!"11<= tf7il-'f-ollA7 ~A1~ "2000\'!,:J\"1\ q_aj t.j-aj-<>\1 's°'9% 7\~ {)zj

~ '/1- ,j]" oil 1:J\ ~ -jj 11-"i] Aj "tf 7,j ~ 'iJ 11-,J]" 71 63.7% ;, ~IO<] W 'lJ £.sc tf ;;j oil li ," 

:;,J-{l ~ '-1-EJ-l!lc+ ({l, 1996) . .'E~ 1990\'!i:Jl +'l!oJI :;•iAj;,e A}o1l>j:u,~Oil ,:J\~ 

'\'f {) 'i. 'Jc O 1{! "11 tq-c.} 'lj "t :U,ilj.Aj Jj 'lf .'r. 'l) •~ ,aJ 2 ~ •i (~.c;, :U,.il}Aj 'lj '(- "'-, 1998), 

tf7el:u,~oJI Aj . .sc¾ :i,l~"J-'iloll i:Jl~ i:Jl'<!01 4¾ ~.<'..sc ofl~-'tlc+. 

1980\'! rJl +'l!-'f-Ej::: i:Jlit .5'. 7-!'l · uff ,L 'll '<!71 '11-, tf7el~ ';l.<'..sc '(a ~I 1} 'ii 0 ] 

A}c.\ -'l 7} ;<} 7)! 'il "1 .IL:,\~% 01 :,\ Jj "1 '.ll :il, o l <>11 'lf ~ 4"1 A\:§:\ s\\ 0,Hlc 7el :U, ~ ~ 

% o] % 'lf "f 7] A] 'I "f \1 q. 0] .e} Cl -l!- "1 •l 0,l' :il} 'll '<!ff;<] ( ".)l 'il )-"1 "s' Jl. -jj oil rJl ~ 

'll ,;r 'll ei 'l1 "'l O 1 1980\'! 1:J\ .IL c+ ::: ll 1'! 'it o, :l! :;,, ,, ,,_ 1 .§} .:o:", ,, ,1 '1!~ "l 'i' n 'I "1 'll " 
% o 1 A I .oj "I 'l) '/1- ,1) .5'. ,:J\ -'f- 5CJ \'! Aj ".Jl 'l! ej uff 'lJ .il\ zJ: aj "i] q\ ~ 'lJ: q\ ¾ % o 1 A\:§:\ "I 

'll 11- ~l .sc '11-'l! a-\ 5:1 c+. ".!l 'il .sc ¥- Ej ½ '11-~ t!:11 ° I s\\ 0.l't!:7el 'l! ,;! .<'..sc .§1-rJ! '9 '.ll.<'. 

oi O 1 <>11 a1-c.1 •1 °., t1: 1 .IL 'l! % '11 ~ '1l 0Jt1: 7e1 :u, ~ ei 'll Jl. 'a O 1 "I 'll ,,_ ;,i 711 ¥-zt 5CJ 
'.ll c+. 

•1°.l'tf'ei:il} •H'?l-"1 ir"loJ] rJ!~ '\'f{)O] '(J~l ll,Ol;<];<I 1990\'!i:Jl 's''l!-';'-Ej o:}:u, 

.ej- Al~ ( tf ;;j \:! >ii, .ii1.:oj, Al~\:! >ii, 7] E} NGO) :U, ~ 7] '\'!Oil Aj ,C ',l ,;!'l], "f A~, •i \') 

o]:; ~ rJ!'<f.9_£ "fct'-t til'?J-<>i]Aj tf7,j.ii1.*.il\ A~1'Jl7]•~ (>~1'Jl'\'f',J-)~ ~A]"}'.ljc}. 

:1 i:~ 1-t 15~ 0Jt}-7a .iil ~ g ~.£.£ A] ztt,}uj :ii!_ ~Ol 4 7] '!~ % ~ $] i5}A] i:° ?t:'V;-c.}. 

1997\'! oJI"' "-€, cJl t!I Qj oJ] Aj t!I 'll'tf 7il .IL-e¾ '11 ~ .,,, ,11 ~13. if" 0 I 7J -ii -"I "1 "ii 0.)' 

ti: ;;j .i<l ~ 0 I 4<= ;;,. 0 I 7 \ Aj % 711 ± ,1 '9 j1 :u, ~ "J-"'l oil rJl ~ 7el ~ ~ "'711 '9 '.ll c+. ::,. "1 

:il o]:;aj'l] 1998~ UNO] 'jj~ "A~;,Jl tii 0Jej t!l"oJI \Q-~"1 tii 0J'!1-7el.ii1.~.Qj ¾.ll. 

>Jo] 3.71] -'i'-zt5CJ'.llct. tf7el:u,* ").'r.-"l<>il711 ".Jl'!!"1\ i:Jl~ 0]t!I;; ¾{)A]7]:i1, ¾ 
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uj-,e -"'* 'al .iil,H,H'll-, :<].'r.:<j- oJ'il¾ ,._~ ot10Jt!::,J.iit*"l :It{! %¾ -lij-aj.Q.iis 

1998\'! <>II t!:1 'i:l-'11 ("t~ 'l! 11-) '9'1'r.Q.£ "1 '11 Oil OJt!::,J .ii[* ,<1£:<j- OJ,jj .ii[*"¾ 

{! •~ 5\\:lJl, 1999\'! "ii<= ~'icotl 0J'lFi'-±o7j- 'l/'61 "l .Q.iis "Oil 0Jt!:7a.it *"I- if '1 -"1-1" 
E:iis:I 'l'J ¾ Al •~-oj-5:l t:j-, 

0 I if '1.ilf 1 "ii <C "'I "I ? 'l!, zJ- t!: :,j 'i]->il .eJ t!: 7a .iiL -l1r ',f r,J-:<t, t!: 7a "'l ',J O L ., A~ ~ 

01 %"!iii-<= % ~'ll-~ "11°Jt!:1-"'*01 ~•»51oJ"l ~t:j-. :i"]y- 01-"1£ 'ic'-ll"iJJ•i 

<= Oil 0Jt!:7a 01 Y- Oil 0J>] Ell 711 it 1 :lt-oJ-711 ° l "11-oJ- :<j * iij-Jl, .iit-l1r 7a ~ 01 \ll <= 'll ¾ :<j

',! 7,J-APJ- %"'1 8J-<= t!:7a.it-l1r 0 1 :<J-•»51oJ :<J-'l!t!::,J¾ •H1-Jl 01"11-oJ-7].!l.t:J-<= :<j-
'l! ¾ 'lf{i'- iij- 5:l 9-<= ;;) <>Ii "] 01 i,c -'f-<= 7a 1-i.J- 11 :<l oj <= :<j-\'.l ¾ ~ ,'; iif<= Afi!II .'r. aj 

"'i 1'.-'ll:t:J- ( -'IL 1997). 1999\'! <>II<= ¾:<l .la. 11 'll "1- 'l! 'l!-i'!el '1l ol 'le .l!. • '!l-:it51 'l! Aj 

6\J 0Jt}1_ul.4E-J "T°.fl-9.l 'E°¾'tJ-Jl ~E_.~, ¾l'l}'E jil_~l:IJ-6j.:i!}- Affii_..H_-. jil_4"lI£..:J.~ 

7H'll- "'-"1 ~ 01 =1,i1 ¾11-51J1 'llt:J-. 

(1) !f?fii!sa;9.I :C:!7H ~!1-

1990\'! <>II 11 uj t!:7a iit-l1r '1l (National Environmental Education Act) 01 -'11151 oj, 

'l! 1 ~ 11 if "1 :It .!1.11- 1f't-iif '11 51 :,J..Q. Pl, 1-'i'-"1 'i'l:11 .'r. "'i 4i'"l .Q.iis :<t" 1-:ll t:J-. 0 l 

t!: 7a ii[* '1l <>II "] i;j-"I ~ ii[ .2j- A I-~ <>II t!: "<j _it -l1r "1 "'-~ 0 l 1 '11 :ll t:j-. "; .-1, u I 'ic 'l! "J-
1-'i'-<= 11"c it.£."1 t!:'7.l-"'-l1r<>il tll~ "'i.'r.:s 01 'llil-<>11 "17Jiil-"i u1c;:- t!:7.l'll 
(Environmental Protection Agency : EPA)"il -'11"t-ol-5:lt:J-, :I cf, ujc,:-"] t!:'7.l.iit-l1r 

,'.:'._ ';':!1:1J78-¥-.?. A]l:lJ.7.}7:]~;tflE-1 ¥}-~ 7]-t'l-.i!l- ~.ill.ill.4- 7]~, 1ilTI~~E..£.-¥-E1~ 

(2) !f~:W.sa; 'El~Plff.QJ ~.l!. !i! 41g 
01"c t!:1-"'*"1 117HAJ-•,J-,g, EPA7j- ¾11"1 51oJ :<l~-oJ-Pj, :I iij-.!/-"il :<l'lf3'c"i 

g 'l!71liil-oj tl:7a-"'-l1rg 3'c"i:oj-~t:j-. :i 'l!<>II "8°Jt!:7a.iit-l1r.'r. !1'.%-ol-"l ¥)1)-~t:j-. 

EPA.2J- NAAEE7j- C,:-7f 'l/'%>j-'lJ .Q.iis t!:7<J .iit-l1r 1111-1j-<>1i 7ll t!: 7a iit -l1r if '1 :i!J- ol .2j- 'l! 

{!-'El "i ~ ¾ 8} 7] !/1 "11, 1995\'! EEfAP (Environmental Education And Training 

Partnership)~ 'l! ~ oJ t!:"<l .n,-Jlr 'i:t>il ~ .il} .iil 4 7] 1'!: ~ "1 ~±o"i ¾¾ 'i''il 8"j-5:lJ1, 'll 
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E1<~% o]%~ ~,;j.U,-',-£ ~'1l,;;] 't]•],ajJl '.l)tj-. ~7el.u,.:,-;<f7f ~7el"il i:JI~ 1J_l;l_ 

~ 3t-~<5"}.:il ~~ .ilj.ii!_.£,AJ:i!.}- ~7Jl] t!-1¥~]~ 3:,q~ "T" ~£_~ £_~~~ 1.!i!.~ 

% ~~~~ EE Link, .::Z.cl.:i!. ~7cl.ii!.-&-A}~{!9.j ~~..i!t AJli!.E.] AJ~lli~% ~~ 

EEN (Environmental Education Network) g '?..!E~i.Jl,.,,J-of] T~iita:J ~~n!--&-9.l jj]?-1] 

~H.- 4' 'r a-f 2 '.U q. "1 ~ ~ 7el .,,, .:,-.g, ~ ~ >11 ~ ~ -:;, ,,_ 1 a-f oi 71 ',Hi-~ oi1 "1 'll oi t.t 2 

<x.L~, o]:Kg lc!J-¥~ 1:1J~7.!J~oJlJll .Ah1, ~~ %oJl r.ll~ t~~ g ~i5la:J t!-7a.ii!.-&

g <5}.:i!.'Uc}. ~, "o]%<5}ft!Ai .!l_~i,}{=- ~3j"g §.qj.£.. A}.<?:l¾ li!.§."5}.:i!., oj-§-A}ol] 

~l ~7i%~ ~A}ii}~ !¥- 7}A]E.j -&3fg ?!".:i!. t}7a.iil-&- 3I.£..:I,!IO] ~~Oi~Cl-. P] 

~ -"] ~ 7el ii'-',- 7 I ti 'Jl ::1 7 I ti-"] ? Jl. ~ % AJ-~ % l!. 10-1 "ii t.t E-]- ,!l c.j-

'll ~ "ii "1 -"1 ~ 7e1 .u, .:,- :'. ~ 7el "ii ti~ "i 1i! ~ '11 £-"I- 7f ><I ::; 0 I •1 a-f 2, 4' ~ of;c, 

Qc]i}.£. -e-A~~tj. 19881;:! ii!.-&-7~~~ 141l.ilt .ii!.-&-i!l-1lE-1 ~Al.£. ~7ail~~ ¾.B.ii} 

~I Zi "I 51 "1 '.l1 "'-, 1990 \o 11-'l-"il "1 '1! 7c! ~ " ti' %-"1 -f\--lJ:-',J -S, -"1 -¥1: 7el \:le >ii" "'i "1 "ii 
9.j,S}a:j 7J3::5')9icj-. o]~, t!-7a.U!.-&-.g. .iilil}.Q.j ~-?-1~ ~~L} "'l?.fl E,J]o}£Ai '?.161£1 

"1 c.J- 0J~ '!.sc.::1,!<>11 gja-faj '1!sd"1'llc.J- ('fl, 19%). i:Jlc/4'"1 NG07f ~7c1.u,.:,-<>1J 

.-3:j~~.2...£.. ~%'5}.Jl ,U.Jl, ,"}~.iil-&-Tt!-o] o}Y.iI "§:1-.ii!.ii!.-&-oJ]Ai.£ ~78.iil-&-¾ .!i!.-'t±" 

ii}:i!. 'l).<'.oj oJ;. $1"11 '<:!~.:E"Jo] 1J,J"1"1:<J '.Uc.J-. •J 0J~7eJ_l;l_co:_::; '11•11997\o 

"ii AJ ,l '8 Marine Conservation Society (MCS) '11 e] ',j el ~ 7el B'il"il x. ti 0J-¥1: c;J :ii' 

-',- ~%~ tfJl 'llc.J- (R 10-2). 

" oe ::, s! .s <>11"1 ::: 'ii oJ -"1 ~ -¥1: 1 -iPII 7 J .o:J- I'!-.<'.sc ::: ~ 7e1 .!i!. :o:-"1- ~ 7e1 -"1 "l 4/ "I 
<?J c]%9.] ~~oJ] ~%~i5}tj-~ <?]~g ~.:ii. t!-1.!2..:§:. ~%g iS}:= 1H<?J 0 !4 t:!'~1 

oil ~~-3:j.Q...£ A]A]i5}~ .!l!~g ?,f.:il ~c}. 62n-~iilli::::9.J ~7J!l.:§:. <?j1f-~ ~'cJ-5} 

'C ;;] {1!-'t} Scotish Environmental Protection Agency (SEPA).21 ~%oJl 5:. 6:H 0J~7J 
_iil.*01 ,:g:._e_~ ti]¾g 7:}A]'t}.Jl ~c} (Jf. 10-2). 

1973\:1 ll~oJl A}'?:!t1:1.!2.~7]~1:IJ-~g ~alj!-oJ]A~ A]1"t}e:l ~'?..] 1H1H<?J 01 A't! 
t!-1 g .!2.~, !l.:§:.8"}~ ~{!¾ llij.<;,~oF ~tjC 4'JA]o}cJl ~.u!.9} Aj~A}~oll t!-75.ii! 

-,&-g ~~-3:J_Q_~ ~~i:i}~c+. 1986\:! 5,%/o!] .£T7} ~c~ .!i!.ct ,t-t t!?a~ .$1tH 

'i ~ 1 "a ~1 >1 ,, -¥1: 1 .u, .:,-n\:t .tt1,, g -:P-1 <>f'll q_ 1992\:! oi1"" "•'<:!-¥1:1-"'-sd 'l!-"1.oJ ':l! 
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!!'?:'I ill~'Et@ 71 e! !f?:'l:iil~ ~~ '.ii I!%~~ 

EETAP • .fil~B@7f._-i- ~~ -!]-~:m~ -¥~. 
(the Environmental • -!.l-~.ii!.~£1 JCf~2j- ~.5!.S!I ~-i- ii"Ol71 ~isll ;i;Hl(Gu1dehnes),j- af~. 
Educatton And Tra1mno • 01 At~.Lll- -!J-~]1~£1 ~PliS:I~ ~~-i- ¥1311 ~7f, ?, :12.111 ::i::iw£J-
Partnership) ~£1 8f.!j!.:E~~ ~~fOf11, .fil~AfS-l!:.2.l NETWORKING~ %~. 

• i!~'2.!-i-£1 -!.l-~.!i!.eoi1 QI~ '2.!~* 11~Al7171 ~~ f:.1-~:m~~ >HJ 
EPA (Environmental Pro- 15"f.:il ~BAl71C ?:!_OI ~iS:I. 
tect1on Agency) • !!-~J:il.~JCf§OIIJ-ll i.lCl~'i- ~l~'t"fo,J, J:il.~JCf-l.]- ~.5!.£1 i5TT, !!-?:ii.ii!.~ 

£1 :;;'li;J &I& .:::1.2.111 !1-?:iJ.u!.~-i- q.j ~ -§-~JCf£Ai.9.j 2:1 ~ 'Et@. 

. -• I :l! AilJll 557~~.9.j !!-?:i!J:il.~OII ~AfOfC B-@-7f2.j- ~{!1§-i- q.j ~ 
NAAEE (North Amencan network 71 T £Ai 1971\::! {Qiej~~.g-

Association for Environ- · !l-~J:i1~El-.til.2.f !!-?:iJ8ji5 :E~~'t"J-11, !!-~OITTOII lll~ ~~el- .ii!~ 

mental Education) -i- .£2.W. 
· EE link project 9tll. 

~E.1~-i- OI*~ 
• NAAEEOII Ai C ~J-:ii!.i!~ (K-12lOIIAi£1 .B:..Lll--&1 <j !!-~.fil~-i- ¥1~ ~E.11::tl 

V~:m~ 
;q~~ :E~~fOJ-11, t'JAfOI.S-1- WBAl7111, ~~ q.~.3.§§- ~Al15"fo,j -!!-~ 

(Environmental Education; .i!.~I ~O:IOf"E ~{!I, .i:i!Af ';l,J ~~7f-S-l!:£1 ~~i!-!!-~ %~. 

EE-link Project) 
• .!;!-7!-c:1'2.! EE-Link Ai1:tl~: -!!-~£!-ill5 .!,?-1!_1- ,A-K!IOIJ-1 q;q~ :12.111~~ 

%£1 ¥-7fAit:ll~-i- {!JAIW. 

'%ff'a"-!J-~]1~JCf·~ ~~ oll'bl'-f!~ ~£.:::l.ij££Ai ~ii! ii!Af, T'-JCf@ i'! 
Pro1ect WET 2.IAf. ~%! t!J-2.I.Af, ~It!!- .fil~@'a" ';l,J -!]-~.fil~7f ~OIIJ-ll Al~-i- ~I~. 
(Water Education for · ~.fil !!-~.fil~ .filJ:11£1 WB.Lll- fr-£ .:::1.2.111 .fil~ ~£:r~9.l ~PH "8-i- .g. 
Teacher) 311. 9.Af-%1£1 &ll§IOII QI~ <j~~ 9AJ-fs.9.j 01~• %~Al7111 B£1 .££. 

• • i-i½£1 437H92.J- 7HLfcf Al~OIIAi ~'i,l'"!)-7-ll ~tll£JC ~£..:J.ie!I~. 

• tH 'btoil ~'ll 'c!T'2'- 'i!~'Z.l-OII CII~ .u!.~-i- 3811, 8\l'Y"!!-~-i- ~~OJ-::il 
tH'bl'{!l-i-.2.l Cf'bi'~.i!t ~¥.£• 5!.-Eil' . 

CMG (Center fo, Manne . 1m\:1¥Ei 'T'~ t!li!11'2.!'i- &-sH ?:t, ~'T'. 7K-!:f 8-9.l 9~7rnot1 01t:1fx1 of 

Conservation) 
'.U ::i:!, 00\:1 Cl! .!j!.Ei E 311 'b~I ~~-8 ~11 t!1 Illl '2.! (Dean O:eans 
Campaionl'i- 'JUOljJ__ 'IJ.~. 

· ;q~.2.j Ale.!8"~12.J- 'c!WOfO:I. "51'Y".2.'El."i!f till'Y"!fJIOII Cl!\!!" 7c'!Zl"{!:l'® i:!~I 
-!J-71 .!,?-J~H. i!~~OIIJ-ll 9~2.~otl Cl!~ .2.1--IE.l~~ OfJil Of11 'I}_g_ 

Pegasus Pro1ect (Nautilus • ~l;lj- %~ ~~~ .g.1511 1QQ! ~@-§otlJil OH'U-!.1-~0II Ql'll 'ZJ~j!\. OH'U 
lnst1tute£1 proJect) ~s~ ::i:!,}IAl:>Pl ¥l~ E..£:r'E!!. 

• NJMSC £1 ..ii!.~ ~£:r'E!!g tH'U."i!f ~'U!!-~ ]1~~¥~ J.:Jl~t!" . 

New Jersey Marine . "TT;t:1%J®.!j!.E, i:!-§,~@mna QI~££ -!!-7c'IOII QI~ OH~~~ 11~. 

Science Consonium · ~£:r~£.£C 1:tf5t7f ~~ ]1~. ~{-j 01 "I -ws, 1:1fs!"lf Oja ~ ~ 

(NJMSC1 
§-.2.l -fal'S.Lll-, 5!.ol~,,.f~§.2.J- ~~:1)-~§:£1 iI!.~.El~OII.£ O~,Y~~:ilf 
OH'UA-11~---§,~ £iJ'AI~ ~~~-

• ~]1]1Af.Oll7-ll -!]-~..ii!.~-i- -9--!Z! ¥1.3.§,j- 1MAIW. 

Marine and Coastal · otl '2J Ql~.ii!. (Untvers1ty of Maine)2f TT~-itl~ Ql~..ii!. (university of 
Environmental Education New Hampshire)7f a"¥££ x1~ofe ~£:r~. 
Programs and Volunteer . ~i!, ~@ • .i:i!Af, ¥£, AleJ~MI .:12..111 ~~Cll.g.OIIJil 0~ 'U."i!f 0~ el-!!-
Opportunrt:ies ~~ ~~Of11 Ol~Of"i':"Lil -S-01• TT.£Of71 ~~ ~.£.:::1.'E!!. 
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----~---------------- . ---............__, 

Marine Conserva11on Society (MCSJ 

· i5HY~?:PI 5~'8"{;_11~~ ~~Of~ R~~~ ¥~Al7~ ~~I 

[)lg, •H:'.".:tl, ~Al'2J, {J.!';'-21 9-21-i ~]ii 5f'C" ~<c!.I -9!¥i 
' ~ ~JHOf.2 ';?J.g_ I 

I, ·oceans ol Fun'Ol2f~ 2f~~ ~'E"Oi Oj~IOi'E"OI oH~ 

· Afi:l.'r.~2f ~'E:J21 J<I~~~ 01§21 -''P--i~ y:;:i !.f~.'r. 

,~.i!~~~ ~011 J~~OILf E_fxJl21 ff~~~~~.'.:'.£ AIAJ 

Sc,1tt1sh Env,ronmental Protection · SEPA!<.I ~1 is-~ H. 'C" ii!~~ ~ 8 ~?:J 21 Al~~ '2.! OI § 'V 

Ai;;f•ncy !SEPAi ~~ ~c ~.9.£, Jf~Al-i::- ~.'r.q~ llH-5i!-2~'C" Al~Afotl 

Ji\, :J.2.12 ~?:H;\2.\~C\'C" A\~~~ O\~~~IOI\ ~=bj:ii).!al, 

-\l'°<r'li•lrJ1"i'l!"1.;Joi1,1 ~Hl1ls'-'ll"11"1 "«•Jcoi1 rJl>l"i .\!"-"ls:l"-, 1993,:1oi1 'lJ{l' 
"1l91C<i..£Ai ~7<17J-,' 'lJ oJ 7J:of '1 'll c]- 0] ~ 1994\1 12',l oJJ tf;;J 7Js'-7ll ~ 0J '11-'.a 6l 

sicJ- 1998\1 61'!<>11~ 2010\1~ rJi"i~ >1'11.:'-l±:of rJl"ioJI rJl~ ">l-i'."-1±:ofrJl"i'} 

'l'rJl•lt" 0 I "icl51'llcJ-. <E~ ",c)',jtf7Jl;l.{:l 1J~ci'J}"1/ ~7J1J,f"-11;!.'°'""oil>1 
1973',~1f-E1 St;:io}Cj- o]-"f-o-]7-]2 ~S?_oj 19991,:!oJ] 5~~ ;f.A}7} ~A]S-jj]_ 1),c.}. 3'::_ 

J_l, ll H._Q_ 'r. • '-.) J.!- --=-7 *~ -""' A] r'110L -6~, '"'' or,_, 1=1 , 

~lclJ.;:-1}£ ~)_~ ~~~ -Y,0!1.A~ ~?Jill~oJl ~'iJg A1.ii V,:i:]1(!- ~ 8J-1]-¥-5:. ~ 

~~-03•_ A]i'_lt}.:i! 9..lct-. %-¥-~ A}'t!g ?J-~A1 ~%~ ~7aAd~~ ~~9.j i!jj~~ 

~c:J,0, -'r~I£ 11 tf7J"a"i 0 1 g%5j2 JlcJ-. 1996\'!'7}"1 ,yJ,iJ~l•i ,pJ~ ,11,iJ:,f 

~-R-{l•c] ~ToJ1~ 10%0,] c]2~ 117~ Al~c] Al1:1£1~ 'UtJ-. ~2.ii:¾t. 7~e.17T 

~oJl 9.J6H ~ii,\!~:= ~ c]9-1oJ15:. ~7clt!~ .ill..iij.~ ¾<5JIA~ ~A]~.:il 'Ut:f-. t!-7aiil-fr 
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A]~ ~olli:- -iL~~~ Toll ~7Jii!_~~E1 197H±9.l- TTA}--9-~~~ T£1 °F2.J'Qf"g-,fil 

Ei 237H± %~ t!:-7.1ii!.*~ ~]~q}"g-A]1t.£.A-j if.~~'i} 7]';;' ~ 5t2'.U:::: -¥o]tj. 
0 1,1~ &.?"1 tf7a:iit~-€c- '~Ell'<l'!r¾ %"f"i 's!1lSJ"- 9-l::: %~<>II 9-lcf. 

"d-jj 0J:~7clii!.-&- ~{t7]t!-.Q..£.t lij.£c1°}T9.l Marine Discovery Centre7} '.V_~o:j, 

~7IAH:~- J5ffOJ:tJ:-7a% }i!.~"6}.il. ~oJ:_2_<:g g ~o]t ~~.Q._£. i5jJOJ:~7,sii!.-&-¾ ~A] 

c:i}j]_ 1L2..o:j, Aj~.A}-1:118-J-}.~}ol] Q.J~ 9- 0J=~ !I:.£..:1.~ ~ ¾~tt2 ~tj- (7td:i!J- ~, 

1997). 

Of, 7fEf 

Mi11nn1urn Conference on En-

YTronrneI1tal Education and 

Comrnc1nicat1on 

!f~jil~ ~~ ';J Af~ 4fg. 

· 1999~ 12'i! UNESCO, UNEP (United Nations Environmental 

Programme). NAAEE -8'.Zf ~i.2.£ EEEN (European Environmental 

Education Newsletterl0I 4-~ e._l ~ 2. £ ~~ ~ ~21 fi_.,:if~ <z.1 ~ t! ~ 

~ £clj.i!f • li'.11£>.l ~2'~.,:if tl'Y~ AllAl!f ~121. 

-------+------------------------, 

World Jcean Day 
[//;!ii' ~i 

off 0J~1, ~'o] 1J!~oJl ~'l!- B{lo] $:"O}A]t;:1Ai ~{} ¥!·~1t±-1l12} A}:§lia~n 

(NGO,)o/JA-j~ Y1{1-~, -ttAJ, <>1~0/~ g cijAJ.Q...£ 6ij 0J:c>f B-<cl-r:! ~7a.i2~~ ~tg 
5}~L-j "',§EJl71'1~ (A~~f!l-~)g ~A]'o}:::: ~T7} ~~5}.:i!. '.Ur+. A]\:! 41dZ!- (1996-

1999) ~7J~~l6llAiPJ tff 0J~7,iJ.ii!..£;-.Q..£. 1~014 tff'li~ tiJ~~ ~i1:Jt ½~o} ~ 

71?]-~o) -W~ 'rJg 3;!2-.£ 4~£1~z:.} (ii{} 10--1). 19941d, 1995l;:!.il} 19981;:1£:::: 

ii!.-&-~1!2] ~ 0] l:;!!§}oJ] II}~ ~1 l}:o]9;l.:i!., ~JJ'..9-} i!L:qj, :ii2~12"~l ~o1l-'-i 0]4"" 

oi:zl e;~ 0J~7a :ii~~ ~-'t!~ ~]QJ£l5j,.9_£.£. ~~£ Ej,- Bfl o]AJ~ ~{lo] <5flOJ~7a 
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::Iiel 10-1. ON%!'~~ii!~ ~ 1JE\lt!~o~ ~~ ~ ~'t!'Sh\W ~~~ tgJ-~Zlj ~o\ ~~. 
(~tl ::ieHn:: 'i'~1'Jgj.) 

7d-~ .'i'. Al \'! \'l t:il 7 f 1997\1-'i'-Ej "r'il oQ -'i ~ ·~ ,;J 8Jl 'l)e:q} 7a .ii! .Jl, -"r oJ! 'il "J EJl -\'! 'er 

E-"' 'tlt.Jl~ -$1~ '!l-le-1.Jf 'T'<e uff\1 ¾1f-of,e '}-'ii% !;l.5:!:;1, 1998\1"11"' 285% ::i 

ej:;:, 1999\1oQ"' 150%9.I ¾1f'}-'lJ;, '-1-Etl!lt:f (::i;,J 10-1) . .'le~, 1999\1o!l"' 'l!tl 

A] 7J:§}-,' 'l]-:§J."1 Oil 8Jl 0J',l-i'-'T'\'!-'IJ 0] 71 -\l 51 oJ 3~-'\'-1'! 10~ 'l)-'7f ;<] 30,000"J 'l/ 0 ] 

'lf~ej 7.J!'il¾ "Jj1--of5:!.Q_nj, 2000\1"i]t' JO'i!"J'l/_sj .ii!./;-O] ,J]~-"]oj '.l!t:f (-'101 
A]\'! '<J->il '}'lJ). 

8Jl 0J"ilA1.sJ .ii!./;- 'l!-'ll.sJ ¾7f '}-'l!<e '<l-~1'] ol!'il¾ '!rl/-1'f,e ',"oJ] "l-of','l op;c 

aj,O, 3)o]t:f. ~al}.£ 1999\1oQ 7/17].'x. 'tl~Al c!l-'\'-.'i'. oJ!'il¾ "J-11-~ {!'!j-1.!j,O, q-
100'1!:'ll, 7/17].'i'. A]t-Al A]t-ol!'!!-"t 'l]iJ ±EJlA]'lfoQt' q- 200'1!:'l/ oJ'l}o] "Jl,-i;f 

5:1 t:f (-'I "I oJ s">il '}'lJ ). .'le~ 1d-:§J-.'i'.:. "d-11-~ 'i'l:'!r zll .". q- 200'1!: 'll E-.£ '-I-Et \J: 
t:f. 7J.o}.'i'.% 'll-11-~ 'l)-l,-7.Jj ¾Oil 50% 'll.'i'.7f ol!'!!¾ ~ 0J-;;t7jy- "!'ii "d-11-lit:f 

J2 'ii .'i'. q- 1 oo '11c 'll o I o1! '!! .at 'i'l: \'! ,;i "l •~ ¾ W 1l o I ,;i q. 
0 I ;a 'll 'll: "J-11- 7.JJ Oil t:il ~ 8Jl '1! :q} "ii 'i'!: "1 '-1- -i! 7/1.ii! -1;-,o, 'l! ill :;i ill -"I "i ilf ,e 'I} .oJ 

o] oJ "1 'ii '1! -il, 7;) o I 'i'-"d-"i 'I} Ell !a. ~ "l '.l! <e ~ '!l o I t:f. 2000\1 oQ <e -il, 7/1 '<!->ii , A f 

.oj B >ii 'J/ '1! T 7] 'i'J:"11 Aj "r'i'r5f,C "11 °J-il:7/l .ii! -!;-Oil %"l ;;t,e 'l!-'ll 01 15 '11c 'll O I 'I} .Q_ 

!a. ? 'll -"I oJ '1l <1- '<l->11.sJ 01 ~o I 'lJ ;>f ¾ t:il -"I Jl '.l! t:f. ::i cl i..]- 8Jl 0J-il, 7a 'JI oJ! '!! "ii 
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r:Jl~ tt1Jol ~i;fr~~ A}o]oJ]Al ~o}.:i.l.TI., "Blj 0J.:@-{!3:i!.~~ 'r.8..7} 'H"¾i5}.ll ~.:i.l~ 

ill.~ 'if'i/-e<f'-J- A§"1j7]•» !Jc'= 1'!:-'M-E-1 '<fl.JI>','= tJI.!/-,;'- aJl 0JoJI tJl"il 1l1,'-;<j6jo] .!/

~-0-f 71 '-l- •ff 0Jt!:7,! ill.~ 7e! ~ 0 1 :aJ -& 31 °1 >ff !is¾ 11->ll 'll .Q.,s tll-'f-£1.:il. '.ll t:j-. !E ~ 

aJI OJtJ:7,! _ill_~ 7J-Af OJ-'3 .ilf'll :', Oj {:) ·~ '9 .:i!_ '.ll;<] 'l]-, _ill_ ~O] >ii :,j] :aj _Q_,s 'll e-1 "1 ;<j 

~'.U.:i!., E:_,s:::Ijlj 7ff'l)-o] ~>J:§:j-£1;<] ~'.l);.Q.Pj, 'll.!i!.E-1 ill.tJ:o] ~~-oi-711 {:)•»£!;<] 

~o l "11 °J t!: 7el ill.~ ~ •~ '11 JI] 7 l .3. 711 ° I ¾ -ol- t:j-. 
o] Oi] 'l£ .Q.,s \'] {r 'c\ >J] '-t ~ .ii!Si aJI 0Jt!:7,! _ill_ -l\- -@ 'if 7J-A} '-t .ii[Af 7) '9 ilj .:il. 5}'= 

tJI ~>§, 'll '/!'lL .ii[A} :', <>ii 7ll 'll 'll 7] {!%'1} "11 °Jt!:7e! .ilf >§Ell~ % "11 °J'\'!c\'l ;<] 61 .ilf 

t!-7a.fil.~ 0]~:.I} 7)~ %~ ~~A]7't ~n0Jf!-7J fil~ ?cl~ ~~£j OJ"dO] 4'-<3:\_!i!_c} 

%.ll.~ Al7]cj-.:i!. W 'r '.llcJ-. ofl'!; :',\'l 7J-:§:i-£ ?J!'il.% "J-1,'--o-f'= 100'1]-'ll 0 ]'8-eJ 

'lH!% '\'J:"1-o-f'= t1l<>il£ t!:7,!.iit~ -@l,'-7f:'; 0 ] '!!.ll.-o]-t:j-. "J-li'-Zli:'ioJl71I "11°Jt!:7e!Si 

1il- ~~.:;;i.J9.j '5"..8.-AJ~ ~~<5}.ll, .7-JQ=j ~-AJoj] ~~ -!-Pl~¾ ~LR l:lJ-~~ u}~~ 

t1-'1l "11 °Jt!:7e! .!i!.-@ 4 '\'!c'i!-E-1 3'c:o:} :: 0 1 ¾ 31 ° I cJ-. 

aJi 0Jt!: '<I .ii! -l\-oll '.ll oj Ai Zj ;<] Qj Si tl:7,! g O]-§-~ ~ °lf tJ: 7<i 9J >ii ~ .g. .ii[ -l\- "J _Q_ 

.£ 0 H--9- 'FAi5}c}. "t!{! ~oJ1A1£l t!-{!.ill~ (environmental education in 

environment)" .!E'C' "tl-7J.9..~-¥-Ei£1 t!-7JR-4t (environmental education from 

environment)"~ 7J3::"i5}.ll ~~o] ~~ t!-7811} ;i.}~ ~ ,j]]~i5}1BA1 i5}'C .3:i!.~-& .3:i!. 

-l\->§ :', eJ t-u] ~ o] "11 £ ;a .3. 711 ~J,)j-A] 'i! 'r '.ll t:j- ( {l, 1997). ;I],:, "1 '.ll 71 '-l- ;<f 'I:! 

:::1 '8° Ell i'f ii-;<] -oj- .:i!. '.ll '= t!: 7el .ilf ;<f '/:! _g. :::1 ;<f >ii 3S -f-l!-~ ill.A} o] ;<f ill. 1'c o] 5" 7] 

tt]\ ~01 tj.. 
:::1211+ ~'l}oJIA1.QJ >il~.iit-l\-£ 'l}l.Jle<} !E'= tl:7,!ill.-l\- 7J-Af.QJ >§1--.ilf A~EJIJll<>il 

r.H~ ;i.J~~ll} t!-{!oJl C!l~ ~-Q ¥-~9-.~ A]~ ~~ 'r¾.9..~ fil4",W34 l:lJ-~7JJ~% 
\'] ½ ~ t:J-\'! _2. -0-1 ej .ii[~ g ¼ "11 Sil OJtJ: 7e! g ;ij,,, 5f'= ,l_ .tj-;, ¾ 2ff ~ 'y' £ '.l) t:j- · 

t!:7,!ill.~<f'= "11'1} Ajoje<]~ >~El]7ll<>il tff~ 0 ]"11~ %oJI 41~ ;<]6J:S '@'c;-o-fajo) 

~ 'l/Jl.>Jol '.llcJ-. 0 ]"1~ t:j- 0J~ ?>!loll tff~ ;<]oj% -6-6,s '@'c;%f7]7f "1"1.</
u ;a_ "I 'jj ~ aJI oJt!:7,! .ii[~ '11c- \') 3!J-'ll eJ '!! JlAJ o] % 'l}-o-f 711 £1 '= 31 o I t:j-. 
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lE 10-4. 811W'!f?l!ii1~A~ ~ic:! I!.f~ :C:~.:J.~~ .!tl~H ~JJ.!.1- !f?l!8~12J 5H~!t~iil~~ 
~ e.ss.::i ;,i 

\15'. !H ~~?A .fil ~ LH ~ -?~ ~ ~~ 8Xil 

1996 
~0H Cjjlijt££I Al~/~~!! 1N~l!J !f ?j .I', i'.j qi ~ " 

0t!-Al~ Al '21 8 j:il 
~~Al'E;I 

1997 'Ji 'i!J {>!.; ,;tof7f71 !!-~~ >! zt~fc Ai~.ii!A~ 
.I',~ 

1997 ~LlltN9.4 aHY!!-~ S!~~ ~~ ~~3.~ ~~ollY£1T.i:: 

1998 98' ~ AH .2. LI Ei ~ 7cUH.t ~ ~ T .uJ 

I 1998 ~ ~ 21 S!.Jl, ?J! ~ ~ -}tO~Ai Ai liYMCA 
~ 

' 
1998 A-1I1~ !lJ'i/ifii!~Af <y1g ~~3.-& ~~<a.it• !!:~OR'b"~T'.1: 

' 
1999 Altf~ . .::i*'2ll J¥.'3!0I {ti! 'i!~m? 0tt~7cj ~ 2I Al '2.! ca C!l 

1999 ~~ ~EPI® AI£Af 100'2.! ~~3.,& '¥~1>!•1171® 

1999 Al~~ 0lla:>Jl~Oil qi~ i'.Jo'7f "'"~I 
~\~~ 9-':: A\~f~ ~';;,Jl 
ij.~. Al~. 0H f2:![jj~2I 

{) !.c "I 'lJ Oil qJ ~ ".£.::1 ,;JI ;<\.ll..21- '!17\ :S .!a.ti!.£ ;Ji 0Jtl:"l .ii!*"' 0JA.j ¾ ~H:f ~ 

\"! :ilf 'll .Q] .ii!:ilt tJl % g "1-'\1 %\~ cJ- (.l!. 10-4). ;JI 0Jtl:"l .ii!* 0<\ ~ \"! :ilf 11-"1 .ii!:il}~ 

oJ{" m-ll;-, ~"If {al;'.;' 'Jl se.4"..-J %g ~~%\>II •H:>1%\"131 :>,c"l%\~31, \'l:c!'i!>il 

.sJ "ll°Jtl-7.lm*-"1 'i!'ll¾ .!i!.~o-\"1~ AJ.sc_;:, %]-~cJ-. ~\"! "J-C::~ "i"io!IAi 1 .. H,

tll.se. a\1°Jtl-7.J-"1 ~"i]'Jl¾ 7,/-31 'l!~n! cJ-0J~ a\1°Jt!:7.J -1'Jl, .S'.'11, •\.!/la\!'<!% 

g 7\<]31 'll~ >11?5'. -!.1-"il'r'ii' 'i'-"1-% ¾'ital;: <'l'll%\~cJ-. 

(1) .iila'/;~ ~'zl 

a\1°Jtl-7,l.ii!* %7\\')-'li :'. 'l!'I]- .iit.Jl;->J¾ 40'1!~.£ ~'l)%]-oj ~\"! g 7]~%\~~ 

"i, %7H)'i/Ai~ -3j-AJ8"\oj -9-!/!~.£ tl-1'1->ll, til~-"1 tl-7.Ji'J:\"! ~:ilf % 100'9 '!' 

oJl •H.l':~ r- <:l'il"l 1l<rit 'l!c~cJ-. §j 0J;<\oJI ~%\<>j 7JA\t..j- ~•l.!/l-'11~£ ji[* 
Oil %'9 ~ <r 9.l>il %\~ cJ-, 
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(2) :YAJ ~~ 

0]~.ii!-1\- 30%, '11_1)-.ii!-i,- 20%, .le.~:§] 18%, .l!:ij~o] \I! '1}~7] 13% %.2.£ A] 

{'}% •J'lJS-foj oJ1°,H,-o, 'llli'-7}£ 7JAf 1l1J% S-fS:,t:j-, 7JAf1=- .5'..'f- 17'l!o]'.,jt:j-, 

o] ~ .ii! -1\--@- oJl 0.l't!-7<1 '.! 'l} 'l) t!-7.l .ii!-l\- % 7J ~ll]- oJl 0.l'><l ~' oJl 0.l'% "1, t!-7<1 §..§. 

<'-, oJlOJ<jE1j;,fl, "l%t:J-OJ",J, oJlOJ'Mell7] \I! oJlOJ'i'fe1, oJlOJ''iJ, cs'>IJ~Sf %.2.£ .ii! 

ll]-ll]-~ g 'lJ "f Jl, zJ- oJl 'i}- 'll Ji!-7} £ 7JAf;, 1l 'lJ S-fS:, t:j-. 

'11_ ><J .ii! -1\--@- .ii!-i,- 1)-"° '1) >IJ-'/' 5'_ ¾ ',rel oJl '1)-"i] Aj oJl OJ'<j %"I] tlJ S-f oj '1J T '--t ;J'c 

Af 7,l1o] ~;,, 7JAf~ 1l'lJS-fS:,.2.nj, ~oJ \!! 'l}::;7]<c oJ <1-0,.sJ ll:%71¾ 1l'll 

"Is:! t:j-, 

(3) .','SI~~~~ 

t- \'l llf'll % ¾ 'l! Oil t.J-717] -'11 "ii .ii! -1\-ir el, -<,J Af \I! .ii! 4\-"l i'! "1, :§] ;,fl 2j- •] 'll % 

oJl ~..e..~ ~~~ 10~~..£ iit~ oJofl ~ca,l5tt ~~~ ~~&~q. tr1:11~~~.g. 

t-\'l g 'r i'J:%11=- ~cs' "ii 'll''1l T "°'l- o<J "I .sJ 'll li'-7)2} '11. o<J '11 Cl "1 j]_ "l Af o<J-'11 % 

-<11 ~ "" n 'ii: >11 ><Ii'! -',-A 1 ><I c lat "'I '1l ~ 2t ,i1 ,;a A 1 '11 'll '11 '1l -,,. ""l-"" i'-'11 "1 '.<! t:J-. 

1999\1 7%1 9',/ ]2A]"i] .ii!-1\->]"i];,Jl t-\'l"1'll% ""7J%IJ1 ;J'c~ l/:l'\JS-15:l.2."i, £ 

\!I£ ~"°2} •l"l "l~o] 'lf71'llt:J-. ;f\'l',l'li-@- .2.'ll 7AloJI 7],)J-"i]Ai-'/-Ei "1'9 10 

Al ~{1'7}><1£ S-fs:l.2.nj, .ii!-1\-,"_ .2.'ll 9A]-'/-El .2.-f 8Al'71><l A]'(} 'ir-'/1£ i'-'B"ls:l 

t:j-, 0 I ~ 7J .Qj , "I ~ e l"i' 7 I, _l!. '1i_ ~ 0 I %-@- ¾ 'it"1 A fl/-"" 7J ',j- g O I % "' s:! .2. nj , '1J 
'll- .ii!-ll,- - ,g '1! 711 £Al2J- 1/'ir, •l 0.l'!!oi!IJ 71 11-"1 %-@- ¾ 'it"1 •l '11-"il Ai Cl "1 j]_ 'r'll 
llf 6x i',,j .ii!-1\--@- ~\'J oJl "r-!\-1J-oJ]Aj 1/ Al %f 5:l t:j- (-'/->,- 6-1). 

%foj 01\l! if<illf'lJ"i] tlJ~ ¾~ '!171 7lir.2.£ Af-§-%f5:lt:j- (.l!. 10-5). '!171 :,jll]

;a </-6jf;foj •JOJ't)-7,l.i,!4\->Cf E'.£:1,;JI.Qj Jj'![.Qj :aj'jjAJ% '!17}<>fJl, .. .f+ 01 ll-5" 

:i,;JJ¾ .!!~s-f:;,. ~'1is-f<ctil 1J-:;,.s-foj s-fs:lt:J-. 
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c.•-i-£1 -!-'c:! J!I.~ ¥_!I;,• W~ii ~~31 .ijiAl71 tf•WL-JQ. Oj~ ti-~~ c•~ £1-JII~ q.!;=-Oj 
~'r.£ .H.Aj'!~£~ .!c.jOj'.ij-j;JL...jcj-, ~'rr c·~ £1-~g,J ~;,· £1-JII.£ £JOI ~£at op~. ~!jcj, 
EE.'C' op~. •21-c• (5), ftttct- EE.'C' •21-q (4), S!~olct- (3), ¥!Jc• EE.'C' qirtc:• (2), o•~ ¥n 
c• EE.'C' of~ L.fftcf (1).~. ~Af.£ lf.Al311 .<j5-Al71 t:1fWL-fc•. ~¥ W~O!IA~'C' Ol§OjL.f £.I~~ 
~£ L.fEfL.11£~ ~~OI T~.!clOl '.i.l.e-L-Jcf. 

1 ¾~:&~ (.iji~J!j. ~~~ ~.Jf) 
1-1 .f.'c1 Ef.'C' 'r~ ~1:11 ( ) 
1-2 6./Af { ) 
1-3 ~± ( ) 
1-4 7IE• .XI~ ( ) 
1-5 .<jSe/J!j. ~~ ~9.\ ~14.~ ( 

2. ~<!:af;J l~i'J{! 'ePfl 
2-1 ~El §tJlli I I 
2-2 .!-'c:1 Ef.'C' 'r~ E.W£ 
2-3 ¥~{!121 ~~~ 

3. ~~ J!j.~ {-YAf ~7f) 
3-1 ¾El EE.'C' 'r~ ¾til 
3-2 ¥€! Ef.'C 'r~ ~~ ( ) 
3-3 ~t'.! EE.'C' 'r~Oll Cllt!" ~.21 J 
3-4 J·~ ,t-'lt£::! .ii!.:ill, OI§ ( ) 
3-s Jf~ ~1:11;,1 ~ .!c.J~e! .mJ!I. 01e ( 
3-6 ;,f~ 'll~ ~~£:! YAI OI§ ( 

6. q-a- ,!-t1 ~~OIi cte Af;g~ ~Jfo•x~ ~t;fAl~e-4JJf? 'Oji' ~-E- 'OfL.j.2.'£ lf.AI 
OfAI :il, .:Z OI *C? 

7. i!H~!!"~ .ii!.~ L•Hg¥J.3. {Network)• T~"fJ" otl~~L.Ji::f. El-~L.f JH'l! Af~2£ ~Pf5 
OfAl:l,11,e.L-j}Jf? 
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'Sfl 0JtP'JJJI~;i.} ¥~ ~l% up:].31 .ii!.~A~~!'.!l ~7}i:" ~~¥c.Jl 'Sjj 0Jt!-7aiil..~ 
:, z]- 0<] "l Oil -"i {I •E ~ cf, {I •E ~ 7.l_:ilj-1,- {I~ Ji!.2Ai .SC -'ll½i>f :;,_ 'r'il %"15'.'t 

Ji!.2Ai;s %£i,foj 'lJ7fi>fc: "J'll% >l'1!i>f'l!i:J-. t!-7el.ii!-l;-% .ii!-l;--'g;.01 -'11l {I 

•]i>f:il "f'll•1°e t.f,cc {/~.!i!.2AioJ]c: .iil-i;- ~% :;,I\"! Af's) 2ol, '5\1°Jt!-'el.ii1-l;- {I 

~'-11%, •1°Jt!-7el.ii!-l;- %7fc<f91 ±7,l-¥-91 '-11% %.2..se 'i'-'B"i~i:J- (.l!. 10-6). 

1 f :;;- .se. t1l .se if \"! :i!f 'll 'r .ll. % % 'r "1 "I 'l! i:J-. 

•1 °Jt!-7el .ii! -&- ~%:, '!f 'lJAI 7] :;,_ 'll ~ ;:; :ol-t1l i,f 7] ~ .;-foj 0<] "191 \'I z!:1± >ii .Qj t!-

1.ii!.-&- tr-%- 13'1 ¥1-~ 5:A}oj] ;i;Rl .:i.]~iS}S,tj-. .:i.].<H% ~-€:- 't!Z!-B~li:- Li] *..Q.. 
.se zt l±>il\11.se ~ 'r'~l""i .'i'.'i' Lil 1191 'r'-'ll7f s::!11>1~i:J-- 1±>11\!! -?-'ii"° ~oil 
\'l w 91 cl! 'i! .ii1 -&- c<f 0J -',j ~1 ail', 'l! {!: t!-7el .I'-% \'l w 91 "'I ~ 'l! 'll t1l "1 le- §:I \'l 'r, ,fl 

-? "'I 'I! 11 '1 \'l 'r ± "1 ¾ 'it a1 '11 'l! ,g Ell i'l'll- ~ 'li §:I "J 'l! .2. .se, Ai '11 'l! ,,1 .s ~1 a "1 
tj- 7ei co:_ 2 ,'- 's) :Ji 'i! ,g % _2. 'll .'i'. 1..j Ei .fil -&- % 0 I ~ i:j-. 

1997\:'l 7 ~ 9 'll -'i'- El 13 'l/ -'If "i 's] •] -,! " •1 °J t!- 'el :;, -&-;,f if \"! :i!f 1l " Oil c: 16 71 I± 
jj] !E.i:° 7R~ .:i.}~..Q..~ -:::!~~ 53t:g2j .ii!,~A~o] %7}ii}S,tj-. .ii!.~A~~.g. qJJ,!-~ 

t)- 7el i'f \"! \:! 'i] "i] -'i ~% i,},cc ~% 7 f 's) t)- 7el .ii! -i;- 7J A f ;a :i!f t1j -o:j- ,g , t1j "01--9-1 ,g, :U, y, 
'1JT~ 's) c<]'>j9''1} %O]~i:j-. O<]'>j\!!_se,cc 7<l7]'r.0<]'>jo] 7f'lf )i'.l]:2, i:j-g.2.£ 

-'J]?'r., Ai% %91 'i?.2.£ '-JEf)di:j- (1!. 10-7). {r7c~ O<]'>j:i!f l:!>i]Sj 11-!f_se -l, 

t1l %7f :ic-l;--'g;a,o_ 'll~-ol\'l 'll~;s '-l-Ef,!/Cl. 
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oll'Y!!-~ iil~~;:;; 5!.11Ai ~~ R~~ ct:;~ 'i{,:;LjcL 5!.11Ai ~I~ O=l!jt~ ~~ 

~~ -'§"Jt O:j~2} ~i!iJ-Ljct . .g:;t%t~ ¥~Hlj'2JOI 5!.11Al5 ~~~? ~ 0 •4, 5!.11 

Ai~~~ ~'.iOll ~'811Ai *.tt.%OI AIE~ Oll~g)L-jcf. iil~{,,!~:: 1~ Ol{J-Ol'c! ~Lj 

cf. 

':r.11A-Jo[I ~~£j0jo~ ~ LHgg ct:;nt iit~L-JcL 

1 . .ii!~~~ i!Af 

2 . .ii!.~~~ ~± 
3 . .iil~~'eoll N7t~ 'r.!~?5!.t MJtAt ±~ 
4. :w.~ ~£::J.~ 41* 
5. jj]_~ .!!.£.:J.~2/ Af.Xil ¥:Pf 
6. JIEt ~71 At!!-

:12.111 5!.2A-JOll'C:" .iil~tPtAt2/ ±.Y (~Di£ 2~ 0[{,1-)~ ~~"ttAIJI t:lfE)"L-Jct. 

~? .iil.~ .!!.~.:J.~~ ~4' Al£AfOll7-ll'C 9.tt.8 90:l~ IT!IOII ~~~ Oll~g)Ljcf . .:i! 

11A-J::: 7f~e!- ~ ot21l~~£ ~~t;fAl2 5!.11Ai Xii«~ [ll C.l~:1!£ !l"»ll 5!.LH-9-Al7I 

t:lf~L.jc.f. M7fAf =m (±ti}~~:: ~ (~Di£ 2~ Ol{J-)~ ~l~a!I 9-AIJI t:lf~Ljcf . 

.ii!~'M7fAf ±-?d":: .ii1~1lf~2/ 1M7f7f otL-J11, .iil.~ .:foll iil~Af2I t:lfcfo[I c.fl~ =m~ 
~:: ?)§ 'ittJ-L-Jcf. c.f:;9.l 41*-i- N.:i2EfAl£1 t:tfc.fOII ~~ ?)DIie! Dill:! ?)OIOl£ ;I 

'eLJc.t. 

1. l:lfc.fotl Cll~ .=:.m 
2. a11~~¥ ({;11-?dAH, 01a. !l-E ~~ ;;;;i 
3. ~ 2.1 -s L-1I 1:1 rc.toJI ::: ? 

4. '\'~I SIC\ <1'1171 

':r.i!A1 ~ ii!.~§"7fAf ±-?d":: ~~-atl'YCZ:!T:t: ~'b'={!IJ~CZ:JT82I OIAlfil (9-±: 
425-600 ~71 X. 'dt.!-AI 'dt.!-~Xil ~ AfA-j !I- 29~. [j ~f: 0345-400-6216, FAX: 

0345-400-6216, Dl •ll%!: jgje@kord1.re.kr) 0!I7-ll 1999'.:l 11-W. 30%! mAI A-ll¾aH-9-AIJI t:1f 

'El"LJ cf. 
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'i±'il 
%7}\'!~ 

1:11 j1 

•i¾ 'iJ7] 114.'r. ,;j')i-.'r. ¾11 .'r. ~l'T'.£ ;,fl 

~'il ¾ %1'! ~ 3 3 2 2 2 12 
YMCA 2 4 3 1 10 

~)JJZ!~ 5 5 
qj Of :;;z 3 4 4 11 

>ii 'r .'r. '1l £ \'! "1 2 2 
7]E) 8 2 I 2 13 

~I 8 16 8 7 3 11 53 

1999\'l 7-%! 9',l ~13'l/:i191 4"1- 5',l{! ~Al-'/l ""11°,l'~,;j:;;z~~, 11:-\'l 3lJ-11"91 i1:

\'l'll11>"- '-11%2..£. ~ «I] oj;":U,~ 30%, ~'ll-:UZ~ 20%, 5e.;":oj 'j/ 1,__ss:1'i'J7j'![O] 

18%, ~,.,,1 w ,.,01,, 13% %2..£. 'i'"a"l<>I 'l!~i:f (:i'll 10-21. 

71 E:f 
19% 

~"ill/->Jloll :;'!{)% %£~<>1 %<>1 1j/ ~'illl->1191 "11~~ ~~ 'ii-"!% •l 0J~ .!il

~_Q_§_ ~?aii!.4-~ ~~¥! JJ14-ol~ ~ ~7}01~ i4~¾ z.tzt v,Jz1-1Q, JC-4-ol 1J 
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AJ,aj;,,. ~ ;acJ<!J'<l >1!9-'<-91 oti 0Jt!-7a 111 '!JAl.2} ~:§1--1- o]oil5l7] -$1~ 3il:i!]-:i!]-*o] 

2A]{l, o])OJ¾ 'll,7] -$J~oj "l!OJ>§1'1j.2} -o!¾, etc}-'11, "1!%c}O,)"';l, o])OJ%"1, ,q>,1 

% 91 "ii 0J~ >fr :i!J-* o] 7 A] <1 •I'll "1 '.ll c}. !E ~ "II 0J'll "I 111 <'1-"1 3il:i!]-* '11 '1! 'l! OJ 

<'l-"1, >§1'1j'\'f'!J-:i!]- !;!..:,:,'-OJ, ~Al~91 '.l) 'll"l:i!J- 'll %91 :i!J-*o] 5'.-'j' 4A]{l 71-1;! 

"1 '.ll c}. :1 "1 .:il 7] El :i!J-* E.!i!. GIS\'!: -'i'-'.ll '1)7t7oJ] cJ1 ~ :i!J-*o] V,] {1 £ ~'9 <>j o] 

~:i,1:i!)- :i!J-*'"' 'l\>11 54A]{l ~oj) 16A]{l (30%)0] •l"J-'9'.llc} (-';'-"'" 6-1). 

"I] 0J>§ •IPIJ ~Al.2} {/\l'-, Mi!fl 7] 1!'--'l:i!J- ~o], 'll 'i!!!a. "I 1J 'ii 0Joj) Ai '1! ,'- '.I! ~ 

Al~ -$1~ 'l!~{!\l'- %9-J :i!]-*E.!i!. 11A]{! (20%)0] •l'll"l'.llc}. 

~ 0 1 ~ 1li~.7l'C' .m.~,,.,f~~ ~~34 ££.~ llliit31., "Bl\¢Jo\l 1:\1~ '1r,.,,J-~ ~ 7\ 

~7] -$j5foj "1! 0J:i!]- <'1-\'!'8 >§% 5'.'/!, '='le.J 'l\'it, \'!Sl- %9-J J!.'l!.;-17] 4*01 7 

A){} (13%) Jj-1;!'9'.ljc}. 

5' ~~ '.!! .e!.!a.:I ,! 7j '1J:oJ] cJI ~ "'*'"' '.'%'-'I '11 -$J :>] Oil Ai ,, 'il-'l-,li'c >ii 91 'ii" -1-l 

"j" ~ 7]1'-E.!i!. S-f~c}. oJ :i!J-*ii~ >1]9-5'. ¾'iti!l -']<!Jo] s/".:il :u;,,. ~'l! ,li'c-'IJ 

11o11 r11.;-foJ &'l!4 7J'll:!a. '-1-"1<>1 .s:~¾ ~"" OJ~•Pr<>l,-171 "'*' 'l!'ll-oJIAie.J 

•1°Jt!-7J3il~ .e!.!a.:I,'19-] '1l:'l!% 5'.5'.5f;,,. 5'~~ %E.!a. 9.5A){l (18%) 01 •Ill"! 
'.llcJ. 7]Ef 4*E.!i!.;,,. %"° 111 ±71.2} 'r.il.4"1 %9-J A){!E.!a. 10.5 (19%)A]{lo] 

•H V"l '.ll cJ (:1 'il 10-2, J!. 10-8). 

~I o]~R4 'I!~ 1f0] ~ £~~ ~ 
'11 OJ "] "l ll "I t!-7J 3il4 !fl-~ 7] £.sa.:1 ,! ,1 '!le 

7] Ef 11 
. J]Ef 
I~~~~ ~el .lli.-&-

~-

•HV A]{} l 7 2 4 2 I 11 7 9.5 10.5 54 
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i,: -'o'-%"J~ja!_ "11-?e! '!f'l!¾ .£.-/lj1't7] ~~ -'o'-;,j •ijOJ'oil _n!-l\- ~'jj ~ 'Jl-~'ljq_ Oj 

cJ ~ :U, ./\- ~ .Ji oil '>f 'Jl-.g. ~ <i'-7FI· cJ!-o:)-.ii!, I'! i'-7) {! (~51-"11 °JI'! 'j'-±, 51-'!l-ll-~ 1'! 

e-1-l/-"\J:, "11°.f9'~7ij'!f~, 5i-',j~7<!\'!T~, ~5l":U,*:ilf'll'l17t~) %oJ)Ai ¾ 17'lj ~ 

-;j 'll-of <>l 7J s.j s)- ~ 'll- {;! ff .ii!./\-¾ ~ e\' 1't:lJ. q, 

•H 0J~7<!R-l\-e<t ¼\'!:ilf'lloil %7H} R-l\-•J:i!f 7JAt:;oil>I] ¼\'! + <>ll>! 7te<) ~J

~oJ] cJ\i;foj 'ii,'- ±At¾ S-toj O)'l! ¼\'I.oil cJ\~ '!17t;; {;!A)i;f:lJ_q. :U,4\-•J:ilf 7J

At 'FoilAj 47'lJ0) 'i!<i'-oil -§-1't:lJ_q, 

"11°J~7<l.nt-l\-e<t ¼\'! :ilf'll"1 ¾"JoJl 1'!~ 'll7Hc qg91 c\".\! 7te<J ~J-~~!i!. i'

o'-1'!-<>l {;! , 1 s-t :ll. ci- ( "'- .i 10-3). 'll 7 t "Ii >11 ~ o Fr ~ 9i ci- oil Ai -¥- E1 oi ,s * 9! ci-"t 

;,j ct'.\! "\J:;,j)!i!. 'i'-o'-1'1-:ll.~'9 (.li 10-5), zJ- "\J:711 \l!!i!. -¥-7t'll ~ -'¥-"1 ot,s ~9!"1-

91 S'jj oil <i-¥-E-J "\J:;,j) '\!!Ji!. ~ 'Jl "'i ',!~"1 °t,S cl(-9,J, q7t 1 'll 0 ) '9 >I] 1't:lJ. q, '!I 7f 

e<t ~>J] ~'r's.J ¥roil '!17te<t 9'Ji!. '-t-'f'\'l oil'iJ- '!17ts.J 'll7t 'Jl'r' (0 )1't '!i'Jl)7t '9 
_sc_;,;. s-t:lJ. q, 

0 10 20 30 50 
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(1) ~ic:1 ~ =r~~l:lj 

O}'? ~~t:}7f 13'll, ~~q7f 25'll, _ll_*o] 9'll~.sc '1j'jj.g. 4.1°]'1!4. 

(2) 6jAf~"I 

o}? ~9!(47f 13'lJ, ~!i,'lt:j-7f IS'lJ, _ll_*o]t:j-7} 16'ljo]'lj:il, 'i',9!lt:j-7f 3'lJ~.sc 

'll 'll ,O, 3 80] '.l)_ t:J-. 

(3) ~:::::: 

l\l 11.g. 3.50J 'll~"l, ~9.lt:J-7f 13'lJ, .11.*oJ 24'll % ~.sc Y-•hl:t:J-. 

(4J ~"12f JE'aH,12/ ~~~ 'ii ,1Ef 

¾'il'%!.sJ -',l{!-',l.g. '!I'll 4.4.sc i't>ll i-HJ:~Dj, oJ;g, of'? ~9!(t:j-7f 22'll, ~9!lt:J-

7f 22'll, %~!a.. y-E})d~Dj, 7]E} :<]-?,! li'-"11.sJ 'll'll.g. 3.6~!a.. Y-~9"-

0 10 20 30 ,o 50 
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(1) :w.~~£1 ~l"! ~Pfii 

'll~ol 3.9.'a. o}'~ ~~tj-7} 9'!1, ~~tj-7} 25'!1, Ji!.'8-ol 12'!1, ::LajJl *~tj-7} 

1 'll o I 1-J-~ t:J-. 

(2) ~\!'! ~ 9-\:JEIISc 

o}'r' ~~tj-7} 10'!1, ~~c}7} 22'!1, .!i!.'8-o]tj-7} 14'!1 ::LajJl *~c} l'li~!a. 'll 
~ ,o_ 3.90]'.l)t:}. 

(3) ~\!'! ~ £1 ~ ;:;;~ 

'lJ~o] 4.0~.'a. ',;->ii 1.-j-E.}\J;~oj, o}'r' ~~tj-7) 11'!1, ~~tj-7) 24'!1,, Ji!.'8-o] 

c}7) 12'!1~£ 1-J-E-f,;J;c}. 

¾"1 3lj-'jj"i] %9~ 7J-A)Oil i:Jl~ 'l!7)1'c cj-'.)1 7}:>] •J-~~£ 7"-l,'-t.)5:l~oj, o] 

-3' ~l 7):>l •J-~.g. '!!~Oil "1~ '!171 "J-'110]'.lJ."- (::i\'I 10-5), Al 1}:>l •J-~c> ,1;;, 

"ij °'191 'lJ 7}"J 'ii% '(,! A] t.}5:l c}. 

. ' . 

0 10 20 30 40 50 
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(1) ~£1 !lo! 9gi~e I 
'!l'lJo] 4.0.Q.!a. a't'.U.Q.oj, Of',> '!}9.tt:}7f ll'll, '!}9.it:}71 27'll, J;!.% 0]t:}7f 9'lJ£. 

!a. t.j-~c}. 

(2) ~~ 1;i1 9~1gf~ 
01,;, '!l:9.tt:J-71 5'll, -,t9.tt:}7f 26'll =i.ej.31 J;!.%0] 16'll.Q..se. -'!l'llt 3.80]'.l/c}. 

(3) ~£1 !lo! 9'1JO\I Cl\~ 'i!21 
-'!I'll 4.2.se. a',,t] 1.-]-~.Q.oj, of? '!}~t:}7f 19'll, '!}~t:}7f 2D'll, J;!.¾0]t:}7f 8'!1 

.5!_ !a. 1.-)-~ c}. 

(4) .iil~~OI 7f'2/ ti~~~ .w.1!f~ 
.ii! -&--'J o] 7f'lf -iJ :0:. ~ \'! .ii!"i--&,,O. 12'll O] -iJ 1J ~ oil "J-<J Ell ,I} 3'oAf 2J- ~ ,a' o] 'l/ 

.31, =i. cJ- g 5!._ .se. oil 0.)'2', ell 1 l <>ii t!: ~ "I-& o l '.ll cJ- ( =i. ¥1 10-6). 

14 

12 

10 

8 

6 
4 

2 

0 

~-· 

7~~ ¾it'2! .iil.l!f.i!f~ 
EJ!~~~EPll ~Af2t {l,IEJ • ~2-IJl~"'jj!) ~01 

01::lfCfAj • 8ffgl'~til.il.f 'ti 

15) 7VJ ii'"I 1f ,;, "1 'll I'! "I-& 

I 
I 

7f'lf ¾tll7f ~ "1'.lll'! 1lf-&5!._.se.-\c 47'l!'s'"il 30'l!OJ -i!'ll~ '1] 0,l' -<J,l-q0,Ml 1lf 

.,:.oJ 'll c} (=i. ¥J 10-7). 

(6) 7f'2/ £!~OIi °et@ 'E,fAf 

it-&--'J ~ <>I] ;,j 7f'lf 'l]-'1}<>1] ';l-'.UI'! 7JAl-\c 'i] "Jo<]~ "I-&¾ 7J£1 ;;f~ \'! -l!*'T' 
7,j-Af, CJ. c}g.Q..se_ •] 0.Jc-<~,l-qOJ',j 1lf-&g 7J-£1i;f~\'! {),,0.~ 7,j-,'f fl: Oj'.l)_c} (CJ. 

¥1 10-8). 
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1Hi':£AfoJVi o<J:aJ'<! ¾'I! :ilf'l!El '-1!%:. :'. qg:ilJ- 'll-'.llcJ-. 
• 7JEj7f ¥'de ~, 7J.-1f9j-Ej ~El %'it Al'(!ol .!/-~of~q. 7JE] ill-l\- ~Oil ill 

-',- t.Jl-S-oJl tr~ ~]3.'ifOl 'l!.8.i/ftj-. 

• ~H 0Jt!-7a.IB~Ol y-o}~ lclJ~Ji!} ~7a.IB.~ A]£A}~ ~~ A]~A~ ~"8611 t:Jl~ 

.s'. ~ 0 l 'l! .a of i:\-. 

• ii' -',-¾'1 El 'i" -'117f 'e!-'1l ~ of"i 01 <II of;:: r•I <>j al% 01 '.ll 'll c\. "11.l/-:o:f'<! '\"'ii 

oJl rJl ~ 'll % aJ '<! :ill-<,- 0 l 'l! .fl. of c\. 

• 'if7f\:!>il 'll {t7fo<f'(!e.j 1H'<):ilf \:!>119.I ~%~ o<f-'llol ~1j;;f;:: A]'(!01 'l!.fl.of 
q 

• 'i" 'll "1 :ill -&- e.i "'-"I 21- ,J .-1f st :ill -l\-'] 01 ~ '111 "''° .-11 no 1 -¥1.a of i:\-. 
• ill -l\-"J~st, "'I "1-:ilf "'!"a "I i'l o l ~'1! of ~.2.E.s!. o l El ,ij 11 °1 'l!.8. ;;f cJ-. 

1!11:£.Af= ~<Ii.Ai i..)-E}\:l ¾'l!:ilf'li \;'oJlAj .!;l.tj- ',!1}-<11°) W ';!.2..5!. o<l:aJ'ie 

.-If~«~ :'. cj- g :ilf '1c'.lli:\-. 

•V9.19.IA%142:~~:ii144~(~11-~~0\:l.ti'<!fl0J'l!L 
O 7J 9.j t.Jl %3lf ',j i'!:'<! 11-.§J- ',) ',o i!JI IT .5!."1 ,;,i 7J.§)-. 

• .s'.~oJl El"il 11->il'll ~ <llilof1=- :ii!-l\-9.I '<!1!-. 
• ?.i\] 0JAJ~Al 2t:A} ~ 1l'B" %21 ~~iil* 7J-§} . 

• o<l"l"filll91- NGO:,E] ~%.Af•ll :ill-i;- 'll .s'.~El -¥/.8. . 

• ~::l:u>-l\-, ~::l.2.\'I, -Ill~'<! ~,;j 't-'I! %Oil til~ -"l<ll'l/Eil 'll A;jt,'- Afell 'l'i 

'loJl rJl ~ :ii' -l\-;<f li 'l! .8.. 

• -'l"l ~'1!3lf9.I :U:'ff§J = ~~ :::i "1"19.1 11-.§J-91- '~EiloJl til~ :u>-l\- 'l!.8.. 
• A]4:f-~tU .ii!*O] ~..8.. (;iHiil* - ~ 1:§:l o]"c}-). 

~f. 7JEf Af~ 

(1) q~ \!J ~~fi!f~DII q~ .-1f~~ ~Pfof£~ l!oJ'lJl;;;L..J))f? 

4S'llol ~P;jof~:,,., .£2~tj-:,,. %~ A}'1f{e Z'liol'.(li:\-. firJl1=- \ll'lJc\. 
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(2) •H~!t'E!ii!.~ lll=-\'13.R 'i'-~15f~Cil 'fil7fi;fAf~;;;1..1l)f? 

42 'lJ oJ ~'\I "}~Jl, .2..s3;\l cJ-7} S'll 0 ] Lj-~cj-. 'ii 0Jt!::,J .ii!* •il .s-'1-1 .3. oJI i:JI ~ 

1J~~ o]ofl.2} l-.!1..W:%0] 'IJJl."fcJ-1= {!Ej.'r. '.U~cJ-. 

(3) 7[Ef i':!21 Af~ 

• ~OJt!-?J.ill.~ E..£.:J.'i!I Al-"r {IAl. 

o t!: :,j \:! >il o] .2j Ej Ur AJ , .ii! A f ~ oJI >II .'r. 7 J ~ J/-oj . 

• .ill.4~~'?1 AJl"?-£77}7-1£1 ill.* 7Jttl7l- -¥-~6.~-H•ag. 
• 1~1- .ill.4A] ~9-'I A]~~~ A}~l y~ ~ ~~ .AH.ill.4- 1l_A] . 

• iilA-7]{! ¾Oll R4Al-21 5::.0J 7Js}-~ ~.fl. 

O .ii!*LJl-§-% ¾OJC72}.'r. oj¾ '.(!1= AJ'(} 7',;jo] ',!Jl.. 

• "i "i '?- '11 '4 'Ir "11 "11= '" OJt!: :,J ¾% oJI i:JI ~ .ii!* 0 l '!l Jl. . 
• q.g ¾'1'! :.J-'ll ~ ofl'l} TI"!oJI i:JI~ 1=>J 0 1 ~•J ¾'11 ~la\- ;<]QjoJIAiEJ 71£1~ 

1l Oil i:JI ~ <i El . 

•l 'll't!: :,l .ii! *"I~ 0J'.l al 11 .$1 'ii -l/Al ~ "il'?-.'r. oJI Ai El "'ii 0Jtl::,l .ii! *"I ¾ \'! :.J
'll "Ej "r .il. ~ ~ 'll "11= 'r' .il.-6) •J Af 7} 1999','l 12'11 10'!1 ( -,J-Jl. '!I) .2. ~ 11 A] oJI ~ 

-s:''il 0J'c! T '°' -s:' "il ~ "1-ll Oil Ai 7ff ii "1 ~ cj-. 'r' .il_;<f 11 'll 50 {! ,@- >II? .'r. .ii! -ll-¾ \'! '4 

1l% !/!:~irl 0 ]','~ "'*'J:ilJ- •1°Jtl:7a.ii!* -l/1',.!I.JlAi (1~ oJ,jj- "'* - :;']-\'! Af 

~ 2°H, w..41.~ ~~~ £~)~ ;4]½<51-{l fil4",WO!l ~t.1-0:J 'TE¾¾ "TO:Jiil-~t:l-
¾'1'!-"11l 1)-oj;,f ¾ 53'll 7}¾riJ 3S'Jlo] ','li~ "l"ci 66%"1 'r'li¾~ '-l-E1-41"1cJ-. 

i "1 'r js;<f 111l !lo{! Oil .!/-tr "1 ;: 7J Af "} ¾ "i -'11 f,! ¾ Oil 5 'll O l 'lr "11 'r' li •I >II 

~~ .£.~ 4Q~o] 'TE~ ii}~tj- (-¥-~ 6-2). 

it -;!YMCA Oil Ai<= '99YMCA oJ \'! o] '.l! 'll_AJ 1SII •J rr ~ ~ a}Ja\-.'r. .!/-'ll:ii'oJI Aj ~ oJ 
irf \1 Ai cl!\!! AJ 111711 "1- cl! 'll. El ¾ Jl. '\I oJI i:JI irfoj "•l 0Jtl::,l .ii! *"I ¾\'! "I'll" Oil Ai •1 
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~ Ii ~ 'jj-3,Af 'a! 1113' IT .§s.:J. 1" ¾ "1%~5:lt:J-. .'f.~ "1-7J-o-f-,'-<>ll .'r. 'i!o-1~ 11 Aj ~ 

oJl ti!~ .ii!-l;- 'al !i!.{!'i'!:"1 'lr'<!<>il til"l<>l -"..21-.f<>l >!JEll 0 1¾ i'-~<>il.'i'. {1-<>jo-f.:il. 

'll 'd t:J-. 

¼'J\l-.5'. Ai{!YMCA<>l]Ai~ Ai{!<>l"l¾~A!J 30'll¾ til-'11-.£..ss oill'!~<l]7] 1/Eil 

3,Af E..ss::i,l¾ {!'.!"fs:lt:J-. '<!'11.£ •1~0 f'1! O!l'i'-.Jl-'l!-<>l]Ai "111'!-"-<il 7];, 'i'-:>J"f 

<>l 5"Af,fs;, "<-'8"15:1.:il., ~<1]7].ss 4%¾ 0J%"l 'i] 0Jco;<!]7] .'i.'llli'-"1]<>11 til"f"l 

.ii!.*¾ {l -tft}$1tj-. 

"1]'9'.S'.oJ]Aj~ til~-'!J g til-'J-.£..ss 0!] 0J>!JEIIJll~Af 'a! 0!] 0Jo;<!]7]<>1] ti!~ .l!..§s:c:I 

"' g ¾ 'iJ "15:1.:il., "11 "r .'r. -jj {!%.21 AJ "i -'"-"l Oil '?l:<>11 Ai Oil 0Jtl:7il .ii! sf\-"1 'l! t!: .£.!as 'il 
'<!<I '!J%g t!:'it"fs:l.:il., -'1->il?si'- i's!-% ¾',t"1 •l5!7fo!J-'i 'i/% t!:'i! 'a! o;,iJ1l 

1!'-'-1 % g ~ •!! ~5:1 t:J-. .'f. ~ o-1 .'i'. "1 oJJ .'i'. '11 -of~ '!I >1½ ~Afo-fs:l.:il., '!I Aj 'ii Ell ><I .'i'. 
~ ~ ,>.j 8"} t % ,QJ E...£..::Z. ~ % {l ~.!] -.st 51 ct. 

7,j 7] .'r. 'il {f oJ} Ai :: ;,] "J oJ} tiJ ~ t!: 7/J 'll 'i'- 'J1 c;J! 'IHI-At % .21 IT .£ "1 'ill g ~ •!) ,,, 

5:1'2, "'i"loJI ti!~~'<! '11->1111¾ 'l[.:il., 'l!"17] -'1]-of<>j oJ\'lO] t!:7il0<]7]'i]- (7]0<f'i]-) 

g tiJ-',j-.£..§s :)! '!! o; ell 7] '1,-,0, A!)% % c}'lf-'J ~Af 'a! t, ~:i!j- A]§:]-~ oJ} .'r_ '1J %f j2 'l)_ 

2- '!l>JO!l cJI~ ~Af½ -ofs:lt:J-. 

tl-7J¾%~il-9.1 m-&-~J~.g- "'-~Tfri? ~~.g- 1):0 }~tj-"i!}"C" 'T~l5.. ~~oJl~~llt 

~"11"1~ Aj'/!"1-7J'!! -ll:"17] t!:7il. ;i'-§:i-7]•!) g {!a}-'1-.So 1l>!IA]ej -llY".l!'!!Oil>i 

'(] •!) "}:x\ t:J-. 01 "1 Oil .So t!:7il "] ',l 0 1, t!: 7,l t!: \'l ¾Af ;<foJ} "1 ~ ~\'!.ii! .J;- .l!.!as .::,_ ,lJ o I 
zj ;,c] ej SJ ~ '<r '1,- ,j] 11 :ilf 'l/-~ oJ Ai %-@--") oJ {) •!} -") 'j t:J-. 
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'1) {!'c! >J] !a_Aj ~7,j :iil-l\- ~% '.Q :;,f i/l ¾Af;; J'l-:aj .Q_;a_ >l 'lJ :<] ~ ¾ 'll:_g. '1) :UC'c! 

>111=- 5'..!\' i,] ;Jc.Q.!a. zJ- 'c!>ll\!!!a. ~ ?'ii"'! 5'..!\' i,1 7191 ?'i]7f {l'!J"i"1 :<]~ 

g 'll:~i::j-. 'c! >ii \!! ;a. 1=- ~""' \'l ~ 0 I '.l! '!! :iit -l\-c<f 0.l'':l ~1 a. 'if¾, 'l!-U ~7,j ¾% \'l ~ 

_g. A]§J-'1) 'l/tiJ91 ji'-§J- 'lJT, "1]'? A]'1)'lJ.aJl'lJT"''= %',ri!j "1\'lJ: ']JSll:;,f'!J- ~'J§i
•J-'l):, ::1 i!j jl Ai "1j 'lJ: L1] §.~13.1=- ~7,j :0:!a.<e- ',! 7J! 'IJ. '\IJ % .2_ 'lJ £l.1Joj :iil a\- %0] '.lJ 

i::j-. o] ~ '1) :UC 'i:! >ii ~ _g. "11 'il- ? ,fl "i] tiJ ~ _!;l_jl Ai~ 'ii ½5f 5:l.Q. oj, "11 'il- ? 'ii .2} :;,I: 

ill'<! Oil 0J~7a :iil-l\- ~%¾ {I•] 5f5:J ct ( .!/-~ 7). 

:<],! "r "iltil%'1! Af,l-~91 ~%.g. ~91 ~g 7l{l-.f71 ~Oil 'c."'15f5:l:<]'1) ::i 

'c. s'l .g. "1 'r % 91 £ ~ ~ 7a Oil "1 q '1, 'il "J' g "1 jj JL "'"c A f ,J-~ 91 ~ S1 ~ g ,1 
5f~ ~7["i] ;>j5f:,jj ,;j'.ljq. Af;,j-~oj "l'<!'l! ~7,lli'-;<J]~.g. ",,U'3jo]"1Ai 'lJc 4aj-

7f 'IJ•J¾ ;>ji!j5f.:il l,-;<J];; "11"'5}7]'ll\ Li-\'-'-t -lt{!- i::j-0J-.f5:J7] "llli'-oJI 1l{l.Q] 'c. 

"'I~,'>-"' 1[.ilj-;; _!;!_:<I '<c~c.f- •1"'"1>'1 ?,-.g. li'->11~.g. Pj:<] ?,-:C 'll-'1l"il cj"' 

~~.Q.i,. .,1f;,r~ ?,;/Oil c']7fAi7JI 'fl ;_;lolc']. 

71 ~\'I§]-, '] -!,-tj-OJ '\J 91 :,j 5f, °r-U c<f q,\ 7,f "', .2.-e¾ >Ij-'1j, ::1 i!j JL 'li % ~ 71 % S1 
-1'-"1 %.g. {Je<l'J'oj.Q.!a. \'1:{l g 7f;<jo) ~ 'l!.!/- li'->il"il ~.ilj--.fc']. 01a,'lJ: >1]'1! li'

i<II~¾ •1'11~ "? '1.(1=- •J-'tlc.2.!a. ~7aii1-l\-O] %°lf5f.:il '1.(.2.uj, E'/leJA] (Tbilish) 

{l'l:l¾ "l*5foj "ia-J 'i;i<ll.;js]?f 0 ]~ 7J-¾5fJL '<le']. 1975\1.Q] .s'/li!JA] .;js]oJI 

Ai 1=- ~ 7il :iit ./\-"ii ti:~ ':l ,j .ilj- & .aJ , ~ "1 % ,i]A 1 ~ c'11=- 'll .ilJ- % A] Oil ii1 -l\-1l tl "ii ti: 
'lJc c<l{Jlj;'a ,fli\'5f5:Jc']1=- {;)"i]Aj {l.£.ajo]jl 7j~.aj'1) ejyg "r']~c']C: ,;jg 

'll:JL '1.l c'] ( ;;J, 1996). 1992,j Oil !! el-~ 91 i!l .2. Oil Ai 15071 ", 0 ] 5'. oj 71 "1 ~ "] 'r.;j 
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-"l <>II Aj ~ 'li 'li'->11 io- 'l!'il Sf \'!Ai 5'.i"" 'il:>11 <>II Ai ;,c] 4f 7f;; ~ 71 'l[-,\ 'f-"l .la. tJl;; >ii 

.:g.'6}:: 21~ 21~ {:-'?.} ~}S!lc.J-. 21~1 21oJ]A·H=- jj!.~_9.j ~{!, ~i'-Sl '?..!~ 1ij{i :i 

a):;, ¾\'l<>il -i'l:~ ~•J-a, o] {el\'] 361!-& ~7J<>ll tll~ "]Af -le!'ll<>il '1/"1Aj .iit*-"l 

"1 w <>II kc 11 oJ '>! '}"1 'l '1l :ct cJ-. 
:E.~ 1997\:1 UNESCO li!..:i!.Ai'?.l ''Al~ 7}';~ P]~~ ~~ _u!."if"oJ]A1 "n1.,&-.g. 

oJa\1"1 'll~oll 'll'!w uj Af~7\ 7f:S]2 '1/2 7}~ .lt"fa-J'l] 4'1cl:0lal- ;101 '<lal 

'11 'll "1 2 '1l cJ-. {el ,iJ ;,_ .iil *-"l 1.JI 'l! "1 -9- al -'II >!I ;, ~Fa ~ 5l O I cJ-" al-2 'li -,, sf 'l! 
r:} (Environment Australia, 1999). ~.g. 44~-€:- 2l~ 21oJP·1 ~]Al~ jil_~-9.j ¾ 

.s..,.,~ ~ 'tl78"5t~ {}~~~~ CJ:,,,a3!t .m~ ~eJ:2l 7J-§:r~ ~~] .xt~o11 ~w.g.. {1~ 

% 4''/li>f:;,. '1/cJ (~'li-1'-, 1999, WWF Hong Kong, 1999). 

4-e.J 4aj-£ ~;,;j-\'-oJJAj 'l/¾-"J c;:'7f:,J'f0Je} W 'r '1/2 ~'lJ.ii[* • %.li!.J1J~ 

% 4'',j'5f'l/."-4(~'li-\'-, 1998), •J 0J-<>il t!~ 1,-0f2 'l!.1'.,a. \ll'.ctc1-. ~"' oj 0J-~7il 
_II. :,j c;:' 7 f 7] -!'- :,j "J' 'r ',J ';e T oJI Aj 2 oj 0J-~ ;,;j .ii[¾ o] S] ¾ '1) ~I 'lj i, o J !iJ 2 '1) '.j 

tj- ('i 0J-4',;l-.!/-, 1999). oJ,; :,J<f3!f a~J "1ct4"l (lf-"-\'!Aj >i 0J~'ll.iit¾ '}~ 

-,! "l'<>ll a-j~~ "J-'ll ~ 'll-"-"- 7<\\A)i>\27<\ ~cJ-. 

(1) ~~ (Z!) 'r'ial •H?I 

oj 0J~;,;j"f ']tJl>!l2 Z)"J"f off'/J, o]J 0J-.2.'il, l'!'ll 7J'lfs'.. ::i ~o] :,Ji,}· ~~"1 

2 '11-"-4, AHra,-"l "11£-"l \ll~Sl- _l;l.-,\~%-"l %01 gj_o)2 oll"J~7J3!f '~"11711-"l 

7~~4 .!i!.~% ~7}'o?i)-tj-. 0 JoJl 21,\-J]7]oll ~~.g. 8]j 0J:t!-7cl.ii!.4"3l} .:f.!i!.£1 '&~l=IJ-~ 

% ~l>!l"i-"-"- ,j]A]t;f:;,. t!\'l 11-0)ojJ -(a!{l"J-'11% 0 }\'li>foj o]J 0J-~7JJ!j- ']Eil,i];s 

_l;l.:,Joflo)~ '<!Jl/JoJ ,jJ7J.,;J:;,. '1/tj-. of%cl -,t:s]7"a-j'l] ~l-£1<>11Aj ~?J'!!~<>il "i 

.g.;;):,:, C,:-,j]~"! s:; £5'.ojOF %\E.,a. >IJ,i]sjoJ:;,. ¾~"io]\'jAj ~ • \']-7],sJ'l] 'il-711 

'l! >11 OJ-~ 'li .ii[ -&-"I % _l;l. '} :,J -,! 'f-"l 'r '/l O I .8. T .,;J .:il '1l tj-. 

(2) OH~ ~"E!.ill.~£1 QJ2.I 

>11°J-~7J.iil*2- .ii[*~ %%foj ~>He] -'lltll2 %~ c1-% -'lltll<>il~I ~7J<>ll tll~ 

% l:l}-e- ~ ~ ~ ;!-~l W-..Q.._£.~ .z:! ~ ~ ~ ?4 ~"'a~ tl-llll ~~ 7}- cg-,a '5} .Jl 5:J. t 8jj 0J 

~ 7J f1- '11 ;s •H 7.e! ~I 2, 4o} 7} 0 1 '11 <>I] {l ZJ-o]J ~ ,fl 0J~ 'lJ 'li'-"11 ;'; o] \'! <>ii 'lJ-"i %)oj 

i!IJ'3J?} ~?J¾ f',i '°r '1/.'r."f ~f2LJ] '1)tj- (~7JJ/-, 1998). 

- 693 -



(3) •H~ !!~:w.~.QJ ii.I!. 

'ii °citl:7J .ii! *"1 * .l!. ~ Af,J-" ot] 711 tl:7J 'a'->il ;; 'ii{!~ "r :ll ~ ;<] "I "1- 7] * ~ 
',f=;A]7]Jl tJ:7,jol] cJI~ .:J.*'iJ '1)oc..9j- 7}!<]{!¾ ¾•f.ss>I) 'l)"!A];,j ~~7,j;,j'l) 

ej;,t:(,!'l]ot] *%"IE-£ %<>1~ "r :lloc."i- ~ct (~7J-¥-, 1998). 

(4) ~~.Qj 712' a/;.tt. 

• oc]-.iit "110J~"il.ii1~"1 -Wc-'a:§J-

• .,q :oj "1 OJ~7J _ii!* .9j A~ -W,:§)-

0 "i1°Jtl:11 :f!;!..9j ct\ll:§J-

(7f) ~:ii! •H~!f~:ii!~<>I it{!~ 

• ~•~ "r.ii!.ii!"]-*olJ .qoJ {!\'! '-1!% l/l-'a 

.ii1 J?,--¥-.9J- , .ei .,,, oi ~ •~ -o:i- .ii1 .ii1 "1-* oi1 "" 0Ji'! \'! 'fa >I] ,. 01 .ciPt ~ , t sq <>1 '1! 'a 
"1 £ .W, x ,<j ~ct. 

~ 5\IOJ. 4-{!?il 2%~.iitoJl %flOJ:f!-7aii1.~ 7J-~ 

.ii1J?,--'i'-"1 a\)7j<f .ii!J?,-"]-'!) 7Jl/lot]~ "il 0J~11, Oj 0J.S>.'£! % "11°Jot] ¥!\'!'<! "1-* 

a;o] ~7}"1'.l/E-<-t, _1;!_ct ¾~~ cJl%o] ~ej:s:,_ 'l!'i""l-*E-£ -W:%'11 "r :lloc.'s- x 
"l -of :s:,. -'ll -'i'-.ii! "l- '-II % ot] ~ t! 7J .ii!* o l -\;' Jl. t,f 71] '11 % sq oc. 'a- ~ct . 

. aJ1 oJtJ:7J .ii!* ~'l,'- ~7J ii[Af 0J'3 ")- ;<)-'/! 

8~oJt!-~m~ ~tr" t!-1:l.iit-"} oJ.Ja¾ .$1%11 ~T341i% ~~<SJ-2, '?14-7]-t!-g A] 
'lJ 1J 1\;,j E-£ 0J<J _ii!J?,-o] 1J 7];,jE-£ ~A] "100.-W; ~ct- of¾e1 o] 'i'.l'i":i!J-'ll o] 

1ht 0 14-.ilt-&~£. £1£~ ii1.4--¥- %34 12l~t+-

. '1!0Jtl:7a.ii!* A]'lJ"o:]-.iit "lll 
~ •l "ii 0JA] 'll o:J-.ii!"1 ¾ 'll ;:; _I;!_ ct 71 <'! .. , jl A] 'll -o:i-.ii!½ ~ "ii ""r .ii1 '-t ;<] "I A t:ttl 7} 

•l°ciotl cJl"il {]%"1'11 'tl--il ~ ?toc.-W; il-oc."f:s:,. "1-'l!~ct-

; 
! 

! 

:I 

I 
" 

I 
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·t,{o[¼[>'. %%-it Fi-t Iii I}¾- Fi& to;a1>'.-/',je. [i;[y il'. 1i 

<= f2¾1o "-b%Wv[ol,,fa.[0~1 -lf3:1,i%-ic [lo% ~Et#,alh [n~f,f,: '-e:1~-it"' 

¾Fi& e,1-1!{>-,L ~E[..-sf[f, ~l,i[lill, [oR,lii 'li<f'> 'f,1:[L t/!f,1: l<:ei {lrlac-ih0oH• 

(½[>'. {>-,L Et#sf[f, 1l'°"lac-1tfoH• -

·p.~-&l~ ~ tFrr 

2rr ll<Hof.tlt ~n ll<f'> ~l"«•rv :; lil,r2n -ll'"'lac-tt folio 'ln1,.tsl" &It< R,t,e 
¾-k '~fa'ff{~ ~Y~iltl llof.l-[L ~:fi ~ti ~{.g Kl2{¥~{a ~ ~[y ~L!!"f.::1¢:fo[~ 

Fb-k li<f'>«•rv *°" -t,c!,-[v -'o-Elac-\tfoKe -

·t,{o -J;;c,t,. lo%-it li<l!l\-lr e,ei :; E!<lv Kelt:i Ho~1'l<%w '-e: 

1-1! !le Ii< li<f'> -'o-"' Wfr lz p,~{,t [i -l!-[l<E {lr Ii> r2 nc lac-\tfo Ke I<,¾ Iii {lr I', ll, 

-l!tlii [l<E -[rr!i!,r2".rr -'o-Elac-\tfo[e -

·titotsl" ec>~-Wllili< toli>r2rr~-t' -'o-E ieli> ltl" 
i}{- 20 [act,,:~ %-ll' E lac-\tfo Ke 'E 1-1!.fv lb -l;;"i: 1 .. «• rv % Ii> L;a'rr -'o-E ~-\tfo Ke 
R, [<c [L & fy[toif i} [<,{,lz [o !,-[v-l,Efo Ke ~1Y ~-,l: -[rrf,1:./..{lrfo lie t, [of,1: ~¾-

f, fb -Wllili< -'o-Elac-io:foKe Ito% f.1:~-lrrfol\o 'f,1:~¾- -

·t,[,[v-1'-f• :;f.,[i; [oR,lii 1':~'fK@ ¾~-;lr [ojy{', ~~./!,{e. :;-l,l!' fy[iof,1:[L t, 

il<f'>{):(i, e,1-l!i<-lii 2ol<cl<& ~ &-lrrt/!-l {ofi, ¾~vfo 1v.f< -'o-Elac-io:foKe w1v 

11,,fo 1Y-/'< lac-\tfolt, -tfi<: -

·t,{ofb-1" -e:~t/!1a ¾Rln ~c,fo ¾- ~«•FY 

¾-ll'E lac-to:fo Ke k Hof.!:IL ti li<t'>W1Y {):(i, '-,,: ~to-Irr ¾~ J.. -ll'"' lac-lo:fo Ke w1v 

Fl,~ Rio -'o-Elac-io:folt, W1v -

t;:,.!rv lo~fi!,leii:15H• ~iv (h) 

. -b {o-1!-Fi ec>-W.-r,: Ii< [<, ,a: :; -!!-% 2 I<, i'\ -1:o % 

iil,r2nc ~%lo fyijoi!,~ 'E1-1!{!t[i ~1!'1" [bw 21!'1"~" Ho&-lrrf•lic {lrE 

-1!-Fi -[rr{!t li< 1!' 1" -\,1!' ll,-to:fo K@ -



(cf) oH~!!c'El ~S'.21 q~~ 

- 'i!OJ ¾!;l_ • 7]~ :,j;'j'-'1} ll:% 

O!lOJtl,;;j1lj- O!l 0J•§EjJJ41 :a ~ oJO!loJ-;,. ¾!;l.st 7]~ ',J-',J- "1¥-71:a ~%trfoj -1J 

.!j!- ljl-Ai !Et ~OJ-t!-?JjiJ_.ft -¥!-~ t!-~l !E'i=" 7]~¾ .Al-~"BlJll ~cf-. ~.}Al 8\1°J¾ 

¾ _i;_ ~ ? '.ll ;,. -'Ill. st "l sr : ~ N. Oil ~;,.ct. 

_ O!lOJ-'1f 'i!OJ-tl,;;j ¾.!a. '11-'I "1 •lc1S. 'll,'1, "1 '11"1-
'i!OJ:i!f 'ilOJtl,7,j: ¾.!a.;;\;,. :iil-l\-% '1!'11 alj;,fst •lc1S. %: 'llc'1 · ,i]aj-;;\oj 

';l "1 •H !,'_ trf Jl, Oil OJ'\'! '1l ~"r ~ q-,t 'l!! El "1st •i "l Oil tll 'il !,'_AJ~ c+. 

- ·'-1 O] 1'J Oil 0Jt- !;l_ -jl] Ei -';! ,j ;,] ~ 

'1!El~: ~%~4~l>J'il0Jt-N.-1l!El~ -'i!.J-a\"1"194'1!~~~9:½~• 
Jl, O!l 0J¥!"il ¥-'ii 'il-s!"i- O!l 0Jtl-"il :iil-l\- {,)•§4 tll'il -'1¥-~c+. !E~ 'l!"c IEE 

(internet envirpnmental education) tj] §..~~3. ~ T~Sl-'9 tl7a ii!.-&- ~ .!i!. 0 1 % ~ q 
\ll~~q. !E~ Afo]l>J tJ-7,j:u,-lj- tH1% 0 f'1J~q. 

- •H 0J¥-~2J- OIi"!¾½ 'll,;;' ',1 O!l 0J',J-Af "i~ 
O!l 0J ¥-~~ 'll,;;';;\Jl ¥-~"1 \;'.8."J: ¾N.~q. O!l-'i"il \5'7a'cl O!l:<i¾½"i 

'll,;;''1} "11:<F§E!l741 ~Al~ •I*~ tll 0J"1 •J-"11 ',) ',J-Af~ ;,J~•l"1 'il 0J"il tll~ 
!2j "i : jl ,}J A]'{) c}. 

- &ff OJ'fl- j]__ ~ ~ 

tli:=~ •H 0J'1!\'! .!/-Ai~ 'll~Jl, •1°J'1!'1l -1JN.:a 'r'r'-t i'c'i'l~l 0 ]%trf5c's- OIi 

oJ"T"~-¥- Z:1% ~T ss~ ~¾of! &!loJ~2 ~ 7n~~c"f-. ;3"]]0J~J2.0ll~ ~-¥- ~Z! 
;<f ll. \\' 'l} of y a} "11 °J 'i'f '1J 'l! 'fr Aj aj, !,'_6 Ej, '/I~ "J! % : '\'! nff !E;,. •H !,'_ ~ q. 

~OJ t}?Jii!_-&, ~~~ :n'..JJl-~~£_ 4-a~<5}7] .$j8"1JAi'C' 8JlOJ.tl-7a.ii!.-&- ~~7} ~~ 

~~ ~~o-l o] '?.!% .£ell£. 6ff 0Jtl-1.ii!.~ ~71- 1l~ 1!Ef-¾ 4-l:)~tj-. ~7} ~~ 

~~.g_ aff 0J~7a .ll_'-if9.j l3]1!~ ~]A]'5}3!., o] 1l]~~ fgAJ~ ~lf..S!} 1!:tl~<li %~ 
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'ii :>li'•l 0 1 \'! Ai '?->ii .aJ ~5!. 'i'--1:J "1 .'r."° tf t:.J- (::i ,l 10-9). 'ii \f"r~'i'- I.JI "i] Ai::: "II \f 

t!-'il:u>:4 sl'il- 'i'-'i-"1 'll.!/-i!c 7J:§J--.J,JI, ~1} s-14-"1 "r'll g "ltlt\t:.J-. ::raj:,,. •l 
0Jtf7a.ii!4 ,!\'! g 'iJ-';J-tl"}J'., tf;:J.ii!4 i]jE~j.3'..'lj ~7} 3'o'l) 01~% tl"fuj A}ojlJ1 

'l.l Ei y) % ¾'1H1- 7] =i'!- .'Ei= ~>II~ ;acJ 'll-.J-71 '-t ><l'lt.aJ ~5!. '!t<J-.]-.'r.>(- tl"foj 'ii ';J
ei w g 'a"'a-S'li tftj-. ::raj:,,. ~7} {I'll 'l!4°1 {,/- 1!•~"1.'r."° 'i1°Jtl'.l.ii!4 '\'!:\'! 

11-¥- -¥-J.i9.} l£lii}.:il. tJ:-rj ~.ill., A}'-lill~B-~, 1tH!B-j]] %&: .A]-'t!~t:l-. 

tiH 2:l'l!~ iil & 
B~Jf ~9.J§l 

tiH2J=~~:ii1~£1 
tlla 
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I~ A§EHIIS: ;&f-"c1 
(='J~S: et8 3.'llili!) 





;,f 'll 3lj- ,g ~ cf0J,\j -"l ¾ .8. ,\j O I '1161 -"I 7] -'-Pl-~ "II 0 1 P] \lt.g. e<f '1! .g. ~ 5'. ;,-% 

i/,Jl >I] 7] 1,-% -iJ-1/ ;,f,:!zt>j, 0 ] oJl afa} Af'/J-~ .g. ;<f'lJ£ .it ¾"J '1J 'i'J:ei 7} '\l!.8.'5f 

cf c 31 -& "11 'E: 71 -'-I "]-ilf ,:1 cf. ::i. e1 4 "I '1! % 'll 71 ;;fc 'll- 'll .g. cfii': "i 9' 'i'!:"l 'l! 

'T' 'If "ii \liJl, e<f 'll oJ] Aj :11 =; ~ ll !I. C "II ji< "1-¥-4 'lft:!I ilfoj 'll '/1-ilf 7] 5'. "1 aj ¾ 7<l 

1-71 llf0f 7]~% lJ;;f7]7f 011- "1al¾ "1!7f 1lf'.l)-cf. 0 ]el~ 'a'->il'll¾ "'1±ilf7] 

.!/1~ ~ •J->!lzg "1£71 -'-1%"1'.l/cf. <>lei 7f"i ll.!1.;s 'it.g. <>lei %-li--"l ><1£71 

"I'll¾ :;,J:el;;f.:,i !l.:O:. 1-{i iic.!/1~ lJ;;f;:c1] -'-1%-"l'.llcf (Gilbertson et al., 1985). 

'{J % Ej 7 I ;,f 'll 'i'!:e.l ii' o )Oil .% "I 7 I O I 'll oJl £ o I el ~ "i £ c llt'.ll-cf. 

'l! 'l!"l zg ><I'll¾ ..fa.] %f .:,i 'll 7f;;f 7] .!/1 "'1 >ii "1-"i c ><]£ ;s ,g E\1"1£, :-<f 'll £, 

><f'1!•8E\1><1£ .Jg-zg ~,lcf. ><]£-"l o]~o] >gEj\ S'.c e<f'll"i£0]><1'1! •8E\lot ,g 

%~"1'11 .a.±'1!~ 'ire 31°1 ofy.:,i, Oil'il- "1"1-"l %~"l'11 'll!i. - ><HI., "l'!i;;J 

'\'!, 7]-¥, §.0J, -'I'll 6J>8, '8%-"l 11:"l., !l.:o:.t:\1% 11%~-"l Aj6j'iJ:q/-, §.;<] 01%, 

!l.:o:.><1 "1-"l .!/1 "L .2. 'll 11, 'T"{i-% •8{1- 'i! :qi., ;,-"I % £"Ill 'll .!/1, £§. '!I- % ~ "'

~~cf. llil'!W 'T' 'Uc 5'.1§. ll!i.%% %~"1°1 lla.J;,f.:,i 7f'i,-~ ~ 0 1 ~ ll!i.~ 

~ •l'T"~"l°1 zl!'i'!:>a 'Uc 71~¾ '1!~"1 JI-'-1"171£ ~cf. 

Be~ •8E\l"l£c •81'11:>!l-"l -?.8. •J,.-.8.±01- 9'\I! t!:7<! .8.±~% !i.'lJ7f"l"il af 

2J- %ia-~;,foj "i"l-"l c<f'llt!:;;J i!!:q/-% zl!'\'l"lzg !i.°1-?t ><]£a}~ 'T' 'Ucf. 

•l'<!'l! 7<!1- "'1'11:oJI ½'i!;;fc: •8%9-1 cf0J-\l3!J- "ie.lii'"<-, ><H-1, t!:7<! %% '1!>il"i 

oi t+Ef'-IJ.:,i "'1'1!{!% afaJ- "i'T'-"l .3.7JoJI ctaJ- %ia-~"f71 -il-t:!l"Jzg -;Jct . .!if 

"l <>11 afa} -'I~ 'i'!:e.l £, t!:7<! I'! 7,J-£, "'1 '11:i'!:'/J-£.,s 'Tl 711 \I! '!I~ 'T' 'Uc ct.!if "l % 

~£§.•%~'1"£'.U~ "1el~~£c4'1!~~-"l•~4.!l.:o:.~"l~ll::i.a.J 

jl 'lt.:V- 5'. '-l Ej 7 I 7 f 1,-;,f 5'. "1- 711 "1-"1 "1 ° I ~ t %ji< 0 I c]-. 

1980\:!.t:\I .:V-'/!-¥-Ei GIS ("lelll!i.-'-l~il) 7]ir0l ~:apjz§. •%"17] -'-]6J;;f'1! 

Aj ''l<ic.~ (mapping) 7]iro] ,r.!/--'-1711 'll-'ll"l-5:!ct (~, 1997). o]<,1711 ~HJ'il "i.'r. 
~ t t!,7,l:ajz§. ¾>\]71 'lJ-•g~ 7}1,-,\jo] J,t.g. ;<]"10]4 e<f'll•ao] '11"1\!- ;lc"i]J-j 

C: c]- 0.J,~ lJ!i.it ¾~;,foj 4Ef's!l i'!:a.J 'T''crZ.£. 0]%"1J1 'Uc}. o] •J-'ll.g. ~ 1r 

oJl "1"19-1 -iJ-:qj-% "1-"1-w 'T' 'Uc 'l!-1°1 'U"1 llf§.Jl ll:§1-~ ll>li 1lll¾ '-11~ 
'T' 'Uct. ;,f<1jo]y. -'-161"1~ 'i'lel"lc >JEj\;,]£ (Bayfield Institute, 19%; San 
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Francisco Estuary Project, 1999) .::Z.i:!.j]l ~W°~~ .2..~A}]l~ tfll3]~ :f!-7a1i!~X 

(Howes et al., 1993) %:i!f.'r. %'l!~ 7fl\l 0]c). ~.Q.-". ,:]Oj"i]Aj t!:7,J g 't±el-ol-:>l 

i+ t!:7.l 711cAJ¾ 4''1-oJ-'Et~ 'l):E.A] %",l-1')711 'o! 4'\:lc0]c). 01~1~ 'l!!i'.>il>ilc: 7]1'

:aj.Q.-". ~;<) 4',>]0<]£ (t:J,:]'lj ,:].'r.):S t,%1')1= 7,!o]E.-". ',jEjP]t:joj:, o]-§-~ ~ 

1't±e1oi1 %%'<! "" v:e :z. :i -W-%1\*l1\ -'¥-'l!:1'\t:J-. 

GlSO!]Aj'e ,:)_jc7) t~O]Eil!fl 0]-'- t1j"i]Aj -?*] '!)Ell.a!. ;;i]e]SjE..s!. ig--/o 'l}Ej ,:) 

li:S ~~ A]<} %'1.!0il "lel~ -'r V.Q.oj, -')li:a' g t:j-0J~ -i'J:'lJ"i]Aj -'a-~'4 ¾ 

1l . .5'.'1)§) ~.Q..s!."i Afl.s!.-/t 'l!!i'.la: AJAJ~ 'r Ve\. GIS'e '1]'{}.sj .sjA)iJ.'l! 'o"i 

% ~AJ-A];>j'\'7] ~~ -i'l:'i'! 'l!!i'.~ >l'/1-1')7] ~1')"1 "l.l!.'i'l:i!f 1'!:'i'!'<! ,:]ej'jj.l;l..sj 

1'f ~ "t -'r 'lJ "i] Ai 1/-El _l;l_ "", 11--'I 'J.l ½ "I "i] o] §. 7] ,,, e<] .sj 'lJ 'i'J .sj 5' ?-J- g ~ 'l!: 'lJ _l;l_ 

A].eciJo]ej-JI ~ -'r Ve\ ('ti, 1998). 

GIS¾ o]%'l!: ,:J_<r.'e AJ"1!,:].'r. .sj 7)1]- ';le] Mo]'e l;'-0)7) ~'!)-:aj't] 

S. 'll A) J1 "il tfl "I 'l!: t!:7.J 'l!:,J-.'r. -'I .'r. (Environmental Sensitivity Map).s!. -'].'r. "il 1= 

t:i-0., 'l!: 11 !i'. QJ- ~ "11 t!: 7.J 'l! :,J-'l! .<r. :a i.+ E\ '111= .k ~ .l!. A I -.) JI V cf. t!: 7.l 'l! :,J-.<r. 

(Environmental Sensitivity Index: ESI)'e 7] ;; S. 'll 'll-"1 {°) il-711 cAJ .s] "I 11 :aJ '1.! 

Jl.cl:.s!.Ai 1979\:! Pi;::- "'I A] .,i: 'l!"il Aj '/!-AJ 'l!: lxtoc 1 ¾~ 'f'½A) JI Oil tfl e] 1') 7] 

~ 'II "] g 'l!c:, oJ:l! ~ c) (NOAA, 1992). o I~ t!:7,J 'l! ,:J-.'r. ,:] .'r. 'e e<] .'r. 'ii 111.s!. P] S::

~ 'i'! 'l} Oil tfl 'II ?-]-AJ sJ ~ cj-. Pis::- ~ 01 .si t!:7.l '1!:,} .'r. -'I .'r. 1= GIS;:; 0 I % ~ 

:,J,:\ "i .<r. '!l Ell .s!. 'l! t!: "I JI V"' ¾'1.! ,11, 'l! S::- .si .5'. Ce t!:7.l '<! :,J-.<r. -'I .<r..s] '!l Ell QJ

'11 %¾ -'8-'l/1')7] ~-o!-"i A):,j"i] .l!.~:§:)'<! •,J-'jj g >il-"1'11 '!-'.ll'cf (Michael and 

Dahlin, 1993). t!: 7.J 'l! :,J-.<r. "i .<r. 1= .!!. aJ .ec, ~ 'l!, o I Ell e1, i..;o I "I el o \, 'r'-ill o I .ss, 
S.'l!c, A)~qo)ej-e]o), o);;j-"i]P]i!l]o].ss, 'lt<J]o]e<]o), -\f~sl!E. % "1"1 i.+eJ-oJlAi 

>il?-1-"i"l ~"'t1l (NOAA, 1992), "lc"il"' GIS 'll->111'!-'i'! 'l!!i'.QJ- W'-'11 A)JI -"]Oil 

~ 11 g '1'"' 'i'! '11 "l~ "il -i'l:~ £Ce 'l! !i'.;:; W"11 'll "i "l"i tl-%-ol-JI V cf. 

A~ 111 741 :a 'l} 'l! :aj .Q_ .s!. !i'. 'l! 1') j1 ~ 'll -.) 711 ° I * "'"' ·~ V c) ';'! :,j -"I :aj '1.! A] 4 "il Aj 

A~J11J41:a e)ej-_l;l_]'_ _l;l_:,j:i!j- o]-§-"i] 7)1]- ~'ll1'),:,_ 7,j"1J'\J V"' •J-'1.!c¾ ~O)Of ~ 

3! o] t:J-. ::i '11 Ai l,J-~ Aj%o] i.+ Jfl "1] ir¾ 'l! 'l! o] }!-o)t1j 7] _l;l_ t:J-1= 'l! 'lJ 'l!: '/1-'{}:aJ '1J 

'll -$1 ;:; 1 \-'I JI -'i' cAJ ~ -? 'll: ~ cf 'i'! oJ ~l 1 l-'l .s!. 'cl el "I!: 'll 01 ig-711 -<l cf. ::i el \'l ::i 

'1l -$1 "' oJ '>1711 -'i' ~ ~ -? V :e 1\-.\'E 11->il Oil 11->! ~ '<' 'If "il jlj_ c\. 01 s:! 11-"11 ;:; ,n 
'1, 1')71 ~ ~ ~ •J-'tlc .Q.;,. Aj <-j ,:] (habitat)el-1= Jfl 'a¾ *)% 1') 711 sJ '.lj,:,_, Aj "l e<] 1= 

,~%ii''ll .'E"' c:::it.5'. ,g111,i1 :a tfl'1!~ -? v"' 11-'ll¾ 1\,:Jj1 V'.llt:J-. u:J-el-'i ,~ 
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¥-£1 ~.AJ-i ~ ~~iif-~ ~78~ 7]~~ 18:JlA~ ~~~ .A]£'8'}7!] ~~jl :I?;!½ 

21-% ,g %.i!J- tl: ;;l 11.!i!..21- ~"11 :a] .5'. Oil t-]-E} \!! 31 °1 Ai 61 :aj :aj .5'. 'E <= ,g Ell :aj .5'. 4 

:i1.. ~ y 'U9-. 
,g Ell :aJ .x. "r-'il s& ,g Ell 711 ('E <= c<l'i'!)½ A-&--aJ 2.g_ i'le.J -.171 .!/I~ "J'li 2_g_ ½ 

'!l,1'f '.1l \"'l 31 0 I cJ-. 0 l "1 ~ Al .5'." "t'-11 oJJ Ai .5'. -aj % "1 o] "1 'llc "l ej .si .!i!, ~ Jil ~ ~ 'r 'll 

i>f ,c '~ A 1% "1:;, :,! cj- (~";"1 °J'i'! 'i'-cl:, 1998; "1J "J4'{1-.!/-, 1998). ~ i"oll GIS 1» \1 
01 £ 'ii "13l %%"1 \'!Ai Ai "1 :a] .2f ,g Ell 11.!i!.;; 'if ,o_ 11.!i!. '= cJ- 0J~ -ef-Sj 2._se_ -l1f \,J 

>ii oJ-§-"171 Aj"}~ 31°]cj- (~";;<l\'l.!i!.~~:§j, 1997; 11.!i!.%~;;[~-'iL 1999). 01 

\'l,'-oJIAi ,gE!J"l.x.4 ~,g. ojej 1l!i!.7} 9;cf'1)"1o] ',r .!E~B "1£.21- 'll!i!.7} '1:-i,-, 

11 e.J >SJ o] :,! ,c GIS t~ o] Ei "iJ o] 6;; .l'-~~ 7ff \12.5'- Af-§-i>I "'-"f ~cj-. 

o I "1 ~ ,g Ell "l £ 1ij \1 ~ ;qj--§-;;f"l 1J§J-.x. ',l"'i! oil '!l -"1 11 !i!.;; ;qj--§--of "l 711 "l-'il 

!i!.'.l,cJ-. .2. i@ {!aj Al'lJ 2._se_ '11 ~ 'ii 'li-:1.el 'l!§J-71 'lJ,2.E..s "11 '1!: Ai") "l-"1 ~AJ g 

.llj-"}af7j .!/J'iJAi~ 1/]-.SA] oJl'1!:{J 'l\§}ojj tJl~ '!i!i!.it ~!i!.1'lojOf ~cj-. .::J.e.j:i'- ~ 

11 •J;,c ~ % "1 {el "ii 'ii '1!:-itEII .2J- 61 ,g -"1 i'l ~ .i!J- !i!. cJ- '!I~~ ,g Ell "I .ll.-"1 4''ll £ 

'l/Jl.af'.llcJ-. ojaj~ c<l.ll.<= :<]'cl 3\'!{! (1997\1~1999\1) ~Al'<J "1.i!J-½ >a_tJl_se_ i>f 

'.llcJ-. 4''lJ'<l .I'.~ c<l.il.<= 4';>J:<]£oJI 'lJ'l;;f3l :<]"-J1i!i!.AJ6'\l ~ oj-§-1'foj t~o] 

EjllJJoj6§\;,\2 .::J. 71,£-t~ 'lJ.!/- :<f.ll.½ ,t-'-j :l. ~ cJ-% .x.A]§fi,l'.llcJ-. 

O] \'J,'-oi]Ai~ ~J'f 7)l'!l_,Qj 7f;>j 'll7rY- !;!_~ 'll_<Qc 'r'lJ, 0<}-@ 'll7r %o\J .qj--§-

~ 4' :,! ,c ,g Ell ;cJ .5'. ½ ,q e.J '!I !i!.AJ A'\!¾ o] -§--ofoj 1ij 'l)-1'f "'-"I Aj 'IJ-aj 2..s 'i'! 'i'- "'l 

QJ'/! 7J§f£ 0<JQ;jojJ tJl~ Aj'/JOJ¾ >!]"}~ 310J'.llcJ-, 4,e.J t-j-2-}oJJAJ:: 0J9t :,J-,& 

".l!'!l. -\1lEll"'l£7f ;;1g '11~<>1"'1<= 31°].'cc!a. ~-a;-,aJ2.!a. '11-'ll.!/l;;f>II 1ff'l)-1'\7l o]~ 

oJJ o] ILj ~ 11 !i!. la- l'r¾ 31 ° I nj o] 'W 711 11 Ja. ½ 'r'll -.12, o] a:j ~ OJ Ell g_ 'll 'l ~ 31 

'/!"loll tJl ~ 'ii •1~ 7J ~ 01 -'l1.ll.-olcJ-. ~"I ".I! '!l. ,g Eil"l£oJI .l'- ~"1<= "l "1 71"1 
,g;,r · 'lEil 11.!a.-"1 4''ll.i!J- cj]o]i;J"110]6 'j'-~ol],c .2.i@ A]{!o] -'ll.ll.i>fnj, %1AJ 

"' .ll. 11\ "l .l'-~-.1 "1 \'l \'J" t 'r. 'l .llJ- •I % 0 l cl::Jl. 'ii! 31 ° l cJ-. 
oil '!l ,g Ell "i x <= ~cf 'll I/! '11 ° I t-J- i\'-.!/-~ ;. 0 I t!: 7J ji[ ~ 0 l t-J- 'i'! 'llc % ~ i'l "-1, oil 

'1l_ 11 'll ,(j_'!I %oJI ~%~ ',' '.,)£¥; 3<!ej~ Ar%"t 'lJ&jlli\O]A9j, ~{! ;;j,'1j 

(pre-set queries) 7J~¾ oJ-§-;;f'.llcJ-. 'l{.<!.5'- JE¾§IB ½'l .l'- 0.ll:i!J- ,lJ-ll- 9"t'1! 

%Oil i'l'il ~ ;,j ~ At'lJ ;,;.si %oJJ tJl ~ 9' 71 ;;J .!a,_£ -'l1Jl. ;;f cj-, 
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".J!\!l"i 7}*1 'l/71'-t J;!.o,) "1"1' 'T'>i, >ct~ 'l/71 %oJl ~%~ 'T' ~1= "161>'1 ,q 
.S::. ('] til "'].'ic.; Eco-Atlaso] a]- 'il 'il) :S ;;acJ c1 'll l;!_,\] lo;!¾ 0 ] %iii"! 7N 'l,iif Jl;;<f "i 'll 

aJ .Q.ia. \'! 'i' "'l "'l 'l1 7J-~ .s::. \t I± cl! '!! -"I- .::r 9- \I! ~ "'l oJl ti! ~ Ee ia..se. El-o I .no ~ '11 31 

iif 5:1 ct rr .;,..::, ,! ,"_ ~'-11 oJl "i 7}'l)- ';I c1 Af%"1 :il ~ E Desktop GIS'l] o] ~ ESRI 

Af"i Arc/View;, "}%~ct- 7J-~.S::."i 'T'"i"'].'ic.E 1/25,000 .l!.¾ "'i'!i"'i.S::.:S cj;,c] 

E}o]1ti}Ct\ ~~~E...o:j, ~~1i, Aj]l=IJ, ~~, £.£, %2~, a~7i:JT~, %~:;i;l, ~, 
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~J--l/-A\~% -!i-':j~ .'E 1']-{c ~caj_g, cJl'1i_ \'!"J% {c'lJ$}7) ~~ '5)0)'.ljq. ~>ff 

.Qj cJ! '1i_ .Qj \'! "J % {c'\J %\ 7) ~ 'Oj-oj ',! :>\"J .2..s!. .. J--l,-A\~ o!) y-q \:t ail") 3'c 1J .>If 3'. 

""1! % ~ 7,)1 ',j a-\ oj ;<) '!l :<r. (1 / 25,000) o11 w 4'<>1 "'JI. it 'll "l Al ~ q. 0 1 'll >II i.+ q 
I± ~'!l'l!-"1 '1!'11. l'!"l.g. 52.94km's:J."1- (.::1.i/J 11-8). 0) l'!"l.g. "1"lt!:7<! '1l'r',lo) 

{c'l/ ~ '!J jJ j1.3'c1j 3!t ;<j ,tc1j A\O) .Qj j! '1i_ 'lJ "J '1) 46.81km' .!i!.1']-1c; 3.3'., 1J al] \'! 'J' 

',lo] 1/75,000 '1\:£ ~ oJ %.-}oj {c1J ~ 'J!'il. 'll "l '11 56.45km' .!i!."1-1= '}~q. 

'!1-'!l '1! .ei -'rl'! cl! 'ii.¾ I'! "l tl'll o 1 7\'o-~ 7\11- .2. eff B "1.£ ¾ o!J -ot i.+'11 1917 

\:! <>I) "I) 'l-'il -'l :so. (1/ 50,000)'1!-o!J 1+ "1-1± 7<! ~:so.~ TM ;<\ .il..s!. \ll t!:+ cs) 'il i:JI <>I) W 
'}oj ")-.lf.;. 'lJ :>) A) '{) + \'l "J % ;,\) {:f-oj-s:J. q. o] ',/ ;,\) {c1J 'iJ \'l :oj _g, 61.59km's:\ tj

( .:J. i/J 1-2). o)',/Ji) 1', "11 ;<)\:! 80\:! %'11: Sf 8~9km' (Sf 13-15%).QJ '1!'11-"1 ¾"1 

"I '.ll g % 'll 'T '.l) q. .:J. ;,j i.+ 3'. ;<) :so. it 'i'!: ~"'1 .!i!. 'll 1910\:! i:JI O 1 ~ o!) cl! 3'. ",)- ( 'T £.) 

o) cl\ ... ,!~o) a,oj7\ '.l)j7. oj'J,o!] ',l 'lt',/''1! 'll½")7t ,'csJ%\s:\% ;;\ ~ {)'11:~ 

i:)-\'! "l oJ :SO. IOlrn/ o) ,j/-.Qj 7.J! 'ii. o) A\e}1/ % '5).2..s!. '}1J-'1! tj-. 

~'\l'l, 7.J!'!! >§11!;<):£ ;,j)'} A)oj)1c; o):, ;<):£~ >J~.se..-}oj .!i!.1']- "1>!)<>1) 7\77f,£, 

'J! '!! 'li "l ~ {c 'lJ %\ 2 ° 1 -lr .se. i:JI ;,. % 11-'1! ".J! 'l! -"1 it .2. :. "1- e.J-~ 0\1 'll O I i:J-. 

"'1'11:i 7)f1, *1'!, y,'!01 1J%\1c; cs)"l."-.s!.Ai, o) :.<1-"1 -l!-&c4% 1!:<r.oJI o:J-4 
afl1- qoJ~ t!-7,Jo) y-q',!' y ',li:)-. ~a-) ',J-y'1] 'Oj-~.ilf 'lJy'1] u\i:)-7\ 1J%\2 '.l) 

_<>_oj, O\IO,}_g, %\t\y.Qj %½ ~%31\- ,tc-'<j.ej 'if7J- ~%, .:J.aljl_ U\',J-oj) s.j~ ")-'if 

~i>o) 'o'&c<loJJ *{l-%\31 i:)-0,}i;}Jil '/!%%\7) "11¾<>11, %al· .o:f~ · >§-ll,"J ~>.Jo) 

q 0,}%\ Ji) i.+ "1-1± ,:\-. ~ %] 0) a, i .Jt,j/-.Qj a'c{! .>If "11 °cl'-"1 a'c{! o!) o:}~ ':l .. J% 'I! 2. 

E. ;,., *'1!-t!:7<! .>If "'1 o., -tf 7<!-"1 aj oj ;,cj i:J1 .ss.Ai s.) ~'a% 7\ ;,cl Ji] 'il tj-. o:\e}Ai 01 * 
<>I) Ai 1'c %al "l tl-7<! .>If ~ ~"l t!-7<! 0) -'1!-&c 4%-"1 'll :SO. <>11 o:J-4 i:)- 2 >II 1+"1-1+ a\, .'i'. 

~ a<c <i .g. 11 ° I "l .2. .ss. i.+ Ef I± i:\-. 
*"19+ ufi:)-7\ 1J%\1c; "'1'11:"l"ioJJAi 1'!'11:½"1 (coastal wetland)7} 'il"a-'ili:)-1= 

. 7\ g -



!tWgj- ~-%! 7J!~ ~!t 
<f>j c 1 /25,000 

12:!~: 52.94km 2 
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At{! oJI ;a. cJPI·.,. 9-} <'! 0 I 'l1 *I "1-]I 'll cJ-. :i. el 4' T >II :sj '11 \'! '<!ia' >'] 9.j 'll -'/l .2J- %-i't 

oil <11 Oil -'i ;a. >'I ~"t"l °"7f tf ~"foll trl-"1- cJ- 0J;;f 711 'll El -"I oJ jj:cJ. '1l '1!1a'>'I El 

** >11-'IJ .'f.~ '!IEJ.2J- PH)-7},c}_ia. .,_-;,-9.} '?>1}91- "l-"l"il aj-2]- -"J-oj~ "r~.J-oll \ll 

-9.E. !a., .,_-:,. >Ii >ii ::; -ll 'll ;;f 7 I -'ll Oil -"i ::: '1! "1 'll El oJI <11 ~ .!/-.,_ ~ :of '!I 'il- 'I! .fl. 7 f 

'll cJ-

-'I i"oJI "ii 'll '<! ia' "l .!i!. "1 'll (1999'd 2-%1 -ll-.l!., 8-'il 'llc .:it) "11250 oil -'1 ::: "* ,q 
(wetland)"~ r.a-~ (fresh water), 7] 4'- (brackish water) :.E ~ ~ ~ (saline water)7} 

~~~ :f.i:" 9}AJ~_Q_.£ :1 1£.rag ~.:il ~{::- A]Q:j.Q..£ ~~°tl-Jl '.iltj-. .:Ic:.j.JI Ai] 

_l:f!-..3:j.2..~ ½Al~ tj-A] t.jj~'g"A] (inland wetland)~ ~';'}½A].£ ,Z.~·8"}]2, t.!l~~ 

"l"" *"I !Etc -iJ '/!oil 'll;a. ~ (/IIIJ!E;a. cl, (i/l).2J- ot'i' (esturary) %9.J ;cJ<>jojoj, 

'?.!~v.-~lc ~~AjoJl ~.!fl~llt A]1(!o] ~<5}~ 17:ll~.2...£.ljlE~ n~AloJl "r.$lr.:!~ 

"'i\'! 0 1 1J;;f;c,. 7.l-'llse"t"lEl "1"1°1"1-'1 'lle.J&,1 'llc\. e;, "'El <11-il-'11 'l°l'l!ia' 
;<] c: '1! 50 {'j :u} TI"" {'j oil <11 ~ 'li ~ ~ 11 9-} 7 f A~ "l'-"} o] 'll >'] '1!, zj-zt¾ -'i '1.$1 '1! 50 

{'j:uj- -'1<1-'/l '(!50S'J_9._ia. 7t'll~cJ-\'l, 50'(!I1j (intertidal zone)oJI OIJ'iJ-t;tJil !,!c\. 

OIJ 6J"r{:l--l'-<>ll-'1te '!)-,". -"]7]oQ \'!'1!-i'l:e1'1l ~ -ll--"c"t'l!c:r1L oj7]-'1:C "\'!'<!" ~ 

-"]E1Joj-:sj'l] ~\'l"ll-'1 _l;l_Of. ¾"l.2J- "tcJ-7t 1Jt;tte -jjo];<]cJl!;'Jj '1! · 'll&'i' · OIi 

11 - ,~ 'ii . "' '1! ~ "l - 11-zt'? % cJ- 0J ~ t1c ?.J .9.-"- 'r-"a ..i "1 "l .9.-"- 'll EJ "' 11 'll cJ-. 
'i' >11 aJ .9.5'."" \'! '1!-i'l: e1 'll "112"" ('!19.J) oil -'1 ;a. \'! '11-i'l:"1 9-J <11 '"J-_9._ia.Aj "\'! '1!" ~ "\'! 

'llsJl"l":ilJ- "\'!'ll¾"l"~ y~;;t;c,. "l"l-9..ia. 'rr'li&'1, "\'!'1l"il"1"oll Oll'il-•t"" "l"l 

i1c ""' ':l:7t" .2j- "'1! 50 "r-'ll {'j.Q._ia. .!/-Ej 'il OIi El El ~ ~ ;,fl "'"l El "' tj" 5'. 'rr 11 i;f 11 'l/ 
:il, ''~tli-~~"~ "~1}£.Ai"!i}- 1•~~?ill~~ ~Al~ 17.11-@.2...£¥-E~ 500m ~.t?l 91 

e.J * "I "l "l "oil Oli 'il-""t"" "l "l.Q.-"--"1 \'! '11% ~-i'l:"1 >11 ~ "II -'1 '!I~ "I <>1 .Q.5'. rr'li "' 
]I ~ q-, 

•i'<le.J ~.,_loJl <11•i"1"" 11>1-~ 789.J~ 41"1"1 ?,-'l/e<l'l!, \'!'<l"l ":"l 'l"l'1!¾"1 
g_j ~~~ Tf1~.2...£Mj ~';'} ,;;i;]9.} ~~ iE"¥. ~.$Jo]] c:Jl~ 7}~% ~]A]'7} 1Jo] 

s1 'll t:1-. trJ- eJ-,1, \'! '<l i'f "1 'll <>11-'1 ,ii , 1 'fl l'i' "l El 'll .$1 7 t l'i' "l -"- "1 '1l oi1 ,1 rr 78 '<! * 
;,] _ei 'lJ -'/J _J;l_ t:f cj 'iJ- 'lJ .$1-t;\-q. cJ-oJ, \'! 'll"\\ "1 "-1 '!1-'/l 7]- 'iJ O\l "-1 'll -'/l .s!.'ltC'] .§\ ~ £l 

o1 'llo]J-1 °1 -\'-.,_~ 5'.-'i'- Oll'<lEJ l'fo<]s'. 'rr'll%tter1}te '1-"il7t 'llt:f. 

~ l/l, .l-A f ~ °l' "i]-'i ::: ia' "i -"1 '!1-'/l ::S 01 ~ 'II- '!1-'ll i;f Jil ii 78 sJ1 '.'-11 'll te rJI, 

< Article 1.1 > oil -'1 te cJ- g 3lJ- '!l- 0 1 'fr "l ~ 78 ej -t;f '1 'll ct. " Jet'll ~, '11 'is- al , 'il 'i'- "1, 

~Al~ !E~ ~~1¥1 ~, ifg"E ¥-, te""'r, 7]-'r, ~"'r~ ~~%}.Jl ~l;!j;i;l, ~, .s2.e-
7-] ~ "'rQ:J ~ W%1-oJ, ns: A]oJl -'i=-11°1 6m7r ~7-) ?t"C- Bil~~ .£W~t:l-(areas of 
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marsh, fen, peatland or water, whether natural or artificial, permanent or 

temporary, with water that is static or flowing, fresh, brackish or salt, including 

areas of marine water the depth of which at low tide does not exceed six 

meters)." 

U.S. Fish and Wildlife Service (USFWS)otlAfC" %A] {l-"ff°~ ~6\1 tf"A]~ q.g 

-"I- il-01 '\1-"1 %f '.lj ,:.J-. ",', ~ >'1 t ;,cJ %t'r \'l oj ;,cj .l!_ \'l 'f. t "I .li \'l -'i'-~ oil '.ll 711+ 

;,cJ .li \'l 0) % ,a. '!} ;,j '.ll ;c, ./\-"8'711 (terrestrial system).2} 'r¾ :,fl (aquatic system) Af 

oj.e] {joj;,c)qj% 'll'i'it ')!£.,a., qg.ej .\1] 7f;,cj 7)¾ 7}¾<~ "l±~ ~ 7f;<) 0)-'if 

.e] >)¾¾ ¾~AJ,jojc ~tj. 1) "l±~ 'l)A);,j',j;,cjaj-5'. 'r']-6)% (~"'l >]fl-"11 '; 

',!'51711 "l%~ -6)%) 0) ~;<\illl 0) %}:il, 2) 'i''\l%7.>l(substrate)-& •H'r>I -lo:'ll'~ ,;,

"'l.ss0.l' (hydric soil) oJoio, %foj, 3) 'i'-\l%7,>lo) .ss0Joj of,:! 7,J4-, 'll\1¾ "1%-"l 

']"'J-7]oll~ :fr'l).;,J.<>.;a. ,.-o) :l'.§l-£);,j4 'l}'1]aj-£. {};,j'.U"10) ~tj. USFWS£1 {j 

-"l "aeJ::: 'l)-Aj '1:!it~ ')!Oil •Jilli 'i'>il"l'<! 7J¾~ ,iJAH!lctt "i'll¾ 7}-'l:il '.lJ 

tj-

%f.,>.0<f A)£'5ft 1!"J'0J '.Uct. ~-")SJ- i'!:i'!'<! 'rllf.°. '\1-"1 7}¾<~, t.ll.l!."l'<! ')!£. 

£.i'::" 'g"A]~ "4-~o\ ~7-l\..t T7l~-2-~ ~ell 7i:}-7]C" * 7}¾-c~l ~'F ~5:. 2T o\ 

,,,.J 'T%7lZ!-¾ ?!-2, 11B?7r ~%1'~ tt1 ss~ .=r~t1-1oiJAi 1lAJ¥! ~Al§. 0J 

(hydric soils) o I ,'-3'. %f oj, 'r-ltt!:7.J :;if 7J :fro!I "l %'<! >] %'If¾ 1+"1-t.ll t "i "1" 
(Mitsch and Gosselink, 1986).Q..§. }!';: 7.1%\17} f!,€_-. A]Al~ ~2 9J9-. 9-~~ 7s 
4-, tr "i -"1 .,,i o I ;c, '\1-"1 ,sf 1)71 °14- "1 ill¾ -'i'-li'-'11 ,11, eH i.+ c.J-"IJJ-1 ;c, 'ir'rtr-'I "1 11 
q.., £lAi'T~~ 7]~.Q...£. Y{J 2a]Ei11rAl~ .£WA]7].ll 9.l,.Q..uj(NWWG, 1988), a] 

~..g.. 1.5m!i 7]¾.2...£. -'if.ll '.il"tj-. 

~J/1, 'li'Af,"J'ollAit '(}3'AJ 'y'-;J 6PJEj7Jf;<j.ej 'iJ.!/1~ ill!'<) ~;<)oil .£~Aj9j:il 

'.U ct. t.\l 'ttr0<J 0) <! "11 'lJ--"l ,;,- ;<) 0) {! ~;acj A] >II 711 t ./\-AJ>g >!1711 oil Aj 'r¾"] Ell JI] 'a. 

0)"10<\2 "14<s!AJ-"1 ,gE!l"] ¾:fr0<Jqj (ecological interlace)oJ7J 1'\111:o\l, ill! 0JoJIAi 

"1-=- 71iej7Jf;<I, iej:,:,_ 'r\'l<>IJAj "1= ,/0)7Jf;<j ~-')!a. D'r%f.=.l..ft 0f")7Jf;<) ~ 

""1 oj ;<) 7} ]i,:.J-. 

oj iil-"i)Aj;c, illl'll-~-'l-"l ,'-3'. 'iJ.!/1{< ,\l_'jj-.f;c,r1\ ~"1, ~"'15'.{!'{!.e] "1'll-~"'i 

.e] 'il.!/1 ;a \l"1 "11°.l''r~-'i'- "1'll-i'!:el'{!o\1Aj 'll-"1'<! •H'll-{!"i)Aj.lj'-lej "){!7];,.J 500m 

77} "I 91 'il .!/I ;a 11 ¾ ~;a. -., '.l1 :,:,_, o I 91 "ii £ "'"1 ° 11+ llf "J-, •H % % illl 'll- "I "I -"1 "i 
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'll aj '1! :411 <>II .91 "11 'il-13 -<l 3! 0 I 'I'~~ :<] '!I% & ~ A] ,I t:j-, "1! "l .91 'il 5/11= "11 '1! 2-

.s'. -¥-E-1 .91 'i"'l! "I '1! 7J el .!a. t:J-1= 1'11 <>II ¾'ll ¾ '¥-"1 ii :>I {!:j'c A] Oil 'i" 'll 2-.s!.-¥-Ei 

6m o I '-II-"- 'it'll -oJ-1= 'Ir A} 1 "l'.91 11.91 ii- 1'%-oJ-s:1-tj-. 

~'I! "11 '1! .91 Ai 61 :<] ii'--ll-<>111= 1'11 o] i.+ a'c5/I ~ % 7],l'L"\ 2-.s'. :iJ. ilj "Oj,:<] 'tl qoJ~ 

71¾:. 1}:<]:i! -\11!6]-"l, 7]¾2-.s!.1= 7]~, '1'1!.91 x.½1!.lc., '!/¾-'al-, 61'!/, '1.!Zl.91 

-W-% %OJ ~tj- (Robinson and Levings, 1995). Cicj'-} ,t'i"-9] 'ihi:'~ ii'-¾ >illll1= 

Aj-oj:<]i,- 1!~<>1-711 1,1--i,-~ 'r \lftj-1= 1,'-:<li'JJo] :<]"\"1"1 Jil¾ >l]Ji1% 7};;1 1,'--i,-7] 

j?o] >\]Al"] 7]5'- ~tj- (Cowardin et al. 1979). !f.~ -ir"'l .'f.1= -'161:<].9] :<]'!)<>II 

tJl off Ai .le. 'l! ~-o} ;,Jl 11.91 -o}1= 3! o] -\!!.ll ~ti], San Francisco Bay Project (1999)0111= 

:<]'ll.91 1/.9171- 0}'9' ~ "loJ ~tj-. 

'<f:<]9-j 1,'--!l-1= Aj61:<]% '\'J:el,S}'c.<1] 0}-'j- ¾Jl<>}q. >li'-f-oJ-'1J 5/lo\lAj '/:!,'l-~ 

7]j?~o] ~ Aj61:<].9] 7]',fo] "17] ujj,'-o]tj-. Ciel:il Ai61:<]1= ~,',l\ll~S-1 7]<'

\:!5/171- "]:il af'IJ-,! '!/%ii'~% :,j'lj-o}1= 01{) .8,'1.[o] "]7] ujj,'-0]1].lc. 6]-t:j-. CI 

"1 !'-'a. '<f "i ':a 11:-1'1-S}1= ')\ t K % aj 'll ,,,. ,q '\'rel ii- .!/1 "11 Ai •J\ 'll "1 •H 0f ~ 'll 01 

t:j-. Cicjy, ~Fi ±7H~ •1-£1- 'l}0] t,].!j!- tj-0J~ 1,--i,, 7]¾01 ~"1 "\'!!~ aJ¾o] 

ojajq.4 7}'lf q.el '1!'1!\ir:<]-9] ~1!"11 '>!-1= '<!g :<11'1!"}:i!:<} ~t:j-. 

~"1% "i"l"l ,t'i'.o\l 'll:'11 "111"1 i:J-"1-11 .!/1"11"11=, •iss t:l-i'c -ii-"'19-\ ~'!I:. 
'l! 9-\ -o} :il CI 3! ~ 9-\ 'il .!/1 £\- 1,'-.¥: ':a "11! .-,<>! of ~ t:J-. 'l! 0<} ';a 'ii-:<] 1,1--i,- (wetland 

classification)2-1- 8}.:il, ~A}~ %?:]~~ (wetland inventory) ~"8°]~.:il ~ct-. "g'-;;i;] 

1,1--i,-£\- ff:<] "f ~ :s\-13 9-\ ,>f <>j .g, A] ell Oil tt]-aj, 3oie-"'i \I!~ "1-'ll 1= <ii, cH '11 £. 3c 71 Oil 

~ A}.,J-~o] o]¾,;}7] 5/1'1\ •H'i"A]"-!of ~ cj-'i]-2-.s'.Aj9-j \ir0<]½ ~0)'-111= 3!o]'l! 

,<>_ 4, "I ~ <>II 1= -ii-:<] .91 t:j- 0J~ "!l Ell aj 7}:>H!- .!;!,:§: "' 7] 5/1811 A] •!I "1 :il ~ cj. -ii-:<] 

ii'--lt .91 'l!:>)"\ '1! ,lif .l!.1= ',lif;,.;s\-';l :4 "ii 7}'t '\'rel¾ .!/1 "11 :<}~ "I '<l ,,11 E\l lll <>II 'il .!/1 

':a 'lj'jjo-}1= 51' (Mitch and Gosselink, 1986)0 ]c). !E~ %~:aJ'<l 4/-13% Y1= ,~ 

Eli \:! .!/I {ic 7] '<c -oJ-:il, :<}~ t! el -9] 9-\ A} "11! :llf 'lJ o\l .le.%¾ ½ 'r '.lJ i= >Ii Jil .s'. \:! .!/I 

':a '11-~ oJ 41 :i!, "f ~'4".l :4 "I £~<>11 'l!.ll ~ 'il:511-li- "11 .cg.;;f 1'l, -ii- "1 oil '\'l: ~ ,n 'al :4 

-§-oj.eJ %'lJ-';J% :<J]'/1-i;})= 3! %0] \ii':<]½ 1,--i,--oj,~ ,lif:ajo]t:j-, 

iill't!.9-1 'g"7l {tff~ tj- 0J:~ 7]¾¾ 7}A].ll ~~15}.Jl CU..Q..uj, 7]~..Q...£-C 7]~, 

i;\J~f9-j ;c½:;15'-, "!/¾-'ii-, 61'!/, '1){!:QJ ti-% %0] ~tj- (Robinson and Levings, 
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1995). ::r~l'-+ ±4'"1 1:h?~ 1;'--1t ;J];,fl1,; 13"-"1"1 Ai61"1:. 'll~iif>il 11--Jt~ 4' ~ 

cj-1,; <i'cal{l 0 ] ;tJ"J-"1oJ :>11½ ;J];,fl;, 7f',l qg;,j- :,lc,i,- 1;'-.;,.7]~o] "11-'J-"17]£ ~ 

cj- (Cowardin et al. 1979). 'll'll~ 'illll:. '8-'1JAi l"--Jtiifi= AfiJIJi= c, ~'1, '11% 

';;;"] >§ej.2J >§E1J.2J 'llct 7J'o"l'l! -8.±½ '11;,fl:§J-~ 7,l~.x. ~.2.uj (Simenstad et 

al., 1991), %"1"l'l! .8.±.2J >§%~"l'l! -8.±:. .'i'.'\!!!a. -7-'\liif"i 1;'-.;,.iif1,; 7,l~'r. 

~cj-(Morris, 19%). 0 ]"1~ -'i61"1"1 1;'-.;,.1'; >§E1J;,fl~ 71-'l"l.2.!a. !i'-1= -'lzJ-"ilAi1'; 

uff~ .it4"l'l! 4'1:ro]uj, '1J,J- ;t]"l!<J :lJ 1JE1J;,fl~ cJl-'J-% 'i'J:e:J~ 'r ~1,; 'l}-{l% 

7f~cj-. '1/''l} o}y~ 'i];'IJ ,a';t]1,; .2J-'\'-!<J ¾"!"ii 1l}%iif1'; \:r'IJ7f -'a!'..'a. -'i-"J;tJ 

"ii '\'J:~ 'lJ!il_ic ~7,j'i'J:ejoj_x. ~OJJl, 'i];'IJ >§%,c~"] A761~7} -'a7]oj ;t}~'i'J:ej 

£ -ft-% iii ;,JI -'}%'<,! 'r ~ cj-. ::r '11 Ai A7 6J "i ~ 1+ E.f ';I! ;t] £ 1'c "i "1 'll !;l_A] 6 '\l 
(GIS)% oJ-§-~ A§E1J;t]£ "}'\J"] Olj{l-8.±71 1'!cj-. 

ff ;t] (!E 1c; Ai 61 "lJ 11-.;,.1= 1ll ,g. ~Al;;; ;,f 7] '\'!:"ii "1 '11 Ai •§ '11 ,,,_ "i 'l}, '11 'litf ;t] 

,\'-.;,.Oil £% 0 1 'fl 'r ~,'c ',! 7f;t] 11--Jt -'lal]ic cJ-%;,f :,lccj-

71. 1950\;![ll U.S. Fish and Wildlife Service.QI ~w-:•JPI 

1950\'leil "'Oil USFWSO!JAi1= 20"1 7f"i"il '<!iilic tt"l"l ¾'ii% 471"1"1 ?-8. 

-'J-'11 'il ? "ii .¥.~A I ;,j 1;'-.;,. .sf~ cj- ( .lf. 11-1). 

1). l.Jl<t'a"'r"l"l(Inland fresh areas) 

2). l.Jl<t'1i'r"l"l(Inland saline areas) 

3). ~ 'll""'g'~.A] ~ (Coastal freshwater areas) 

4). '11'll'11'r"i"l(Coastal saline areas) 

z.t AJ-q.i 1~FroJ1 ~w~o1 <ilt .sH1 ~9-oJ11-1t "r1J34 t~ ~.s:.~ ~7} tr.Q. 
.£ "g"Al ~ lf~~%}~tj-. 0 ] ~-fi-~lllli:" o].;;- ~7}~.Al ~~(National Wetlands 

Inventory) 1;'-.;,.>IJ ;,fl 7f >ff "'I 1'! 1979\'l. JJf;t] u]C:,:-"il Ai \;! ej o] %-"1 '.,1.2.uj, .2. ~ ,r<>il 

£ {! :,/ ~ "; A.j "11 "'"ii mo] 'l! %-"1 '1 ~ cj-. 0 I 11--Jt '11 ;,fl "ii Ai 1c; 61 % "1 A§ 'l} 'ii (life 

forrn)4 'il,;l- <i 0 J7} 7f'l}- ¾-8..sfcj-. :§}~"I'll •.j~"] ;t].lf..'a.1= \!l1;'- (salinity)'l! 

Af-§--"1 ~ Jl, ja' ;t] .£ 0J,i,- jl aJ-"1 ;t] 1Jl'.Ucj-. 
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JI 11-1. U.S. Fish and Wildlife Service9.j ~71 ~Al~ff~IJ:1I 

J'fll~ ~tl°~A]/~A] £. 0Jo1 i"ofl ~7=1 ~'14 ~61 ~c 7]{]:o] ~%~OJA] 
(Seasonally flooded ~. AJ1J-7]oJ]'C llffT7l 0Jii..~. ,:il.>:]t:Jl!<l ij¥-.>:) 
basin or flat--;) ldepression)St 7'1 A1 lbottomland). 

' 
3 

'a-T ~:-<] ·· AJ 17] ojj·~···i·;Jo] ... j;;ji ... ~71 if"ifii::· 1f ~-·~ .. ~ ;;:l ~ ··1 
(Fresh .. meadows) 61 ~%. 
~.g. 'a"'rifA] ............ ~i7cJ-7]ol] .:!ioJOT" .. ~61 ~%. ¾¾ 15cm !£~~ :i o]'I} ~ 

(Shallow fresh marshes) ._ 7d.- ..... 
4 .g. 'tl'T½Al 

4 
(Deep fresh. marshes) __ .......... . 
-'>J AJo] ';;;lC 'a-T~ 

5 (()pen fresh water) T{J 2m 0 ] 15t. 

-~~ .. ·:,f~(" ................. . 
fi (Shrub swamps} 

--- .. - ............. . 

·· ~oJo1 ~e-i .... ii,%. ¾.~ ... 3()cm ic :i o)~ ... if1J / -'J'f! ~A\ 
...... (WooQ~ .. ~-~amp~.L ......... .......... ~llH:!-.. iH!, 1_1a~ .. ]!Al t!l ... ~€- _ §..'T~Al_. .. , 

Ill 

II 

JG 

!, 

"' <Bo~sl 

1./111 '?i"r(i-A/(lnland Saline Areas) 

~T ~~A] 
( Saline flats) 
'~HfA] 
(Saline marshes} .......... . ............... _ 
"'M 0 1 iH:: ~ TA] tH 
( Ooen saline water) 

1]~§.4, "-otJ ~~- AJ1J-7l<>l] Kli'.l T ~;<.]7t -)10, ~ 
0 

...... 'EC: ... _........... .............. ·-~~~ ........... . 
A~17]6l] £.°<fol ~%. ¾¾ 7DcmoJ]Ai Im T1J. ~.g. §. 

............... __ T~;i;J_ ................ - --- ............ -
~.g. ~-'rs. ~,.,l W~. T$1C ~%-~~-

4'!1 'if"r(ix/(Coastal Fresh Arms) 

"81'?! '?i"rf'ixf(Coastal Saline Areas) 

~~ ~~A] 
(Salt flats) 
'fl Ag j;_A] 

(Salt meadows} ......... . ....... 
¼TFl'!lW ~'iifz] 
(Irregularly flooded 
salt marshes) ........ . ........ 
TT~~'%!" ~"E';,;l 
(Regularly flooded 
salt marshes) 

~1 7loJJ £ 0J ~%. 2.1:-'f-! ua 1:1\.ii!.~ -n-~~E-~ AJ~l. 
~,g3:;i;J2J- "E';,;) tllSl 4,A]¥,4 {:jol] ~-"'Ji'.1. 

-·i¾7·1 oil .... ii.°d' 1 -i: .. ·s, ,;:oif" .. ii ij .... {F~ ~ ;f ... C$ 1 ~·~TQJ 
........... 4-:x]¥-otJ. t{jAJ.'fl .. 

AJ?J-7]<>1] ~,t3jt};Jj] wind tide~ {)-{:!. ;,:is:i .il]j.,lj-fl ~ 
4 tli11 %El ~~(shore)¾ aj,i!} ~-.\J¥l. 

.i!.Z~ 1lJI 15cm !E~ ::i 0 ] 7)-.Sj +~- Sll 0J:(open water) 
"I- 11:1 'tl-~ aJ-i!J- "J '\HI. 

njl~J!j- ~ 
19

_ .... (Sounds and. bays) 
t!i.=if~ 1?i'Sf ... i'T'.7"1-,~J-,g~<',~i!c~7} 7}i.if 11£·;i---~% ... if 
IT~~-'r-¥1 41~.21 .£."E' ¥- 0 1 .¥.i}tl. 

·-.. ·-·~ it-l!·.i·~-11 ··;.;jj ... i'&n{;;jf.:.:f 1~ 4·1f ... ifcii'Bf'?.!-%. ai:·~ "'il 
•J 'il. 20 "!:J.f'~ ~-;,;) 

(Man~rove swamps) 
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Lf. ~'I USFWS2f ~7f~Xl~<!f(Natlonal Wetland Inventory) 

'1!>1 °1~91 i'.r"l1i'--ll->i],iJ,c 1979';'!oQ USFWSoQAi '3j--';j~ ~7} ;'.r;,]~'s

(National Wetlands Inventory)% 7]1"-E..ss i<f.:il '.UcJ- (.l!. 11-2). o]')!-€, o]=,joJJ '3j

-1J"1'.l:l'il 1,'--l,->1]71].!il.q 'll-$1½ Ci l!il>ll {i'\Ji<f~.:il, .!il.9- 3!f'r"l'1! 1'!:el ~"l ~ 7} 

;<].:iJ. 'l!~ 0 B!cJ-. oj7]oQAi,c i'.r"l:S "j,.. ('T''J"l,..: hydrophytes)3!f se_ 0J (;'.r.c<]se_ 

0J: hydric soils), .::iaj.:il ¾<?'ll\'r \ll.5'.½ 0 ]%-sfoj 'lJEjiif~q. =,!%;aJE..ss i'.r"l 

oQ cf~"l"l ?l'll:'il '>gt11")E..ss 'i'.!1'!:B <I"' <?-ll"l"1 (ecologically related areas 

of deep water)'.5'. '-ll<?(l'lL1') Ai"J:>1(deepwater habitats)'.ss >ij-1,-:,Jl 1,'--jl-oQ cf~"l 

'.l:l q, 

o] 1,'--l,-'IJsj ';'l)"' %%3!} "!%~ %'\l~ u1I o]-§-,ajl'; '!l'll'll 1,'--l,->i];,TIS} ¾"f 

-sfq;: )lo]q. 1i'--ll->11¾:'. A]'-',l(systern)3!f -sf-$1 A]6',l(subsystern), .::laj.:il >ilil" 

(ciass)Sl Ail 7}"1 ~-$1.ss 7'-1,'--,!q. 

~AJ-$1 'il:>11½ 'A]6',l(systern)'o]e}.:il ~ajuj, '<?11:~"l, cs]'ll~"l, ~~"l '£,c 

'!1%'1"'! .ft.'1)~Ej 'll~~ ¾Af"f>ll .!il.¾i<f,c 'ilc-$1°]9-. 01~"' qgEj 9--'.>1 7j 'i! 
-$1 A I 6 ',! E. .ss .l!. 'I! -,! 9-. 

CD •H 0J"1 (marine) - ell..;.* %.l/-91 91•1 (open ocean)e} o]oJI 'i'.!1:!B .:il"i]L-i 

;i;] ~~{}. 

CZ. <5Fi1~ (estruarine) • -&-Alofl 9.1~ 'll-~~£161 '.V_.ll ¥fE"~_Q__.£ Aj]Qf~ ~_Q__ 

uj, •1°J3!} ',!AJ")o]y-uf 'lj~o] 7H,-~ i<f'r .l/-11:91 <?{lo] <I"' sc<?-1J 

A-j~lA] (deepwater tidal habitat)£} ~ .. Hi$\l 1),C {;~ if-Al{tidal wetlands) . 

.J:;-;s]oJIAi ¾½'<! 'ir'T'ofl 91'11 7}{;'1'1 ~-'>j-,!q, 

® i<f'l-1"1 (riverine) - %}5'. i.JloQ cf~,ajoj '.U;: ;'.r;s]e} <?-ll 0 ] <I"' Ajo)cs] 

(deepwater habitat)-"' 9-% 'f 7J4-l= >il-"l-<!cJ-. i) ill~, t!~, 'll'r'-"l'1! 

0]7,7], 7]9.j{t Jg--o] --lj2-~c5}C i:fA], ii) ~ 0d= 7]~~ ~~o\ 0.5%,i~ 3;:3!}'5"}~ 

"1 "l ~1. 
@) ~4-~ (lacustrine) • qggJ Al] 7}.A] !;1}~ ¥..~<5}C "g-A]2} 4"1Jo] :Y:: 

,j"j;s], i) ~fl-cs]t.j- ,'jo] '<) -sf.SC., ii) ill~, tr~, ',j7'-")'1) 0]77] %OJ 'ilJ 

:i!., A]Jf.~9.J 30% 0]-'c}-% 322 '.Ui:" 0]7Jl(moss)4 A]9.J-1i-(lichen)7} ilC :k, 

iii) ¼ \'.!;,Jo] Sha½ "'3!],i<f,c ;J:. \'!;,Jo] Sha o]'l!'1! ;l:.5'. 7J,iJ.2j =,!>ii '£ 

l= 'l! .l/-71 'I! ,j El ~W~ ll]-"s"-'!%oQ -"l '11 'ii 'a "1 '.l:l >1 '-l- 7] 'll-'lJ-E..ss B •I 
~.£...£ Ojf6jA'j V,~ 7cl'9-of1t ~~£]~, ~;i.]9.j ~jl 4-{Jo] A-j4-~ nJI 
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H. 11-2. U.S.FWS ~7~~:,;:l~~(National Wetland lnventory).Q.J ;;;;;,:Jt!ff:illlil 

A] 6 fl (System) ~,fl AJC 1Ai(Subsystem) :4ii-(Class) 

Rock Bottom 

Zt}tll(Subtidal) 
Unconsolidated Bottom 
Aquatic Bed 

~
0J{Marind 

Reef 
Aquatic Bed 

5::. {! t:!l (lrltertidal) 
Reef 
Rocky Shore 
Unconsolidated Shore 
Rock Bottom 

5::. 8} tll (Subtidal) 
Unconsolidated Botrom 
Aquatic Bed 
R~f 
AQUatic Bed 

81 T (Estuarine) Reef 
Rocky Shore 

5::. {!tll (Intertidal) Unconsolidated Shore 
Emet'A'ent Wetland 
Scrub-shrub Wetland 
Forested Wetland 
Rock Bottom 
Unconsolidated Bottom 

ti' :t:. 'i;H! /Tidal) 
Aouatic Bed 
Rocky Shore 
Unconsolidated Shore 
Ementent Wetland 

I 
Rock Bottom 
Unconsolidated Bottom 

~p~.q ~TOI~ Aquatic Bed 
¢f~(R1vennel (Lower Perennial) Rocky Shore 

Unconsolidated Shore 
Emergent Wetland 
Rock Bottom 

H" 7d ,,,I "Zh1 ti- tl 
Unconsolidated Bottom 
Aquatic Bed (Upper Perennial) 
Rocky Shore 
Unconsolidated Shore 

{!1!«! tH! Ontennittent) Streambed 
Ruck Bottom 

~'T~J ~T(Limnetic) Unconsolidated Bottom 
Aouatic Bed 

I 
Rock Bottom 

.~ T (Lacustrine) Unconsolidated Bottom 

I ~ ~"8 ~ T (Ltttnran 
Aouatic Bed 
Rocky Shore 
Unconsolidated Shore 
Emenrent Wetland 
Rock Bottom 
Unconsolidated Bottom 
Aquatic Bed 

~ ~i(Palustrine) 
Unconsolidated Shore 
Moss-lichen Wetland 
Emerl(ent Wetland 
Scrub-shrub Wetland 
Forested Wetland 

- 727 -



2m o]A.J-'l] 7,14-.5'. !1:~'<lc]-. o]-Jc"l %~ s."i''\l( tidaJ)o]:>jt..f •ls."i''\J 

(nontidal) 5'.'¥- 7l-\i--sl->'1'1l:, "1! 0J7]1\ej l'Jl,'-o] %-'II- 0.5%, P]'l}o]ct. 

® ~Al (palustrine) - j"j!-&, f!-&, °a-1-~'?.l 0 l7Jl g;_~ .xlsJfi- %0] 4-ltil-.ll 
~'= 5'.~ •ls."i''\J (nontidal) >i'"'i"l "1! 0J7]1\ 'llli'--\i-.5'.7l 0.5%0 P]'l}'l] ;,] 

"1"11,.1 "i!'j'<Jct. ""i>J 0 1 (d<c l'i'"'l.'i'. !1:~'i> "i' ~"I'll:, ct%"1 ••I 1f"'i 's 

'll~ 5'.-'\'- 7};<]Jl ~oJoF ~ct. i) Sha P]'l}ej ,c]ej, ii) lf'lr~ .ll}sl-"}% 

Oil ej "ii '!! >j "1 'l} :>l t..f 7] 'l}i} 2-ia. 'fl "11 '1}o] (rt <c -Jc, iii) "1 "i' 'l! A] "ii 211 

24-{lo] 2m PJtfr'il 7a4-, iv) ftH 0J~ ~~ol 0.5%o P]~<?..! ?J--9--. a:}2}Ai 

0 ] J.]!c,l~ 'l,J.j 'llia-'<J Lj] 7l"'i A]!c,l 7h~-t~, "1! 0J A]!c,l:. "1121~ "5} 

-i' "1, •Hl <21, '""-"i' 01 .llf 'll 'll "11 t..f E} ',t "i' ~ ct. 

T ~~ 7-ll½'?.l '&J..!j!- A]~t@ (subsystem)'-& {14"{1£., -'r~, -'r~Sl Tt1H, %4:;'-, 

-i''\J<l-7,121 -it'!!, 'E<= 'il'll-~ 'llc',l 'il-'/1 %¾ o]%.,.l'9 -"l!c,l¾ .!le]- -'l!-<•1.,.1 11 

'll ;;-f 7 I -'II ~ -sl--'/1 'il ~ o I ct. 

CD s.-sl-rJl(subtidal) - 7]>,,lo] \14/"!2-ia. ~"i'"ioJ ~g. 

(2) s.Z!rJI (intertidal) - s."i'oJI "1 "11 7] 7,1 ej ~ "i'"l x ½o] 'll:-1'\--'fl. 

® '13'c (tidal) - ;;-,~ A]!c,loJIAj 7,1Al7l ~'1};;-}Jl 3'c-'jej 'll~:. 'l)col %4/"l 

'/J %0] 'lfAJ ~-

@ ~7,IJ.) 'll-i';;-f~(lower perennial) - \1-\,' -Jt'd'o] ¾"'1-'fi. 7,lJ.) ~'1!- ac-'jej 

'll'd' (dg. 

(5) i,-7,l-"l 'll-i'•l~(upper perennial) - '11% ¾'d'o] ¾"I'll. 7,IJ.) i,-~. ac-'jej 

~""J gtg. 

® Z!~"i •l~(lntermittent) - %st 0 1 '11% LilLil ¾"'i"i"'i ~g. 

(7) ~-'r-'8 §..4-(limnetic) - ~4- 4191 -2.€' {]-'r Ai~~(deepwater habitat). 

® ~~,,_d §..-'r(littoral) - ~0oJ1Ai 4-11 2moJ] o].s~ lj!-~g ~~. 

"1] \'l •l >II ¾'ll '>II i,-(class)' ~ 4-11 & Jl ~ <= "'I >Jo] t..f 7] 7,1 ej % '!! "ii "1 •l Zf 

1'/Eil;,fleJ 'l!'ll:"i'll ";'\l:. 1!'ll~ct- ""11'/oJI "1"11 J!.\'!.!/-7) 30% oJ-'IJ- -"1"1-"1"1 
'x.l~ 1-¥-0lli.:" 611 ;zJlir (vegetation class) 0] A}¾£]Jl (611, scrub-shrub wetland), 

30% n]'l}'l! t<ll<= 7]~"1 :>ilia" (substrate class)o] J.}%-,!c]- (Oil, unconsolidated 

bottom). 
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~ "l-11 SJ'"11 "i 1= 'fr "l ~ 'lFr"l 'll ¾¾~7,J "1- <l±~7il -"I 11 °1 "l rJl .s'. 'it'll-of:,:,., 
tj-g :i!} {foj 57ij~ ~'9'-..£. ~-W-<'>}'.xftj-. 

CD •l 0.}'l] (marine : '1)""1 811 'l} "1- % :>:.& 811 'llc ~ !I:. ~iil-1= 811 '11¾ "ll 

(2) 7]'r'a (estuarine : {}z]-'c', 'll'il'"l (tidal marsh), uJ:::t'l'Ja. ,l';a:] %% !/:.~) 

@ ~4-AJ (lacustrine: §..4-~ tr~~ 13'"Al) 
@ iil-tl 'l] (riverine : 7.J-'4 iil-tl;. a:fi!} 'il 'll 'il 'fr7-l) 
Qii :;,,;i (palustrine: %}~"1- '1!"1"17-] @.g, :;,:,_]qj'!, -"\Pl) 

o\ 1/:-i,-1= USFWSej ~7}'8'7-]e\->l- 11:-il-'ll 'Al 91 al%~ "l !:c ,l 1i'--il-'c:-"1- l?~ 71-

'll "-l t! c\. 

'll-"\ 1/oJJAi ~-"IB etot :,j-oJ 'fr7-]-\c 11:-il- li\-"l"l- ;;<--;,- 'r'>il<>II a:fi!} cf.s71l 11: 

*~tj-. 0l "g.g. ~½~ ~ft~'Alstt lg"iQ, -?-it 4cl-9.J '3fl~'Y"Al~ t:JIAJ-_Q_.£. ~ 

-1t-'6}j]_A} <5}~ ~~¾ 7}:7:].:il 5:.ltj-. 

7f. 3\l'l! 'el"i';;:;x1{coasta\ freshwater wetland) 

(1) 'i'\IJ;;:<J (riparian wetland) 

"Hi '\I oil '<1: 'a"'r'8' "' i'! eJ t .21 '<'! -'l! 2-5'.-\c 71 -"I -l\-'J- A~ El\ '11 '1-B i'! "\ 2-5'., rJl 
¥~ <'>Hi~ ~'6J¾ ~.Q..1BA1 r.lla:9-] ~.X:AloJ11i!- ~A].af.Q...£. .X:-W-9.J OJtrJg ~~ 

i'! ej oJ r:J-. a:fe.f"i "1 "l "1-'ll 91 rJl-¥-1i'-t iil-~ 711'! "1 "l %<>II -"\ iifoj 'll "1 \lr:J-. oil 
'<1: 'E°f''8'7-]7f 'll,,riif7\ ~oilAi-\c r:J-%:i!\- '>)-.g, ¾_{lo\ *'11'.sajojo) t!r:J-. j) "J',j

~ 0J91 7J4- :rE"=" ·8}~9-] ¾iJ ~ ~~ A]4;'-~~ 1a""r9.J .:g-~o] 5:_l6jof ~tj-. ii) 

•1'<1:•f t.\l;,. Al-0\-"\ 7JAl-Sc.7f "il\'loilo) t!r:J-. iii) ±-;,--"\ 'll~, ~ ¾."-foJ\ a:f~ ¾. 

-;,--"\ st.j-;:;o\ 7\0) t!r:J-. iv) o\a]t! 7-]'!I-"\ 'll~2-.s'. &4'91 'lJ%'o\ "llt!.sa\"10) 

t!c\. 

a:fe.fAi 0\ * '!I -"I ""' 1= ±4'(1ide)-"\ 'll ~J-& "'ll "l 2-5'. '/J-1= "f'r _l;l_tj "He-"\ 
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-OU -

lolII>' ioi/>,&1"1" -'skliotol" 'slo t,f;,r ·t,E;-i'd• {o,&E ~-ecl'l: fyil,[o.f,; 2 

ol<:¾"-1>' {Lile<> lioil,lI rolio'7 -lo-&il,, lo-tc{Y\ic 'f-t-b-f:- [Lio!>!,, llelo lio~E,:; 

IJolL'<'il,,il< It,% -lorolit'7 ~I!>.', '~o=:1" Kta[o(~JB{S •unp)l!>.', ,'cjy a la;[L ~ 

fl lo-½-fo¾ 0-blo~{R.fo lo~ ~[5~[\t {L[tll'l".'.~'L ~-B. lwlo llob-~ ~[t1l'L{}.:-,£ lo 
[ojy -t-{Y t<Z {o-t-{Y\ic [6,'cjy t<l i/>lei¾"-1>' [o&t,! lo ·t,E;il,,ll,. {L-tc{Y [61<:{<Z 

e;;c&, [lo,:., l>'-\l- -'sH2<> jzf-t[;!¾ 'lnl>'lo'sla [oll,.[,-,[yf-} "\l2¾ ta[o(1noM01q) [>' 

-lo t-;- I? ii> lei Irr -trr H• to [lo t-;-% l L -tel Y ilc ::: lo llel'> 'io lio ii> \ic lo la lio k [lo IHi!:-/'> 'i,. 
to-t-jy {o,i ·t,E; liipt,lt, [0(•10Ms) rott•'7 [s[>'f>' lo[ojy !ortY\ic {o(•2pIJ) 

[>'le i:'>"fl[o!,,icjy]ic lo\iclo :::11otol>'r{Y il,t,i-J;;-je lo&{l!: i}[o 'lf1-'s{Lt, loleilti 

-I;: [oia;[LrtY fyil,[,fyil, [o!,,-,lcjy ¾2HY [yj:l llo-/ril>\ic lo!or{Y\ic 'il,l•lo-½[o 

201'<¾"-[L [ol'c-& lol!2<> [lol,,rjyilc "\lo loleifyil,. llit .. f•llr ta-In ai')ieile 
·t.:iBd-z&v 20[{: To-attn [en; El:'ilvlo 2-o~l-z:?y 

% ~['Ll-o~~ {o-ff:t ~.f.!;l~ lo-&{Et 2~ {L._l:.{y,0~ '~[ft lt1R,~['L ~"lfl 20~[i: 

f,c a,&fh to-&-trr lo-lcE lo% rt" '11,i(, t>loleH• ~~lo ·t,{ol',l l><leift:lf lio 

Isl,, lol>'.';laH• ~'s[,c,I), loltt r{Ylalio l>'{IL~i,' "''""'* c0[1ofl,r ·t,io lo,& 
f:c "\1',l 1,.,, .. %.[,c 2ofl:Eloll>' i} oi'r"7 [fl"\{ .. {?!\- [o?y[y kta-ln ·t,f,l {L-t

f:c "sfo lot,;¾,; f-tf<lo liollc~ t,!il,lI[>' [oil,,&j"[>' Kj"-/r% jL,&j,,[L [loi'rltn 

[Lts~¾ ao~~l-z: loi½-==?' ~Yllolz:-W i:-HR '~o'to K1-!l-%R l~if-% ~¾::? lloltt 
[ti[>'r{Y p;;{.o-/r% [of,,,&.f'L le-!o {o,'cjy ,:;t,;fyil, fy[lola;[>' toER C:.,Cjy ,:;t, 

il,, il< k 11o to I,, 1ti 'ii" ~ -I> -lo tat> le -t- to '!i · t, i½ 'll .,c 2 o il< I>' I<: la la Ile "' le Ila \le 

'lioi'rltn [Lio K[,-,jL ~11<-ii< tollcra {i!:-!,{I. [R[l, lo\i<R lo% tl>¾-!J- ¾I<:[,. {i!:l,

[L lo¾i<:larh ,.,, .. lo-I> -!<lit -lo~ll< lol\--lo fyil, -il>H• [61,,ll,],c lo% &-lo i,. 

t, 'l'> ./1< -lo il,, ii,. lo ,L{ Y ' k 20 'll-/r to lo Ii> '7 I Y I<: t,. -il> Ile "' I<:¾"- il> "s rt Y -il> 1w 
·(8l6l 

'4HtIISp{08) -[:lf<il,,il, -/; k[1o(4oe•q ~oeq) lai: "\t,~[l, lloi<>i: lolelle -lf 'yf,c 

\o-lo!e lio[Lt,il,:fr [o~r to'li 'In¾ 20!<:¾"-[,c K\.ofL [o.(>{A 2c0& ¾fo ,& 

/l;[Y%[o ;:;[I,-;, r 'Klei-E'--& 2of.a-b {L{l'tl,l!,-;, lo[LE ioi.-1<: "s.,Cjy-R,lt, 

(pueI1aM aunp Ie1seoo) [Y!;! -tch{o~ (i) 

·t,E;-l',lt, [lo[o [0% [>'J).±H• ls l,-.(>i,, {i!:-il,fo loisc 

,_. -'st .. ~-i1 ¾RE tolt kilo% 'if "slo lolei~:lf lloltt lll()OS f-l.-lr20-il,lw ·t, 

fo "'ta{" Io¾ t-;- 1,-,;;. ,:;{.o-:,: is- -i.,&.g, 201<:-ie lo 'In ft {3. tt k 11o I¼ I" -lt f., · % 



- 1£L -

'lf1-i.efo-b lr{IL[L2[0 IJo(,fop) al<: t,(ll!S) {Y[a 'f.,-,'rfy[iol,;1£ t,[o{l:{r 'o'~¾ 

~-J..g ~i::- ~ [ti [ta fy Th. lw- ·t-i i½i!r~ 2(m.me1oi:nmr paq::rene Ayasoo1 10 .3\.f!MOlmq) 

¾%,l,[ti -[et, [o[,;{'.-,'r t,[-L{lr ¾~ (!11 '(euneiosaw 1mms1a1ur)-!f%,l,,£ 

fv'2{} (!! '(eunI?JOD!W patpene)¾%~[o ?v{?ilf ( ! p:l-l..g~-f.! folL'/:::-{~Fc, --"i}¾fy 

fy{2{11 •t:i-i.e%lr 20Th1f "<-f.s.lUl: ¾-iz-&[yfy lo¾fv "<{Y IJoifr 'o'~i3,, lo~ 

[L -[ef2[0 'fy2[LE lo¾la,[s 'o'~ -i.e1f% -&{L "<{,;{lei,: ~li<HL klioltt l/tl\, 

·t:ito -:>I<:-& "<-bfo + -i>-ln: ¾fy& lot,r 

* i'-b 'o''s¾fv 8:%ia, l'el,;.o lio-lrl!n fl:'E./o -i.efelo t,fer •t:i-i.e%h if1C:l< 

lv{lcIT ::Sta{r 11n -r;-&[o {Llt,K ¾i\'-,'r-1',.(y lo[ri'tlJo =:, .. %{v [o';i:: o 's¾fv 

::::ro Els- 'lnol\l. [0%1',,fo lf1"<{L{o?v [o';¾fv 'lio-lrl!n [L{-'?-{L ~roll¥ ,et lio-& 

fy t,ri,,fy lo¾fy lo%lo lo¾!a,[s -lrr¾ lo&-b :C:kliol/t[lo "{:I¾ fol5b-Th 2·11, 

l\si-i.eto~fo-&•to••fy1Joj.1,l,;&•ti+li<llilo¾i'o'l/tl\,20!a,"'ll, 

·t:i lo 3" if "<,_.:/'. lio fa I• 

!rR-¢c -i}if O ~ kllo~"3.[n-::7 ~if -if½ lt@to l'9{~r,i'~ to-tvfL [o[ft~¥ 'Flo'fo h.<?f-1 
-1" fylJoif -a,,', "<fo e:, .. ll {LI"* to+tt, 'o'l/tl\, "-bi<:il<.'c l\,lo 1Jo% 1,,lt-R,l\, 

t,-,lcjy t,[o¾[vfyj',{:i 'o'-i.e-1'- i"lli& lol/<H• "-b-i.e-ia ¾tolr "<fo Ina%- lo¾!< ls 

lo 11s 1"- iz IT I a 20 to [r lo Io { Y i', 'E-ll, t,r i', 'E-iz 'o' l/t H• i-1, t,, itt ::S lo 1k I'- i'2 It 

(4oaeq) ii,Hg (() 

(pue1taM J8JBMIJBS 1e1seo:>)IY~~lc'. ~ffg ·h 

·t:i-t-s- CS"[L[o[rb-fv to 

lrfe-iv lo-it%ii' fy,a,, to-it fvfo i'rlo 'In 15 lo !¼4'-& -1,,a,, "<Iii [lo';¾ fv "< fo IT ?v 

[ti[,c-/c{v 'a-t..l" lo ·t.iB:ii<-lc lo\f!,l; -1'-f.lclo fofo l,'.-& a¾ aol,:[vll, "s'li itt 

itt P,ll, 'lnofo l!o-l"-ll< lofoa %-!;!> %&ft {L,a,,H• IT{c{r [o¾b-1"-!;!, -lrr¾b-fv,£ 

"<IJoiflo ·t,-[e-1,.'c a("'!"[ aunp ioeq) ea:½li• -/c{y "<fo fo[,.13,,(?o lio[o{y k-iv 

½II• t,ri-1,,t ltikrc{y 'lnofo l>:1..-11• 2¾ lo[olz %{',..f. itt\tl t\l'o (1! t,r(i,ars 

aunp \aM) [!>.-;, %-!;!, t,[o(ar,,Ms) /oil>',' loitt [ti[,c-/cjy "<fo 1-L-& IJo¾ 20 

la, .'c ~ t, 1£ [o la, [Y ll, ( 1 '[lo lo lJo y.f,c fv-ll< toCOT/t-/1, II, is' [,c-!;!,-/cjy{a [lo fy{c-[n {:i 

fo IT [r{L :S lit f.lc -le !l fo t,r i-1, ,a,,{,; [r lo itt I,, [,c-/c{Y "< [,c Jl, -lc{v{o l\, [o-(l: -\o lo 

·t:iro -:>if "<fo !<'.-& fvl!oepllt %ll> otol" 'o'-l', s!e{o 'lnl"fo's-lo 

{Ll\s.f,-%-!;!, tii-LIL-& IJo¾ 2ola,lvro "<IJo-:t ~ {LI• IJo-lrln [Lfo lleil-2 -t-[n 



;<}:,! :i!J- ;,j "l oil;,, 'i'-~<-1 ~:i!j- TI~%1,-o I ~o} 7} TI '.U2. "I, o] %OJ 11-o-f 711 'I, "1 '--1-;,, 

.'i'. '11 oil;,, "}El] el of, ~>§>§%(protozoans), :J. el TI .:f>§%% %0] o]%¾'ll -"J-1'li !a. 

!E ~ 51 <>1 '.l)TI, P] A} '--1- 'll .ss 4/oll;,, "i""l 2..ss.'r. ¾Ji'-ii} TI tj-0J~ '-II>§ %1,-(inf aun 

a)l)O] ;<,>ff ~tj-. 

".)!'il_o]'--1- <,l~?<l(salt marsh).9} "t'fr7}?<],a. "1]'l)>§1Sll;,fl !E~ _a;a7]-aj'l] "11"i""1 '/l 

.I-oil "1 Oil 'll 0.l'lc.9} 'll-%~ 01 •§%si'1! 4/ 2.!a. ~ 'it¥! tj-. 0 1 31-& ;,}~I "1 '/,~}•§-;! 

"l o I ;,t ei \ll;,, .'i'. '11 "11 'll .eJ 7ei ~ "i ~1 ¾ .8:•1-i::J-. 
"1]'l)>§1Sll;,flollAi >§%ej >§'l]-~7,loll 7]-'l]- e 'lJ~¾ Pp];,, 3)t T-1J1,-~0] 3. 

7]0]E.!a., "1]'1}~?<],a.Aj.ej "1]'1)-.',c 'lJ:s]-.ej 3.7]oJ] tI]-aj- i) ~""1]'1) (41' o]-o-]-), ii) 

.'i'. '11 "11 'll ( 4 I' - -1 I' , iii ) ;<]-.J: :i!J- ;,j "l "11 'll (-I I' 0 I '11-), :J. el TI O I '11-:i!J- 'If .g. -"I "l ,.. 

Oil "1 "11 ,I oj '.U :s] ?,!" TI, iv) 7] 'i!'lJ-0 I "1 'll oc ½ 51 "1 '.U;,, 'lf ""i "1] '1)2.,a. 'r<i'--ol-'.ll 

cj- (ll. 11-3). 

'I-" 
.H.¾~S:. 1:l]Jl "" .11~ mm 11~ 

ll ~ (boulder) -8 o] -ll 256 o]-jj 

%>f,! -6 ~ -8 64 ~ 256 ~!fr~.2.§. 

~A}-R -2 ~ -6 4 ~ 64 •H!.s. -!"'ii~ 
%.5'.'ll -1 ~ -2 2 ~ 4 

.5'. '" 
4 ~ -1 1/16 ~ 2 

~E (O]A}) 8 ~ 4 1/256 ~ 1/16 ~H!~.2.£. '!l.s. '!' 
-ll "- 8 o] O} 1/256 °1 ;;f 11 ~ 

(2) ?,t;:;;;;xJ.Qf !,I!'.;! (tidal wetland and tidal flat) 

(7f) ;:,t;f[lj ~~:<I~ (subtidal flat) 

~ -o-]-til;,, 3al "I~ ,ct O ]-o-}.ej Oil 'l} ?<] "l 2.!a. ~<!til ".l! 'il.-"1- '(l,.g. Oil 'l} -"1 "l :s] OJ 0 1 

cj-. ".)! 'il_ :i!t 'I!-& 7,j A]-.'r.!a. 0] oj ;,] TI "r1i O] 'lf 7] "1111-oJI 7J! '11 "1- % '/, ~ %~ -jj ;a 

7]-~ tj-_ 

(Lf) .':'.ll[lj !,I!'.;! (intertidal flat) "E::: !,!!'.;!(tidal flat) 
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,1!'/l,O, ¾-ll-9.\ ¾'ll-%~o] -W,oj op;'-oJ-"]ic oj'l} -'l"l-"l'!lo]tj-. ¾-il-9.\ ¾'ll-% 

.! .g. n 1 ,l ~ 0 1 , 1 u\l '1-o\l >i + 'll O 1 {l {1~ >i 'llc o\\ -'I "l 'il q. ll)-,l-91 "11 '-1 -"l o\l "I >i 
¾-ll-91 o\ll-i>'171 "l7] u\];i'-o]t:f. rt)-aj-,1j ,1!'/l.g. 5'~171 331. 'l}o]I-J- 1j.Q..s'. 7}.s'."f 

~ <!l'l}oJ)Ai .,t '1lc'it'i!t:f. iajl-]-, t\l'l}'ll:.'r.4 if<>] eft:fse. ~½"161 'l!<>l "1•H4 

a\11 'll.<11 'l!~ 'koll'-i'= nf"<l-"1 "\% 0 1 ~'lltl"l ".J!'ll 0 1 'J-t\l"l~se. 'il 'll'itt1'1 

I-]- .5'. '11 -1! 'il O 1 'il cJ-. 

7J'/l.". .1o-ll-"1 ':l•Jg 371I '1)-,c -"]'!i"l-"l'll", "r'll-"1 ':J'1} EEt!- 371I '/l-,ct:f. t\l 
"1-11"1 Sl-'i'.!/-0\],\i,c i<f{lO\] .ejoj ¾'ll:'<l .ss.'-l¾ 50,Jl,l_ -'1"1% 0 1 'jjcoj .£'1)7.J!'il 
0 ] '-l-E.fl-J-,c 7J.\'-7f l',"31., "l-'i'o\\,\i "1"1 'lloJ-sl +nJ{l cih±c4 ±"l'il-"1 '5f-'i'.!/-O\l 
~ t>}:HoJl ~~ £A} .:g-'E'i'g'.!i!.c} 5:.{toJl Bl8" .:g-F~'C" ~o] fjo} ~7J!~o] ~lg" 

"I'= 7J+71 \it:!-. EE~ -1!'/l-"1 -il-.£71 e *O\]'-i~ '1\'!l'>! -'l"l%0 1 "1,' 0 ]:iL, 2J 
'fl4 'll_i;fl '.,loj ,1i'lj9.\ ~o] W-.9c 'kO\]Aj,C e]fil:aj nf'lf"t 'll_'l}.jj-ej ':J•Jg \'J"Oj 

'11- 1 I «II ;;c o\\ ac ,l '>! "i "l % 0 I * o I "= 7J '1J' 0 I 'l! cJ-. 
<11'1!"1- 0 H}7l-"].s'. -1!'1l% -'i''a"ri= "1"1%"1 'lj;sf 37]~ i*o\l Af,c >]%"1 

'/i-J,-t},:JoJJ uH+ ¾Jl."}t:f. a:faj-,\j ¾{'rt\] ".)!'ljg i) 'll-1!'/l (mud tidal flat)4 

ii) £'117.J!'il (sand tidal flat).s'. -'i';\'-i>}~t:f. 

(Cf) ~~C/1 (supratidal zone)><! 'el;;x[ (salt marsh) 

3'c 'J-t\l 0\1 '-i '-1-"1-'-1-,c t\l .lf. "l 'll -"l '!l .g. "i "l -"l '!I "I- 'lHr :,J O 1 q. "i "l -"J '!l .g. .1o 
{1-t\] -1!'1l4 \'!Jc{i -'o'0\],1j '!lc'iti5f,c ?,! 0 ] _lil_,'8-oJPj, il4''/!.'r.7} ',l-ol;<J,c -1.!/-.s'. 

'!!4' >:- "l % 0 I 'll "l-"1"1 'll ~ -'I 71 '!l '\J 'il t:f. 4-"1 '-l-"1- ,\i <II 'llc llJ- 'J >i '<l-0\l ,\1 '= 0 I 

e1 ~ "1 "1 o 1 t\l .!/-11: n a\ "1 "1 '>f 7J "l '-1- t:f >'- % .sc .ss. '-l% "1 3l. :u , 1 uJl '1-o\\ , '.el '1.s'. 
-"l\'1-'Jt\lO\l,\i '!1'\J'<! t\l-il-.5'. ¾AJt\l -"J'!l.g. .S%-"l'll- ±-il-.5'. -"l'!l.". 'k'ko\l ',['if 

<II 'l! t:f. 
<11 41 "l 2-.s'. 'J · -la\- .$1 30 s O I '1\ 91 "1 "1 o\\ ~ ug ::i.-'/-!!- ~ 7.\ 7 l '-1-E.f 4 "l 'll", ::i. ~1 

21 7-]Q:joJ]J.1i:" ll}~.Q.j O!]L-j.A]7} ~.:i!, J.-Jl'i:J~ $1~~91 :g.-g- 0] f§.g.. :£oJ]A• ~lfA] 

7 I ~ '.l -<l cf. 'll 'll-aj .Q..s'. "1 * o\l ,1j c,J "'"= c,J % ::; .g. '-1! 'll '\J o 1 7J ~ 'll •~ "l "1-
(halop hyte) .s'. -'i''J"1"1 '.,17.]'l}, 'l}S,1] i's) ?,)'l}".g. o\l-jt:f. 

'lJif7.]~ ¾-lr4 "1-110!] s.J•l ¾\ll-B P]Ai]~ 'l!!-"1°1 -"l"l"loJ '1lc'ittl-c.f. ¾ff 

0\1 "1tl- -"l"l"\%~.s'. 13'"]71 '\J~"l"l 3l..'r.7r E 0 r"l'll %t\l"l~.s'. ¾ff-"1 'll•J 
g 'il 'I!: ,iJ "1 61 "l ,~ "1 1l 4 ° 1 7 l 'o ~ ~ 7e! '11 1i"'l , l '!I '\'I '<! cJ-. ::i. "12 ° 1 'll ?11 '!l 

"'a¥! ~"Ef'Al91 ~"] ~ !;J.3i* .:i!~~~ (sediment trapping)~ ~AJ"'l~ ~tr.Al~ 
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0 1"11 !If,;,, :e..s:..sJ -'.l"d-, ::1"1:.2 'lhl'""l-"l 'll-\l3lf ~11.eJ "1~oJl .eJ'11 'il-\l "'7loJl 
t ~"1~1 'llc,t.;l,,l'llc :.2.s:.11 op,., '11.S:. '1t 01,,l>ll -"l\'l '11'\'-"l <a•J: 'ii 'l!>ll -"I 

<>I "1 :aJ %.QJ 'N-~ 0 1 ~<>I~ >!l -"I :e. 'l~:aJ E-!a!. t ~ >J 3lf "1 :aJ-li- 0 1 'll 'il % 0 1 _.,,. >ll 

-"I <>I ~Al~'<! cj-. 

'll l']-:aj E-!a!. 'ii 'il i,' "I .2J 'T' "I :aj 'l.! 'lf 'if,'>- cJ-%.QJ .ll.J:c "11 .Qj 'il-'1 :,j '1l '<l cj-, 

i) 'il'\'.2J- .;l{l"il -"1'11-'1 *~-"It a,j:aj-l,-.Qj 0J.uj- ¾*, ii) "1"1% %¾ -\'--R-A]'11 
:e. 0 1%-'1'11t £* 'JI .uJ-"d-"11"1"1, iii) ~%.QJ "1:aJ-li- :il~'o'"l %0 lcJ-. 

Cf. ~\!! 7J~;;:;x1 (coastal brackishwater wetland) 

(1) "12(lagoon) 

-'-j.:;:e •l'll-.QJ 'llc'll-1'- (bay)oJl-'1 '11--'~<'le "l'liE-!a!. "l'i' (estuary).2J- Ji:'. £:cl 
"1]1-1 -i\--'l<'lcJ-. ::iejt..f ~ '11-'it'<l -'-j.:;:oJ1'-1t -'l;;,I (spil)'-t Al','- (barrier island)oJI 

.QJ 'ii 'll 'i' 71 •l 0J3lf ~1 'i! -"I <>I '.l/ 71 «II ll-"11, •l'i' .2J-e 'itial '11 *.QJ s? '!! 0 I 'll "i t..f "I 
~]:7_ ~fi"-9.j °a'8"J:£ ~9.j ~A] <;i-e-tj-. 6i§..{::- 3I}i:'g-~ ~~fi-oj] .Q.j8Jl t;ff'i}-~ tq-2} 

¾ l'l--"1 'i:! .2. '117f "1 'l-"l "i 'il "a '<l "1;;,1 i+ '11 'll-"l'T' 71 '11-'it~l'l ,1 .oJ •1 ei- 11-ci '<l 
§..T.£A1, ~Al.£.!jl-Ei 1a"'T7} ~-g-~-e- 7cl-9-~ .:Z.~Al ~::. 7cl--9--7} 9..ltj-. .!i!.~ ~ 

.:;: ::: ¾ 'll -"1 e 'ii'\' 71 \ll,:e. •I-If .2J-.QJ iil-l,- .s:. 71 .QJ ~l'i!-"l "i '.ll ,1 "H li'-oJL ¾ '11-~VJ
oJl 9.]5H ~§_Ql %.g. ~~oj ~,': 8\IT~El].£. ¥:,A~i>}t ;;;!oJ ~~-3:Jo]tj-. 

::1 •1 i+ ~ c1 1.-f e:f %'11 'lloJI Aj 1+11 i+e "I ~ lee LIP/·11- ~ "I !a!.-\'-Ej J:c <>H:1 "11 .QJ 
tff 'a°T7} ~i;tSl.Jl 'U6J 1a"T~73 4lA]~ ~~ 7]'Tt!-7a~ .!i!_o];: 3!0] ~1o]r:}. 

oj~i~ o]¾i:" %5H<tl ~~~ ~~~78oj]Ai ~~ T '.V,tj-. %8"~9.] ~~~,':'_ +t:IJ 
7]oJl iiff~o] AJ"'5''5}~A1 ~~}7]1-}- ~A]7} 1JT£11BA1 1;1~~.Q..£ ~<5}2 .:Z. ~Fl 
71 A I ;;,I '£ lee A I? !a!. "t ~ '11-'it<>I >II '<! :;! 0 I cj-. 1If e:fA1 <I cJ-!i!. ¾ 'll -"1 'i:! •l ti S-1 

'i' -\'--le: .Qj ¾ "i ".l "1 "I t1l 71 "1-"d-3lf '1! 'l}-l,-.Qj "1"%-oJI .Qj 'ii 'il-'.l '<! Al;;,I '-t A I? 7f 
-\l",}S-f\'lA1 "1~71 'il-'.l-"l'attil, t1l•l1l.!i!.cJ-e .s'.AI.QJ ¾l']-"J 0 l "i"i -2.i!J!%'l! "I 

~ 71 * "I "1 "' '.ll e J:c .;11J .2J <>l'i'-\'-"11 "1 "I _:;:71 '¥-E. el "I >11 '11-'i!-'il '.ll ct. ::1 ,1 t..f 
A I '(I o I "I t..f \'l A1 .s'. "I 7 I "I .:;: t1J "1] "I Ji '] £.!a!. "1 "l -"1 \'l "I ~ <= o<f 'cl "I £.!a!. uJ ,J 

-"l"i~~!i!.~.QJ~~=~~~>ll'<lcJ-
rq.4;.7 ~§..C" 1a''T~ ~iri4 ~ 0JJ!}9.] ~7,tlJ.,3, ::Z.i'.l:i!. '?Hl--*S..~ 7]¾.Q...£, 

i ) •l 0J .ilJ- ~I B "1 "i '.ll :e. J:c ~ 1l "11 .QJ 'ii 'ii'\' 7 I %~ "1 "i 'll 11-'o-5c 7 l 71 "1 \li e 
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'il-4'"1 §. (freshwater lagoon), ii) 811 °J"1- 'l!-'\'-71 'l'!:'1 "1 <>1 ii~'-+ 'if"r'7f "l 4,c:aj 

~.s'. *ial-"1<>1 'llii'-'tf.£71 7]4' -'11-EiloJJAi "114'-'il-EiloJJ 0 ].§.<e 7]4'-oj§. (brackish 

water lagoon), iii) 8ff 0J>Jj- :>f'it"1<>l ii~'-+ 'il-4'-"l *ial-o] 0 ]-'j'oj;,q;,] ?,tof 'llii'

-'if£7} u~--9- li.g. ~?~§. (saline or hypersaline water lagoon).§. -1-~~c}. 

(2) ..,-Fi' (estuary) 

(7f) ~.Q.J 

"f'r (estuary)<e 1-"1 t+aJ-oJJAj,e 7]4'"1 3'.ic- "l'r"l~.s'. -l,r;;j,e ;;!~.s'.Ai, oj 

oJJ cJl ~ 'lJ .sJ 7f uff -9-- cJ- 0J-S-foj ~ uf 9 .s'. it'll?! 7],e uJ 1- 01,l cj-2). Cl "1 '-+ "12-

,; <>1 ° Joli til ~ 'll .Qj 7 I .!;!_ cJ- .¥. ~ :aj 'l] 'l} ~J ~ .s'. it'll "1 ie 7J ~J O l ii <>l , oj 7 I "ii A7 .5'. 

CJ.ej~ 7J"j-£ 1/!'IJ-S-f,e 'lJ.sj;, Af%-S-fs:JcJ-. 

"-S-}'i'c: \'.!'l!.QJ '1!JJll'11-'t! 4'"1~.s'.A7, Cl t.\'l<e 3c4'.QJ 'IJ~J 0 I Pl*l<e *"}"] 
0 JP.Pj, .QJ'112}C: -s-f4 °]-'11-.QJ ¾.s!.~ ¾"l \'.!~")JI il<>1 '11'1""1 .ft-'lJoj 0<}.ft-¾~I 

'l) oj 4 Pj , .J\- AJ oJJ Aj -8-½ -'fl 'if 9' "ii .Qj oil '11 'r 7 f ~ i,j 5') ie tJ: 7J ~ 7 f "i JI ii 7 I n1i ;i' 

oJL ~~oJl ;;,;~%~ "'f~~ 0 l ~,W~ ~-¥- ~~ ~-¥~ -fi.,7;].st:: ;,:Js:_~ ~~::::q 
(Perillo, 1995)". ";, oj 'll-"l"il n:f.§.\'!, 7Joji'], \'.!'l!-"l '<} (bay), \'.!'l!<}'r (barrier 

island), \'.!'l!Af'r +1'!-"l -oj§., ifz}'r (delta) %0 ] *"1-"l "f'r"il .¥.~'!l 'r ilc) 

oJ-Jc"il>i,e 3'oo1"1-%"1 'ijo-Jol 7J-S-}Pj, .J\-"l.s'.-'\'-Ei -8-'ll't! 'il-4'"1- •14'7} ~WxlE

£., qoJ~ ~-£~ ~£1 ~::'.. .Yol, ljlS.t!i¾ £]~~, ¾-¥--@- if-71~~, ~?4"9"}- ~ 

7J 'cl ~ % "1 'i 11 ° I i..f El- 'd cJ-. 

S},'"il<e "1~4':S %oil .j\-;,j.sj 'IJ 0J%~ 0 J cJ-"o'~.s'. i'ial-"12, 'il-4'"1- i;Jl4'7f 

~ ~ "1 ie "1-'ll ~ * i;Jj 1'.ll-'i'-ii'- 0 I 'Jco/1 A7 ¾~ "1 7] «II ;i' oJJ %-61 %-"l 'll oJ O I % 0 I "i 

oj ',11~1:A,joj uJ1- l,-c). !E~ t:filf-"l "1:aJ%o] "f~.Qj ~"t 3'ooj!2j ~' il\'ll-.QJ ~ 

"t 'cf.<:. 'r%"f\'l<i 2}% ;<]'!J ~ 'lj--\)A]i']7] uff¾oJJ q 0J~ %;,J, ~-o:[:aj tJ:7J.Qj 

2) 0Jl~i',,-ojt'.j.sj 1'1.Q.\~(Perillo(l995}oJ]Ai ;tH'ZJ%J 
- cJ]~~oje-J'C 'ffT2} 'il-?9..J ;:,;}..fi-.£.&- ~~o] '1!ojL-H:- ~Jlfsll'{] ~~A]~.Q..£. 'iJT9..J OJ:% 7Si>Jc 
~ 'IJ- 'r qJ t: ;,,.\ "a 0 l 9-\Pritchard, 1952). 

- ~l!:::-;}oJc]C ii}{JT1} ~Tsit !-~'-9"7 ~17Fg~ 1;l£5l. §:J~~E T~l 0 1cJ-{Ketchum, 195ll 

- "11!.:.-ftoJi!-IC ~'?!21 't!-:i111~~ 4-~.£.Ai, ~°J'l!j- ;,:.J-4;-~ !Et 9"1]?,j.Q..!il. ~7.:!.5'loJ 91.2.nJ, *~ 
¾'·S.¥£-l 11"?!4 ~~T7} ~~~oJ 'j!:1£2j ~,}7} tj. 0J:'8"\-?IJ 4El-4C ~o]tj(Day, 1980). 

- ~l!::":fo-\io-!C 3'1-{!!il~~~ ~ 0J:~~¥- 0 l £.~ ~Pl~:'e 4.\~(.drowned valley) >.1!:::121 "11~¥-~ 
~1. ~-11-'c/-o!l'C ~TSl- 4;g_..} iii-~ g_~;.J]!::7} £-¥- it!-~~Cr-lJ, iiH!.91 ~i't-¥-91 tllflt S:T'o!l 
9j~ !i)3Ji'"o] ~tlJ:% ~-C ~JJ}7)o]nj, ii}*-¥--C !fi~~~~o] t..J.El-4-C *JJ}A]~ 2c_~~c} 
1Dalrymple et al., 1932). 
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qo,p,J:ilJ- ~"11 ,~%oJ l<J-'l~ 'r :Uc qoJ~ tJ-7aoJ i..J-E]-,l:cJ-. 

"l'r91 7f'll- ~ s: 'l!-& oti'r.21- 'ir'r7f ~~-"l\'!A1 i..J-EJ-'-l-c 'llli'- -r•H.s!.A1, 'it 

'r * 'll 91 'll £ oil o:f 2)- -.J-'r 91 tl-7a 3!f '1l -'11 7 I '1 'll -¥! cJ-. .;-f {l 'r 7 I • I cJ-.s!. * 'll ~ 
"" ±-'!c;-%91 'll~g >aoJ-i! 'll£7f -"I\'! 'it'r.21- oti'r7f li'-e.J-"loJ 'a¾.§J-1'! 'll'r 
"1J7]1!1 i,;t)-Oj 'lJ.oj,rtj-. \3"'rc •l¾O] 'i'-71¾ oJi'r !/1.s!. "O" .Sc 7,j1'Joj :l\71 aJI 

11-oll, oti'rc 'a"'r 012'loJIA1 %-ll- ~.Q..£. %',J-~ :,je.];: "117I 5'. 0Jg 1!1-'ll<>f\'!Aj 
';']•]-,!tj- 'a"'r91 %½-"I %'ll 0] 7191 •I~~ *<>IIA1c Aj¾.§J-71 OIS,i>foj 'llli'-01 

\;t,O, "f'r7f 'il'il¥!cJ-. ±"'191 '11~0I 4-'1I~ ;,jejoliA1c %01 AJ.!/-o!IA1 •f"f77f;<I 

~ ~~-"I oJ 'll li'-,0, 11 °J-"I- •I ~Oil ;,j '9, <>l'r91 'll ~ 'll -'11 £ -.]-{] 91 "l-li-"il Aj .!/-c1 
:,j~~~,l-~:,je.Joli~~oJ2~-,Jtj-

(L.f) of'i'-21 li"'it 

of-roil Ai 91 'll li'-,O,c 'it'r"il Ai.!/- E1 Oil 'r oi1 o J .s c .i-& -JI'¾ i..J-EJ-i..J-t.il c <~, 'll 

\l)::aj.Q..s!. 'llli'- 0.1%,.!/-"1 32%.,1,1f;,J91 'r"l¾ -.J-'r.s!. 1'-cJ-. 01.21- 'lJc0I <>l'roJIA1c 
'lJ'r_ % t)-7,j';'!.§}7f vff4- 3:7] aJl<i'-oJI, tj-g -"f 'lfO] .. fT~ tj-Aj AJ]-';'-:aj ~ '{! Qj.Q. 

.£. i..J--'r7I£ ~tj- (Mitsch and Gosselink, 1986). 

(D -.J-'l! 91 ~ "I 01 4-'1I-.J-"1 ±-ll-sJ 'll ~J,O, 'l!c .Q. \'! Aj 'll 'rsJ 1l 'c3!fc 71 e.] 7f '11 

8Jl ~ 1a"'T"'a"Al (tidal freshwater marshes: river dominated coastal marsh) 

(2) ±-il-91 ~"1°] -.]-{loll e]-.foj '1}qj:aj.Q..s!. 4-~-.J-oj 'a"'r.2J- 'll'rsJ ~~01 'll 

61 Lt'C" '&"Ff" (estuary: tide dominared coastal marsh) 

CT) ~if.A] 1jJ ~.sll(coastal salt marsh and shallow marine environment) 

(D 'il 'r"il s] Oil 'ii -'ll-¥! 7.J-oJ '11 (drowned river valleys) : ¾-'11 £.21- csj -'11 £ e<I "l 

"1 •J.;;,:aj ;;tJL ,.,o, \'!'1!-'ll~sJ \'!'1!:S o:]-2]- ~,il?Jl '1lc.t-.f"1, ~7.J-ol'-1- ~ 
7.J- ;>1 ;,j Aj oJI .£. -fl-'lJ i>f;,, .. f{J sj 7.J-oj '/17f 01 oil oJI ',J--,! tj-. 

(2) "i Jl..sE. •H '1! (fjords) : JL!/1£ ;,j "ls] •H '1!"11-'1 ;;;' 'll -.fs] 'll •Jg 'l!:01 'il-'l 

-,! .!/-l/-OI •J"8"f7f :fJali,fJL oil'r7f ¾'ll-"loJ 's!-7-1 -';'-'1- 0lcJ-. '1!91 'ileli7l Ii 

J':..£.¾ ~~~ 7}A]J1. V,Cl-. 

~ A}-qc~ ii}T (bar-built estuary).g. ~.g. ~Tt!-2..£.Ai ~3'::.Ull ~,¥-7}- 1-¾~'C" 
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:Jc~,._ 'l! \'! .9-J ,+i' 4 .!l"° ~ ~,._ % el 4oJ 'l! '11 '(1-"l .9-J ½ 'll-'I·¾ 7 t ,] :i!. :ll 

;:: ,;!o] :i,-7,Jo]q. o]eHl: o\l'E o]->t £;<]o)',•~ "l]•J- '-11-af 'i\1Jol :l)cj-. 

i<!l ,]','-¾"l "t'i'- (tectonic estuary) : l)ollAi 3).9-1 ;<]',l'll-'ll-"l'!l~,a.'e, -ll':l~ 

"r \l,l i'c ;<] ','-¾ ¾%oil .9-J 'il 'il-'ll-l'l i;J-,' "l 'ii~,._, J.,i!" \'J-A] c':o'ii "1-oJ t1I .l£ 

"l'<l o\10]9-. 

i;f,'.9-j it£i!- -(,!'lJi;J-ic 9'. 9-~ Jl.'1!:'. ¾=>t (tidal range).2} i;t.SC..9-J 7,j,'-fo]q. 

Ai "11 '<le %-'1-.oJ- ii O l ¾=>t 7t 7o] Ej o)A.J-'<! t:ll¾=>t tl:7.l oil J.j i'c "\- i;] 'a""r.2l- 'll <r "1 

:iittl:~,a. '<]~ 'llii'-.9-J 'i'•ff7f q 0Ji;J-;,jJ 4Et\:!cJ-. i:j*o] i;J-1[.9-J 7,jAf7f -8:"1-~ 

7,j~"i]ic f <r.>IJ7f ~W"lc ,'QjO] 1,,joj=<]cj-. i;f,'oJ]Ai 0 1=>]::: ¾<r"1 %Jl.-'ll:. 

:i!.eji;J-oj, Hayes (1975)ic Davis (1964J.9-J 'i\'1111--li-"1"'1¾ .SC.'ll~ ~ "1-'i'¾ t:il¾ 

•L % £•I, ±ao=>l "l'r ,._ 11--li-"l 7] .sc. -.1 'll cJ-. 

()1 t:Jl¾:>f (macrotidal) i;f,' : ¾=>f7t 4m 0]-i!-'1! "]"I. 

1;21 ¾¾=>I (mesotidal) i;J-,' : a,:>f7f 2mollAi 4m Afo]'1) "i"i

C11 ±¾>t (microtidal) i;)-,': ¾=>l7t 2m o]i;f'<) ;,]ej. 

o].9-j"i].s;_ i;f,'"IO] Jf;ac],c -1'1-'§i-~ :<j:aj-i}oll "f'1fi;j-oj j) llj-i)J-~-'11 i;f,' 
(wave-dominated estuary), ii) a:_.9-4"-i i>1-T (tide-dominated estuary)E..£.. T~~ 

7,j~ (Dalrymple et al., 1992).2} 'll\'!:aJ'<l ;,]',j.9-j 'ilEll.oJ- 7J-1'l-% 'l}'lji;foj 11--i'i-~ 
Afilll (Fairbridge, 1980) %0] :l)cj-. 

~el '-+el"= t11ao•1 tl:7<1"il "r"l"' Ai'i\'1! %.!/-.oJ- %ao=>t tl:7.l"il 4r-.1::: 'i'il't! 

"1 B 4 "1•1 '<le, ::i. el :i!. ±ao=>l ti:7.l "il 4r "1-i= %"11 '1!01 £ -'i' 4 Et 4"1, "11 '1! "l 'ii "ii 
.SC. 'E:>}7f !f;,;\1'f;,jJ 'l!".l'flcJ-. ll'.\el'-i, 0] ,t"i]"]::: 1't','-;, ¾=>l (tidal range);, 

7J¾~5'. i) ao>t7t 4m 01-ii-'<l t:ila<c:>t i;f,', ii) a<c>f7f 2mo\lJ.i 4m Af01'1! ¾a<c 

•I •l'i', iii) £>171 2m 011'!-'<l ±3c•I "l'i'"- 'i'11-"l'llcJ-. 

(3) MZ/'?(delta) 

7J- 0J •lcJ-.oJ- 'i1-4c "1-'i'"ilic ¾"1°1 7cJ-±-'tl~,a.'"i -.11toi1 .9-J'il ¾'l!"l'<i '131 
~o] ~ 01'11 "1"1 %2l'r'-7t 'il-'ll'<!cJ-. %2l'ric "i\'li"i]Ai etcJ- ~~5'. 'l'!'ll"1"1 

"il'J-"l"' .s'., i;f','--"l -l\-"l ~"11'-i 'il"il"lic Af~"l'il-"l::C ',!Ell-ii-~-"' ,'11-'8.9-. ~ 

Z/'r'-7f 'el"il"le'f\'! i;tc\J"I] 9J'i\ ¾'/!"12 §.A}.9-j 0Jo] 7] 0 ) ~9-- ,;'", i;J-1[.9-J i;t 
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'r'l-oll •i 1= "1-"1-"1- \'! 'llc-ll-SI "l-%\11'-'l} 0 f '-l 2-J- s.-!l-SI "1-% .£ %•1 oil 'l! <>J '-1- 7) aJ\ 
s'i'-oJL "l:aJ%SI %'ll4/.£7f -"l:aJ%% ,iJ71-.J-:;,. 1i'-{!>J,l1= 4/.'r.J;!.c)- "1°F~t:1-. 

!;!_cf oil~ i'!'!loll•i !;!_\'! -\J-2\-?1= -.J-'r"il ~~"11= "l'!l.2..5l ~ 4'.£ '.Ucf. 

::i e-1 '-1-. 'O'f 'J' oll "11= s. 4' SI 'll 'l1' 0 l % .8. ~ '<!;cf'<! t,J 11!:oll, {I-zt-?oll >i 1= s. 4' '-1- llJ
'e!-oJl •l•l ~AJolJ>i ¾11!:"l<>J .2.1= '5f1j:,,pj%SI 0J 0 1 cj %.8.~ '<J;<f.i;l "l-%~cf. 
Aj.i;l¾ 1,'-2-J-'O'f,= 'lj~~ %2-J-:§)-oj-:aj 7)¾~ Of:aj -li!'!J"l<>J '.U?C),= i't'?C]'1}, OJ;<f,= 

;cJOJ 0 12-J-1= Sii'!oJl Sl•l -.!- 'rii'-"1E-.5l 'l!.£.5l 'rii'--.J-~c)-. 't%7J -\J-z\~7t ::i oll 
0 Jcf. -\J-z\~.'r. '5t'r.2t of~7f,c) 7)¾.2..5l tJs_;<f, %s.J\f, ~s.J\f -\J-2\-?£ 'r1i'

'5f~q. 

2.f. ~'g~JCI (artificial wetland) 

1!{;1-3i.Q.~ ::E"-j~ ~Alo{)~~, c;__l~ ~t:ll~, A~~Al % unq.. q- 0J<5}Y., o] $ 

oi1•1 c: naJ.2."' <j'O'f"i ,f,a'<! :<:.4'.21- -?'1!<>11 ~Pa'<! i'.r"1o11 tJoii•i'll- ,iJ'lJ:%f:;,. 
:<f ~cf. •Js."1).5l 7f.5l"}%j '!iAj'<] :<:.4'::S '()%j:,:. (reclaimed lake) ::i2-J-:;,. ::l -? 
\'! SI \'.re<] ;s '()"! -') (reclaimed land)"-l- 'O't~ cf (.l!. 11-4). 
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~'?.! 'a"T½;,;J 
(coastal 
freshwater 
wetland) 

eJI';'} 'i1T'if:-:] 
(coastal 
saltwater 
wetland} 

~ 't! 7 l TV ;,;J 
(coastal 
brackishwater 
wetland) 

Rank 2. Rank.3 
Tit!.V::tl 
(riparian wetland) 

~~~:;.q. 'ii"-&¾~ 
"l!~AFf{i-A] (swale and wet dune slack) 
\Coastal dune wetland) A},'-llfff-~ 

iSft ~ (beach) 

(back dune lake) 

,Hf<! '!J \'>>J ~ 
( subtidal flat) 

Rank 4 

~~1i! 
(mud beach) 
.!Hll ~ 'll :!Et ,q 'll 
(sand beach) 

::i:}~~'ll 
(pebble(shingle} beach) 

~~8:11~ 
(rock beach) 

i7)!~ 
± tl-i:Jl ;;a it! EE 'C 7)! ~ ( ~ 91 } ~(~m~u~d~fl~a~t~J ____ _, 

'}.~ (..Y-~l !:E:'C: {l-5:. (intertidal flat or tidal flat) £lJl7J!~ 
if"A] (tidal wetland) {sand flat) 

~ ~{lagoon) 

%it~ 
(delta) 

{!-:!j ~ 

i<cs/<11 
(supratidal zone) 

'a"T~ ~~ 
(freshwater la,:i;oon) 
7\T.OS ~~ 
(brackish water la,:i;oonl 
~'rJ.J ~~ 
(saline water lagoon) 
ens:;;} if? 
(macro tidal estuary l 
'F&7.)- il"Fr 
(mesotidal escuarv) 
.±£7:} ~}T 
(microtidal estuarv) 
i:Jl.:;Ej;} 11-zt'? 
(macrotidal delta) 
¾S:~} 1l'zt-f 
(mesotidal delta) 
±3:,i;} 11-zt'? 
(microtidal deJta) 

.::E "l} t\1 
(supratidal zone) 
'Ilia'>) 
(salt marsh) 

~ i'-~:>:l ,<,,rec=Jru,,·m=ed"-"lacck,ee,_) --+---------+--------' 
(artificial wetland} {!-~ ;,:] 

(reclaimed land) 
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cJ!'l!.g. "I'd ?"1%'1! ~;,) Af:§joJIAi Ec:>l¾ 1='\J¾ f-ej'l)-9-{! '1"7ll;; ¾oJI t;f 

'-J-~tj-. ";t;] cJ!'I! ,1;1_~% ;,;];,;]i;fi= -9oJIAj ::1. 'l!.8.-'</% .!j!-9'i;] "i]7]i;f"1 7J¾i;f 

~;,;]'1} of") i,;,J.g. ,U~-")"1 ~2-oj ,HI:'<!: i:j ;,;]~~ 7,12-S:. ,l;l_'<]tj-. o]ejt]: 1,; 

>Jo] 'lJ4';<] 1lt:i! ;,;]~-"li= o]-fl- ¾oJI i;f'-J-i= cJ!'l!9.J 19.JoJIAj.!j!-Ej 7f*loJI 0]27] 

7Jf;<] q-;,J cl!'l!9.J ~"1171 !!l-"l"i"l 1lt'.l};7] uils¥-0]tj-, o]'IJ cl!'!! '\JE!l;,11 ¾Af.oj- "i 

~ 7}-\,'~ o]%'l!-'1! '1!'r {o]t;f cJ!\!l¾Al)9.j 'll*f'!l'<l ¾Af laf"l.5'. ~cs- 7)!'1!9.J ~ 

>JJ {o- llf sj-5]-,"'c :,! o] tj-, ::1. ;e) Ci! cJ! 'I! :,; % laf;;;. :§j-i;f Ci! ::1. 'ii ,I;!_¾ -it% oJl Aj ~ 'lJ i;f 71] 

,1;1_ 'l! t;f Ci! 0] % t;}aj cs-'11;; "117!1 {! 7,J-i;f Ci!, % .8.S:. ~ oj, ~ c ti: '1! 'I! g 7ll 'N-t;fi= <11 ~ 

Cf. cl!'!!¾Af9.j Lil% ¾oJli= 1'1! ;,;f>ll9.J "1"lt!:7J, ']%'))-, .5'.'ll '\l.5'., 0 1% ~~ 

% ¾A};a;] ej oJl i'J:tJ: :,! 5'. ~;<]'I} ,I;!_ 'l) z.l "t, 1 'I! 9.J ;,}';'j llf ~"J '<) 7]-\,' :ilf 7a ,JJ "J 
7}>] ¾'-} % z.l 'J!'!!% tjj')i-~.sl i,f,"'c ¾A}.','_ 3'.~:.)oj ~tj-. 

1'1!¾A}ic 5,1 %'1} ;<]~~ "1]'i!o];a;]'I} 7];-llf 7,j,J]"J'<) 7}*] ¾A}ic ~oj]Aj 

'1\sl-t!: i=>J9.j ¾.8.A.joJI SJ~<>] ~ iril ,l;l_q '>!"I :(;l_llf7f 4;,J-o) ~ Lil%;; 0 ]q. 

::i•1'-l- 7]*llf 7}*l'"'A}"] :(;l_:ilj-7} 1=•~% -%1!~1 ¾"IA]'!, tj7]"!'<! :(;l_:ilj-7} 5'.½-"l 

7 I "' <>l "1 % -51 ° 1 t1-. 1= ;eJ "I '<! -% "l ti: :(;I_ llf ;; 5'. ½ s-f 7 I ~ ti: llf 'O:J-"l '<! llf 'll % .2. 

f 'ij-'lj$f7j ~t]: '1JT ,i]tj g -'liq-<= :,!.g. oj '1J'roJIAjic ~~;aj-9-.sc f-7f';s-fct. 

::J.e1,'c . .sc "]S,:-"] Afil\] (~,\] 'lj,J\oJ] A}%'i'J A}il\1)")- t]:"; 11!!"1 "; '8% 2;,js-}oj 

,ci!j:aj j?:,j;'; 0 f,'!t;fi=c1] *1¾"1°) ~ '\!!.8.7} ~i:f. 

'll*f ';15'. 1\!l¾Af"] ~~ ¾Af;,]Qi].g. z.l'if ~'!i'l}o]'.(/i:f. ~'!i'l}.g. AjoJl'l} s/ 

',-"i] ~ *1 ~ Lil '1} ~.SC 3,i si' - ~'!I si', .!/-'l!si', "a 'lrsi' "1 oj 'l} ~.sl % cl "!f "1 ~ £. 

oj, e)' SOkn/9.j '.l!'!!¾ 7f;t]:i'. ~tj- (::i,l 11-8). '>!"1]A]tjj o]~oJI A]•i"1'.l!'<1 ?*f 

il\] .eJ ~TT" .5'. oj .J llf '{]:"JA}'lJ ~S:. :aj oj.5'. lOko/ (20%) o] '))-9.j ".J! 'I!% "J~ ~ g :,!~ 

.sl ~'\J'i!tj-. o]elt]: ?*Ii= ~'!I'll:"] ')!'1! 01 i:f~ "i"'\llf S]:iiLS\I ~l'<" 1£7\ •1 
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¥~ 1-1. ~1Ml2! t!'s2.I :J!.'=i!Oll>-i *eie!- qjfP::i>-i%~£\ -§1§ 7Rjil"r' (1999~ 8f!) 
'2!-!t-1: 7Hj~I/0.1m"2 

S!;!ec1es name/ Station 1 2 3 4 5 6 7 B 9 10 sum 

Phylum Cnidaria 
Actinaria unid. 2 
Edwards1a japonica 

Phylum Platyhelminthes 
TurbeJ!aria unid. 2 11 4 19 

Phylum Nern ertinea 
Nemertinea un(d. 2 4 3 2 6 3 4 25 

Phylum Annelida 
Aric1dea {Aedicira) pacifica 1 1 3 

Eleone !onga 2 1 2 6 

Glycera chiror\ 2 3 1 4 3 10 3 11 39 
Heter om astus filiformis 4 9 10 2 12 5 1 6 6 55 

Lagis bock/ 1 9 11 

Lepidonotus sp. 1 

Nectoneanthes latipoda 3 3 

Nephtys oligobranchia 1 

Permere1s aibuhitensis 1 11 2 5 6 3 28 

Polydora \igni 4 5 2 2 14 

Thal)'x sp, 1 

Phylum Mollusca 
Arc1dae unid. 2 
Arcoohagia diaphana. 1 
Bul\acta exerata 4 4 

Cerithideopsilla c1ngu/ata 3 3 6 
Centhideopsil\a djadjariensis 24 2 2 29 

Eusoira fortune\ B 1 9 

Larernu/a sp. 1 2 1 56 159 

Motlre\la jedoensIs 2 

Muscu\ista senhousia 429 430 

Opisthobranchia unid. 1 1 
Pilar sp. 2 1 3 

Phylum Arthropoda 
AIPheus bisincisus 1 2 2 5 

Ampithoidae unid. 25 1 27 

Atnanas lameffifer 3 3 

Gnathia sp. 1 1 

Hallee tridens sheni 1 

Uyop/ax deschampsi 5 3 6 2 9 11 21 8 65 
llyoplax pingi 1 2 

Macroohthalmus japonicus 1 

Palaemon sp. 1 

Uca arcuala 2 5 7 
Phylum Echinodermata 

Ho!othuroidea 1 

Number of sE!ecies 13 9 10 10 13 10 7 14 11 9 37 
Number of individuals 46 17 31 34 31 39 29 508 42 192 969 
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~~ 1-2. ~~12._1 Al~2.I ?.!'~OIIA~ *e!~ U2!Aiki§~9.l ~~ JHJ.11* (1999\::1 8~) 8.!i!l: JH J.11/0.1 m"2 

SE):ecies name / Station 1 2 3 4 5 6 7 8 9 10 11 " 13 14 15 16 17 1B 19 20\sum 

Phylum Cnidaria 
Aclmaria urnd. 2 1 2 1 1 7 

Oof/eirna sp 1 2 2 2 10 2 1 20 

Phylum Platyhelminthes 
Turbellaria unid. 2 2 

Phylum Nemertmea 
Nemertinea unid. 1 1 2 

Phylum Brachiopoda 
Lingu!a analina 1 2 1 4 

Phylum Annelida 
Aricidea {Acesta) assimi\is 1 1 

Aricidea (Aedicira) pacifica 4 3 B 11 25 11 62 

Cirriformia tentaculala 1 3 7 14 24 49 

Clymenella koreana 1 1 

Oiopatra sugokai 1 1 1 3 

~ 
Eteone Jonga 4 4 

~ Glycera chirori 1 2 2 4 2 2 3 3 1 3 3 5 2 3 12 3 7 4 62 .. 
Goniada maculata 3 4 2 5 1 2 2 4 1 2 2 3 5 4 3 5 6 54 

Heteromastus filiformis 1 4 1 2 2 8 7 2 2 7 14 3 6 20 15 5 7 1B 124 
Lagis bocki 1 2 1 2 1 1 3 1 3 3 1 19 

Lepidonotus sp. 1 1 

Loimia meOusa 1 1 1 1 1 1 6 

Lumbrineris heteropoda 1 1 1 1 2 2 4 1 1 4 1 1 1 1 22 

Lumbrinerls nipponica 7 3 2 5 1 1 3 1 3 1 1 1 3 14 29 10 85 
Marphysa sanguinea 1 1 2 
Nectoneanthes latipoda 1 15 16 

Nephtys oligobranchia 6 7 2 5 5 1 4 2 32 
Nereidae unid. 2 2 

Nereis longior 1 1 

Perinereis aibuhilens1s B 2 10 

Perinereis nuntia 3 3 
Pilargiidae unid. 1 1 1 1 4 

Sco\op\os armige1 2 1 5 3 4 15 

Syllidae unid. 1 1 4 1 7 
Thfilyx sp. --- _?_ 3 11 53 29 2 4 7 _8 __ ~ 16 3 3 3 3 4 154 

- --------~--~-----•------~~--~..,.,.,.-,...,--,=-==-·-~=oo--c..,-,_·,,··.~c. ~=~~,,;,·-<.-. -· • ·~· ,-... ,.,.~.-

J;l:Ji,n 'ij))ri,i,,1iaiff;" jiff C' flffu,ii' ~/ W,i.U.iiM ...¾l:1 ~~~~:,,,,,-"" .......... -..... -,.. ,.~~'-'-'•·'"·'""-- -.,...... ··-- ,,_,. -,- . ,., . 



~~ 1-2. Ai~C.I ~~ JII~ (1) 

Phylum Mollusca 
Arcopag1a diaphana 1 1 ? 

Bat1llaria cumingi 8 2 5 1 26 18 9 69 

Bullacta exerata 3 6 6 1 16 
Cerithideopsilla cingulata 1 1 2 
Cerithideopsilla djadjariensis 7 5 6 6 2 2 1 1 30 

Euspira fortunei 1 1 1 1 1 1 6 

Gastropoda l 2 2 
Moerella jedoensis 2 18 4 24 

Musculista senhousia 2 97 3 1114 1216 

Pitar sp. 1 1 

Pyrenidae unid. 1 1 
Reticunassa festiva 1 3 6 1 4 1 1 17 

Ruditapes philippinarum 1 2 3 
Scapharca subcrenata 1 1 
Stenothyra glabra 1 1 
Tegillaca granosa 3 3 

' Phylum Arthropoda 
~ 
~ Alpheus rapax 1 1 2 
~ 

Ampithoidae unid. 2 1 3 
Athanas lamellifer 2 3 5 
Camptandrium sexdentatum 1 3 2 5 11 
Cleistoslomala dilatatum 8 8 
Gammaridae unid. 1 1 2 
Hemigrapsus pinicillatus 1 1 
llyoplax deschampsi 1 1 
llyoplax pingi 1 1 1 1 5 1 10 
Macrophthalmus japonica 5 2 1 2 1 2 2 2 2 4 23 
P1lyra pisum 1 1 
Tritodynamia rathbuni 2 1 1 2 2 8 
Upogeb1a major 1 1 1 1 4 
lnsecta larvae 3 3 

Phylum Echinodermata 
Holothuroidea unid. 1 1 2 

Phylum Vertebrata 
Gobiidae unid. 1 
Number of seecies 6 9 9 14 15 15 15 12 15 22 21 17 10 15 16 10 13 13 15 16 62 
Number of individuals 23 20 37 46 101 85 _<9 38 50 117 61. 39 47 126 36 43 1182 50 72 51 __ gf53 



¥~ 1-3. g)-@12_f oft_l-21 ~~Ollkl ~~el- [1j~AiAi~~£/ ~~ JH.tl)~ (1999'.::! 8~) 8-!f-l:JH'=l\/0.1 m,....2 

S~ecies name I Station 1 2 3 4 5 6 7 -- __ 8 9 1_0 11 12 13 14 15 
Phylum Cnidaria 

Act1naria unid. 
Edwardsla (aponica 

Phylum Platyhelminthes 
TurbeUana unid. 1 6 3 

Phylum Neme1tinea 
Nemertinea unid. 1 3 1 7 3 1 6 5 3 

Phylum Brachiopoda 
Ungu\a anatina 

Phylum Annelida 
Amphicteis gunneri 
Aricidea lAedlcira) pac1f1ca 1 1 
Ceratonereis sp. 76 
Chane SP. 
Diopatra sugokai 1 1 1 12 

~ Eteone longa 2 2 1 1 3 1 4 3 
~ 

Glycera chirori 2 3 7 6 3 2 9 ~ 1 1 5 
Goniada maculata 1 1 3 2 5 
Harmothoe sp. 1 1 3 
Heteromastus filitorm is 2 8 2 5 14 1 2 1 21 7 22 
Heterospio sp. 1 
Lagis bocki 
Lepidonotus sp. 
Lumbrineris heteropoda 
Lum brineris niPP• nica 1 1 5 
Mage\ona japonica 
Nectoneanthes latipoda 16 7 
Nephtys ol1gobranchia 1 
Paraleonnates sp, 1 1 1 2 
Permereis aibuhilensis 9 1 3 14 2 3 8 5 8 
Polydora tigni 1 
Scoloplos arm lger 
Sternaspis scutata 1 2 
T erebellides horikoshii 5 
T_haryx ~- 5 __ 1_2 



$~ 1-3. 7:ll"'"i 8-'i'-I :74.i:ll /0. 1 m"'2 

16 17 18 19 20 21 22 23 24 25 26 sum 

3 4 2 1 1 12 
2 3 2 1 8 

5 3 12 1 3 3 7 44 

3 2 2 5 2 4 1 1 1 44 

2 2 

1 
2 

76 
1 

16 
~ 4 5 3 4 1 3 6 1 1 45 
~ 

5 4 87 ~ 5 3 10 6 1 10 3 1 
12 

1 1 7 
7 1 10 1 5 7 26 2 8 152 

1 
1 
1 
1 
8 
1 

2 1 1 2 1 30 
2 

1 2 1 9 
2 6 1 6 5 7 1 1 82 

1 
1 
3 
5 

17 



~~ 1-3. D~t!-CI .,~ Jil~ (1) t_f~ :7ff i~I/0.1 m'"'2 

Phylum Mollusca 
Arcidae unid. 1 
Barbatia streamsi 
Bati\\aria cumingi 9 
Cerithideopsilla cingulata 6 3 3 
Cerithideopsilla djadjariensis 22 8 1 2 12 2 
Euspira fortunei(?) 2 3 
Laternula sp. 3 3 
Moerella jedoensis 1 2 2 
Musculista senhousia 1 1 2 8 1021 439 1145 3 90 
Reticunassa testiva 4 
Stenothyra glabra 

Phylum Arthropoda 
Alpheus bisincisus 
Alpheus brevicristatus 3 

~ Ampelisca sp. 1 ~ = Ampithoidae unid. 1 4 6 
Athanas lamelliter 1 
Camptandrium sexdentatum 2 2 1 4 4 3 1 
Gnathia sp. 5 
Helice tridens sheni 1 1 1 1 
Helice tridens wuana 1 
llyoplax deschampsi 1 3 12 7 15 17 27 10 
l!yoplax pingi 2 12 
Macrophthalmus japonicus 4 5 
Sphaeromidae unid. 
Uca arcuata 2 2 3 4 
lnsecta larvae 1 2 

Phylum Echinodermata 
Temnopleurus toreumaticus 
Ho!othuroidea unid. 1 1 
Number of seecies 5 8 10 12 7 9 21 9 8 10 9 18 10 15 9 
Number of individual§ 109 31 13 28 36 __ 18 68 33 _2§ 42 1076 518 1189 66 138 

-~--- _ _,,...- .---···--.·-·---- .----·----------------- - . -- .... 



.!¥-~ 1-3. "11~ (1) 8"fl .JH.t~l/0.1 m"~ 

1 
1 
9 

13 
47 

6 
6 
5 

854 679 632 249 236 713 186 1464 844 8567 
4 
1 

3 1 1 7 

' 3 
~ 
~ 1 
~ 8 3 1 1 3 19 16 62 

3 1 1 7 
5 2 24 

7 
5 
1 

20 23 11 16 31 11 3 2 15 10 234 
1 4 19 

1 10 
1 2 1 3 7 

3 15 
1 4 

3 3 
2 

-
12 12 13 1-2--11 16 1 13 15 9 7 58 

913 _ru 689 296 2§5 776 19L 1499 934 21 1_8 ___ 97J:J 
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~.,,,._.,., r,,;ro,• os w ,, 
llecerospw ,p ,..,,.,,..oh, .. ,.,.,.,. 
4a,. 1>0<k, 
L<oi,j<>m1u, ,o l..,~,,,..,,, t.-1,,,,,,o,;1, 

l..ixmer" "'"""'"' " "' ' M-...lon.o )IPGO,.o 
Malolofl1d• ••ud 

, 
Nor\)lorH '""""'""• 
lloll'""' er <>Ula 
"-<1-•ntl.-1 ,,,,,..i, 
~•IY• ol,..,i,nn,hoa 
llereidoe ..,,d ,.,.,....,,., .. , ,p. 
p.,,,..,.1, "'''""'''""'' 
p,.., ... -·-· Pt1y1io,,l0<1da, •nod 
Phylo f•I" .,,., ,,~, 
Pillo er,.,,,, 
Po,,,I<><~'"' johoooo, 
Pol,.J<,,o "•" 
~,.,,11,11 •• rr..,,, 
P,,-,p,o ''"""''"' 
Pse-lY®I'• •P 
Scol,1,µ,. °" 
Scol01>I01 '"''I<'' 
s,,...,.., l•nloculau 
Sp""""" onio. 
Storna11n• """'"" " r..,.,, ... ,. r"""'''' 
Tor-It, .. , horiko1hd 
111orp oo. 
Tr 1<l,oll1 '""'""' "' Phyh,a ~rt~•opo,11 
\lphous b,.,od,us 
Alohou• 1,r,,.""'"""' 
AIPIIOU• op 
..,Oli><• ""· ; ' ,\aph1loidw .. 1J " .\ori- .. ,J 
Ap-.,i.t 111 *"•-· 1-11;1,, ' Jlrl>I!• ;._,,, •• 
C-1ondr1111 ,e>.dont11 .. 
Chiti-lbo).., sp. 
Co,,..1111 ''"'"" 
Cor°""'"" •P " c .. _, "' D,.,,pho11ylt> ,,, 
Ea<- h,, .. noorr, 
Er,c<oniu, ""''"' ., .. .,,.,1,. ......... 11 ...... 

... ,,.,, "'""'' !.,o,,,,.,.,ou •P 
Goaorod•• on,J 
Goath,. '" 11••••"1''"' ,,..,.,c,11>1•• 
llyatr '" ]<!..,.I lo du lk,n,., 

I ll>oplo< d,,.,1,.._,., " !1,o0I"' 1>•rc• 
La• pr.,,,, op. 
u,, .... ,,. "'""''"''" l,·1,1,~I• 11. <• ••·• 1,, 
., .. ,.,.,i,c1,., .... '"'""'""' M'"" ,o . 
... 1,11Ja, ""'" 
0,Jj"'"''""'" ""'" P, .. ,., Ju1>i" \?I ~.,_,. '" 
p"'"'""'" '" Pe""'"lodo-1 "'· I ~,01,, IOR1i<a..io1, '" I P,lvr> P".a 
lt:,piu,k,,.,, <•IO>lu• 
f,ll)l;\0<.>'<1,- ,p I 1',otho•d•• ,,,;d 
lo,...;U la""' 1 

Pl•yl.a t,,1,;n,;,.1,, •,i, 
Pm!•°"''"~''"'"'''• 

Pl•ylcm Um,ooia 
Gobi ,<lo• "'"~ . "'"'" , , • • . , ,odmdwlo " " ' " 

,, ro " " .. n " " " • 
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Ill!• ,, • " • .. ll Jl-2 'I " " " .. " • • '" " 4:; 1,; " .. " "'1''"' Cnldvh 
\ct;,..,;, ..,,d. ' Phyl .. Plot)'h,l•••I .. , 
1.,, .. 11 .... ""'" 

l'lty, .. _,,,.,.,, 
ll<w1!>11 .. ,,nd ' Pl,yh• B,0<1,,..,..i, 
L,....,1, ao<,o, 

l'h.,ha llofl•o<• 
l'hJI"" AMo\odo -··· ... _,.,.,,to a«l•<• ....,, .. ,u,. jopo,\c, 

\no,ttdes kt><•••• 
\r1,14•• ,1,c,.,.1 ,,.,.,1;, 
N,. ,or, ued,ciraJ """h" 
Bra, vil ,.,., ,·-··· " Cw,fora10 te•••c•loto 

0-11• -~ D•o,,otro •lll<'k•• 
°""' 11 •• ,p. 
11,, 1 .. ,er,••, ,,,. 

fo,, ... ''"'"' ""'•d• ,,,,..;,,., 
Gl,-c,n <hi,ori 1;1,e;o,1, •• 
C.,,,1od1 .. ,.111, 
111,,w,[hoe w. 11,.,.,.,...,., fil1(or•'• • \loi,,rup10 OJI. " 1 ..... ,, ... ,,,,y, 1 ...... ,. ' UIIIO bock! i..,,....,,., ••. i...,,,,-,,...,.1, l>e!o,<>p<><U ' \;abtl"""' n1ppomco " ,s • ' " .. telOIII JoPO<li<O 
lold1<ud10 u,ud . 
.. ,ot,yH .. ..,,i .. , 
11,t;m, <riu,u 
"-<;1<,n,,:101hto llt\podo 
r;,,,i,uyo 01,P,ror,,:h,1 
!len1dae .,,;d, ' • ' 
~,raloono,101 sp. 
~eriM<<lO oibuh,tonolO 
.oi..,-.... ,,1_,., 
l'l,yl\odo<1d .. w,id. 
11,ylo l<\i• oolatic•• 
p,.,. ""'"" "-:;i(oche<u, ,.....,_, 
Poly,lo,a I ic,,, 
P,.,;11e11a ,rr,o,, 
P,-ono,o;o ;O{l(Ml,co, 
PoO'llllop,l,..Son •• " 
~o\rl•~•• op 
~oloploo .,,,,., 
s,,..t,r, lMl~•lllo 
Sc,,..,1dae lllld. 
SternOIPU ""'"" " r_.,_,. r,_,1, 
?,,,i,.1/i,ln /o>l-ilwJ/>JJ 'l'ha,., Op. 
lri<l-on<IOII >o. ' ' 

Pliyluo \rthr.,.,..do 
H\lfl<'u> ,,roi,.;\,,.. 
\lplw•• br,v,c,i,t,IUI 
\lot><•• ,p. 
_,.Im• sp. 
wpl,\toid•, llllO 
IO<id•, .,,;d 
II»""""• 'I'• 
U1w,u l-llif., 
B,-1,ho JO])Ollic•• 
~UOllri.ao,•om1ot .. 
Cl>Hi.-...:iibol,_ IP 
('1r<>plt1• ,in,011< 
Cor01,II,,_ ••· " • t .. ...,. •• 
o;oorpho11yli1 •• ' i:oc .. , Oi!1ono'otf, ' En,totll•o ,-;u:. 
Erlot>IOOI 10 .,.,,1,..11 .. , .. 
Eiicrote <renolO 
E:,,011., .. ,_ '" 
G-• ,•'11< uniJ 
Go1th1• op, 
H,w,,r-.,., ¢0,c,IIJI"' 

"'''' ... 1<1..,.ll• chil•onsi, 
IL)'OIIIO> de0<I,_,, ; 
IIYOl)lllX. oi...-, 
Latlror" sp. 
\.atr< .. leo ploni,otrio 
\.,p!ocloo\lo 1rocdio 
N0<<or>flll1•f-"• /,,..,_;,,_., 
bera ••· 
llo\itid,e wotd ' 
ONli«rnt l<la, ""'" v..,.,,., <1.ibiuo (11 
P,l-,,, >P p,,.., ..... '" 
1-'<-rl"'-OI-• "I, 
Phol•• I01111<•'-'<lot, 
Pdy,a oi,.,. 

l!ooh"'"''"' '"··'"' r,,,,.r,~,,. '""" .,, 
\'io(hOl<lo; ,ahO 
lns,c,o lar,..-

Porl• Echiooderuto 
P,o< ... vn b,J,ot,1, 

f'l,yl .- (hordo\l 
{.oo,,4., on1d 

'·" '"'''"' ' 1J, Nu. ,,I ,,,.r,..,lu,L> '' " ' 1:1 '"' '" " ,C, " " . H • 10' " 
,, 

" " 
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r.,e " • ,, • • " • • " • • • "' • • • * • 
., @GM • '" '' " ri.,,1 .. f•id• r,o 

kti .. ria llllid. 
P!t:,I,_ Pla1)'Mlo,• tlies 
T.rbol laria ..,,d 

P!irh• _,u,.,, 
-rli- unid , n ' P!>fh• Br•dolOl)Ods 
L,-la """"" 

,-1 .. 11111 .... 
,-1 .. -lida --· ...,.,.,, arctica 
.-,hi-!111 Jo"""i<a ....,;1,t1o,w,._ 
4rooidoo (',cat,J anl• ollO 
/,r,<i<leo tl,ft\drol podft« 
a...i ... 110 .. -· Clrrifor• lo IMta<•lalo ' Cl-llokor-UIIO 
Diapotro •-•i 
Dorvill .. •P 
Dril_,.,, sp. 
tlOOM looc> 
r,,.ida IO'Wlll,,.., 
GIY<en '""'"' ~l,c1nil,• •P 
(d.i ....... 1.,. 

, 
llan10!'- 1p 
lie••·-"•• 1,1,1o, ... 
Hot•r-•o •P· 
J--,1\lyo ;,..,.,,;, 
Loi:•• l_k, n 
i..,,,oono, .. ,p. 
L....,.,.,.,, ho1,rop>da 
i...ot,, 1.,..," n,ppon,ca 
ll•t<lona J•"°"lca " " • • 
llold..,,_..,,d. 
bn••n• '""lll'J>c" 
lkllmo "'""'" llo<lo1, .. nll11,o l111podo "°"'"' ot;&<>(,,.n,hla 
11,u,J .. oniJ , 
, .... 1 • ..., ... , .., 

,~;,,..,.,. """'"'""'" 1'1,o,.,. 01 ..... , 
l'tirllodo<,410 ..,,d. 
l'tirlo f,1,, a,i>1ico• 
,,,1, '"""" 
Poocolod, ... tu, jo<w,>001 
Pol,..io,, l •rn1 
P,o<,ll•Jl,1 o/1,"'' 
P,iono10,o Jll)Onicu, 
~lrdora ,p, 
S<ol•l•oio sp, 
Sc,:,loptoo "'"'"' S,potl,,, tonucol>lo 
S,10,udo, wild. 
S,ornHOI• ••• 11,, ' " r....,.,,_,. r, ... 11, 
1,,.1,o11,.i,, l<>dlto.10,1 n,,,.. •o 
Tr«hobr-=h•• ,p. 

l'h,-h• ~r1,,0poda 
Al"1<•• b11tocl>u1 
Alpilws bre,lcr,1Ulu1 
Alpheu• IP-
,._,.I ioc., op ' >,aiiluto,da, UIH<I. • " ' .\od<!a• "'""· 
~ ... ,.,,,. 
\,Ml'., 1-n,1., 
B)'lali, ''"""''"' C.,,.,!aodr,..- •••<l<'nlat .. 
Cl,,toOOMod,1.,1• sp. 
c.,. ..... , .. ""'"" 
Co,oplu• op c,.,,,.,,,, 
0,_,_. .... ,1 .. '" 
Eo<,a., h,,.,n<1ort, 
tro<l<XIIU, , .. ,,,.., 
t,,..,i,.,I L, , .. i...11 ..... 
uor., .. ~ _,.,,,t, 
t,,.,o.,1,..,, ... ·~ 
G-""°' ""id 
Gr.th" "'· 
N.,ioro,»us "'""''ill>lus 
Nyale ,,, 
l"""'llo ,h,lkeo1,. 
11)"'1)10. "'"""-'' " " I t)"OOl0> '''"'' 
t..>rn1,o •P 
Latr"'•'"' olon,,,,.,1, 
Le\>'"'-(\<(\~ 11, .. ,1,, 
b<r,.,htJo,1..,, ,aooo,cu, 
w ..... '" 
lklit,do; u,,od 
Ooll1<eru1,0ae un,d 
, .. ,.,''"''"'!?I 
P,11.--, •e h,.,,n,,_,,. op 
Pttioc•l.-1 >P 
Pmt,s 1.,,,.1<0..doto 
Pi Irr• "",_ 
h\Jll.tOO,..,, ~•li><~• 
fypl>loco" ;,.., sp 
l'101illlj<1.>, a,!d. 
l"'°"''" larvae 

Phyl• Eu,,no,1., .. u 
P1o-1 •nky,- bo<lontot• 

l'hylt1• Ct-.>,Goto 
Gobi id., 1<1id 

• 0 """"' !lo. or ;..i,vodu,I, " " n • " " " • .. • n n '" " n " " " '" 
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To,~ St. ,. 75 " '" " • " 
., 

" • • • " • 1111,l!! 
f'lu,1.- Cnidoroa 
~«;•r•• ..,,d. 

" Pl,yha Plat)'hol•l•ll>e• 
rurllellot,o 1a1id 

1'11)-1.--.. , ... 
-•ti•o 1111id. • ~h• l,oc!>J..,,.io ,_i ... ,, .. 

~1,.-11o11 .... 
1'11)'1 .. -li ... 

" --•p. 
' ....,., ... ""'"' 
' .\oolhiuayt110 J•-•« 
' w,lldoo tore .... 

' \r,dd,. (1.c,Olol ou1oil11 

" \,lc,6•1 \\N,c\ra) i->loc• ., 
" Nrod• >11\o,a 
·' -•· 00 Cirriloro,- '""'"'"'"" , 
" Cl-llo koreono 

' Diop1tro ,_,, • rlorvl!I .. IP 

' Utilonoroi, op. 

" 1 .. ,., ... 1.,,.. 

" ,_, ... 'Ol'CII'""" 
' ~1¥<"' ,h,ror, 

" ,11d* ,p. 

' ~\141 .. culat• 

' ""'""'-••· ' Heter-!t"' lil,foro!, • ' ' 
,. 

llot,roap,o .., 

" 1 .. ,..,,.,.,..,y, , .. , ... 
' l.aa:1• boc:ki .. Lopl<lonotu, op. 

' .....,,1 .. ,i, ... ,.,opod. • l_,.ri .. rl, ••woni<o " 00 

"' bpi,... ,..,.ic, 
" ... 1,1 ..... - ..,,6. • Morpllf•• ,.,,..;.,., 
I llellJW>I <riot,,, 

' llt,;toneontheo latlpodo • """"tyl O]liot,ronch,o • • NtroldH unid 

" Poral-lH op. • p..,i,,.,,;, """'"''"'" ' " Pho~• pJ_,., 

' Pl,yllodo.:idl, u,,,o. 

' 1"1,y10 r,1;, .,.,,;,., 

' Pi>» ,n,,.,, 
' Poo,il0<11,.,u, ,om,on, 

' ,.,,.,... 1,,., 

' ,, .. 111,11, ,r1, ... 

' Pro-10 JOl)Onicu> 

'" Poo..-,pol)'dor• >p. 

' Scol<l"l>i• •P 

' Scoloploo '"""' 

" Si1•-br• 1,n1ocolSlo 

' Si>""'<lo! ,..,,4 
' s1., .. ..,,. ""''" 

" y_.1_,~ 1,,...,..,1, 

" Terbl 1;0,, ,,orikooJn, 

" TI,or1' >P. 

" Trid101>,oncho1 ,n 

" •• l'llylUII .\ttltfoix,<Jo 
11p1,.... ,,,.;.,,_;,us 

' J1 ....... ,,,..,.,,, .. ,., •• 

' Jlol""" •1• • .ioi,,,1 "" ... ' " A•d,itoidae ""'d. • Jor,du ..,,d. 
' .1,o,,OAO, sp, 

' J1ha11u l_l,ifor 

" B)obll• '"""''""' ' ,_1,n<1r1,a __ ,., .. 

" Ch11i....,ndibol"" '"· 

' C:Or<Jl)I,, .. ""'"" 

' eo,~, .. op 

" ,. c,....,,, op. 
' D,-ph,>otyi;, sp. 

' - ~. lp-fi ' !r1<lonius _. • Eru>1m•llo 1•<1.,11,,..,,. 

" E.icrllo <rffloU 

' t.ooi,11-- '" ' G_,,lae wu4 • f.11:H~\O OP. 

' IINiJrll'O"' ponl"llO!us 

' Hyal• >I> , 
1<1u,,o11, ,n,1un.,, 

' ll-lu <le,c-o, • 11_1 .. pi .. , 

' t..Mpro,o op 

' L,,, ... , •• plllllirotrl, 

' lopl0<. ... II, 1radl11 

' berophth.1.,, ja"'"'"'' 

" N•,r• op • lloHt.J., ""'"· ' o..i;,orotlda, '"'i" 
' 1':11•'"· '"''"' ,.,, • f,1_,,,,.,_ 

' Paranthoro op • Por\t1<olo,J,,o ,o. 

" Phoii• I0111icaotlo1a ,, 
P11yra plo,a 

' bot,i,i,,,.,. ,,1i>to1 

' T,i,1,1,,..,,..,,..,, •1> 

' (lrotho•clo• ,..,,4. 

' ln,e<la larv..-

" l'l•vl"" "'-""""""' .. '" J',-o(riy,. ,,,.i.,,,.., 
P111IU11 Chord• to 
f.obil<I.>• ""'" 

• "'''"•• • • • "' ,,.,.v,Jo.l, ~ • " 
., 

'" • , . " " ' H H 1~ 
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J¥.~ 1-5. ~lM!cJOIIAi ~~~ ~Cff~ AiAi1§%2J 8~ 7N~I"? 

~'iJ I 2A~{:j 2 3 4 5 Freq. Sum 
Porifera 

Porifera unid. 12 12 

Cnidaria 
Cnidaria un,d. 1 1 1 

Cnidaria unid. 2 1 1 
Pennatulacea unid. 5 1 5 
Act\n\ana un\d. 1 1 1 

Bryozoa 
Bryozoa unid. 

Nemertina 
Nernertina unid. 1 
Nernert1na unid. 2 

Mollusca 
Anomie chmensis 6 11 101 3 11 B I 
Arcidae unid. 5 35 2 3 42 .. 
Cantharus cecdlei 6 1 6 
Cephalopoda unid. 1 1 ·'.i 
Cofhselfa herold1 herofd1 19 1 19 
Crassostrea sp. 2 33 85 4 5 125 
Cryptooecten ves1culosus 37 9 2 46 
lschnochiton sp. 1 1 1 [. umaria bas1/anica 2 2 
Lunat,a fortunei i Megacardita ferruginosa 2 3 2 5 :· I 

I Mitre/la bicmcta 1 4 2 5 I •. 

Muscu//sta senhausia 2242 149 1 2391 I · I 
Nassanus feshvus 50 1 50 
Qphilinrdae unid. I 
Ostrea denselamellosa 2 4 3 7 
Phdme sp.2 2 1 2 ,. 
Phlline sp.1 177 1 177 • 
Placopecten magellanicus 2 1 2 
Polyplacophora unid. 4 1 3 6 
Rapana venosa 5 1 2 6 
Ruditaoes phi/ippinarum 1 3 20 3 24 1; 
Scapharca subcrenata 12 1 12 • 
Sepiidae unid. I 

Trapezwm liratum 3 1 2 4 •• 

Ventricolo1dea toveolata 149 1 149 •' 
Vicnadu/a atrata 2 1 2 ·• 
B\va\v1a unid. 22 2 1 2 
Bivalv1a unid. 37 5 1 5 • •· 
Bivalv,a unid. 38 1 1 1 

i\ , . .. 
Bivalv1a unid. 6 3 1 3 
Gastropoda un1d. 1 O 1 1 ! 

" Gastropoda un1d. 30 10 2 11 -/l 

' Gastropoda unid. 31 1 ,• 

Gastropoda eggs 40 40 I .,) 
Polychaeta ) 

Amoharete arctica 3 3 ,:, 
Anaihdes koreana 1 1 ~1! 
Chane sp. 4 1 4 1 Oiopatra SU(Jokai 4 2 5 
Dorvil/ea sp. 2 2 ~ ,I, 
Dri/onere1s s 1 j 

¼ 
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¥~ 1-5. 7'11~ 

~~ I ~),H1 1 2 3 4 5 Freq. Sum 
Eteone tonga 1 1 
Eumida sanguinea 1 1 
Glycera chirori 7 2 8 
Harmothoe sp. 8 4 1 3 13 
Heteromastus fdiformis 2 3 1 3 6 
Hydro1des ezoensis 1 1 
Lumbrinens nipponica 13 13 
Marohysa sancuinea 1 
Nephtys oli(Jobranchia 1 
Nereidae unid. 1 1 
Perinereis a,buhitensis 2 1 2 4 6 
Perinereis nuntia 9 24 2 33 
Phyllodoc1dae unid. 1 1 
Potamoleios kraus1i 1 1 
Sternasois scutata 2 2 3 
Tha/enessa d1Qifata 2 1 2 
Trichobranctws sp. 1 
Trav1s1a japonica 1 
Arthropoda 

Oratosauilla orato{la 1 
Trachypenaeus curvirostris 3 3 
Penaeus japonicus 
Eucrate crenata 1 
Latreutes p/anirostris 2 1 2 
Pisid1a serratifrons 12 4 3 17 
1/yop/ax deschampsi 4 1 4 
Hemigrapsus sp. 2 2 
Pilyra pisum 1 
Pmnotheres sinensis 1 1 
Ba/anus recflculatus 31 2 32 
Ba/anus sp. 2 2 2 4 
Xanthidae unid. 1 1 1 
Corophium sp, 2 12 2 14 
Erictonius pugnax 10 1 28 3 39 
Gammaropsis JB{Jom'cus 1 1 1 
Am{Jithoe sp. 12 1 12 
Cleant,s p/anicauda 1 1 
Exosphaeroma so. 2 11 2 13 
Gammarops1s utinomi 5 1 5 
Gammaridae unId. 4 1 4 
Phor,s lon(J1caudara 55 55 
Ampe/rsca sp. 6 6 
Ostracoda unid. 
Pa(JUflSfes SP. 

Echinodermata 
T emnop/eurus toreumaticus 35 13 30 3 78 
Toxopheustidae unid. 4 1 4 
Ooh1uro1dea unid. 1 1 2 2 
Ophiuroidea unid. 2 

Vertebrata 
Gobidae unid. 1 
Synec11oaobius hasta 1 1 
Ctiaeturic/1fhys Sl!Qmatias 8 3 2 11 

No. ot species 26 29 14 19 48 95 
No. of individuals 152 198 58 2556 740 3716 
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Family Gramineae 1'1 "1-
Phragmites communis 

Zoysia sinica 

Setaria viridis 

Misa:uzthus sacclrJriflorus 
Calamagrostis epigeios 

Agropyron tsukushiensevar transiens 

Arena fatus 

Pmcelurus latifolius 

Bromus unioloides 

Lolium perenne 

I schaemum anthephoroides 

Family Cyperaceae Ar3'"1-
Carex scabrifolia 

Carex pumila 

Fimbristylis dichotoma 

Scirpus fluviatlis 

Family Polygonaceae u}t:j{¼:;iJ

Rumex cripus 

Persicaria hydropipter 

Polygonum bellardi 

Family Chennopodiaceae 'll •r~"1-
Chenopodium glaucum 

Atrip!ex subcordata 

Atripfex gmelini 

Kochia scoparia var. littorea 

Sa!icomia herbaceae 

Suaeda japonica 

Suaeda as]XlTagoides 

Suaeda maritima 

Family Cruciferae {l ;<J-1! "1-
Rorippa indica 

Family Caryophyllaceae "I "1'"1-
Sperguaria marina 

Family Leguminosae %~ 

- 769 -

'!!<11 
"-'frcJ 
7J-•l>'1¾ 
%•JAi 
tl¾¾ 
71 ',,! 
Uil 'll a.j 
_S'_Aj',j: 

7JJ;!_a.j 

7 }-~ Ji!. i!.l ¾ 

"-JJ& a.j 

11 '1'1-'l,t 
¾J!a.JAf,t 
-a, 'a "l 7\ 
uj;,pj 

~~o}? 

~ ~·~•) 

,,~ "- ~ 1•1 
1! lll4a.J 
¾-'8-n}-r:.f 

"'" -a~& 

4~~~ 

"11 ¾'--l-% 



Aeschynomene indica A};;il¾ 

Latlryrus japonica 7)!.!?l--c:: -· 
Family Cruciferae ',:I :>:1-~ '1\-

Lepidium apetalum cJ-"1-'J!oJ 
Family Onagraceae at~ ~:.q. 

Oenothera odorata 1@'~01 ~ 

Family Plumbaginaceae ~~'lfoJ.ij-
Limonium tetragonum ".l! ~;,! 

Family Convolvulaceae "1};"1-
Calystegia soldanella 1!u{]* 
Family V erbenaceae of 'I! -'fc "1-

Vitex rotundifolia tr°l'l] 7] 41¥--
Family Compositae ~~* 

Aster tripolium ".)!7ffo]~ 

Lxeris repens ".l!*"l'i'l 
Artemisia capilolaris Afil_ "i' 
Gnapralium q/Jine "i"i' 
Erigeron bonariensis ~"J-~ 
Senecio vulgan·s 11 "i'~ 
Artemisia scoparia "l"i' 
Sonchus asper ;e' 'lf7f;<] %° 

Sonchus oleraceus 'l]-7f;<f% 

Bidens bipinnata -'<-'->ll "l ef 'a 
Family Typhaceae ¥- ~ :il-

Typlrl orientalis ~ cs 
Ta 
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Phylum Porifera .. I'! %itii'c 
Ponfera mlid. 

Phylum Cnidaria 7J-~%-H-¥.-
Actmiaria unid. ~u] ~* 
Edwardsia japonica 

Dcf[einia sp. 

Pennatulacea unid. l:ltc:}-X-¾fi-

Phylum Platyhelminthes I'! ,I 'o-i!-ii'c 
Turbellaria unid. 'g~~ ~"ff' 

Phylum Nemertinea %1tl%*~ 
Nemertinea unid. 

Phylum Bryozoa 11111 %,«-~ 
Bryozoa unid. 

Phylum Brachiopoda ~~%~~ 

Class Inarticulata ¥~.:f 7J
Order Atremata ~ ,I & 

Family Lingulidae 711 ~ :.rl-
Lingula anatina 1H 13!" 

Phylum Mollusca ~ ~ %-i-~ 
Class Gastropoda J½~7J-
Order Archaeogastropoda ~Al~~& 

Family Acmaeidae :fl-:'.>l:~3'::.711l!J, 
Acmaea pallidt:z tl.0l-?(3':1H 
Collisel/a hero/di hero/di 0H 7]-'f-~ ~ uff ~ 

Order Mesogastropoda ¾~~& 
Family Potamididae ~ .31 %~ 

Batillaria cumingi 

Cerithidea cingulata 

Cerithideopsilla djadjariensis 

Cerithidea rhizophorarum 

Family Epitoniidae ~-V-i!l.31%~ 
Epitoniidae unid. 

Spiniscala japonica 
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Family Naticidae T:;:-51-<ll 0 l,} 

Euspira(Lunatia) fortunei 

Euspira(Lunatia) gilua 

Family Littorinidae f,-~JJ.%:i!J-
Littorina breuicula 

Family Stenothyridae 

Stenothyra edogawaensis %-2-~7]~4-<'ao] 

Stenothyra glabra 

Order Neogastropoda {:! ~~-& 
Family Buccinidae ¾i1JJ.%~ 

Cantharus cecillei 

Family Pyrenidae 5{-~:ilf-

M itrella bicincta 

Pyrenidae unid. 

Family Nassaridae ¾-ft5{-~.L%:ilJ
Nassarius( Reticunassa) festiuus 

Family Muricidae W.±4~ 

Rapana uenosa 

Order Cephalaspidea 

Family Hamineidae ~ .f o] :.J}-

Bullacta exerata 

Family Scaphanderidae 

Decorifer insignis 

Eocy!ichna cylindrel/a 

Family Philinidae .fl~-1'o]l4-

Philine sp. 

Class Bivalvia o] til 1')7J

Order Ostreoida 

Family Osteridae ~ :.if. 
Os tr ea denselamellosa 

Crassosrrea sp. 

Family Anomiidae ~~ 0 ] ~ 

Anomia chinensis 

Order Arcoida 

Family Arcidae ~~7H,} 

Arcidae unid. 

Barba,tia streamsi 

Sropharca subcrenata 

Tegillarca granosa 

Family Noetiidae 

Estellarro oliuacea 
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Family Mytilidae 'a" "1 >)

Musculista senhousio 

Vignadula atrota 

Order Veneroida 

Family Veneridae IJl'f}-:.i}-

Dosinorbis japonica lfj :1::. 79 
Pitar sp. l!!1 ~"ff" 
Ventricoloidea foveofata 

Ruditapes philippinarum 

Family Tellinidae .:ti Af X-71t :ilf-
M oerella iridescens 

Moerella jedoensis 

Nit1dotellina minuta 

Arcophagia diapfllna. 

Theora fragilis 

Family Trapeziidae ~JI.-¥-Al~ 

Trapexiwn liratum 

Family Mactridae ,ft;;le<c,ft>)-

Mactra sp. 

Family Carditidae ?*'ltAf';e<c,ftaJ-

M egacardita ferruginosa 

Order Anomalodesmacea 

FamiJy Thracidae 

Asthenoth:Ierus sematanus 

Order NucuJoida 

Family Nuculidae ~¥5:.7'8~ 
Ennucuia tenuis 

Order Pholadomyida 

Family Laternulidae 1113:.7'.i!J. 

lnternu/a navicula 

Latemula sp. 

Order Pterioida 

Family Limidae 7ft 7faj u] >1-
Limaria basilania 

Family Pectinidae 7}i!l 11131\-

'lt~ 1l •I e<c 111 
~t-11 Al S:.7H 
Oij7J1fAj5;.7fff} 

'l 1l A] ""i 

Placopecten magellanicus 7}t!.l 1:1] * 
Cryptopecten uesiculosus 

Class Polyplacophora t:t'47J
Order Neoloricata 

Family lschnochitonidae ~ -¥-~¥-JI} 
lschnochiton sp. ';1f~¥-ft 
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Class Cephalopoda ¥~7J
Cephalopoda unid. 

Order Sepiida :g-.2. 'll oJ ", 
Family Sepiidae '!l-.2. 'll oJ :,f 

Sepiidae urlld. 

Phylum Annelida l!;,l'o'it¾ 

Class Polychaeta t:}Y.. 7J 
Order Phyllodocida '1->I 'lt 'l"i 'II o] ", 

Family Phyllodocidae '1->l'lt'l"i'll•PI 
Anaitides koreana 

Eteone longa 

Eumida sanguinea 

Phyllodocidae unid. 

Family Glyceridae •l'!l-'l-']'l!o]~ 

Glycera chirori 

Family Goniadidae :,u,J 'l "I 'II o] ~ 

Goniada macuiata 

Family Polynoidae Hl ~~Al-fl ol ~ 
Harmothne sp. 

Lepidonotus sp. 

Family Nephtyidae -,.;i-'l;<J'l!•],f 
lnermonephtys inermis 

Nephrys oligobranchia 

Family Nereidae i-~~ ~ oJ ~ 

Nereis longior 

Ceratonereis sp. 

Nectone.anthes latipoda 

Nereidae urlld. 

Perinereis aib!lhitensis 

Perinereis nuntia 

Glycindae unid. 

Tambalagamia fauvelli 

Family Pilargiidae ',l'i''l"i'l!•],f 
Sigambra tentaculata 

Pilargiidae unid. 

Family Syllidae 'll'i''lt'l-'l'l!o]~ 

Syllidae unid. 

Family Sigalionidae Jl ~ J:11 'a ~ Al -fl 0 1 ~ 

Ihllenessa digitata 

Order Orbiniida -3l-.£~ A) t opt 
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Family Paraonidae 

Aricidea ( Aedicira) pacifica 

Aricidea ( Aces ta) assimilis 

Family Orbiniidae ~ ~JJ.-4 'lJ o] ~ 

Scoloplos anniger 

Phyla felix asiaticus 

Order F!abelligerida cj "I ~ "1 ,I •l ~ 
Family Flabelligeridae cj "I ~Al ,I •P•I 

-\I z]- .5'.AI j! Al 'a O I 
•}Al •111'/tj!AI 'a 0 1 

Broda villosa §'J-ift:-l 12:j -1_ 7.] i!J o] 

Pherusa plumosa ~ r:-] 12:j -1, 7.J i3J o l 
Order Eunicida '!! ~ "1 ;ii 01 ~ 

Family Onuphidae 'll~;;<J,!•1"1-
Diopatra sugokai 

Family Dorvilleidae 'r ~? 'll ~ Al 'J •l "1-
Dorvillea sp. .,:Z- :;_ T ~ ~ A) >'a oj it 

Family lphitimidae 

Drilonereis sp. 

Family Lumbrineridae 1;' ,!'~Al ;ii •I "1-
Lumbrineris heteropoda :Ut:f-al4r-:k~AjcJol 

Lumbrineris nipponica ~.g.t:li!-l-i' *7JA] i:'J o] 

Family Eunicidae ~ 71 -4 t 01 ~ 
Marphysa sanguinea 

Order Capitellida l:ll ~ 7l A] t o] ~ 

Family Capitellidae »1 ~7l-4t 0 1J.!J
H eteromastus filiformis 

Family Maldanidae tl1 '-t-¥-JJ.Al iii 01 :il]
Clymene/la koreana 

Maldanidae unid. 

Praxillella affinis lit i!-l ill 4-¥-1. A] ~ 0 l 

Order Magelonida °J~~AJ ii) oJ ~ 
Family Magelonidae °J~JJA]iiJoJ~ 

Magelona japonica 

Order Cirratulida -;! El-<I ~ Al 'a •l ~ 
Family Cirratulidae 1\El<l~Al;il•l-'4 

Cirrifonnia tentaculata 

Tlnryx sp. 

Order Spionida 

Family Soionidae 

Heterospio sp. 

Polydora ligni 

Prionospio Japonicus 

'l!,t~Al,l•l~ 
'l!,; ~ Al ;ii 0 1 -'4 
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Pseudopolydora sp. ~Vl~'?r~A]?Jo]* 

Scolelepis sp. ~ ~1:A) ~ o] * 
Spionidae unid. 

Family Poecilochaetidae A}~-11'.1,;tJ ~~ 

Poeciloc!rJetus johnsoni ;.+~ ~ 1: ?:) i!J o] 

Order Stemaspida ..2. ~ 7) .1, xJ iii oJ ~ 

Fam;Iy Sternasp;,Jae .2. .If 7] ~ "1 ,I oplj-

Sternaspis scutata 

Order Terebellida 4};:!J .1,Aj ~ oJ & 
Family Terebellidae 4} iii 7l A] i!J oJ ~ 

Amaeana sp. 

Loimia medusa 

Pista cristata 

Family Ampharetidae Al-ff~"] 'l! oJ >If 
Amphisamytll:I japonica 

Amp/rJrete arctica 

Amphicteis gunneri 

M elinna cristata 

Family Pectinariidae '17lAJ~oJ:.q. 
Lagis bocki 

Family Trichobranchidae ~ ~ ~ 7lAJ i!J oJ :.if
Trichobranchus sp. 

Terebellides horikoshii 

Order Sabellida ~ ~ "1 'l! oJ 'f 
Family Sabellidae ~ ~ xJ ~ oJ ~ 

Chone sp. 

Family Serpulidae 'l-'111~"1 'l! op,j

Hydroides ezoensis 

Potamoleios krausii 

Order OpheI;;da .a_ Cjj ,1. ;<j 'l! oJ 'f 
Family Opheliidae .8..~1,A)~oJJ4-

Travisia japonica 

Phylum Arthropoda ~ A\ %-i-~ 

Class Crustacea Yzt7J 

Order Isopoda ~zt~ 
Family Sphaeromatidae 

Sphaeromatidae unid. 

Exosp/rJeroma sp. 

Family ldoteidae ~ 2l W. 4 ~ 
C/eantis planicauda 
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Family Paranthuridae .!l. ,& Ii!. i!l 11} q ~ l:f ~ 
Paranthura sp. 

Order Amphipoda \l'zt~ 
Family Ampeliscidae '1!'11 'l!AI ~,f 

Ampelisca sp. 

Byblis japonicus 

Family Ampithoidae %~414-af 
Ampithoe sp. 

Ampithoidae unid. 

Family Aoridae 

Aoridae unid. 

Family Corophiidae ~ '!! ,, el ~ 414-af 
Corophium sinense 

Corophium sp. 

Gammaropsis japonicu.s 

Gammaropsis utinomi 

Photi.-.; longicnudatn 

Family Ischyoceridae ~ '!! 1il el ~ "I ·'Hl· 01 >I 
Ericrhonius pugnax 

Family Urothoidae 5!. ~J/-Al c;:t ,"ll 4-A}~~ 
Urothoidae unid. 

Family Melitidae 'l!elEf~-'14-af 
Eriopisella sechellensis 

Maera sp. 

Melitidae unid. 

Family Hyalidae 81~,S:. 0 1~"'14~ 

Hyale sp. 

Family Oedicerotidae ~~€'~Al 4:-f. 

Chitinomandibulum sp. 

Perioculodes sp. 

Family Liljeborgiidae ~ot.!i!.~-4144 

ldunella chilkensis 

Order Decapoda 11 zt~ 
Family Alpheidae ~,t,-,'-H 4~ 

Alpheus bisincisus 

Alpheus brevicristatus 

Alpheus rapax 

Alpheus sp. 

Atfrmas lamellifer 

Family Ocypodidae 

Camptandrium sexdentatum 
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Cleistostomata dilatatum 

Jlyoplax desc!nmpsi 

llyoplax pingi 

Macrophtfnlmus japonicus 

Uroarcuata 

Family Crangonidae ;4~"11 -?-~ 
Crungon sp. 

Family Grapsidae 1:1}~ 71 ,J. 

H el ice tridens sheni 

Helice tridens wuana 

H emigrapsus penicillatus 

Family Leucosiidae VI- :,ti l4 
Pilyra pisum 

Family Upogebiidae ~ll}

Upogebia mqjor 

Family Xanthidae -¥-~ JI :ilf. 
Xanthidae unid. 

Family Oedicerotidae ~1!- 01 JI~ 
Pinnotheres sinensis 

Tritodynamia rathbuni 

Family Porcellanidae Jfl ~ 0 1 :ii}, 
Pisidia serratifrons 

Raph1dopus ciliatu.s 

Family Goneplacidae ~¾ 0 171.:.if
Eucrate crenata 

Typhlororcinus sp. 

Family Diogenidae \ii "l ~~'!I JI af 

-'IJA,i->11 
~~,1 
~ -.!~>II 
~ >II 
,.,. >II 

'llc-'S-,J'toJ 
"1 '1-"1 ~I -l!- 0 I 

Paguristes sp. -TI~~ 711 * 
Family Hippolytidae Ji!.v}-414~ 

Latreuates p[anirotris ~ ~ ~ 1J..u};,.H 4-
Family Pasiphaeidae *t:117)"1~~ 

Leptochella gracilis *tll 7] AH~ 
Family Palaemonidae ~ ,l vl Al 4~ 

Palaemon sp. 

Family Penaeidae &i!l-'-11~:.it-
Penaeus japonicus 

Trachypenaeus curoirostris 

Order Tanaidacea 

Family Tanaidae 

Apseudes sp. 

Order Thoracica -@--1-~ 
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Family Balanidae a} 711 •1 :,j-
Balanus reticulatus ¾ttl-1H1:1J 
Ba/anus sp. il}-7fftl]fi-

Order Cumacea 4,1°1,1,R4~ 

Family Diastylidae '1!3' i!] i!,,W 01 "14-af 

Dimorphostylis sp. 

Family Bodotriidae ',t~,W 0 ]"14'4 

Eoeuma hilgedorfi 

Order Stomatopoda Tzt& 
Family Squillidae ~,t,t:,J-

Oratosquilla oratoria 17~ ;;i:j 

Phylum Echinodermata "=tJJl ¥~~ 
Class Stelleroidea *7}A}ij 7J 
Order Myophiurida llfAf PJ~ 

Ophiuroidea unid. 

Class Echinoidea 11 }ft 7J 
Order Echinoida -'ll ii & 

Family Temnopleuridae ~~ 11 ii~ 
Temnopleurus toreumaticus 

Family Strongylocentrotidae ¼-2-~ ii .Jlt
Toxopneustidae mild. 

Class Holothuroidea '41}- 7J
Order Apodida .lf~& 

Family Synaptidae ~~1}-:i!}

Protankyra bidentata 

Holothuroidea unid. 
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Subphylum Vertebrata ~ 4%~0 Hf 
Class Actinopterygli 

Order Anguillifonnes 

Family Anguillidae 

Anguilla japonica 

Order Clupeifonnes .,S oJ -&
Family Pristigasteridae ¾*l :il}

llisln elongata 

Family Clupeidae 

Konosirus puncr:atus 

Order Lophiifonnes c:,t-11 ~ 
Family Lopbiidae ot'IJ "1-

Lophiomus setigerus 

Order Mugilifonnes ¾61 * 
Family Mugilidae 1"<>1'4 

Mugil ceplnlus 

Order Scorpaeniformes ~ 1ff oJ ~ 

Family Lipariformes ~~l :il} 
Liparis tanakai 

Order Percifonnes {f oJ ~ 
Family Moronidae 'li-<>f>l!

Lateolabrax japonicus 

Family Serranidae ~tcl "1-
Epinephelus septerrifasciatus 

Family Leiogonathidae 'r%7.J :il}
Leiognatyus nuchilis 

Family Sparidae x. u] "1-
AcanthoPJgrus schlegeli 

Family Sciaenidae ~ <"Ji :il} 

Argyrosomus argentatus 

Miichthys miiuy 

Pseudosciaena polyactis 

Ca!lichthys lucidus 

Family Mullidae ~4-3ZJ
Upeneus bensasi 
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Family Callionymidae j,0J"1 ~ 
Callionymidae unid. 

Family Gobiidae 'l)-~<>J .ij
Orieturichthys stigmatias 

Synechogobius hasta 

Family Trichiuridae ~ -"l "1-
Trichiurus lepturus 

Family Scombridae Jt%<>j ~ 

Scomber japonicus 

Scomberomorus niphonius 

Order Pleuronectifonnes 7} 4 ul ~ 
Family Cynoglossidae %-"I tll ~ 

Cynoglossus joyneri 

Order Takifugu niphobles ~6l ~ 
Family Tetraodontidae %*"1-

Tak1fugu nip/wbles 

Class Aves ~(.!!;) 7J-
Order Anserifonnes 7] cl 7] ~ 

Family Anatidae .2. a]~ 

Tadoma tadorna 

Anas platyrhynclws 

Anas poecilorlryncha 

Anas falcafll 

Order Ciconiiformes .,All~ 
Family Scolopacidae .£A34 

Arenaria interpres 

Calidris nif,.-collis 

Calidris a!pina 

Calidris canutus 

Tringa totanus 

Tringa stagnati'lis 

Tringa nebularia 

Tringa ochropus 

Tringa brevipes 

Tn·nga hypoleucos 
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Tringa dnereus 

Nwnenius arquata 

Nwnenius madagasroriensis 

Nwnenius p/neopus 

Family Charadriidae '!!- .. ,. "1-
Cooradrius alexandrinus 

Ov.rodrius placidus 

Chiradrius mongolus 

Pluvialis squatarola 

Family Laridae '!!ut7]:,,J-

'$l .!/-"15'..8. 

ot 5'..Q. 

'l, "I-1,1 a1 O t X. .Q_ 

¾¥-i!l £.fl 

~&%'11•1 
... i;;'!!-'11 •1 

Larus argentotus ~ ~Pl 71 
Larus crassirostris ~ 01 i[P) 71 
Sterna albifrons ±I >I]"] ,Jcuff 71 

Family Ardeidae "I 7t"1 "1-
Ardea cinerea 'ii 7ta1 
Egretta garzetta ±1 l!Jl ~ 
M esophoyx intermedia 
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~~ 3. ~2- 111::!ll ~~~ ?~ ~-"~ ?i!.J!J- (1989-1999) 
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~~ 3. ~2 111;:1,cJ !t~~ 'T"~ ~-.t.f ~i!f(1989-1999) 

Temp. 
Salinity pH 

DO COD NI-Li-N N(h-N NOrN POrN ss 
Year Month St. ('C) (nw)) (mi;,;/1) (µM) (µM) ( µM) (µMl (mp;/1)_ 

s B s B s B s B s B s D s B s B s B s 
1989 Feh. I ::l.4S 3 10 32.79 32.98 8.19 8.19 11.36 993 103 0.87 4.28 3.18 0.26 0.26 2.70 2.38 0.26 0.35 5.5 

2 3.65 3.44 33.00 32.86 8.19 8.19 10.96 10.35 0.95 0.85 4.45 5.48 0.33 0.28 129 0.86 0 31 0.45 33.5 

Apr. I 10.03 10.98 31.93 32.11 8.22 8.23 10.10 10.22 1.12 0.95 0.95 0.47 0.12 0.04 0.25 079 0.12 0.22 3.5 

2 9.82 9.61 32.33 32.25 8.22 8.24 10.43 9.86 1.26 1.39 0.50 1.17 0.14 0.15 0.21 0.15 0.23 0.35 9.0 

1 20.50 19.62 32.09 32.45 8.15 8.11 7.36 7.57 0.23 0.49 1.78 2.98 0.61 o.n 4.88 4.36 0.43 1.22 5.0 

2 18.00 18.58 32.64 32.65 8.12 8.13 7.10 7.76 0.23 0.15 2.23 1.78 0.47 0.35 6.25 6.34 0.37 0.14 1.5 

Sept. 1 27.23 26.02 31.71 32.()2 8.08 8.07 6.73 6.86 0.82 0.63 2.53 4.70 3.31 2.44 10.35 8.71 0.69 o.n 10.5 

2 25.92 25.02 31.64 32.CY2 8.04 8.03 6.50 6.73 0.89 0.63 1.94 2.70 0.26 0.19 1.01 0.43 0.56 OBI 18.4 
~ Nov. 1 25.19 24.70 31.28 31.31 8.22 8.21 722 7.25 1.22 0.91 0.96 0.68 0.37 0.05 0.26 0.05 0.03 0.04 21.0 
00 
~ 

2 24.48 24.18 31.90 32.00 8.23 8.22 6.17 6.67 1.20 1.02 0.49 0.70 0.34 0.24 1.48 0.22 004 0.02 16.5 

1 15.75 14.09 30.18 30.27 8.19 8.16 10.47 9.60 1.84 1.29 1.72 1.53 0.43 0.42 4.25 5.16 009 0.26 9.5 

2 16.23 15.91 30.78 30.81 8.21 8.18 10.56 10.19 1.58 1.72 1.24 1.55 0.61 1.02 2.06 0.49 0.10 0.15 16.0 

1990 Feb. 1 3.28 2.31 30.59 30.37 8.16 8.15 10.13 10.42 0.79 0.94 5.18 4.38 0.29 0.28 1.88 2.92 038 0.44 5.5 

2 3.98 2.54 30.94 30.67 8.17 8.18 9.83 10.35 0.64 0.60 5.40 5.88 0.19 0.21 3.11 3.51 0.54 0.56 3.0 

Apr. 1 10.50 10.00 32.42 32.46 8.27 8.26 9.13 9.32 1.26 2.18 2.71 1.89 0.13 0.24 0.33 1.51 016 0.28 5.0 

2 10.35 10.11 32.82 32.80 8.27 8.27 9.06 8.96 0.90 1.25 1.91 1.32 0.28 0.12 0.87 186 0.22 0.29 4.0 

Aug. I 29.87 29.42 29.86 29.04 8.22 8.17 6.32 6.42 0.46 2.02 2.20 1.72 0.25 0.34 0.19 060 048 0.17 30 

2 28.00 28.52 27.31 32.03 8.06 8.09 6.72 6.73 0.79 1.58 1.49 2.10 0.09 0.13 0.29 0.34 028 0.20 66.0 

Nov. 1 16.23 15.19 31.41 31.50 8.34 8.29 7.66 7.56 1.09 1.07 0.29 0.43 0.33 0.29 529 0.31 0.43 0.21 5.5 

2 16.62 15.59 31.56 31.53 8.22 8.22 7.69 7.52 2.02 1.17 0.51 0.50 0.31 0.28 2.39 1.83 037 0.46 10.0 

,. s: .R¼, B: 7'!¾. 



¥~ 3. J.11~ 

Temp. DO COD NH.-N NOz-N NQ3-N PO.-N ss 
Year Month St. (1;) 

Salinity pH 
(m.ll/ll (mw'i) (µM} (µMl (µM) (µMl (~/1) 

s B s B s B s B s B s B s B s B s B s 
1991 Feb. 1 4.20 4.30 32.02 32.12 8.08 8.10 10.46 10.16 1.09 0.62 1.34 1.26 0.25 0.37 2.09 2.05 0.37 0.41 25.S 

2 4.75 5.62 32.31 32.20 8.16 8.15 10.15 10.20 0.7S 0.61 1.37 1.25 0.35 0.26 3.59 3.50 0.43 0.47 112.0 

Aor. 1 8.39 8.45 31.Zl 31.29 8.18 8.17 9.00 8.82 0.73 1.65 2.51 2.45 0.23 0.29 0.60 0.61 0.27 0.32 12.5 

2 8.91 8.89 31.61 31.50 8.16 8.15 8.63 8.90 0.58 1.51 2.72 2.62 0.29 0.26 0.80 O.ITT 0.44 0.46 23.5 

Aull. 1 25.80 25.50 30.98 30.96 8.17 8.34 6.50 6.36 2.57 1.91 0.72 0.81 0.56 0.36 1.60 0.53 0.14 0.10 87.0 

2 25.47 24.95 31.48 3148 8.16 8.15 6.17 S.84 1.81 1.90 0.75 0.77 0.48 0.24 2.12 1.87 0.17 0.20 26.5 

Nov. 1 14.18 14.10 32.01 32.01 8.27 8.30 8.32 8.46 LIO 0.77 0.32 0.30 0.50 0.39 0.10 0.15 0.17 0.21 37.5 

2 14.89 14.82 32.54 32.06 8.29 8.27 7.97 8.17 0.58 0.46 0.32 0.29 0.38 0.38 0.16 0.05 0.17 0.29 105.5 

1992 Feb. 1 4.25 3.74 32.89 32.88 8.04 7.99 9.76 10.49 0.87 1.48 1.59 1.20 0.29 0.44 1.45 1.04 0.31 0.46 4.0 

' 2 4.65 4.34 33.05 32.92 7.59 8.00 9.90 9.02 0.95 1.44 1.40 1.24 0.38 0.32 0.()'2 0.46 0.40 0.47 46.5 
✓ 

12.03 11.42 32.32 32.34 8.06 9.22 1.07 3.98 2.09 1.06 1.19 0.24 0.44 0.19 0.41 29.0 00 Aor. I 8.12 8.95 l.12 
0-

12.00 10.72 32.69 32.67 !.02 0.36 0.39 55.5 
' 2 8.09 8.13 9.56 9.59 1.45 1.27 3.75 2.25 0.55 0.24 0.67 

AU!<. 1 28.50 26.98 33.11 33.11 8.28 8.27 6.87 6.79 1.12 1.45 0.76 0.49 1.74 0.51 l.ll 0.96 0.45 0.48 30.5 

2 28.20 26.62 33.34 34.25 8.28 8.26 7.03 6.99 1.12 1.38 0.27 1.05 0.29 0.22 2.63 1.12 0.46 0.27 33.5 

Nov. 1 14.79 14.44 31.94 31.93 8.04 8.06 8.82 9.26 1.11 0.73 1.22 1.30 1.89 1.99 6.49 6.59 0.46 0.41 5.5 
2 15.49 15.45 31.97 31.95 8.06 8.05 8.05 8.89 1.25 1.63 1.86 1.44 1.02 1.17 6.26 7.59 0.39 0.41 10.0 

1993 Feb. I 4.39 4.23 34.56 34.52 7.89 7.86 11.59 11.86 1.07 1.84 0.52 1.52 1.29 1.04 0.14 2.55 0.77 0.49 9.5 
2 4.40 4.25 34.57 34.56 7.93 7.92 12.12 12.15 1.30 1.84 0.63 I.80 1.31 1.12 5.88 2.00 0.58 0.47 45.0 

Apr. 1 9.20 8.85 32.59 32.56 8.07 8.18 8.80 8.76 1.08 1.08 2.86 3.84 0.63 0.54 0.62 0.49 0.15 0.35 135.0 

2 8.69 9.40 32.71 32.51 8.06 8.14 9.23 8.76 1.85 1.69 3.98 3.31 0.70 0.58 0.68 0.53 0.19 0.41 72.0 

Au,. 1 24.89 24.52 31.74 31.58 8.09 8.09 6.50 6.12 1.44 1.33 0.33 0.63 1.36 1.25 0.37 1.ll 0.36 0.33 5.5 
2 24.62 24.50 31.95 32.09 8.10 8.09 6.64 6.04 0.19 1.99 0.78 0.57 1.02 0.75 2.57 2.04 0.12 0.23 3.0 

Nov. 1 14.60 14.31 31.61 31.69 8.24 8.27 8.86 9.29 1.30 1.68 0.98 l.70 1.10 1.06 1.70 2.83 0.62 057 51.5 
2 14.~ 14.69 32.70 31.62 8.24 8.26 9.36 9.57 2.22_ 1.53 1.11 0.74 0.46 0.51 1.93 - 2.S:, _ 0.42 0.58 32.0 

• Sc .!E¾. Be "!¾. 

,,... •-,--•-•--·"· 

~~-=+-'·-.~•,,~·tc-Z,,di;;,.,,,_-,..,.,, .• _--,.-:. .• ,.,_,~·.,..,.-_.-- .,__,;- ~- •·· ,-~.-' • ·-··=-,-, --··--· --·.· --------------~--------~- --- ----~· . ·- ---



¥~ 3. )jl~ 

Temp. Salinity pH DO COD NH.i-N NOrN N0rN P(kN ss 
Year Month St (t:) (mi;z/1) (m.e/ll (µM) (µM} ( µM) (µMl (m2/ll 

s B s B s B s B s B s B s B s B s B s 
1994 Feb. l 2.47 2.38 32.40 32.40 7.84 7.80 12.92 12.76 U.64 0.62 3.18 3.88 0.71 0.59 1.05 1.16 0.18 0.27 83.0 

2 2.56 2.43 32.30 32.30 7.98 8.04 12.30 12.96 1.31 0.72 2.82 8.76 0.47 0.61 1.32 o.w 0.15 0.29 9.5 
Ao, l 9.10 8.90 33.03 32.93 8.05 8.07 12.39 9.52 0.64 0.70 1.01 1.67 0.37 0.38 2.00 1.77 0.28 0.29 3.5 

2 9.00 8.90 33.33 33.63 7.80 8.04 9.82 9.42 0.37 066 0.61 1.05 0.15 0.12 2.39 2.69 0.36 0.30 23.5 
Au.11:. l 30.60 28.90 32.14 32.22 8.22 8.15 6.79 5.9'3 1.11 0.89 258 865 0.63 0.75 I.79 2.52 0.22 0.29 16.0 

2 30.70 29.50 32.37 31.89 8.17 8.11 7.13 6.57 0.57 1.63 5.62 1.92 0.65 0.75 1.82 2.06 0.27 0.05 7.0 
Nov. l 15.80 15.31 31.79 31.70 8.12 8.12 829 8.43 1.25 1.38 1.99 2.60 0.50 0.38 3.61 3.71 0.24 0.25 4.4 

2 15.90 15.48 32.23 31.69 809 8.15 9.29 9.86 0.94 1.47 2.84 2.16 0.50 0.36 8.74 4.72 0.39 0.71 5.6 
1995 Feb. l 2.59 2.32 33.3> 33.20 7.75 7.77 12.89 10.67 0.90 0.92 0.50 0.36 0.10 0.10 2.81 3.43 0.27 0.36 24.5 

' 2 2.84 2.72 32.00 33.10 7.72 7.73 11.29 9.90 0.70 0.75 0.87 0.64 0.16 0.12 3.63 4.18 0.31 0.33 56.5 
~ 

9.82 9.61 32.04 32.06 7.73 7.98 8.70 8.46 1.76 1.69 0.94 0.18 0.12 0.65 1.99 1.32 0.3'2 0.61 24.2 00 Aor. l 
~ 

9.59 32.08 3'2.06 2 9.88 7.98 7.86 8.60 8.50 1.71 1.80 0.65 0.29 0.50 0.11 0.67 0.63 0.57 0.34 31.2 
Au.11:. l 27.80 27.74 33.19 33.14 8.13 8.13 6.36 6.23 1.55 1.59 2.28 2.41 1.83 1.76 6.35 6.08 0.53 0.43 23.0 

2 27.10 27.13 33.15 32.94 8.13 8.12 6.84 6.26 1.66 1.90 4.49 2.61 0.99 1.23 6.37 6.28 0.50 0.62 16.5 
Nov. l 12.10 11.50 34.33 33.46 7.90 7.92 9.53 9.46 0.69 1.77 2.01 2.44 1.05 0.62 6.69 5.95 0.28 0.25 23.0 

2 12.00 11.60 34.Zl 34.12 7.80 7.91 8.85 8.70 1.62 0.62 0.84 2.68 0.90 0.52 7.28 5.91 0.29 0.35 28.5 
1996 Feb. l 3.11 2.09 34.f:O 33.01 8.13 8.13 11.43 11.41 0.85 0.92 0.38 0.88 0.84 0.28 2.78 3.44 0.48 0.55 40.5 

2 2.62 2.40 34.51 34.54 8.16 8.14 11.59 11.39 1.08 1.46 0.74 0.33 0.70 0.99 2.80 2.33 0.35 0.48 75.5 
Ape. l 9.01 9.01 31.59 31.58 8.Q7 808 9.89 993 1.25 1.45 0.71 1.28 0.28 0.22 3.03 2.51 0.31 0.26 29.5 

2 9.04 8.98 32.26 31.81 8.07 8.07 9.81 9.76 1.42 0.81 0.96 0.57 0.29 0.43 2.95 2.88 0.62 1.03 45.5 
Au.11:. l 28.f:O 28.34 31.78 32.01 8.12 8.12 6.66 6.44 1.15 0.94 0.47 0.52 0.66 0.77 2.08 2.17 1.41 0.60 7.5 

2 29.08 27.89 32.04 32.05 8.11 8.12 6.76 646 0.81 1.09 0.99 LOO 044 0.58 2.32 2.09 1.19 1.32 23.5 
Nov l 10.80 10.50 32.44 32.44 7.75 7.74 8.93 9.36 1.36 0.94 1.12 0.19 0.38 0.60 4.28 6.38 0.58 0.63 195.5 

2 10.60 10.30 32.37 32.38 7.72 7.75 9.69 9.31 0.94 208 4.80 0.52 0.29 0.66 5.59 4.85 0.66 0.65 164.0 

• S: R¾. B" 7'!¾. 



!,a!~ 3. Jll~ 

Temp. DO COD NIL N N"O!-N NOrN POcN ss 
Year Month St ("[) 

Salinity µH 
(~/1) (mR/1) (µM) (µM) ( µM) (µM) (m.~/1) 

s B s B s B s B s B s B s il s B s B s 
1997 Feb. 1 2.70 2.70 33.54 32.84 7.D9 8.02 13.62 12.0S 1.19 1.18 0.79 0.58 0.45 0.13 099 1.73 0.15 0.19 19.5 

2 .150 ~ 40 33.68 33.63 7.91 7 96 12.02 12.26 1.47 156 048 086 0.44 0.48 305 3.79 0.35 0.45 23.0 
Mav 1 16.50 15.20 31.96 32.62 7.89 7.91 7.79 7.90 0.44 0.33 0.52 0.62 0.53 0.64 1.79 3.05 0.45 0.44 50.5 

2 16.32 15.76 31.06 31.13 7 91 7.92 7.49 8.21 0.68 0.63 0.48 0.44 0.68 0.70 1.78 1.82 0.31 0.34 49.5 
AuR. 1 26.90 26.80 31.26 31.43 798 8.02 6.51 5.10 0.99 1.52 0.43 1.43 0.90 0.89 10.47 10.34 0.71 0.92 41.0 

2 26.40 26.40 31 .63 31.61 8.02 8.03 6.28 5.06 1.74 1.97 1.01 0.90 0.69 0.62 11.30 4.82 0.76 0.79 14.0 
Nov. 1 13.70 13.60 32.02 33.05 811 8.11 7.19 746 1.09 1.13 0.46 0.42 1.62 230 6.82 7.36 0.41 0.48 61.5 

2 13.80 13.50 32.04 32.02 8.15 8.15 7.26 7.17 0.96 0.95 0.32 0.90 2.46 0.45 4.30 7.47 0.33 0.60 46.0 
1998 Feb. 1 3.20 3.00 32.90 32.50 785 7.89 10.44 10.56 0.97 0.74 1.21 0.57 0.14 0.21 4.71 5.07 0.16 0.29 122.3 

' 2 3.50 3.50 32.60 32.60 7.94 7.96 10.23 IO.SI 1.12 1.49 1.07 0.93 0.29 0.36 5.86 5.57 0.26 0.32 98.3 
~ 

0.55 0.65 11.0 00 Mav 1 20.70 19.00 32.75 32.79 802 8.00 8.03 7.49 0.70 1.07 1.07 2.93 0.36 0.50 3.50 4.14 
00 

2 18.40 18.00 32.88 32.87 8.04 8.05 7.96 7.57 104 100 1.71 0.71 0.50 0.57 4.21 4.57 0.65 0.65 15.0 
AuR. 1 27.90 27.20 30.82 31.27 8.03 8.05 6.23 6.09 2.13 1.56 3.369 3.36 0.43 0.•7 1.29 0.29 0.06 0.10 4.5 

2 27.50 26.80 30.41 31.38 8.04 808 6.14 6.26 1.42 1.61 3.64 300 LOO 0.14 7.07 0.50 0.19 0.19 LS 
Nov. 1 13.00 12.70 30.05 30.11 8.20 8.18 844 8.33 0.59 0.43 3.29 I.57 0.50 0.43 2.43 3.86 0.61 0.52 44.5 

2 12.80 12.70 30.34 30.24 8.12 8.13 8.61 8.39 0.59 0.53 129 3.00 0.29 0.64 6.43 5.71 0.61 0.58 80.5 
1999 Feb. 1 4.80 4.50 31.64 31.45 800 7.99 11.00 II.ID 125 123 0.57 0.71 0.93 1.64 8.00 5.79 0.52 0.71 29.0 

2 4.90 4.40 31.64 31.65 800 8.00 11.41 11.9'.J 1.47 1.28 0.50 1.14 0.43 0.86 6.71 8.43 0.52 0.74 35.0 
Mav 1 15.40 15.10 31.96 31.88 8.06 8.10 7.77 7.87 1.41 1.38 9.86 2.71 0.29 0.36 9.07 7.14 0.45 0.39 16.5 

2 15.40 15.00 31.84 31.90 8.12 802 7.47 7.81 l.19 0.64 0.00 0.21 036 0.43 7.29 5.57 0.26 0.32 16.5 

A"". 1 2.6.10 26.00 32.s:3 32.61 8.09 7.99 6.21 5.93 0.73 0.69 1.57 0.71 0.93 1.21 1.14 5.71 0.16 0.74 32.0 
2 25.50 25.50 32.80 32.81 7.96 7.93 5.60 5.59 1.55 1.67 3.29 0.21 LOO 1.43 3.29 3.14 0.90 0.61 128.0 

Nov. 1 16.00 15.60 31.47 31.30 7.93 798 803 7.90 LIB L38 1.41 0.89 0.15 0.29 3.44 1.27 0.04 0.16 30.5 
2 16.50 15.90 31.38 31.63 7.97 7.96 7.51 7.14 1.03 1.09 1.32 1.57 0 70 0.76 0.35 1.45 0.28 0.29 54.5 

* s: .Il¾, B: Ai%. 



5'\'!: I ' 

1 -2. ~ qJJ ~ -£1:o\] Ai-6j'8}~ Gyrosigma~;,if- Navicula 4r~ ~J.,J%1?:t* ,l.}{l (1, 

x 300, 2. X 1,500) 

£~ 2: 

1-2. Gyros1gma sterrenburgii, 3~4. Gyrosigma balticum v. smens1s, 5~6. 

Gyrosigma obliquum, 7. Gyrosigma wonnleyi. 

5' '1!: 3 ' 
1. Pleurosigma normanii, 2~3. Pleurosigma angulatum, 4. Pleurosigma falx, 5~ 

6. Pleurosigma elongatum, 7 ~8. Pleurosigma formosum. 

£.:il!- 4: 

1. Nitzschia sp.1, 2. Nitzschia scapellifonnis, 3~4. Nitzschia sigma v. sigmatella, 

5 ~ 6. Nitzschia vidolvichii, 7. Nitzschia sigma, 8 ~ 9. Nitzschia uermicularis 

5'\'f 5' 

1. Diploneis weiseflogi, 2. Diploneis novaeseelandae, 3. Diploneis smith, 4. 

Diploneis notabilis, 5. Diploneis crabro f. suspecta. 6. Trachyneis brunii, 7. 

Trachyneis johnsoniana 

£{! 6 : 

1. Navicula carinifera, 2. Navicula marina, 3. Navicula lyra v. insignis, 4. 

Navicula lyra, 5. Navicula grarrulata, 6-8. Nauicula directa v. incus, 9. Navicula 

ramosissima, 10. Amphora coffaefarmis. 

- 789 -



£\'!: 7 : 

1 ~ 2. Berkeleya scopulorum, 3. Frickea lewisiana, 4. Frustulia interposita, 5. 

Caloneis liber, 6. Scoliopleura tumida, 7. Tryblionella ganulata 8. Tryblionella 

cocconeiformis, 9. Psammodictyon coarctata, 10. Tryblionella didyma. 

1. Surirella voigtii, 2. Surirella sp., 3. Surirella aravica, 4. Surirella gemma, 5~6. 

Entomoneis paludosa, 7. Entomoneis alata, 8. Cyclotella stylorum, 9. Triblioptychus 

cocconeijonnis. 

£\'!: 9 : 

1. Paralia sulcata, 2. Planktoniella blanda, 3. Thalassiosira sp.1, 4. Hyalodiscus 

scoticus, 5. Actinoptychus senarius, 6. Actinoptychus splendens, 7. Ccscinoptychus 

radiatus 

-790-
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£-\Y- 1 

A ~ ~ (Tak1fugu 

(Konosirus punctatus) 

mphobles) B : 9"%;:i;l(Leiogrtatyus nuchalts) C ~ oj 

D : 'J,7J~o] (Collichthys lucidus) E :.'r.<'s-J\'-'T (Upencus 

bi-nsa:;1) F : ¾ 0,},~ (Synechogobius hasta) G : 91 ~ 0J~ (Chaetunchthys 

stigmalias) H .!i!.T*l (Argyrosomus argentatus) I : aj-Ait:Jl (Cynoglossus 

jovneri) J % .:>:] (Liparis tanakai) 
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Je Jong-Geel 

Lee S1-Wan 

Woo Han Jun 

Lee Hyun Ah 
Kim Tae-Ho 

Jang Ji-Young 

Cho Tae Kyung 

Lee Chang Soo 

Kim Gab Kon 

Hong Song M1 

Chang Dong Yong 

Nam Yoon Yong 

Kwang M1 Ja 

Lee Hwan Yeoul 

Kim Kyung-Min 

Kim Byung Sun 

Park. Jin Woo 

Jung Sang Bae 

Yang Soo Nam 

Moon Yong Po 

Kim Jin Woo 

Kim Tae Sung 

Kane Do Hyung 

Han Hyo Sun 

Yoo Hee Younc 

Lee Won Young 

Lee Kgye Youn 

O Tae Hun 

Kim Hwan Yong 

Cho Joong K1 

Cha In Hwan 

Jun Sung Hwan 

Yun Sung Gyu 

Yoon M1 Suk 

Kim Young Chun 

Kim Eun Hee 

Um M1 Jeong 

Yang Seung Sig 

Choi Kwang-S1k 
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7-1. ~41'1'!~ 

(;,ti 2 :§1 ~ '!!~4"1- 0J--'ll ~ 3.ff) 

7 - 2. "I lift 'l!- tJl !a.~ 3. 

( ~ ~ §.E. ~ ~ ~ 'l! ..... ~ ..2. 'l") .5'. ,.:p,J ~ ~) 
7-3. 'l!-~~~ -&-%'1'! ~ 

(A] :§J-'{!- ~ t1l ~ ~ '11'~ :§J- 'l'! T) 

7-4. ;,f ?-"] 't! '11 all '1!-=r-± 
< ¾ 'i't cl lift 'l!- 1 Ell i'!: >/1- l!---'ll :§J- 'l!-'l!-> 
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<~ 7-1> 

1. ~~~-w-

(1) ~'i'~H~J!f li\1!il 

".Ji '!! .g. .2. i!I! %'1!- ~ .£ \ll;,,; ,g-.2.;a. 'I.! -'I "I <>I {! "I · •l ;;J % zt¾ 11 'ltoJI ;i ~ "1 
<>I ~ct- !s"I 1960\:!tll 0 1.:f {!"J7l~ 0 I '1l:.t.-f:i1. tllw.£.eJ ¾'ll-•l1f %~"1\'l-"1 
A7 'ef "1! 'l!-.ej '? .ll. ~ ".Ji '!! .g. ti! TI" .£.s'. {! "I "1 7 I A] "}-a} s:I q. ".Ji '!! AJ Ell ,q 7} ,q \:! 7 I "l 
7} >iltll.ss '!l7}"1"1 ~.g. ,,, ... oJJAi 7l'll:oJJ .ej~ ~>11"1 7f;>J'1J-0 I ¾.ll.t;fJil oj]j;,j 
~71 lliJ;';'-o]l::f. 

7~'!!o\l til~ \'l:1134 '.J. ¾.ll.'8°1 'i'-Zf"17l Aj"}~ ~.g. 90'dtil ¾'Ile 0 l.:f'i'-c1s:I 
cf. ia'"l.!i!.<'!¾ .$1~ 's->11"! ll:%..?c .2.Eil <'!¥-o1 '.ll<>J~.2.i..J- 's-Lil.eJ ~+ 1996';'1 
"1l6~} ,l-A}~.ej (&c"/')<>11 ;<jg.2__;,_ ",Lij.ej ~~\'t'iJ:',ol %7}~ Olf- 7}4/5c.7f ~ 
1 l , l "1-.-, '.ll cf :i1. ..; 4- '.ll cf. 's-Lil ;a. ½ o }-& ~ ~ l't 'ii :, .g. <'! ;¥-1} :, 34 ~ '711 's- '-1\ 
ii--'loJI ti!~ ~ ... "1-SJ-"i- ~A}~% %¾ {)AJ-oj-\'lAi 'B'-'L l,-t;J 90% o]-'lfs's ;>};ac] 

.-f :i1. '.ll;,,; ".Ji'!! <>ii ti!~ ¾ .ll. 'a 3lf :i 1}"'l ~ 'll-711 "1:i1. 'B'"l.s!.<'!, 11 '!!.s!.<'l ¾%<>11 
~¾ ~711 -,!cf. oJo] ™'.g. *o] 'l!~B -'lf ... oJIAj 'B'"l.eJ ¾.ll.'8 g 'l)-ej7] .$]-o}oj 
"&llli..f :,!;¥-7f, ~~l't>il :,.g. *.g. ~%:',¾ <'!71"1-s:lcf. 'B'-'l.s!.<'!'!! >il'll 'll ,J

'1~'4 7f'lJ ~'i', ",;<J]-'ll 0 li..J-, AJ:§f&c ;'1-;<J] >1]71 '.ll >1'1J-'<l-{!1'JAf'lJ 'l!til¾%, ".Ji 

'!! 'iJ-Af 'll zt¾ :ii[*%¾ '"'"'"l 'll-'i'-"l 'B'-'l 'll"i 4-;;l:ilf 'l!'/!Aj'l.)-l,-"l ia'"loJi 
ti! ~" o I "11 ;; 'll- 0 l 1 l .$1 "II :r "l .-, s:1 cf. 

:i "1-'ll 4/ojJA7 ".J!'!!oJI ti!~ .$],i)-t ™'o] 'J,Of:l/cf. ™'t Af,l-:', 0 ] ><f¾ll-711 
".l!'i!¾ }c7] A]"}oj-5:l;,,;t~, lt"I ;,J'l}-><f"'l'i!'il, -&:ut, "l•»Af, ~~Af:oj'i!>il %g 
¾'il.2..s'. >l'1J7]•~, 1l_Aj'iJ-~, 1)\'!! 'iJ-Af, 7)!'!! •J", ':ll:~71 >,,J-o] % 21-¾ :ut* 'll 
7] •], 'l'l:'!1-:, o] ~ •» ,aj '.,l q. 

:i.2]4 o]cj~ \'l:{134 'l}-;¥-'!1'1Jt' tll'!I 7l'1r"tt' !E cf~ ~\'l"l 11'!!']'11'11"1 
~"" g 7};,j .2.7] A] "}-.j-S:J. cf. 'lJ'c 7}-',i-~ 7)\ '!! "J -'/-1", 'l! ~ 'l}-;'1-:ilf <>J '1 >]% :', ¾ 
of','- 11->l I-]- oJ :', "l A7 6]-l;'-{!¾ .l!f:ilj-o};,,; 134% 7};,j~]!, !E~ <>I'll:', o] ¾~ .-f 
;,,; <>J 'lJ-oJJ ~ •J'¾ 9' 7]5'. "}s:I cf. oJ;,,; 11 '!! >§ '1] >I] oil ti!~ o] "117} 'i'-"f ~ 7}¾ ti] 

".l!W:'l!-;¥-~1"1-<>lcf ~"'+el'-l-el"1V"1l'l!-~WtEil;,ffolltll~'ll.s!.4:ut 
~ ;{.H~ .. 7} fi!-ol 1¥-~~ JRol~ :d~~~ 7J,q 0JAa ~~~ ~Al ~.g. '?..!~A}~ o] 
".Ji 'i! ~ 'l)-<>ll ,;.'lj-,! I :i!fo] 7]£ -.}cf. ";, ~ W oil Aj "l :ut * ".s'.'.J. 'l'I 0 ] 71 'lf "1 <>I 
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:U><J &ft >I 7.l-"H'il½>IJ ZJ-ZJ-£1 ljj-6j.Q..ss ;;11\JB 7]•~,e, 'l!'l! E:..ss:::i,!1%% "11 
.21-a\ 21'c -'1-1i'-\!! ~ ?Ji\!! 7] •~ % % \!! "1711'c io' 2, "I 2, Ill a.\ 2 7},c <>l '=- i'!'lr :i!f 

tj- ;: "' \ll 1'c 5'. ½ 'a< :. 't'll i:J-. o l "1 ~ /4! :i!f ;a_ ?Ji \!! oJl tJl ~ :ut -l\- £J '/l .8. ':l o l r:1 * 
¾.8.-a\>11 tll'f-.5'J7l "l"r~ 31°111-
~ "1 '11 if .g, ?Ji \!!JI.~¾%% ~11 'I 9. 'l! "1 ?Ji\!! ·W Ell ;,fl ;; JI.~"' 2 *"l "r1'c 7} 

'l!- ~ {! "1 'il ljj-i o l :ut -l\- 'll % 'l< :il ?Ji \!! ~ 7i! iiL -l\-o\l tl1 ~ i'!" J ~ ,;, 7\1 "1 'll tj-. o l o\l 
?Ji\!! "]Eil'1lo\l tll~ -£e}j'< :ut-l\- '.11 :ut-l\- i>L>l£1 71\!!% ¼-a\"1 ?J!\!!o\l tll~ 0 1'1 
¾;;! '.11 JI.~ £1 '!!.8.':l 'sl 61 % 241 "1,l 2, 'i •I ?Ji\!! •~ Ell ;,fl o\l tJl ~ ~ li'-"1-'i :i!f 
>i];,Jl;aj's) ?Ji\!! .!!..ss:::L,!I 71\!! '.11 :iit'T'~% 7ff\!!~ 'r '.cl1'c :ut-l\-:-<f 0J',j rr_;a_:::i,!j 

i 7] ~"'>ii "1 'll '1. 
1998\1:i!f 1999\1<>11 ;;J•~'t! ''.l!\!!i>L-l\-"r 'll'"a ~3il''t 'lf.Q..ss.'r. "i4f"i.Q..ss ¾ 

'll-a\"1 ?Ji\!!% Jl.~"f:il '2 ¾.8."a g 1(:i!};aj.Q._;a_ 'l,a.joj %7},<f'a, 0 ] -"111 •~%"! 
:il {!~ ~ 'r '.cl1'c .sstJ!;; c};i!-a\:i10<f "f'.,lt:J-. 

,!~ ~]~"'1°'1 qJ~ -itt}e ~~ ~1if 1jl m4-
1 'la! ~I tll ., 0 I '1 ¾ cl 'l1 JI. 'l! 91 'l! .a ':l '1! "I ~ 0J 

1! 'll ;;,: ~ ;<f °J' '\I 

1! '1111 Ell ,i oJl t11 ., 0 I s>c 'l! 'it 
1! 'la! ~ 7J -1, % 'l1 "<I t >/ JI. 

7J~ :ii!:4-~ jJJ~~ ~~ 

~~ .fil~ ~£.::Z.~ 7}~ 1M 7]~ .. 
I ~12~ 11'11 ;;,:~,,, 0J':l ~3.~ "",, I .. 
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(Lf) ~Pl~ ,I!',;! @Af ~ {i!AH @::,_ !'~ 

;<Jj2~ ,J! '!j 3jl * :,f O.}A.j ~1 .=i 'if-£ 4' .fl.~ %7} Al~ oj :,jJ 'lJ 7J -"j '1) "./1 '!j ',i-A\.2j- ~ 

Aj ',I-± ,¥''1! _;I__sc:J.,lj-£ 01'1!~'9 "./!'!joj qj~ ~'l}'lJ1!} {)'l)~-£ qJ..-):il "./!'!j 

-'J%~i!J- ~•11ocoJI tll~ 'l!-"l-"1'11 -i'l:~ tr%¾ :ig...-1oi ,g,1- -i'l:~ '1!-'il¾ q..-1~ 

% ~'!Ml:%:. !;!~..-fs:.->:- ..-1s:1t:.J-. 

1) 9~ 30'l! ~ 10-%! 1 'l! 

'11% : ~•I'll-± ¾'1! - s:..ll.%1111•1 -i'l:~ 

~~ : 7J§:J-5:. ';}Be ".11\!l - '>1'1!-'1! ~"'121, -\!'¥-21, "1•121 'l!tll 
2) 10-%/ 19'l! 

t.!1% : ~-'I'll-± ¾'1! - 5:.Jl.,o-nlJAI -i'l:~, •ioJAI \'!~ 

1~ : 7J:§}5:. ';}Be ".l!'ll - "1•121 "i)"J 

3) 10-%! 30'l! 

'-11 % : ".11 'll 'll ,g 61 % -i'l: ~ 

1~ : (7J~5:.) %7,:15:. 'lf ".l!'ll 

4) 11 ~ 27'l! 

t.!1% : 7J¾'!JAl,J'± ,¥''1! 

~~: 7J§:l-5:. ';}Be ".l!'ll - ~"'l'll-i'l:, 11:.2.21 1"'11, "1•121 °.}oj'l} 

(Cf) .ii!.~~ it~ 5'.L-!Ei 

.$~3.{f {l-7}A}~9.] 2.J<d¾ 1[5!4.!i!.,a_ ji!A}(.f!-7a¾ A~Zf'8}t Ji!.A}5'..~oJl ~~ fil 

A\~oj t:.j-4';', ,l:,)~)71 7f'l} Jlt'.l);~Pj, '1:'1J~%7f, '1J~Of.i< -;£-':J;<I '>) E'..sc:J.,l 

7J~;,1, "'l"l'r\'!, 7)Ef (½-l'l:•I c-'i'-"'L :§1-71, '1!7'-~, oi•E•I c-'i'-"I) %91 "'~.sc 

'-t Et ',f t:.j-. 

% ,1 :,f ~ ,g, ".11 'll oJI tll ~ 0 l ~"1- ".11 'll -'] Ell "11 'ii 1, ,g %-i'l:~ '!!-'il, ?Ii 'll il * " .sc 
:i.,l ,]~ %"11 tJI~ 'lJ!;!.2j- :,)6J¾ '<i_.ll..sc ~5:!~<11, oj:,!,@, %71:,f~oJ O,.i< lJ: 

%oJ)Ai, >IJ~'Of.i< E'..sc:J.,loJ)J,i, zJ- Bc>iloJl•i, o1•g•f<>IJAi ".l!'lloJI '11~ E..sc:i.,l:; 

~~]-t}Jl 'U?ii.+ A]~-t}Jl 'UC AJ~OllA~ .u!-&-g ~-t}0:1 ~~~.g.. ~%¾ E:..£:J. 

,l:, ~•].-f:il;<f --1~ .QjJ<j~ 7)J<):il '.U'lit:.J-. 
~13{t oj~ %7):,f~.Qj t/-%:S ',/J>f!;l.'1!, -\l-7J"'i(7)~Af ¾'!!, .i<.Jl-'J), •P.JeR 

(~S,";<j{l!Ej, -'"*-'J), "'i%'1J(~S,-'!EiJAf~711~ .oj~, 7JAl) %,@, Aj'lj;,jej:, 
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cJ!'l}.,;.;.. ~<>I '>Ill~ :J!•!PJ.Jl:.r4-"l0J-'il ~1='-11''¾ -£-'ll"l~.:il, AJ~ii' -1'--'¥-~:S 

~ cJ! -'I}_<;.;._ ".J! '1! .iit 4- E_;._::i ;;!i-i- ~ ',j ~~ cj-, OJP] \!J:( -';j 'r<>I % :;;!Ar, .iit ~-'Ii )_g. 

~.iit %.il. .iitA}:S:il], ~!Jfl :1!'1! 7]•R¾ 7]~~.:il ~•J;;,~_<;.Pj, "}%.;;.(cJ!'ll<>l.:il .iit 

AL :.r4-,m, 'll'll4r(:.rAL :.r4--'§J, e~'ll(.!/-{!c t!:7i!\'!, :.r4--'§J % ''9'%7J ~'r:: 

-<j Zf~,cc ,'i'. -.)' .i .g. 1J. Aij'lJ-~ ~%9.J 7]iif"l '1! ,;i.otQJ qoJ~t 4''r~~.:il, 7.}:§} 

£ Al'1J'llcJ!1'c ?'1J(Al'1J)½3!J, ~!Jfl uff~ '\]7];aj'1) 1/Aij',I~ ~%¾ ~7ij%}~c]-. {l 

%~ (~7r, :;;r4--<~).g. cJ!'l!:il], (oJ'1l)1ltoJI cJ!~ o]P]O<];, ::i~_<;.;._ ::ii!]1'c ¾o]Pj 

7.}~ %:;Ji!JoJ)Aj -'Jl<~ %}.:il '.l)c]-. 

0 ]•1~ '1}7}0<}:SQJ l!-%.g. ',! 7}0<] '1)<,]_<;.;._ 4E},;l-1'ct~, 3lal, .iit4- '11%% 0<} 

{! 9.J E:.;.. ::i ;,II oJl I'! 'll ~ 7il q-;.. <>I 71 oJJ £ % ;.. 1,l,-il-~ 'r V q. :l! '1! 3lJ, i'l \'! B ~ 
%¾ "11 ~'1 A},J, ;a;._ o] o] cJ! '1! oJJ cJ! ~ 7i! 11 ¾ 5<!'.:il '.ll oJ :1 %'1lc9.\ tl-%¾ 'll 
7}~:il .!,l_aj,%}S= A}i/f;s:i!), 7)l'Jl .iit4- !",.is,:::J.;,,)ojJ '1 g 'l}oj~~,,j A}i/f:S!a. cJ!'Jl 

jjl~ E:.~.::r?,!J¾ ¾~<5}71 -'?1~ 1~~ 4-{l<S"}.:i!. 7J,q~ (~~7}).ll} JJI*til-ril, 7]~ 

"' .il. '.ll 1'c Al i/r :a O 1 q. "'"1, cl! 'll oJJ cJ! ~ ii[ 4-9.J ~ ~ ~ 'll 7 l "' .:i1 ,;',-'j "' <>I :l! '1! 
.ii[~Qj ';]aj'1) 'l}'l},½ £.£.j;}S= A}i/f:SO]Pj, cl)>l),a, ".J!'/:!oJI f!~ ~~ 7]~~714 

oJJ,r,;',otoJ)Aj 7,/'Jl¾ 'ij-'1)-~%},cc A}',1%,a, ,','-~ 'r '.l)~cj-. 

(2.f) <{\3~ ?,!!~ .ii!,~,Cf 'e/{j 'l,f3.i,; ,Cf't\lt~ cgOj 

>!]2~ :l! '1! ii[ 4-0<} 0J-';l ~1 .3.{fojJ %"1 j;}~'" ii[ 4-A~ :a 0] "113~ :l! '1! .iit 4-0<f OJ 

"a ~1.3.'fr9.\ ¾•1<1- 'z!•~oi1 "'~~%7,,._ %<>1"1s..;;. ~"1, :.r4- E:,;..::i,iQJ 'll4f 
'3 % fl- 7-] t;} :i'- .iit 4-7-}::} 9.\ <ii E 'l-1 .3. ;a 'r's~ ;,\] ~ 0 ] tj,, 

(3) i?J 'i' 7H R 

(7f) ~ ± : -tle!l~.ii!. (:Y~iic ~~'21 -tJ.!\S2.I), :Y~sc. \el8 ?l!~ 

IL.fl '<I "f : 1999\1 8~ 16~ - 19~(3"1 4~) 

(c.~) Lil M = ~~:nt- ,!)-?::J:m~on !l-½:l ~::: ~~n ~ .ill.A~, x1~~12J 

(ief) 2/' ~ : ~"' \>! ~ 

(•~) * ~ : ~~~~~'r:IT~. ~~~.ill., ~~-sH~~T.:t:, $11~::?t.f.¥, 

"®~A~j;\.!:j! 

l"f) ~7f~~ : ;, 60~{~/7fXf 40~, i!J'Af :l/ ~~ 20~) 
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1) "01-i'f 

7t} ".I! 'l! 'l! 'l! '!/ "~ Ell >ii 
CD f-"1 '--l-"1- ".I! 'l! .eJ 'i 'll '!/ 'il 'i!-

7J-Af : ,ij ¾ 7el (%e.:-oil 0J •,F?-cl: ,Jj 'll '1! 'i'-'ll, la;',;Jj '1!-W "~ Eli .!l 'l!-\'- $j 'll) 

• Lil % : ".I! 'l! .eJ 78 -"l , ".I! 'l! .eJ 'l! 'l! :aJ 'i 'll <>ii t1l ~ '<i 'll 3!f + e1 '--l-"1- ".I! 

'l! 0 I "i 'cl 'i 'll '!/ 'il 'i!-3!f ¾ .8. '\l 
(2) 7J!'l!"~% 1. :,jAjA~% 

• 7J- Af : >ii ¾7.l (~e.:-"11 °J'1! ,'-cl: '11 'll '1! 'i'-~, lat"'i '1! "W ,g Eli .!;l_ 'l!-¥- $1 'll) 

• Lil -e- , + ai '--l-"1- ,1,,o11 '<! ".I! 'l! oq 11-_,,_ o1-.:i!. :u;,, 'r .B. "1 ,1 ,~ % :; .ei 

~ 'i!-3!f ,1-oJ tPa .ei 'i 'a 3!f zt "1 ,p§ % .eJ 'i 1 
® 7J! 'l! A§,.. 2. 'll"§-61,.. 

7J-A f : 'l) 'll O l ('il:e.:-t1l 3lt ~ :ii[ .Jli-3!]- :ii[~) 

• Lil%: ".I!'!!'!/ "11'1!7f 'r\l!-"l 'll"~-'1% 'il'i!-3!f ".I!'!! 'i"a, $1:>l<>il uf 
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')! 'il 'J.1 '.l! 'il ,g <1] ,i] oil cJI ~ 01 ~½ 1a' c; iii cj ,'1-.'r. i'! "Joil cJI ~ 01 "ii .2} 7.HJ 01 

\l!g 7<!4- <>ja] At',l-~ g ',l!'il"i]Aj 'l]'\!f;,}7]7} •14- "1'111:t. %~ 0]"1 'i/Al71 °1 

-'Foj:s]J!!:s]'l! '.l!'il½ "1¥Jil e}a}.t;!..:il '!li1~ :,!'l]7}, A}\'!-~½ 'l!½~ 7<!4- "1'1! 

'l:'2-ia. ~t1liif"l ~'diilJil %"I ~ 'r '.l/sc.;,. ~ :,!'l]1l, '1l>ilia. 'J!'il '!%~ g li!. 

~g al! "~%~oll ell~ 9"~%% ~o-J ~ "r il,:S:.~ 8"}71 ~~ ~½Al-91 F.ll£ % 

oil cJi"l"l :s1sc.~2-!a.-"1 '.l!'il :iil-l\- :s1sc."1.si i'\,g-oi1,1.si "l~.ilt ¾.8.".l g llfstw 

'r '.l/.'r.;,. %}5:! ct. 

c2H ~~!!-~.ill~ ..... ~_:i~ 71~'2:!-'e;l:i!I- ~~ 

'.l! 'll .sJ Ji!. 'ct ;,.f .:i'. :s] 4s' aJ 2-ia. "1: e1 ;,.f 7 l ~ ~ 7178° :it 3!f "l 'l! ".l- '1l o I ill -l\- 0 I ,q."' 
')!oJ] cJl;,foJ cJl.!j!-11-.QJ A}\'J-~-& %.sJ~q. n!l;;coJ] ')!'i!oJ]Aj.sj E.ia.:J.,lg c,l•g;,.}.:i'. 

:sf ~ 14- 'lJ½;,f.sJ 'J!'ll"il cJI~ 01"11'1!''1! 01'-14 .::1 t1J%g "1¥Jil :it3!f'l2-ia. 

%1} -'I~ "ii Jil 11 ,t g "I"' 1111 ¾ .8. ;,.f q. e;, ')! 'l1 ill -ii- "!a.:J. ,! ~ ''l! >ii', '"1 c.J 
J,f, 'T7}', 'o-11711', 'TT~','-¥-~%',,~, "8'}'E-7l-oJl qj"8"}0:j 7]~Al-i:" ¾~~ 1.gzt 

~ oJo[ ~q. 
'.l!'ll E..ia.:J.,!% j;'e];,.I"' ig-,g. A},J-~o] 7]~ \'!-;floilAi-';'-E] "1el%½ slJil "1 

"' c~ , 0 I -';'-11-"il cJI ~ -'f- el % :i!]- 7 I ~ "J '1l g Qj 1'] .:i'. q 0J~ '!I -'I ~ % '!f ~ ii} s:! q. 

0] ~a~~ %7}A}~o] 7}AJ- w.g_ lfr%g Ji!.<'.j fil~ "5'".9.j 8"}1.}5!ltj-. 

(D~) ~~~EH~I i! ~~ !!-~.iil~:i!I- e.1-~2! ~~:;,~ &I-~ i! ~!i:!.~ T~ 

~~ .iil~Al- OJ:,J.a ~~.3.{fg ¾°a<5l-Jll~ o]-fr % <5}47} 1&~ iil'ff"S!t .:g.fl-01 

c.]-. qoJ~ ~%3!} 7,l~, ;,]-"l~g s,,? A}\'J-~o] %"1%}5:!;:c~ o]a]~ t11%~o] 

Ai.ia. •i!a."i]Jil £%0] 5'].:i'. 'jjli!.7f-,! 'r '.l/£;,. ;,fnj, %7}-'l"t <>ja] 11-0,.sJ 7JA} 

~.9.J nlfj-~ 18-til-~ Il:£..:r~g 7]~'5}.:ilA} -8-}~ ,q~~oJl711 1:!~7}~ ~~g w 
o] jl 'lJ !,l_ oJ ~ '/-"i' ~ 2-.ia.-"I j'[ %"J 'lJ "1c ,!] ;'; 'Ji!"' 78° 2-.ia.A] .s] "l ~ g i;f 5:! q. 
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'!l-'i'-<c c.l!'l!oll t!I~ "l-'11°1'11 ,fl:,,_~ -&'aJ.Q.5[ ~ 1'1!~;,;J:.t-l\-% %.ll.%f;,JJ 'l! 

~i5"}.:i1 v_q, ~.£..:J.'lM 7~~~ ~~7} 0J-'3% ~~~.Q_.£. ~ °'r V.t ~T~Y- t1J 

~, ti: ill B >ii % .eJ 'lf ~ 3!J "Hl % % ~ ~ el '-l-el- {! '!l oil 'l< 1cc 1t :i!J'aJ "1 cl! '1! ~ 'll 
:.t -l\- " gc::i. ,lJ .eJ 11 'lf 3!J _1;l_ ia- o J o J -'F-oJ ~ 4' :u _sc_ ;;;- '11 o ,~ t:l-. 

2) 'l! TI B >ii .eJ ".l! '1! ti: 'll :.t -l\- .'!!..slc::i. ;;iJ "l 11 
llJ-.,0, 11 n ° 1 "l 'l1: ~ :.t -"l A,~ :.t -l\- -¥-li'-oJJ tJJ ~ 'l! n B >11 .ei ".l! '1! ~ 1 .ii! -l\-91 lf 

%-& 's''l!~.eJ ".l!'l! '.ll \'!'<!oJI tll~ %.ll.'8 g 'l!-"l"f.sc.,,_ "f1cc•~ ~ "1~% •l~ 
:il. ~_o_5[2j- 7JtlJ "JAJ .=it:}. 

c::i. c1 '-l- ~ oil Ai £ "'1'J _1;l_ :u,,, 0 1 'l! n ~ ;,;i B >11 1cc :.t -l\-oJJ tJJ ~ .ei "l 1cc :u .Q. '-J- ".l! '1! 
oJJ tll~ "1-"l.eJ -'i'-'S'"t 1l2- <>Jal%, >Ill, 'l!"i, .'!!..slc::i.,l, :.tsl %.eJ -'i'->l.sl '<]..-f 

oj ".l!'l!tl:'ll :.t-l\- .'!!..5'.c::i.;;loJ] t!I~ 'f-;<f7f 71.eJ ~lee -'lJ-...-oJt:}. 

1?.!:z:~.!j!-tr'.Q.J .m-&-~~~ ~/g~~}.:il Al4r~~ ~%0] -fr-Al~ 4- :Us..~ ;(~1 ~ 

•] '1l :ai "l ii, ii[ -l\- 71 ".Q. .s:. Ai .ei 1'! el 21- .ei -'1- ;:. ""c % 'll n t1: 1a B >11 oi1 tJJ ~ "l ii 
:'. ".l!'ll~lJ!;l.'1!.eJ 317,1g o];,f %.8.~ 7],fro] 'o! :,!o]t:}. 

3) ".l!'i!~lJ:.t-l\-.eJ •H~ ,._,,21- "11! "J-'il 
~) ,l) ") 'l) "./! '1! tf 'lj :.t-l\- o) {! A) ->! 'f' :ll.'i'.,,. i'f :,jJ -'f-"J \l) 'l) ct -o:} :.t oJ] tf ;;j 3!j"f 2j

ct ,;lJ g ~tll-of.'i'.,,_ ,,,oi, "l"Jt!:ill tJJoct;, ¾..-foJ ".l!'1!~7J:.t-l\-% 'llt!- 1J'll- '.ll \'! 

>IL Zl¾ ".l!'lltl:7.J:.t-l\- rr,:.c::i.;;,J.eJ 11'1! '.ll .ii!-l\- .ii!>1 11'1!"11 tll~ "l~:i!J ¾ti"! 
'l] 7J '1! tf ;;J :.t -l\--lil ci .eJ 'll 'il 'll ¾ °a % oj) tlJ ~ ,j ~ u} ill 3!j :Al-'/! o) '.,) oJ o F ~ 31 

o)cJ-. EEt!- -"l'ii'.eJ ".l!'i!tl:7J:.t-l\- .'!!.-".c::i.;;!% 7.'!~"f:,,. •H% 4' :Uc 1):§1;, ufill"f 

1cc 31 .'i'. -\l! .8. "' t:}. 

1) 7~ 'l/ tf?,j ,i!-l\- ;<).'i'_;<f OJA.j 

t!-?.3B~l ~..g. Zf ~ 0fgJ ~fE-7}9} ~121~1ll, i?-1f.~~.J11-9.J -¥!Al~ E.%~2-.£. 

\'loJ,!! 4' '.U1cc ~'ll g lf%"foJ Zl¾ :.t,J 1J'llc:i!J :.t-l\-"f 0J'8% '11~ .'!.-".c::i.;;l 
%% ufilli;f:,,_ ;;cJ4,").Q..5'. .£:"Ji;f.'i'_,,_ ~t:}. ';-o] %0.J- 'll-'i'-'-l- ");<f>IJ, 7)',l, 7J-'f

B" %% %~ <>l)~.§j-_1;!_2j- Zf ,i'-Of2j- 's!li'-7t 'lf~ ~ t:}0J~ '!)_l;l_ 'f'{J %% ¾-of 

°4 ;:)!~t}7a.ill.4-9.] ~~ ~~ 4- '1l£~ °i5}.il 1~t}-7cj.ill.Jr 7],B-.Q...£.Ai.Q.J -1-jAJ~ 
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2) 1!'l!~"el.iit-l\- "1]§.~13 'i'~ 
7J!'l! 'JI ~"el.iit-l\-oll i'!~ 'll.!i!..iit-il-'2 1!'l!~"l.!i!.~"il 0Jq- %.fl.~ "HJ-:, ~ct. 

oJo] ~"el\'!>il, 9-l'L ~ii'-7}, ~'], i'-'/-~ 'ij-o] {roji5fi, 1!'l!~"l.iit-l\- ',! 1!\!l~ 

?s.iil.4 L-Jl§.~,l.3. %0 1 ¾~~7-i4 ¾Bl¾oll V...Q..tij t.-J]§.~• 3.~ *~ 1.!i!. .iil..W- ~ 

~,; 'i]:,i] T~ %:, 0 1-'i'-Jl ~ct- 'ic'-11'/,''l} 0 f'--l4 'i(->i]"l'l! "11.s~].3::S %~ 'll.!i!. 

'l1 1! 'l! ~"l .!i!.'l! ¾ -$1 ~ .iit -l\-i:%¾ ~»ii 'l! >l '--H! "i" '.U.5c"i- "r'2 :,!.'c % .a "f 
lll cJ-

3) 7)! 'l! ~"el .ii[ -l\-:, -$1 ~ ,1 ~ ~ .!i!. 

'l'I ,1 q- 2-1 '--1-4 ~ "el Ii >11 ~ 21 11 'l! ~ 7<l .ii[ -l\- % -$1 Oil At% ,,,;a, "1 % 0 t "1 ,.,_ r11 _,,,_ 

,'- {r7f"l"i1Ai ¾'ifi5fJl ~jl 'l!-¥- B>ll~\'1-0 1 %0J- 'll-¥-"1 ;.c]~oJ1.j- ;.cj,f'i], !f.'2 

7]~ %~ :U:_£~E~ ~<SHAi -8:-~51Jl ~q. 1}-7}tll~ ~~ :iR4 TI:_£.:J.~ 1H~S!t 

.g.~.g_ t:ll-¥-~ -¥-~;3}7] trll~oJl Jl!.4 ARY- Ji!.-S\- AHR, 7c}-~ %~ q}:iili.-}- 78-¥-, 

7JEj 7Ji'\-~ oJ]Aj 'd•]i5fi, .iil-l\- !".§.::1,l;i!J- ~"l'l! >f 0 ]7f '--1-£1-'-1-2 '.U~oj ,JJ, 

'i'l! ¾',!¾ oj,llll "fJ1 ~ct-
,,_ >11 oi1 Ai'° ~ 7el .iil-l\- g ,; 'a :§J-AJ ,171 '-l- ~ 'll "l 'll -,,.1 :, %"1"1 'll-¥-'--1- 11 ',L 

7]E-} 7]3&~.£-!j!-E-j.!ij ~~ ~ ~ttH= A]~% ~;r:Jt+ -e:}Ji!., ~T~.!il {i"tt""7}, A]~'T' 

1?J -'@-j!}Qj ~~;\J\7-fl~ a}~-.S}.:i!. -f~.:g-ojt.f- 7],¥-i:; %g_ l1"%"6}~ % ~~~~ xH 

t! uf'1:, %~ u-l\-"1 ~"l OJ'"J-o] '/1.fl."fct-
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Pf) 'e!7li?J 

• 7J-§l--'1H! 't! 
- 7J-§}.sc. J;!.CO:fi'"l : '1J-Af-iJ-'ll '!}~ 

- "il'T"~'ll-: ~"1)71, 1l61 '}) "1"1 
- 'll-'i'- 'll'lfi'"l : {1°1 ~-'1,} 

- ¾~i? Jal-.SC.'1! : ~7J- "1"1¥- 'll"i 
· - ~~lt}: &::i!oll7l ~ llll%, lJJl~g_ 

o A)¾-'lJc~-§}AJ : A)§}CO: SJ-.jl- ')j~J 

_ .Q.o]_sc_ ".]!111 : 'l}~-A)¾ 't'-B llil'l' ¾'ll 
- tlJ->;'-.'r_ ".)!111 : Agl11.fi-0<) 

- §1--'a->il-'i'-.SC.: \J-0J'l} •J-a:.>11 ~if.'ll~J ("1"ii1J- 1161) 

- -iJ- 5'. 7 C CSJ-.le oJ! 111 
- '!}'l}7J'lf, \j-OJ'l} (q.'!1:0:) {r-'j ')j~J 

. o}~~ ~ 1f.ill.~ 1a""r fr½ OJ~ 
- ,}~~~5: ~~, .g.tiff"r 

• tll~-7}.£.lfr-Ai{!-lfr "f!.,. 

- 'f' 'I.! "11 'llc-ol! 111 'il ".l / 1l 61 
- cil~¾§l-~,a;,q (•l½i1J- 'r½) - \'.!'llc 

- t1l co: i;c 7el "l : 'it 'l' / •l .ll. / i;c Sf 

(Cf) Ell £!\!! .<r. -1'! 'l'~-.!i!. ~ l! 

• <11 'llc"II 'llc"s- 'll '11--'i! 
- "il'T"~'ll-: 1)61/"1"1, ~'1]7] 

- {) 'r 'l} : 'it 'r / "] .il. / * Sf 
- :§"}~ ~~~ : -1:t-~, .g_..1:lff"T 
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- ")aj/{i~-"il'l!-@ I'!~ 

- -"l~/~71>'1 I'!% 

- i'/-Al'o' "1-.x. 11-:,,. 

• ~~l-'#~'tl~ 
- "iaJ/11~- 'il'l!-@ I'!~ 
- \ll{!-'l}.x. ~'lli'/-11: 1oi!l]7] 

- 'ii 'r~'lf I'!~ 

- i'/-±'l! : "iaJ/{I~ (a&•l"T' ?J 

(Df} zJ\et~ 

• 'll 'M--~'iii'! 
- ~!<! : a&•H"T'/'lfAl-\s-
- "II "r ~ 'l} : "i aj / {I ~ 

- 'll {!- .'i'. aJl \!! 

- ~'ll'l! : I'!~ (.!1.~-71'!!) 

0 .!;I_ Aj <il ¾ ,'J 

• sic 'ii 'l! : -fl- 'l! ~ "tJI .'i'. y Ej ;<] ej 

• al "T'-'ll-<>J >1Hl ± 

~:;;I-ct~ 

All 13-1 A]~, ~* %¾ .lli9~~ .:i A]~.'il ?.I!~¾ tj!JE~ 'r ~t :f:A}Al{i 

¾ 'j'\J~"t-
"i "1 ~ B 1,j ~I 

• ¾Af;<]-@¾ tcfej- ~-'S~sl''lf"l~ 0 ]%.-foj ~*l~ ~'l).-fJl ¾;<f.£. 200 

m~"] %'12'l :,JajoJ] "i"li!-\'l-¾ 11*1~4-
• "i"l¾\'J-o] 01%.-f>= ')!¾ »J;,J.-};,J ~Oil, \'l- .!/-11-o] ¾11-~l %"l.x.'s-

20 cm o]-'c}- ~9-£. 1!1% ~ .f-Oll 4-~ ~ -fl-A]-8"}£~ fi}.ll "r~9l ::I!~ 
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gJ ~o]oJ] ~.;;,.~ ¥~9-. o]uJI !ij~-£-~ ~l%J-~ ±l~Gl-¥-~i?:- ~'it 

•J-~"i- l,l•~%1-£.->t ~cj-. 

0 :.Jaji!,-\'!:-@->§%';}',) _<l_'lJ_'i'. ~'jj A]"i] JL'jj.>'.'l].s!a. lf-§-~cj-. 

: ".J!'lls.J >§%';J-"f _<l_'lJs.J 'lJ:§1-;, -\'!:~%j-7] .$1"1!Aj A]Jl.>j'1]9t "]aj,£ "';'!)-@

,9- "1 t.j-ej- ".Ji '!! "-I "1 "l "i- 11 "1 ~ '.,( i:JI Ji "l % "ii "1 -'l , 71 -t "ii 11 "1 ) "ii "1" '} "1 :>ii 'ii 
',!!a. ~ A] ~cj-. 

!<J "I ii, .'EAf 

• 11"1 + 271-%1 'jj£.7f -"l'-l- "1-'l½\4 'r'l!O] 'll:'1l'<l +.!/-E1 'l!'1l~ 7] 

Zr% TJL ~*~2..~ ~l~t:l-. 
• 7Jll1 ¾4.g. J:1-¥-~oflJ.i ~77}Al!'.!1 ~ 0 1~ .ATIJ.i ~~gj ~ 0 ].:i! 12}<?::1~ ~ 

Af~cJ-. 
.2. \!I£. 2Afg Al nil~ 

A] ll.'i '11 "-I "J'll 2.!a.;, ,.J! '!! "1 "1 "14%"1 _<l_ 'll £. '<! '!I QjAf;, ~'1l •I 7] ~ '11 
PUSH .s[O)¾ 0]%;,f::: •J'IJ;Jf ~Ji ';J-EJI;, ~'1J<5f7] .$1<5foj "r-@- 'r"1 ~ 0]%<5f 

"l R~"i"l¾-t ,j<ij;,f;, "J-'i1°1 ilcJ-. 

• PUSH .'i! of ii ~ \11 
- "11,-~ o]-§-;,foj PVC llfo]E:;, 50 cm 7,Jo],;a. ;,cf~ + 'ir?!a. ~j*o] -'i! 

-@- + 'lltl-t '><>l ~6j~ ¾-ll-'r!a. cj-A] 'jjoj €;cj-, llfo]'I <5}1..j-"i] 2 Jj 

"I .llfOJE:.sl 'r7iloJI "1";, JL.!/- •f•.J-t ¾•l~cj-. 

- llf O i'" :a ~ ~I ".Ji'!! oJI 'l1 oJ ,; :;i 11-2.sc .llf Ai llll <>l "1 + J1 .!/- •f'.J 2.;.. 0J 
~~ ~Jti5}Jl Acfi5}~ lf.A]i5}0:1 1:1}1t]A] ~£~ °E~ "'il-'N ~~{l77}A] ,'.t

'/_l-~cj-. 

{!~{!oJ]Ai;, ~\ii- 1,-.Q.sc ll}o]I<iJls.J "1"1%0] ',I-;;<]?[£...;. ~{l;,}oj llf 

op,~ ';J-%1-!a. 7e! ~I 'ii '<l,<5foj "1 aj %01 .'=.c] t.j-£...;. ~ + "1-'l %s.J 7f¾ 

t~l -¥-~~% ~o]~~ iTI~~q. 
• ~,'.: ~2l ~ o]-§-i5}~ liJlfl 

4.g_.. "T-~2..£. ,?J!~gj ~ -¥-¾~ ~~ ~o-1 ~18- 0 1 7}'.;@ l:1]1d18-Alofl ta" 
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it3fy loi«i(L 21Pa -is-lo~ lv'IH'oa It, 1\--& .fv¾fy 'lv'E-!.-'E 'jyc,c ~!,ct, • 

~E (lo) 

•ti-io.lvrv ~ lv¾ eot!?-t'alo liorvl:orv ¾IP il'i f.t!L-&ihi'rilc 

~01~"B'lft [o~[o ft. lA-& "ffR" ~~% fY*Wv 'Pfi!r-tY?v jh 3~0 :fo3 • 

~~ lb ~~ H2) 

·till- -1oll,%lo -&11,.f" ~fl..f" lo-t ilcH•foa -

·ti Th Ile H• ¾fo a lo% k t,,; k> i,. -is fa-l!-fdt!, r rr ti -is H• -
·ti¼%tY lin :S [o {Lty'E 

lioi'rlin ¾lS1• "scli i-l?i ~f.l l"t"-*tL lo-&lo kilo~ "sl"t"' rrll- lo~ -
ii,% [ 0 fa 1t fdl> L 

•ti-io.te 

l< loll- -b,:11,%10 -&11,.f" is: ¼!<-!• :Sa~k eo-l!?-%1v ~(.w9lo-0)jo1:oii} -
11,%10 jo-a;ij; 

•ti-io.-&ra -tildvl\-rr aaoko%-,J,lls ~fn2ti: tl.-¾ %01 l<>i'; liol" 

-&I'd" gti -io.te¾ fvlio-&i¥ ¾¾RY 2H<.fo =irn rr¼t.-H• ¾~k lol>' 
{,zUDQl loll- lw~l f'dlcl\- eot!?-%tv :a(wo0s X =os)-&11,.f" ~frHne[Y -

II,% Io -& 11, .fa 

i'e ii fv .f.-¾fv fvfs • 

·-t:i~Toit ~l)'.'.~~ {L~lt~ \h ~~R -

"-bW~ltl ii,& tr-l.~~% ~~ to-M-~ ~{¥-§-lo ~Jrt!:v ~~ -

·ti-(..jyc,c k,[,; jL'EHLI [oR,l -

-J.y~1}~ • 

·tiro lo 

-& ll,%lo fa;: fv l>r '11,%10 jorr ii1 'll,%lo -&!/,.fa "saoll,.fa i'e ii rv -
·ti ~...-ti ¾{6 .f.-¾ fy fv k -lo-!.-CE "s fv lio{vc,c it -

·ti{!?-foti l>'{,z(Hvtil•l-!.-

'E "slo lioltLf'>foll, ~"'" -&1L fo(t, [liit3Rd,,i(L 8:1-/rklio¾fdn ~.fv¾iv -

FE!!IFv it Jv:=:c Pv~IFY (l::i) 



~-~ of ':(Cl -;tJ 
~'w~ ~ ~ ~ 
IP]N ~ 'K° ~ lf"J 'p•K 

nil Ill\ 'lf of ~-----------~ 1'f ~0 'Kl:tj'ifo ~o 1'( 

, ~r1il[ tj, ,. - '° o 
U" o\"" ~ 'BO 01-J ~ i;>, ~ 00 ,-L-,J ... 
$J :n\ 0]111 ifll of;J W1 oioi ~ • ii!!: '.:::. iii O 'qO 
P') = ,JW 'i;f" 5' ijl:" .:r.: no -::1 : K.J _ W ~ 
...-) ,..,,- r-L ..Jn, =,l oJ ~ ul ;:::;; ~ rt~ llH D-1 ~ = 
~ ,,,., 'r "'I" K ~ lif ,.:, iZl ...J o ar - .,. w ofnl 
..- 'P-' 'pl' '¢P f'li ~ ~ ~ -<I D, ~ WI- R ® ifJl ~ ~ 
,to !\:f pj ~ -< - a« jJ: K.J ffi oJ OJ i:,iK -. :;;a 'tW p" Oj- ~z ij!:D'J (}j~C>lll"JW r-,j "< 
~ if 1P ,!Ill Ul\ 0tJ§~w.;; oERiiaKa«R~ K 'BP 

'Sf of" ,Jjo 5' ~ oO cl= i!.I ~J < R < n- 81 iZJ Q -. 
'it K ..... W ._ wiD-llirrt.tlc'IC 005«iilJ1'"JOlIH n,L ~ 
';ll1 Uo -<;J 1r :!:i'Rllll:ORRJ l¾o!fj~.;i;vOo ~ 111jr 

~ ~ ~ ~ oJOJoJoJIH aK~~lllHlil:iB O (!r 
o\rJJ ' ~ L ~ ~:iB:iB:iBiD ij:.o.lUkl-011f~ ,.,.... "';;r 
=i .. ,...,_ Cr.J •IO ~ =E:: :..' 4'; ~ i!J l5J flO ~ K r,{ -< '~ 
~• 'kO"<:o\- ,{t°" _,,,, _,,,,, ~ ~,K ' 
~ r1- - C\J Wjo O -.:I' ' "' ur ef l1l\ '---------------' ef i'() :;: 
of ruJ ofJ ,., ,:;, o I ----.. oJ, s;:;- lo' 
1lf ! "'-;l-W- olOaJ~ 
«- oJ " 'I\" ~ ,., on ef ai .ir ir * ,., ~w~~~,:;, "~ 

ef ~ IT1 ~ ,:;, of, w '< :r me ~ iiiD t>1 -;i- •F 
,i;i ,;,o fil"1 3: 1lf w, l1l\ ~ %' , ~, "',, g o< ill" o' J I ~ ~ ~ - K K ~ ol ! l}jo ioi~~ J ~ -:r W ~ ~ 
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tdldv "'lo ·t:,1> ¾ff& ll,{y {LI"'& a{a lo aolvfo ~ fvfdo'a liolt:iP.Ol61 

IT[f[Yl".,C. ¾~lvit[L ~lt alvfo ~ lioif lo 'fa P.0961 ITfdo'a [oi,c& W 
I,:{!', {Lt:,f;er ·t:ii>Th fo[5%IT lloli• lo./>{v ¾{a as,, 'o-./>{v "'ll\ {Lli" t:,~ 

ITb~fo IT[r{L iSli" {Lei&! lo¾£ lo¾{a lo loo!> ~{Y./'r i"-zffy 'fo4!. 'foll, 

'o-if lo "'lloRlo lt:iP.0961 ·p~fo ~ ~{L ¾tolo lo'il:to fvak!.ILU% fva 
lo ·t:,)l;3fo {Lv,& "'bd< [ln[o ~1"'1>Th¾ i!H,t, lr{IL'<'i« fvlion'iv{• o f'Hs· 

lo aoif i:',)l;[r.(.[L {2% loB-.Jat liolt:ilvli><ro "'lo ·t:ii> :,;{v,& ,@,'. ¾ll>lli% 

R" jL-/r Th K~ lo[}¾ loll, fo "'lio ft:, Iv Ii>< ro ·ti )le fo,/e{, {L P,,{r lo B- fo fdid~ 

¾ffllc aobfo~ "'lioi:lo lt:iP.0961 loo~loll>fo "'ii><~ll,fy t/ise lo¾la lo 

·ti1>lii a'l!{v 1!¥R, ao.&./ic "''~tef< ¾.tzllir 
[f1"'~[5]i:{I, [of.l [o,tllir "'[lot'R, ¾{a lo ·tilofo Kfv lo% lwiz '[w,& 'lw" 

C:lwi'v lolo r ·ti[oll,I} lolwlo ,2& {Lei& lt:il1<9Z-SZ % itlil<££ lioilclio K~il¥ 

selo {L"[v.(.!l< R,[wlo se& [loll,¾ILll<8! to ·tiiofol5 iztl> {Laci loWOO£ to 

to(t;, l'il'K)n'iv{• R, Ir* lioR lio ·p,@!;; lio tev'il'K laiv¾ e~d~ ao ./'dsr & 

f• ao!i> .,,-t,c [ojl,tl, 11¥fv Thl<'lt lio-i'rM 3l£ lti< '¾6£ 39Zl ~% "'3fo 
3: fo [2t,l'IT jajy¾ ,E [1/,W 3: [L ~ -

·ti 

lo&fv "'lo{o.f', 31>: ft:,~YO! ali><i'r1S,.1t 8<~ lo a{• loitlli•m fa P.8661 ·ti~ 
[oro ~[!, t>lol?-lr [oi',' "'{:Jell, ¾{l,[L lv{:l fy{L a3:[oo {o[!><i'r lo./'v1t ·ti 

lof.l 3-&Rc ie{:n liolo 'K~io~l1< "'{~,2l0 a=iloo a ;;Jldvte{v ·ti)l;~f•lv 
a il,{ys,,[o R,~[tl[tl "'fy[lo{Lj,c fa P,866! t,f;'r '{:l)l;~[l,~ ¾I}~ ao./'vft:i 

¾lrdklit "'o {o'l'? ¾i'vll, loRlio fv{o Klr{L ¾R¾ fvlioRc,&c;; fvlioiflo ·ti 

~[51v[I,: klio{Lj,c [oliic!l<.&1t ie{:n llolo K[rl!¥./a./a lo/lcfv "'fvlio¾{• lo ·ti~ 

[5 llifv lioa[L lohvla "'te{v {rofo'a jl, io¾l<;{" 1!¥R, ali¥"1ld~lv P.v661 

'{:llol5i<clio R P. it 'K~fo Ki} ¾rlcfo 

{v f-1-lrilc iP-!o [,riv til5~1L ao/l,9 {L~ Fsll>% to,,Rll>te{v,, lioP.sL.61 't>o 

lo io~[L "''PIO a ll,ll, ao~itllt:i lr{!Lfa [tlf.0£61 fvlioi: i'r./k t,far '{:llolo 

-i'r-lritl [oi',' Th ¾jyfy K[r{L ¾Th[LivWv Ri&>%v [o'aR,itro [tllvli><ro .,,-ll,ll, 

lotet> ta+ i: i'tik ·tilofo K{~lr{~ a% ~13"% %Th a¾ci) fv[loll,{et, ii' 

€cv kilo% r ·ti[o;a "'{e[o,&K lo¾ '€cv '[LK¾ .'e ·{:l)l;~ {e,,()/l'l,l!lll'.)~ 

[vll,fo,, ¾&~ lo.&K lo 'o-¾./>{Y if[o ·tilolo¾jy ~13"¾ fa-1,[tllvil-" 'o-i<cll, 
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jy io¾P.-& · (¥ li•i¥ tiler ·-(-:i"6o E-(-:i[oa [o;;-/>{Y ¾{n -!o[,:Qc "slo Er, Ito 

lido In .p, [o.fy¥ t,[oiaclh liolLn;l,;lt<o {Ljyi,; fy[lo[o !\of\- ~t, o ;;{o lo 

"-bfo E{'11h¾ ::Sli<{f {lr.f,[, 

[Hf?.:: l-Y{o [o~R,l'Llo Klar "-blot!-l.v"ll ~I!!: ~-lo ~[i:[ LI"{g~¾ ¾f}~ ~~ 

z ¾r lnofo E1'i% ::;3,, {LIPl1¥ll ¾r -b"sfa [,ct,[" 11o-ta!Plf,s1 "s71Pll, 

~'[¢ IT2-kln llo[L~ l-vll-@i}t [1-1 ~~% {L[t:l[I-YS£ ~llo¾{n lo ~llo1'?,,~%[6~ k 

alo ·-(:ilk 1Ji{g[,c% :s It<[, fyp;,{gl,ec[., lio-&-& -bloloc%%"< fy{, al"lo lolo re 

p[ol,c[o t,fn ¾{n [o;;re "-blot, 11<-bfn ~ ~jo [lc[lc a[~f,l: R.fn :S{y-j\c',,f 

;,:-[gt,, {L-(-:i{A "o;a.looi!l! fy[Jo,&-1',- R>lo ·-(-:in;t,; 11£1<'.fn :S{Y-1\ [lore f<,t,{o lo 

fy~-{?:r [~R, 2[.c.g.::r lo Ir[5{6 {L{o-Gl :5"ll-:.1~'g;[L[Y ~ [o~ llo:S"n" ~[loff;t ~ 

]'l: "-(-:i{e ;,:--(-:in;½[o ;,;[L{o 20ieY l/>tiloro [\of,c{o k-!o{o.p, lo-la fo-'o'fo {L½ 

{L{ey l\o¥ P.9661 lno'lofa [,c[o {L3af fyar "-blo;l,. [o{ey liofo -!ol"* In 
1,-i.:,,_ 3,£ ;,:-1i>{ic[y [Lt,,./', !\of.do [o{ey fyj/,[,c[lo'ER -'o'fo fyl/,t, [o~6 "-b 

)ili{ic [Y [L,fa lli il,;/,, {L [lLiey [Jo 11< fyl,',t, faci lo 11< lit ;,:-t,,l- {L{n-& :; [,, f\S661 

'lf1",lo{'1{ic[y ::S{Y~c>n a!jl,[L ¾li• IJil!;lo "-bU:k• ;';jy~c',,f all<t'> fy{,jo 

~ [lof.t[L-'g-~"ff[i:3""n K-½[R l-Ylwlt:i [lo-lY~:S"tr ~dL{o~ ~-if ~'to E{¥ ~{Y 

~ 3n 20 t,,-& fy al~ l½ "s Ill {L1't I>: lo IP [Jore * lo li• Iv :S 3n g fs · t, n; Fv 
k,.'r{A 20-il,3,f ¾fa~ l">lolo lioi<:le, kliotlclY i¥ ~ta {L{:l{A fylt2re ·t,n;t,; 

llifv li lo ;,:-e: ;;.ja :C:-bla{:c -r,c {Le,,£ "slio*IL fyfoli• E{'1tt•tt< lo-la :S3n 

klio3-/rlP "s{Y~3af lo g I<' ·-(-:ili,{icl,: 23n ~if s½a "sfo 7 -t,-1,1,: * ~ 

i • [oiit~lv •-pf¢[otft~ ~{¥*-l'L~{'L -g-k[b. l-v{o~ -lL3~ p:lOP'>fv ¾% ~'IT" 

·a,q~ '-& 't21'i "slio-r,, "-blo 1-t{o loi%-r•7.;, t,,re :C:l\oi<:lio "s{Y~ loif lo 

"-bfo ;,:-jg ;;{y-& k,;a.{l, ;;-&lvfo-o-[Y k(o [loif[o lo;a.[o[,:[o 'le 

n ·ti~'f6 e:--& aoi½Fo~ -CZ ~lo K~ l:ofv ~:'in ~klio¾-l11 -trf-i lli-fJ [¥0 
k> ;a. lo~ Ito-bl• kll>R, 21l<'E.fo-WIY "slo '-blk Iii~ :S-Wli\ ?.>-bf" ~if lo fy 

ti> I,; i',- foe {L II< 'E .fo -W [Y t, far ·-(-:i fo ;,:-fy 20 ice-& fy ice 1": l• [,,jg-!, !>: Ito if re ';,:

;. ¾-\;-1": klio(l,c[o)[:clo ~;;.[o{o loif lo 2l,2li• ~-b.f\ {e[p lio-\;-1": te'li "-b 

li>l,:lY [Loa {Y ¾-& l\ol:clo {;<f\- ao~R loaolv.fo~ o ;a.f,.{y l">!l'{L ;; k• 

l\oi<:lo [Ljg(;,i£ aolv.fo~ "-(-:i{)'{ofy kaororv.fo [,c{lLR[o [L[g-t,, {Llt>ro i1-W 

[Y 'loo{)'-!, :Sfcall, 20-&lvfo -1,,[:cjo t,,~ ~;;.{l,jy loi't-lrlP lo;;{o kalo 

·-(-:iJ<;[oi'r 

In [L)<;fo [oi',-1>:{l, fy[Jo:Sy -b1't lo~ "sjg[-;-fo ¾~ -b1't rolo .;, lofy[:o~ [o 
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i'\OS ro iuolefr E{clo(s-/r o-lr lo(s-/r-if e,l,. -b!J'fy [0<2 lo(s-/r [o-jy ~Ii<> 

<lz:-t=fit-> ·ti'(¢ ~ fo ti ir&~ {L-C:"£ I.lo-fl: ~-irfc. l'tt2lo '-blo~ tolfl~ iiiZ 

t2{0{', i). [o-1,t ~lo f:n lioio" ~ :C:lo [f1~)l;t,;[Llf Et,,(!WTI/t/ln{'_.,1: [1<>1' ~ 

.1:-la in 2 {1l li<> 3 l>'.I: IP -lo fy{r Ii<> i'\ !LSI o (¾la~-/, fa) i,:'Zf. -lo lY'iE lL i,:'-i, 
• pf;l lo~~- .f:i+-

fL -:o:t:ie:~t" il.k> 2-b :C:"3:-/,IP il,f,ffa lo ·t:iro ltlL{o[o ~{c,,{cfa {',{Y ::1n 
~ fy [lo~ il, 'E {a ./H>' :: 10 :C: ty [lo !,c ta ',!: fa .f, 1>' :: fo :: fdL !lo-Ir IP" II<> r,, ii, 

•t:ifolo'ala o~ [Lfi. fa.l:alio 

% ~l:S:~fft [oV-1,~HL~ -l:o·tdvl~{n ~~y[lo-if~ ~'£ 'f:l{g IT-bit~ g-if [o lo 

:;;&{v lolbl:o ~ -& fo ½Ha lo.fa lo-if ~½ lof.rfL -1:2111 ~!¾'{o~ rrn; ·5{¥W 

~ilolLl'ol" -:o:.1:1P w'!i ·t:ip;,1.1,: ¾¾i'\- lioHRH,-:o:n 2-:0:1>-- 1o 21Y~•.£in ~11< 

-1,;-:0:tt 21Yf.%in ·t:iro E~-b ¾lse½ lioliRHe-:O:n 2-¼iofijy -(2,{:olY t,fac -b 

fo l':1,.lY% l\olY-a\c"c ~-be:!ifo 'a'i'Hd\:l ;';.(os\- 31\o ~E{c[olc\- t,fac ·t,to 

le\- ie i;',{o l\o!,, l\oin.l:IP ~Re% ~liollclo [Lt,;ll,i,r 20%.l:IP [y-jy-f', 1L3.\:IP 

"blo l\ol~it li<>i!rSI 3L£ iti'r -/rs£ 39Zl Ile% 20Fv% ¾%-/,1\l ~"3:-/,1\l 

nHa i-1k.{a) ~Zft 3-ki\J lYiY«i -

·t,)l;t;,[l< 'af>ll< lo lll!l>vfy[l< fv{o [o;';.j>jy l\o%{a llnlo 

·tit;;;;Vt ¾-Plir ~Vi aoJ¼ 
[a-,.fo ~fl/!' lo l\oroL ~n P,6661 'lf1:C:fo ioif ~i,:'s ¾Ii< aof\/!' :C:lio~lsc 

fy[lo'F-& [o ·t,ias ~[I< l\o-if r: [o;slLl'o [,;t, ½il, fyli•lt %-f\fu -\;!:l',io to 

-il,F,c kli<>t21 1tl': ~lo ~,~tas ¾II< l\o-iz.£ ("Jr-jyla) tar nl': {o-:o:k> H>il> 
(Rcjy) 

·t,w Epp;s,-[,,r: %!l,r: [Y-b [of.,-/. fYlio·!HY~ -¾k ·t:i)l;-1', f\.c'i [,c{/L(\!ill) 

~-a- fy[\o F,c./', Ii<> P,-(r lL-bll< ·t, I> lo :: [Ll,. 21\l fy il, lo l,- llo -1-- lo ~./a a li<'iE 

./'Rl:o[Y lLbl• ~fyf22lo li<>.."cl>' t,l;,r: •j:ip;s,-[tt iul ... l>~ kl\ollt"?lo ~I• Inti 

~-/>{Y E).,;s,-1\l [o;;.s,-R Rc{L %Rlo ~%1• Ioli<-!', lo liol<-llo ·t:ito El,.i\' l• 

lttl>' l•llLr,do 20./al>'la %t\L66I ·t:iw E{:,16;';. ¾il,-~ fyjnjg ;;'711< lzros\-

1 fYl/o¾i- lno./a %&-Ir -ii~ E.fJ l>'l~ E.f'"-& llnlo ·t,)t;[r %11<-!', fa¾ l\,lu 

~-1'>-a- ;, -blaP,~ ~¾la lo ·t,toll<rv ~fo ,,:[,,-lc{Y lol-L ~11<-&!lc ¾fa fva 

lo ·t:i-izti li<>lrlo l;,,r ¾~1,-l>' (o;;.r: 11n illl> o~~-,, lolf1-& l21~o E[r{2 
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oj :JcoflJ,j~ llil½O] '!)-7,'J"] '.ll~<~ ]984\1 'if,l,;j"%i'foflJ,j t:il-'/-.'r..2f {:j{}.'r_ojj t:il 

~ :i' :i' o:J-:aj \'l "] .lf_3'J, I~ 1,1 Al ~ :,, .i1J- 'llc -'I-¼ <>I] J,j 1 ii'·~ 21 {l '9 7 l Aj t:il llil ~ 0 l 

'!)-'(jt;}cj ~1J"-'/-").ss7] Jlj-l/! 20¾.i1J- Ef>i]'97] 11J g ',f?,'jt;}~i:j-. oj~ 'iJ"Aj 'r\'J~ 

oj ,C >ff~ %-"J oj.s!.i,% 0 ].ojoJ] Al'if ~Aj 'l;-'lJ -'i/-.<'_.s!_ <-)"if.fr ~=;t;l~-fr 7l'o 

'\J% ~"r~ 'r' '.,li:j-. 0]°'1',J t:il-'/-.'r.ofl::: ~oj_<r. {l-!<j7] ¾7]ofl~ Aj"i!'1} O<]Qj2j 

,;!-!<j7] J,)t:il 'r'/l.i1J- '()-.fc ;,fl*-"J J,1'1J-~oj 1J"7] A)"l-9!/% ~o]aj- ?il~cf-

+"17} 3cAI~ 'il"2"1c "iliioJI 'llii"i- "1'll ::i.21:,:, "='li-"r.s!. oJ o}-£21 "!l'll7;J 

'I] ~ 0 l-','-'.ll 1']-. 1970';!_ t:il ,;j-'lJ ~ 'lJ '{lo] '1! '1] J.jOJ \'l: },I'll ofl -"l <11 J,j -,t0J-oj .g. :J. ~ 

~ ~9.j 7l1tl¾ B}-1,1-0l 1r"~c.}. o!]~ol] 0 }-~9.j 3~Sj 1~£7}- HH ~ 7}7-].ll '.V_~.:i!. 
0 I% .,, I ,J- 91 t:il -'1-lE- 0 l 'll ii,. I 'll oJI % fl "I '.ll ~ <11 "1 'll .g. -'IHI '\l '.U ::: .,, I 'll O I :,:, 'll 

ii .g. A] t:!I <>I] ~ 4'1, A}'lJ oj a}:,:, >!J zJ-t;lcj -,tOJ-oj 2-.s!. ii 'jg 9!l i:j-. i'j,j o] of g 

<>II Aj ::: -,t0J-oj .i1J- .l'..'r. 'l;-J.f 71 'r '<! ;,I'll¾ %I 4° I i:J-. 

at;] o] ofgojJJ.j~ "iliiofl 'llii.,,l'll 0 1 7l'l}- e J.f'ljo]'.lli:J-. 'll>i]A]t:il 0 ].foJI 

o] o}goJl ~~'?J~o] ~~g Z:!1l'8}-2 cJllT.2.&. .±ff%~~~ nct:i!. ~c}. 'il~l 
A]t:iloJ]~ tll"ro]) £0<17];, 3'czj-g "J!;,jAj tl1Sr%-fr 7}-'f-'.ll;<]'l) A]t:il7f \'!%1'/l-"j 

el 'll .i1J- :i' -'I- 'll--\'!: :s 'let ~I "1 '.ll q j! ~ q. i'1 ,1 'll ~),I'll .g. 'it 7 I ofl J.j J. I 0J 7el A I'll -"

.s!. \'l-\:!%f:,:, "iB'oJl<i~ llllii.<'-.s!. %->f%1\'l "'7foflJ.j tljAJ:S ~q:,:, ~r+ ::i.ej4 

jl:j]~ ~J!.~ ~~~<?._!.g_- J ~.2..§. tg- ~7]~ ~}~Al~ oj]~oJ] ~~g ¾8-Jj),-j ~ 

-fr uj '.(/ \':! A I \'r :e; .g. q~ 'lJ -fr ~ 7] J.] Of 9!l i:j-. oil ii <>II o] :k ,0. JO 7J -"J 'lJ 'lJ o] '.,l '.(/ 

-"-Li i,Aj 471.s!. "\'±"i'.ll-"-"i, ::i.Q} %AloJl 'll% t;f~ J,l,l-½,°_ t:!1"1' 30-40~.<'-.s!. 

4'-~Ji5}.:i! V,c}. -'f-cl7} 5:.A}~ ~{l ~~~ .?Jf- 10~ ~£~ ~~oltj-. oj crJ~ 
£ ~,J JJil'll:, tlfaJ-!l:,:r :Ui:J-:,:, ~'1- EEtl %"1ofl ¾st{l:-"f 'il'll'll :S ;J"1-'i 1if 
~ °f"1'll0<}::;-?]-0<j -\'!:~]:i' ~~ A]'jloj)Aj t]'l)c<i]'ll.<'-.s!. '1!,°. ~;;'7};,jo] tl]1'f 1'f 

~I !a. A] 'l!- -? "l '\l \'l oJ] J.j '!l oj ;<j 7;j oJ 0 ] '9 0<) ~~ 9-:i' ~ i:j-. 2-3 \'! 'l! oil iJll 'll >1 
21 ,;J 'll -l! .g. "i cg- t:!I t;j- 0J-oj -<J 2-.s!. I'! :§J-"1 JI '.,l ~ 11 'll o I i:j-. ::i. ej 4 ::i. ;! Sc O I O I 

g A}\')-:e;oJ1 91,i]J.j ¾~"!";:: ;)oj o}yaJ- .2]0<]'1]:e;o] .2j-J.j "JA};, ~q:,, ~9-
i:i}g A}.g.~~ WoJl n:}-§.1t! 01 * ~.2J 70%7} .21A]c;..lsj .±.fi-o]x, A]~ ~{l~~ 

5:. c:J~A}~~ ::i:.1f4X ~tj-. JJ1r:}7} :£..£*A}~ 7J1-- r.ij-1f-iE".2J o] o}g °'r~~ 
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[Lit 3 it l'l: th I<> Ii< ita =ill<{>e-f'v It> r [>:~ i. lo lo: It< to It :', -tccS ~ l2 + fy ll, 

jg i,{Y'E ;, lt>ro 1"~[y ·t.iro Ef<R•rv o ~jy lo 201,,c¾,[t,'. rrtcr ·t.,r; rrro 

[>:jgt,r-[} :C: k K• IP lio it,, la lo ;a r rr b i.½l\-, a -&-1'i II< llo;; r "<-Ir & k lio-&1'\

ia lo ·t.,[olt,,o [>: 'o'Fo a\¾l~ [oi}jr -i,';;jl,jy loif lo 2olo:lt< 1"~1Y .,CC[r 

~jz ·g 

·t,[o-f,jy ofa 1,ro rrt-, 

[vii>" 31/,-i'" l'l:l\-, \:hi<> t,f;er ·t,i:; rr~t&t2-½ {u&[a [o;'l,!1, [loi/,[L~[, [o;;r 

kl:z:{?{Y lo~~ l-oi:HY ~~-k[o ~~ .g.L):'.' o~~-lv ~lo -t-1?£ tot-2-h 31'rlt=t 
·t., ro rr l2 fR fs ~ It> [L r [lo I, ~-(:1 ro rr [>: I<> Ir, 

lo~-&, %IP [loif[o [<lo "<lo ·t.,[o&rv ~ro KjL !,'.{2{y [w-."T 'o'-."l> -if g la 

[o;;r :C:-bfo ,;- :S,--/Yff lio~-is- ~[>:-R, lo ·t.,i,.{'L f.lolo-½ jt[t:,[L %IP [loif 

lo ",[log I< -/Yrv ·t:,r; E[>:{L ~[t:,[L telP lio[>:-R, lo 'o';sjl,jy if lo k2io ·t:, 

to rr!,ajgj}[, 2,a-R, ;,[,cl,--[} r -&-le- loeil<> t,,i,;frr ll,i,-$ ;,>-fv~ ei[Li,'. 

·prc; IT-t.g•,~dYit-% [l.2.Po- lt~-16 ~~o ~YBl?-tY ~fl :5 

'[1::tOfo "i!:"l-a>- ~ro ~Y20"ft%~fo klio.f-.c.ti:W 3[o0 ·t-irc; IT{a ~ro ~{.g~i!r 

;:;[,rr ~of. klioK• ~l"lo-b rrjg!1,{e- allc~ K•~ -'o';s.P.dv t,,lv 'le½lo 23 

loo rrt,,r ·t.,r; rr+ll'f ¾lo:lt<'. -iifvT lioe.t\OOOl ~ il'lvi,:i,c ¾-&-&-i'af<> toes: 
il-: -,lcjLO! 'o'{', {Lil<i't-&-1'i .,CC[>: fy[t,,r ·t:,r; K[>:jL ¾It,-& ~-(:l{ofyc;F 2ofb-& 

ltf\lP ;,[pr,, [o ·t:,[oio:[li ~(l,-T 2[>:-{lcf.l: ~-,lc,f[cjy +Ile lo%{Y [vjy-(t 

ffl: l.lt: -:t~ lo~ lo 1,,- lo ·s 

·t:i-\.o rr 

-b~~1" ¾-&-R; e.n E[ol<\ :.-½+.-& t.rllc-& ~klloiflo 'loz ·t.,[olt,,o [,cis'{-2 

jy jat,r CS:{vrr lo j,c[,cjut, lo&{v lollci'l> t,t;,r •t:,j:o rrt:,'{l:_.. 11<-bG- p:,{g 

fn~- ~[Ii; lo.§t*-l.Y ~Ylio¾{n kn lo '-b~ K-b-@ ~hi!:" lo ~y[lo~ ~~ {o{it ¾ 

"'""' rrt<t•~ loi,,{YE -lot2l!:-ln In of\ -lrrro-lrr'¥is-tY ·t,~l,ci,1- lv2{L[t:, -\.olt> 

[lo%-,, ~& ~{vrr lo ·t.,14 rrt,ij\[>: ~jvrr 3:& ]« -½ llol\-,-\.o ~kliollc!l, 

·t:,-(o rrt,,fo rrjg]l, kao-R;JrZ lo 
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:o:f 7 I ca i!: 0 I 'I< t -\'!:. ~ 'll g 'll <I' ~ 'll _Q_ .ss -"I -1if "' 'll ;: ,~, 0 I "11 7J 'f' "I "l :ilf ~ 'Ill 
,i]'f'£7f -\'!:• ~'ll 1J'l! 7}1,->,jo] 7}')1- 'l,.g. ;sj"j_Q_,s <:i'!l'<! ~o]cf.2) 

2J•:<,'-Jt7} -ti:"!!-%~% ~~?<!£..£. Jfi!· · ~'s"8'1-"C o]-l}i:" ~!fr~£.~ r:J-%4 ~ol ;.J] 7} 
;,;li;l. ~A~S'].:.2 ~4- -J!'4, ~.ig- tl-=i:J¾ 7M~8"t;l] ;;JI?!_, -\'!'!I- B-~"1)Ai ~"~"3-}C o]Q.Jol 

ti"~:&.9-J -~~01] ~% ;i:J~% '3"}C ~4~ 1}~-& 5! 014({! 1T, "~..g- 1;iJ]S!- -£!:i!J {t" 
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u:feJ-Ai 0 ].2} Q-@c ~71 ?.5'.'ll-"1 iif~-'i 71'1!--@c o]o] ')!-,l-~ 'jj.5'.,s ~•~-"l'.U.2. 

"I, 1992\'!.!/-EJ A]•~¥! '>1]?.5'.71'1!- ~~'lL"i] u:feJ- 371 \'!,:<] 1371 e<],'-"1 7l'l)-o] 

~ ',l -"12 '.U.2.E.,s, >ii? x-"1 "l "1 'lr <! 0 1 -l'!:'!l- {!'lJ :§J-<>11 'lt~"1 ,ff '1Fa, 0 l %-"12, 

£.Al~ -'cfta" lj!-~oj .2.1¥- A}~s] 5:::%.£. \j~7}.:il ~31} ?~s] 9"..8.. lj!-~o] X..£1 

;,_ nf '1 '--l-1 Ile- ~ 'lf-@c 1111 {l :§J-"I i!1 el- oil "Ir~ '7" '.U ~ '.)! 0 I t1-. 
:<] i:-77f e<] >I] T' .5'. e<] "] 71 'l)--@c .$1.£ .!/-Ej .!l1 71 'l)-, SJ-'~ .aj 71 'l)-, ¾ 'iJ'.aj -;j ~ .$1 ?.!>1 

7,j >I] 71 'l)-o] '.U .:il, rJI it.£ 7J 'l)- ~ % ~ it.£ -"1 7,j >11 ;, ~ T iif \'l Ai ~ 7,j :ilJ--"1 ~~ ;, 

.3:71] .:iLi'jiife<] l't'.Ucj-. ::i.cjt.j- o].2} ;,,t 71'1!- •J--'l:ilJ- 1/~t 0]>11 ~>l]"i] "l\'liif 

:xt er. .'f-1.£. ¥-Ei 21 1~ ~ .g. 'T 1il 9-1 1M .e.. i+ .a -r 1 r 1r.,,,, ~ .:il ~ 5::: 9.1 .:il * ,.,J o 1 * ~ "8-J 

.:il~~A] ~ii}lr!Ai A]~7H~o] ~~s] ~.i!} ¾i!.]£1.:il W'.?l-c:l-. ~ ~5::s] ¥-7} ~1i_! 

-"1 $;}-"1 ~~ .:iL".fA]'l]e<] ,;(-~ '.)!o]cj-. -"1A~.aj 7ff'l)-,s 'l]sj 7J'!j-o]Sjo] ~e<]"i] ;ff 

+ ,1 "I 1 I .!ii t1- -"1 .!/- ;,_ -fr ½-"12 '.U ;a,. '.)! o I ~ {! 0 I t>1, ¾ 'il' -SJ --\l ~ .$1 ?-"1 7e1 >ii 1H 'l!

.g, "l "1 n, >11 * n zi *I ;;; -ll :o:1- AJ ,1 2 .!/- SJ .!/- '1! SJ '1! ~ * ~ "' all "' 2 ,u c1-. 'I- ');! 

.!ii cj-.5'. {l Zj-~ 1'->il E % ~ 7,j -SJ 7J 'l)-.£ >I] T' "1 7 f ~ ¾ Jl. ~ ;,f q,j O] t>j ·~ 'iJ "1 El',! 

'll < '11 'll ~ :<f '1l ~ 7e1 > 0 l .2. 'll -"I 71 '--l- "1-:ilJ -"12 'U t:1-le- 11 ° l t1-. 

(2) [Ji\12..s'.AiQj ~Eff~~ 

21'1]7] 'll-ll-71 ,l-\'l~ 7}~ ¾Jl.~ ¾>I] 7f¾c~ %1'--l-le- •f,s ~7,l.2.'ll ~t "1-
:ilj ;, "I C::O~i;fle- '.)! oJ cj-. ~7,j .2. 'll % rJI 7f ,s i;fle- .'i'." 7H 'l)-;.,,i t.j- 'lf-'i-@c 0 ] >I] Ci 

o]')!- 'jj'iJ-§J-"17] "1"1¾ 1-]rJl7f -"l'.llt:1-. o]aj~ ¾>il'll-'i %fol] ,i~cj];<fcj]o],so!Jl-i 

-'ll>I] ajaj 'jj')!-~o] .£.aj <~7,j-Sj.2.,s '{J7J-i;f.:il :<]4;' 1f';j'~ 1ff'!)- ESSD>i ?% 

~ •I 'U q. 
>ii T" .5'. le- §]-{!"'% .2.;,_ 'll -;l ¥! "1-@c -\l o I 1 l "'1 ¾ Oil ~ 7e1 % 'il' 0 l uff ~ >ii ~ -"I "1 

'.Ut:1-, ~ 11'1!-,s 'll~ ~1l 'IJ~oJ *"l.!/-.!iit:1- -ii~ ~.s2 {JZJ-%1711 '--l-Ef'd:t:1-. u:f 

eJ-1-i >li'r"l"l 11'1!-,0, ~7el%'il'-"1 'lJ.$1;, 'l!"1t.J-:<J :>tc:, ~ ,,'1J"1 :<I'll 'll.$1 cl 

jj.>!J -s~ %1-~~ {!:¥)-SI ~*~~ .:,::i.ij," '~~ ,q.§1 ~T 4J ,U•i%:~:H-J.AU986), 95 

~ %4.~•n~ T¾~ ~..g.:::t]i½ 7~~'8}711 5l1i:l o]% ~-ail -~PP.I o]u]:::t]~ A1]'l11~~~ 
{1.~~ T 'llt:}1:: 1;;.J~ ~~!<J A.,,l-£ ~~ "r 9Jtj(,e .2-.::149. '~l 3A-1llll~ ~~ ti" 
'311 ("-i-£:"tJi-A~, 198.5), 59-64~. ![:~ ~;,;t ;,;t~gJ ~l"J-oJl.,_i ~ U1I -t!--t 7ff~,g. -t!-% .,_l 
~o]cj-:,:; 1,.g;_,g. .Y-~l '19'4-i- 7~~~.Q..§..M] ~qi~ OJgJ ;,;}~gJ o]% 7Ht"3% 'itOl'e 

;;!o]oJ, oJ~ ±,tj-z}!<} X..% 7fl~gj .±.1:l]gJ q.oJ~, kjojJ:l]~gJ 1}%:§:J- {',-kJ]oJl ~~:}oj 

-t!-1f -'-~oJl:ll.:'.:c.~ ?!-¾:§:J-~.£.~-111 .:i:rtoJ]Jll Jl~~-¥! OJa;JgJ ~-¥~ t:.j-).l ~~oj %O]C A 

,1H! ';'.C ?;!_ol !t!c:J-(oJ].:'.:c.ti]!::E ~'i"!. rm:.M 'l(t;.::t.?i~j (o] ~7'- *7d)V~i-:~uJ.i::J-, 

1985), ~l 121, ~t;] 378-38.5~-a- ~ ?;!. ~~'e Ernest Mandel, Late Capitalism{1975ll .. 

- 855 -



oJ]'i Jj'll,o] ~•~.sJoJot ~ '<!.fl.--\lo] ~~~ ;<]Qjo]cJ-. 

:J. e1 Jl "l >dc 30"l \:! %'1!-BJ "l "i Jj 'llc0 ] 1'!:'!1- ¾'il ~- o] 'i'oJ "l \'! Ai .2. ~ \t "il 
'r.£ic- 1'!:'!1-~'lloJlBJ BJ~.£71 .3.71] '1t 0 1"i :UcJ-. "1-"1->i 0 ]-'l]ic- ~7,J ¾"ilBJ 'ilzJ

--\1 % Jl ill '5f \'! Ai % A] oJl "il °T' 'l): O] 7 f "l J1 :ll ic- -'I '1! • '1J ¾~ 7eJ % 11-i!J ic- 'l)-•J ~-

1'!: '!I- 7H 'lf 'l} 61 • ll i!J Oil ° F "I" A I 1l O l cJ-. ::i a-j !'-A "il T' BJ p I '11 "l •J :aj 7J 'lf 'l} •J% 

1111 "l 71 .!/I ill •i;,. .!/_ cJ- i11'-"1 ~• 1'!:'!1- 11 '!l-91 'lJ-•J% ,ff £ll ill 0 t ~cJ-:;:, 1'-cJ-. 

:J.cit..\- "ii1 "i]'r.£ ',l--":' 0 ] ~7J"rJ1 :llic- 1'!:'!/-7J'll,lJalj.g, J/j-;>j 1'!:'!/-1J'l)- "ll'il 

% ::icJ! A *"I S5f \'! 'i .2.1'] ill ::i it 5'.1-- .3.711 ~ell "I" ~ g ill 11! ail~- {!-JI :U 

cJ-. Ci 'i'- '-t ~ -'i:' zj- "i "J--'l !<] l:l:'1171 7a A~ :aj ~- ~ 71 "1-ic- 71 'lf Af 'll. -" \'! "i 7,/:711 
,;el .!/I 7i'(}o] a]cl~ 7l'lf% -'i'-'l-7]Jl :UcJ-. ::i;;/71] ,;el 7f'jj- ,C a]-fl-ic- %;" 7]~ 

1'!:'!1- ~ 'll 7] "; 'Ii All "I oJ1 BJ~ 1'!:--\1 Jlj- 'l!cc!I "11 ¾oJI 1'!:'!1- 11 'llc 'll-61 :, ~ ~ 1'f 7] ,J 

"l ~cj-;,. ,11 'll"i'I!, :J."il *"I ~711 •IA¾ ;<]Qj 1'!:'ll- 7J'lf 'l}•JJlj- 5'.'0i 0 1 \'! 

'i'- · AJ]A]"l"i 'i'-tl r1]<>1].£ 0 ]*7f :llcj-Jl -'»zJ-~cJ-. "11¾oJI o] '1!'?-<>il>iic- 7]~ 1'!: 

'll- Jj'l[ llailoJI c!I~ H]'\'!:<>11 3'1l ~ '>t'l-71.s!.cJ-ic- F.SSD7J\'l"il 7]3'1'foj 21"1]7] 

~-~~4'r~Ol'llc~5'.l%"1~5'..\lj'il&ic-•~•x"i%~%oJ:;i~~cJ-

1990\:!c!I ~ oJ "il'r.£ •»ll ',l-'iJ-.g, 0 lel~ ¾All1l% ~*"IJI-'I '--l:': c!IA "lei 
7};<] 'lJ-'1!~ 5'..\JJ%f'.l!Jl, 0 ]~"i]ic- -l,: 'r \ll'l!e! -'ls!.¾ 1'!:'!1-1J'll,71l:ajg q 0J1'f711 

>11-'l'il %cJ-. 0 1 7f¾r1l .£ ',J-'iJ- 0 1 7f'lr 1'!:'il g 7]% 0 1"1 1J'lf "I'll g ~'l"l:: ~ 

.g, !c.!l.i!o · i>ll-'i1'!:'!l- 0 l4JI w 'r :UcJ-. 0 1 ~ .!/18" x 'if-'i:'t uil7fe1£.s \:!"I;; 

'1-ll"IJI .2.<'-7l"lx~ *"'i"f"l, ~4{!-<>11 711°]::711"- 1i"'i"lillic- ;,Jl:aJ% '1-'c! ¾ 

O\l :U cJ-. ~ l/l ~ "t "11 ,i. "'\:! "1111 t %~ -%1 ~ ~ "1''i'- 7a 7 l -"l- 4 ,i] Ell i'l s:. c!1 ~ :a; "1 

~ *"'i"l"l i?"i¾oJl :UcJ-. ~'11 "l•l · ¾:§J-1'!:'!l-oJlx \'t'il% 1l%"l zJ-¾ ~"ii~ 

1J£1•l %ice~, 1998\:!x All711 --\l¾§J-~>1171 ::i c!l.l!."1'1! &714 ~ 'r :Ucf. "i"l 
0J- 0 ]a-J~ 5c 'a'-'i:'91 lJalj ~'c!O\] tl\'il ~'l} i=917l- 1<-11·"rJl, 'io'l)~ A}o]oJI t1- 0J 
~ i= 917} 'l/ oJ t..f J1 :l) i,-Cj], ::J. 7},£-tj] %f t..fi,- Aj 5' .£- Jj 'If ;,j] :aj ~ % ?'c) '5fi,- J/J-

1 oJ] Ai ~7,Jll]-:,ij;,. Ci~ 7}4;.of-"J:;i :UcJ-::C H]1'fo] 1% ~Jl :llic- -,Jo]:;:,, q~ 

"1-i..1-1= ,1 'lf "I '\l <>I\ '!!.fl.~ "1-tll ~ ,;}1'-% "1-'/-s!.-'i'-c\ -fl- >-I '5}1= 'll-61 oJl t1l tl: "1 '\'l-

0 l cf. 711 cf 7f £1 i1 "il 'r £. i,- -'i:'"il Af* 'r_J.] s!. 'lJc ~ ill ic- 'i'-'11- 0 1 'i'->il ~-"I Jl :U oJ i= 

>Jg. ci* !".{1711 ,tof.2_;, '@ 0J-o]cJ-. 

7]E "i"i 7j'I, ";%] '\'l-'!l- 7J'lf '\lailoJI \'l:'l•i<= cj-0J~ 'll'1l91 'l\'i'-71 :l)Al'l), 

::i cJ!-'i'-<'-o] i1c!I~ o]~"il 7]3'"rJl :U~"l, %A]oJ] ~7ao]4;,. '/l'i";, -,;,l,--.J Jl 

ill s,f "i .,,,_ ~ >H 'i"•» B \'! i';; 0 1 'l! cJ-. 'll:\'! "ii1oJI;,. •1 •i "I -'ls!.¾ ~'a g :;i a\~ 
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,<J<>j B'!!- 7J'lf 1=-s]7} %~-ol-.i' 'l)<,t~, ";ii"] Zj- t:1'1- oj. "}Al.,~ 1=-.'1:4 A]'I) 

1:PlloJIAi 'l,{}"Oj-<, _l;l,.i'Ai;, '"'"" -'/-,'-"J.2..£. "1JAl"1.i' ',le}. 

t:J.ll.°'l.2..£. '7J~.sc.s] "14/ 7}-'s-~ '!f=.! "J-'J"il -l'!:~ '<l'r,(1998, la;-"!'111/-·7J~ 

£A1'i!c;1LJl)~ ~ 4, '.V_t:}-. o] c;1Tt 7J~5:.7} .!i!..¾'8"}.ll '.UC A}.!l:!(~A}, ~:§:}, A} 

'1lt!-7il, 's''llA-'IJ)g "11%.2..£. 7J~.sc.sJ "i-'J"il 'Jt" 'lf=.!'>1->H"l g 'lf~"l"l "1"1 

"cl >!I ~-'J ~ "J 'l!¾ .'i'. "I ;;)"1,, 7,1 o I q. '/' .a '<l 'r\.Jl %~ 1J §i-.sc. "i "1 {! ~ ,iJ ~ "I 

El- <s> •a ,,_o1, 7J~ .sc.si "'Af-.'1: ~fl-{!, w "1'11 •E 1e11 >11 si ~ ~ 4 -l'f e.J 'll-'l!, "i "'"1-'ll 
('o-'ll)"i x;sJ§i-;, '8-~ "i"i'll"11~'3~ "J-'l!, 7J~.sc. 'it'il: cJ!'la!"i -l'fe.l"J'l!, 7J~ 

.SC."! ejAf.,'1,~-0<)'/l~'lJ¾ o]%~ >JEJl·.'1:~B'!/-"J-'l!, >JEJl·.'1:~-l'f'!J-;ac]oJJ "j1)-~ o) 

g ~7,J,iJ~9'\'l, ~•E 1)-'s-~ ?'11~~".£.CJ.,! ,iJA]-o!-'l!ct. iait.J- '"14/ 1)-'s-~ 

'lfi'!' 7H'a (~~ 0 ],J)o] o] '<l'r"i key word'lloJl.'r. -l,'i';;f.i' o]oJI ti~ {l¾"l'll 

"'"I 7 ) 
0 I -'i-"1 "' "i \lfOf 7J;,, <cl T <ts] *) '11 -'J O I 'll li ;;f J!I -'1-zt "1 "' * ~ .'1: '11 ;, 

~.i!_ '.V_tj-. 

JJJ'r 'r. A)ail <cl T .£. <, ">JI 9' £ oJ 111 {!,'lJ ",I t:J 'l!-l'!:'!!-"i .'i'. "!" (7d, 1999) ~ ~ 9' 

'.U~r~], ~l2r-B~~ 5/171~ E}7~8"}7) .$-l~ lclJ-'<l'2l 8"}Y-~ c.H~-tl:..g. (mass tourism) 

.2.~ 'i}~ ilj]~~ ~.::!::~8"}.31 ¥J:3M-7Jl2] qoJ~ ~,=jl-~ ¾~A]7J7] .$-li5Jl c.H~B:,g. 
(alternative tourism)g -',-oj >l'r-l'!:'ll-Si ~.£. y,~;;).i' ',le}. iajt.j- oJ 'l!'i' ejA] 
0 )'1t "11?"1"1°1 "I'd ;<f'l!t!:'il"l, '11.'i'- · -')~~'ll"l "li'! (~t ;<f-'IJ)oJI ti~ 2 

aj 7 f o J ~ ;;) uj , >JI A] '@ t:j 'l!-l'f 'll-¾ '!I ~ .'r. ?j cf \'J: 1J =; "J g 7) "i "' ',c S-f .i' '.1J cf. 

•H 0J~) 'l!'l!~ >JEJl"l.2..£. 7}*]7) "1"1'<! 0<]ej'l/ \'1''11 °)ya) 'l! >JJ;,jJ"J.2.£ {!: 

~~~o] ~~%}}!] o]f"OiA]t ~ A]~o]tj-, .:I.21.!:!...£ "r'A~ {'r..g.A}~~ t,~OJ ~ 

'l!'l! •JE!l>IJ,, ,t1f"J.2..£. -la- nil -"J'il-~ 7el>l"l 7)*1;, "IY.i' 9,/.2.uj, "i"J-"l*l 

\i>ll"i %Ji!.'t 'a"1l"l 7)*l"il ~ '>1->H"lg ;ac]'dcf.i' ~ 9' 'lief (~~•1°.l''/l'i'l:c. 

1999). Cl •1 t.j- "i ~'If;,] s] att.JI "ii 0J-l'!:'ll- 71 'lf t t:J it .'i'. B-'!1-' H! "ii *I ¾ "1 "1 9J 
:: (:!'jjo]uj, ~l'l!"l'll "i1°J -'lEJl;,J];, Ji!.=z!;;).i' 0 ];, -l'f'lJ-0<f-'/J.2.,a. ~%%).i';<) ;;f 

:: .SC. "l t o] e] ;;) 'l! cj-.i' -la- 9' 'l! cf. t:J .!/-,'-"i 'ii 0J B-'!f 1J >1l,~ B'lr "f "1 ;ac] '11 •H 
0J ,,I 'l!'l!tl:7elsJ 7]~"1'11 xA)<} o]"II \ll, 0 ] -\'-,'-'1!;;f711 7J'lf"1"1 "i"1At-'1cJI -'1-

'll"l'll °s .. J¾ °'l"i \ll-711 ~'11~cf- CJ.ejt.j- "11°.l' 'lEJl-l'!:'ll-0 1 0<)'<! ~'a:i!J :,jejAf 

~"ii o]"]<, <>s•J"i] t:J~ '1)./-j~ tl:'il.'1->l"il t:J~ ,t>li"l'll -l'!:{) 0 1 .i'xsj'l!Ai ~ 

t:J sj ~cf. Cl el E..'a. oJ aJ-'11 t:J Si 7] ~ ;, Ji!.§. -oJ-.i' 7H -:1 -ol- 'l! Aj, B'lr '~ 'll B-'!! "i 

;<]"1'-l~Si .8.'i';, ¾s!'f'-i"]<'c 7J'lf¾ ~"ilAj<, '0<]4;' 71-'s-~ B'lr Jj'l, 

(Sustainable tourism development)' 9-l 7~'8~ ~~~<?.l "r% 01 -'€lil...S-}Cl- (11\lllti" 
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'1J-7]-'r, 1998). 

(1) ;q\'j:i!f2(:oj e,\11 

¾'ireli= >11-'?-'-lollAj e, 40km "1"1'c! "\->11-'?reJ %~ 'lR %~ of%0]aj, ~.5'. 

;:e 0 f-'?t;f:iJ. '.UcJ-. ¾'itel '11'1!><1"'12- ~.5'.7f eJ'ileJ ~-o-Jg >fl±t;f:il ,U.Q.aj f\

(U)"f 'ii "- .ii'. ~ 'll "i "1 '.U"" .!I. :o:. 'i! 'ii '1! ><I 'ii O I el- 'l:t 4' '.U cJ-. £<1 t1l "ii "" "I !/1 ~ 
0 I 'ii '1!-:::! '4 :: 4' "'I "".ii'. ~ "l '.U ><I '1! :i -it 5'."" .3. ><I ~cJ-. "l.!/l i= '1c o I 7 I ;t JI cJ-
0J ~ .3.7].Qj ef.!/ja;o] ef.!/ji,'g 'i!>jt;}:il '.UcJ-. ttfej-Aj ¾'itel '11'1!"11:: 5'.'119} sf 

.!/l"il Aj-'!%}i= •~;.-~ g %-'-l"il t1l'l:r 4' ,U.Q.aj, 'ii£¾, 7'jAj%%, :J.elJI cj-4'.Qj 

oj.jl-:,;o] Aj-'!%}JI ,Ucj- (~~"1! 0J\'l'i'-J:c, 1998). 

¾'itel ef',!:7fi= £4'<1'1!.QJ •1°17} ,jAj "'1% "1i= efcj- \l!el'l}><l.5'. t;f'l} 5'.'11 

f 
CHEJU 

'lf O I "l! >j 'cl cj-. 0 I *.g. ~-il-"1- \f-il-7} :ii! •I %}i= ><1-ll O I el- fl-\'.! t;] "1 "'c<f-'I! 0 I %.!/

<!iR 2i=-Tc1-5:. "tl:111 &:7H ~ ~~ 4- ~~r•l, o],e- ~~1f-E~ §.P] ~ ~.31 a:1TI ~ 7H~ 

Af',J-~ 0] \llcJ-. 7-!) %sico11Aj 9-!)'i'c'7f><]7} £7H7} 7}"J \lfO] sJ-t;]i= ujo]cj-. 

'lt£1H >ii 11 "1 'll-"-"- 'l!c'-'I {! ¾'itel "11 '1!-@- >ii'? .sc. -sf >ii '?ii' eJ %~"ii ~Pl -of :il 

'.U ""'9 , ~ .sc. "1- 0 1-'?-of JI '.U"" \,I .g. £ '11 ".l! \ll O I cJ-. £ :uc t1l 'Ir .!/-"ii "" 5'. '11 '<! "1 o I 

,U.Q.'9 'lJ>il 5'.'1j~ej.Qj {)0]7} 22m, s"tO]Jf 2.2m '!i.5'..Qj 'll!Sllia- f\-><]t;fJI ,Ucj-. 

:J.a-jt..f 'l:!'11 Af'ri= '11'1!.5'..s'..s'. '<)-ofcj .3.;,i] ~~"1"1 '.Ui= {!'!loJcj-. o] ><1"'12-
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,t? .eJ fl- 'll O I O I -'i' oJ "i ;,, :,:c 2-.ss i'! ~ -,i "I, .£. '11 'l1 "l :i!f ti! 'l1 'lh'r "i 1 I 'lf 'llc ,t £1 
oj 9.l ::: 3l-"-!a. -"'- 'l1 c.f. 

¾.tel "'1'1!<>11 A161 .. 11= %61%-& .3.>ll •1£.;,-<J- "!Ai%%, oj.;,- %¾ :; "T' 9.l 

c.f "11£.;,-1= '; .. I "l-$1 "i"l<>l]Ai f1o] 'llcZ!.sJuj, "1' JOoj ¾o] 9.lc.f. 'i'~.!il}aJI, 

T%~T~, ~.g.T~~~w, ~¥-7}A}i:.j, 0H7l~7},'-}~, 'iJJi1Al~7l, -¥-~1r, A}o] 

c.f7IAl-9--\', "i'ilc 0JAI, 71-9--1' %01 i'!:~£iuj, -,,£.;,-1= !;l.7]71 ~a,c.f, "l-$1<>1ltc 

i-ccfi-71 -9-'ll"l.i! 9.lc.f. c<JAi%%'l1 7<!-9- "l-$1oll1= '1!'il%%:i!f '>l"l%%o] li9.l 

.il, " j]_ % ' 7j -!if "'.eJ Aj 61 'll £ 7 I 'le 9.l c.f. .£. '11 <>ii Aj ;,, £ i'J-Cil 'J '1- .£. '11 A I~ oil Ai 61 

-.1;o 'it rJ 711, Zl 'lf 71"1-% 'll 711, -'f-.t '11 'l1 ~ 711 % >l-Z}.;,-<J- "I "i "l-, cJl *' <Jt, "1 £11 
%9.J o]uHitJl*, 7)!2%{f-~ ~,& ~~*.9-J .:il%'ft°7} tj--y ~:z1£1~tj.. £ell:)].~ If.. 

'11<>11<= qoJ~ .£.",f.ej oJ!;<]aJo] "c;o] 9,l:il., :i 71¾<1]oll1= i':.:'oJ!;<]aJo].;,-9.f ii 

~:;!;i;Ji!jo]*9.J 3!5:. ~tj-. ~~l 7)!-7:]i!Jo]{}i:- ~AH~ 1:1]*~ 1:1}9-AH~!lJ ~~ ~ 
0]~.Q..£ AJZf¥!tj-. ~~ "r.£.ofl';:: ~PJ-~, ~oJ-~, ~¾7t ttJ%, .::Z.¥5191*] % 

c.f y .eJ oj * " 0 I Ai 61 -.1 :il. 9.l ::: 3l O I i'! ~ £I :ct c.f. 
¾.tel9.f 1-J.:g:el 7,l;,fl<>ll ~:>i"l 9.l::: .tcJl fr"l<= ¾.tel "/'\l!.eJ t11°J•~Elli'!'i< 

"lS'i:i!f ri..-oJ ~7<!:aJ-"-.ss :i 11*111 ilc-"-"1, .'E~ •~T11i'!'!<A-'ll-"-.ss"i.eJ 71*1£ 

'lcJil '!171',!c.f. 01 "i"loll<= 'a""T'.eJ ¾'ll-"-.ss 'ir"l71 lil711 'l!.t"ioJ 9.l'.ct-"-"1 ~ 
;<]<>ii<= .£~71171 Cili>J'-"-.ss Ai611'12 9.l'.ctc.f, ';%] ;,j¾~<>il<= 01 e<]"loll Ii-&~ 

Aja, 0] ')1-019.fAi '~Elii'!'i<.eJ ;<l-'IJ."-.ssAi.£ :i 71*]71 llc711 '!171-,Jc.f_ 

:i cf!:'-.ss >ii~ oj ~:i!) 'J Ell i'!'i< ~ %1-] oil {! A] "I :il. 9.l 1= ¾ .tel tll 'l!.eJ '~ Ell >ii .91 

-"'- 'l! 4 <! 'Ir :, .!/1 ti! Ai to ;<] 4c aj 'l1 1'l: el ., AJ Ell ;,fl * ;<] 7 I 'l! 'r aj O I uj ' ;< I ej '? 'l1 " 2. 

AJ % "oil cJl ~ 7] "'"1 'll '!/ lfAI;; 01 "ii "I<= ')i.£ ¾ Jl."lc.f, 

•l 0J A~ Ell >ii 91 -"'-'ll 'Ji ,~.... c.f0J'a -& •l 0J ·~ Elli'!'!< ~ >II ~ ~ <>il 9.l "1 -9- "1 "l -"
.£ x.i::js.JOidF ~ 5:.{!o]c}. ~~l ~~-;;;;i;]9.j 7J-9- ,,.~~tj-oJ,>,Jo] ~Jl l!-?J~.Q_.£_ 

1il~11} A,JlEJlJ.11~ .A]L-]Jl V,.Q..E...£ 1H~~ c-j~o-'.j c-j~ ¾A]31\o~ ii}t:' {t~]{l g A] 

y 2 9.l q (~"'•l 0J'1! ,'-~, 1999). ti! 0J ,~ Eli i'!'il- "i "l .eJ •~ %c.f 0J'8 ¾ -"'-'ll -.1 :il., 
A~~;z.}~g A]~~_o_.£._ o]% 7}'o"B"}Jll ii}t ~..g- -t!"*?-}~~ o]%.Q.£.,¥-E~ 4..2..1= 

0 I "1 ~ A I~ :,, >froll if% -.1 Jil .,_ •l "I 7] -$1 ~ 3l O I tj. .'E ~ 1992 \'! el -9-.eJ * 'll1 ~ 

7a,j'l[~.eJollAi "i'liO] 'i"i-£1"1c;l '~%c.f 0J>,l 11"1'01 1993\'! 12~ 29'l/<>il '1)-1[_£1 

'.jc.f (o;-',J~7,l\S'j'-'IJ 1994). :cJ.i!1E._ss A~<IJ1'J:% ;<]ej_ej AJ%c.fOJAJ %;<]9.f A]El]?1] 

.ej !;l.,!2_ 'l!<1l>il"i'l1 .afa,<J]oJuj ;<]ej.ej ;<]4caJ'l1 'llc'l!~ .!/1"'1 'l!?"l'll Al~Jo]aj

W ? 9.lC! 
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(2) \:]§ · Af~1!f~~ ~'2'! 

¾ ',!-ej i= ><]-,l--'/- Ej 61' 600-800';:!-,! Oil '!1-;J <l "I ;;[;,j ~ ii!! QjAf ;'; "i 'c 0 1 :S "ii 

4r~cJ-- ~•lie %%(-'i'{;'-.'1.), %¾%, ¾%(1H!%), -li9'%, Ai%.sl 57j.sj "I\'! 0 1 

;;.sc 01-'i-<>1"1 '.1!~'9, 1999\:l 11-%/ ~•l '<J'i';,, 482>1'i'Oil \:t-'I 761'll, "1"1 771 

'll~!a. 5'.'i' 1,532',lo]c}. 7f'i' ¾"i]Ai '\,-7}71 3997f'i'0]JI, "i'o-7\ic 847l'i''<Jtil, 

c<c-,l-""i ½<>171'<:! 7f'i'-9'7f IMF o]-f '!J:>f!a. c}AJ :,ojy-~ 7,J~;; )l_o]\')Aj ¾'i!

ej oil Ai c<Jl 'i'-Al .sc ½-"I s".-f;,, '<l 'i'-71 '1,>',J-%1 ¾ 7}%1 JI '.1l i= 7,, o] ~ s".sl 'i''il 01 c}. 

* 71 ¾oil Ai <>1 'll :, 7,j .-1 ~ 7\'i'i= 10% 0 I '11 !a.Ai Af{!-"J 7j .si tll -'1-1!'- 0 I 'o-'ll "ii ¾ 

A}i?}C° !fr1a, o-J~ ¾,i,}A}C° 0H-9-- :±:."roll 4r~c:J-. 
~~cl 0 }% ?~~::'.. ~1d~~ ¾~.2..£. ~ \1 ~1¥--Ei '~7H~0 l ~~ Oi7c}-'~ 

'll oi st JI :e-'ll-1-'! % % :>J iii JI '.1l cJ-. 0 I 3' :: %* el >ii 'll <>1 "J- · .-1 .sc el 'ii <H .sc '11 

,q · .-f x •l 9'-i\-'ll- "1- "i el "l ~_;a_ •I y- _;a_ 0 I <>1 "i;,, 'l!!-"' ;a 'il -1l iif JI '.1l r+. .-1 "i 'l! 

~l ~ o-J ?f.£- s: 18 "6}~ t!·~~ ~ ~61 .2.E...i!. V. t ,7;] ii", °"1 tEi tiJ"~ ..9...£. ~I~ 611- ~ 
¾'il•J 0[ 7f'l}- f[:ilj-;,j'<] ¾'il 01 7f';c.-\'9, 'cf. \lll'- B-%Zli 01 ¾'ital -'l"l;; "J-1!'-'ll 
~.SC "I '1£ '!I .-1711 ~ .,_ ,i] 11 :: '/-'3! '<] "i 7} -,! "1 7,J .sl-'9 "i \'," JI '.1l c}. 

-\'!:% 7.lj ~ 0 I ¾" el >ii 'll oi 'l}- g_ '1}{1-.-\ic A] ;, I;,, tll >ii .SC 6-%/ 'llc-'1- Ei 8-%/ 'll, 77}"1 ° I 
c}. 'l£ ii} ;sf\'! cj ;; IIj Ai A] 7] "} 7j .sj :;j {\ c} JI -,!, "r '.1l c}. "J{/- 7-'l .sj % >ii ic -,! Oi 

'j/-"] 91-'l \'i">I aJl1,l-oj 'll§l-~ "ri= 'lf"r \lie}. 11'<'!:§i'l}-l'- "0l'll-\l 01 tll¾ %>11 ;'; 

yj)l_i'-]-JI •H 71-'IJI, 1!\1§!"1]Ai "1!'1/:ictil, 9'½ "i]of',j "r \li3!/\a'YcJ-. 1-j.!/- ?,-of 

Ai 'll ~ \li 'll 1" Y c}. 'll 'll "ii ic ,;) ~"I •J 7-'! 0 I Ill JI, 'i'-'llc"il i= 7}.ilf 'it-$1 !a.£ flo I ~ 

JI, 'it>IIE\l ~£ \l!O] %Ye}. 7}-"fl/_c};,, 'it>il E\Jo] lls'l ll!l'- 'IJoJ_ii"ej-JI ;;f 

'll q. I± >ii -\'! '1l- 7-'l ~ :: 61' v-1 TI '-ll .sl .sc oJ % cJ- ~1 '-I;,, 'll- \'!, 1 l"i' 'it-$1 t!:'ll- Zli ~ 

:: 2,1;; •H~'il.!a.alJI ~" 7,10111 "1!{1-oJI lls'l n Ain (3-4"1<1: 'll.scJi "11!'
cJ- JI ii} 'l! c}. 

:i %'tr 'iJ~li.C J,L.li~Ct~l, % °'l¾~Ei'C" i}7c}-li~ 1tA1 ?t"i= qj~ ?~}A,} 

A 1% li ~ 'Ile 7 I A I "1-.-f 'l! c}. .-f "l 'l! 'll 'll-li ~ 'll 61 ~.SC 'Ile "i \'," JI tJI ,;) 'i'- >I 'l}- A I% 
Ji_§- '1]-;,, "J'l!0 I 'll o} y- 1[.:ilj-;,j '<] "i "1-'l-ic ¾ Ci ~.sj 7} \!1.ll. .sf c}. '1! ;;cj '?>I'll~ 

!a. Af%ii}JI '.llic -'/-"lie ~~'!J-'ll~ ±% _sl;s]o];s]'l}, Af%-"i~l \ii= .!a_;s] 0]7] "11 

{1-ot] c\/ \:l _;j oj Ai 'lJ .sj .SS f":>f 'lf ~.SC J.f%.-f 7] A] 'oj-.-f 'lj c}. 

'i'->}%;; 'll"i~!a. ,'-ejJI i:%"1>11 <l 7}'l}- i" 01-l\-'lc ~1<>1%% 'll-1!'-"ric ~ 

¾>l"l- "1~~91 'j'-'(o!Ai~ f":>f "li{;'-oj 'i'-'1! 01 •lf- ~'ll-~,l7] "1!{1-"il 0 1 ~ "J-"i 
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-.1a1 '° ~"l oJJ Ai 1/A) i/f :,JJ 'l'l 31 °1 '.ll q, 'f'•Hr tl:4 '° ii \'l~-'1! ~ 2J -'l-'I! '8-Af .s'. 

0l-'i'-<>l * '°r11, 0JoJJ tlloJI 0 1% >lJ'll-'1'11 °11}-& ",!J7f ~'ll-.\711 >cjAJ¾ 9!'>i'Yi:f, 
01%.a'° ~'ll-.1711 111:01°, ~q. -9-471 'f'*fi'l:4~ -.f'° •1-'l!oJJAi, 01'-1'1!, -9-4 

-'] "12J ~7,l % 7<J-A]-.f'° •1-'I! Oil Ai .2J '11 Zli ~ 0] Q}Aj, ~ JC 7f'° tlJ{l Oil .:1 t.J-of ioi!IJ 
7]c}£ j:]47J .!?J'BflA~i=, Oi.1::::-.. 11£9.J 1}3"Jl~ ~q]jg "y-.TI. 7}01: ~tj-i:- ,W2f..Q...£. 

:?:.it"~ ~'.il'ia'"Yct."c}.i!. ~~"t}C !ft~, ~\:!~~::. "~l"'r"£ .e-1a ~.g. ~Al *<5} 

JC, .2] -'I "ii Ai t!'!l- '~ 0 I .2. 711 -"I '1!, •I ~ tll 'il' 1,000-'I! 1'j 111:'.ll:'>i' y q, .:1 '11 Ai .::r'>! .s'. 

io"il71 '8--'i'- AfJC, ,IJ7f -'111 ioi!IJ7J '14-.fJC ... oJJII >11711-"l-"-.s'. i'l:471 "1\'!, <>l 

=- ')JS: 4''ll 0l ~<>l.2.1!l'°r11, ',! 'I! '1!c ilfi:f .!.!.y7,1f >1J>1l1f '1! {1-.1'° .::r'cl ¾,ii 

7} 9)_'g"L-jtj."a}jl :?:,i5° tj-e ~~% "3°}Jl <V_9;itj-. o] if.g. AJ~.g.. o}3jJ7}A] 9<~} 

1l' ¥,4 "J"l 01 'il>IP1-"-.s'. -'lel{l"I 'll-'I ?,Jcg% 'lf"il'r'° 3) 0]q, 

-'r-1il~i': ~.': ~-W,7J!~oJ ¾'@'el 2c1H~o] ~1~~?}% JjJ-ft-5}C ?;:!~ un.q- ~ 

o}99.cl-. .:i 7}1} ~ o]-ft.£. fJi?:- A}W~oJ]Jll ¾~i!.l~ ~~ "T" 'Jl,i=- ¾.': 7]~4"E 

~% ~9;.ct. crff¥oJl .:1~.£.lj!-E~ ~?.fli~ 1"T"~t:l-~ 7}, (~lAJ7.1JT~ ~1~~tj-,e 

7f "''° 3),"- 0f-oJ7,7f-'I'° 7,Jsc-"1-'l ?,Jc,"- 'il-1114JC -.,1!1i:f . .::reli.+ t!%1~~0J ,cJt.j
*];;iJi etoJ .2.0:t~Ol .a:1H~ 7Ht:.l- .!i!..1-J 13!-.¾7HC ¾~t 7-19.J ?[ 0 } ~ T i;l;;iJl £1 

'.llx. •f-'l"r "jAI 3.711 ~<>J~JC 'll:C: 'il-EIJ'.l!i:f. 01'1~ -'f-'1! 01 i'l4c-.J JCs/-"1'° 

'fr'i". ¾'it4 >ii~ <>l 1)-oJJ cJI ii} ¼.!.!. '° 'li*f 01','-<>l-'l '1! Aj I',",°_ t!'!J-'1 °J cit0f ~ :i! 

~.H::- ~-"Jg u}g "r'i!~.g. ~9.] o}.!:j!-~ ql~ alo] u}"y-'8}.TI. 9).~ j!o] ~ ~11ol 

4 JC ~ "r' 'll q, 

_--::.~.:v.. "r1l!~o] T~¾ ¾~ ~ ~c 1:1J1!-~01 -9-'.ll~Al.5:. o}~ :ti.££1;:i;J ?t-'.il 

i:f, .'E~ <>l'!! ~"1°1 >il~<>J1}~ ¾'ll 'i'!:el"f'° 31°1 1'.31f"l'1!-'l£ -lfJlj~ 1i',!J 01 
i:f. ej1}oj ¾{lo] 5'joj tl:4~-'1% ¾'ll'i:li:J-'1! <>J'!! "J"i ~ >l"i•H 0e 'lt-'I, '\l\:'l 

~ '£'° J/-Lj:oj7f ¾'ll~i:J-'1! <>J'!! "J-'lJo] ½~-'l %%. 
~1!! ~;;t~ o'.J1t! ¾ft-9.J o-]tfl 3..719.] ~7~~ ~ 0}4 7TI.ll 7}~~ 'T ~'C;;(.l~ ~ 

"I il-'ll .. ,JC ~-'l ?,Jc_<>_oj, -'f-'1!% -'l4c"l-"-.£. *"l .. f'1!Aj 7114c >lit <>j'l)-.<'-.£. *-'l 
A]"1 4' 'l/'°-']£ ',I.~ \!f~:<J 'll-'l ?,-q. 0];; "1-"1-~}7] -'1JsJAi'° ~tll %'it4 •l 

'1!21 ll:§r'i:l -'f-'I! ii'-:>t ~~:,f •1°1i:f "J¾~ 3!-"-.£. <>11%"1'° 'i'f'lr'~ 4'.21- .::r~ 

oJJ 91 'i:l ;,cf-'I! 7c)-J: 'll £, .::r 4 JC 7c)-J: 'l'l -'f-'I! % -'] 4c"l-"-.s'. -!o\-'i'-Al ;,i 'l! 'll 'i:l 9'€' 

% ¾-'l~f1l -'11'1:l ~~ %0] :,lsc-"l<>Jo, ~i:f. 
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-'§ Ell :,J-'!J-,g, '\'!'!I-"l .QJ :<h'l ~7" "1- <1-§1-"il t11 ~ 0 l oil 21- :;l--\1-% % oil t!-7" !i!.'ll <>11 

7] oj Sf"" :,J-'l)- 0 ]1:1-. rtfe}Ai '!I Ell :,J-'!]-,g, :,J-'!]-1~ ',I ;,] "l'r'll g_ t1I -'J-.Q..ss ~7,1 oil 11 

Jl]- .iic-l\- ~ %oil :,J-'!]-;,] ~?J:i!J- !i!.'ll 'l!Jl.AJ% ¾li'-•l o]oilA] 7]5'..,_ oilo)~ct. o] 

;e qjoilAile- ¾'ire! '!IEll-\'!:'ll- ;,]ejt[-7,Joll t11~ %-¥-~ ,<]<-)Jl]- 6;'\"1-,! -\'!:'l)-7]~~ 

;<]\:! -'§Eil-\'!:'!J- Jfo]t7f 'l!.fl.Sfoj, 4\-AJA]',) 'l!.8.-'JO] '.l/ct. !f.~ i'f'lJ-1~"1]~]~ 

,~ Ell :,J- 'It "l {l A1 ;; * Sf oj tl:% ~ % 0 l oil 0d' >J Ell >I] 'al "l "l t!-7.l "il p Fl "" ':l oj g_ 

""- ""- .ss =- '<1 "° '.U ~l oil O l ~ cJ-. 
.-WEJlB'31J-~ %~ o}~t:1-¾ 8J1°J: "'JEJ1;1Jl~ li!.~"'T.32 A]Qcj~ 0A]£~ ~o]t ~ 

5'. % le~ ',) o] ;,<] 'l',, ;,] "l 'r 'll gJ 7iJ "1] "] 'l] o] eJ o] !i!."J-51 <>l 0 ) ~ct. -'J Ell -\'!: 'lJ- "] 9] 

"l "l 'r ~ ~ <>11 ,11 11 'll ~ 7il >ii "1 "° "l O l !i!. 'll--¥.1 q \'!, <>l 'll "1- '!f ,g, "i 4i "1 ° I "l 'i'-~ 
;sf~ o]%.QJ ~o] -lj'Ofe<].:il, "]"l '-II •~%~.QJ "]4i"1'll :,J-ej_gj. Jj'!l,g_ ¾~ e<]Qj 

'f'uJSj 'a'il"l'll o]ejo] o]-'1-"1'1 ?;\o]ct. &~ 7-]"l'r'll"l 7-f'!f"i'll °l}oj~ {\-Sc 

Sf.:il o];, ¾•I 9.IAf.9.J '>!'lJo] o]-'/-"1:<]"" ?;lo] '/l.lcSfct. 0]'1 Jl]-'jjg_ %Sfoj •~ 

Ell :,J- 'It 9.1 "i 4c "1 'll -\'!: e1 gJ. ¾ ':l O I O I -'i- "1 {I ?;\ 0 l q. 'I}\'! 0 I el ~ % "l ~ ii-Sc sf 7 l 

~~IP·l~ ~7a~-£>r~ ~tr7}~3!} :7.]11}7.}7-]\:!~7} A]Qq'T~~~l tft~ ~tr7-q 0 \Jl 
"il'll~ 7 ]~ ¾'i'l"l- iit~% >ili'•Jo) ~ct. t!-7"iil~"1- 7].,- ¾\'I g_ ¾oil -\'!:'lt1J 

'![ .£. 'l] ~ Al "19.I 'll {! Jl]- * {! % "11 '"'~ '," '.ll .Q. oj , ;,] "19.1 <1-§I 2j- '; 'a g_ .,!. 'll sf 

"""'l ie £% 0 1 'I!. ~.Q.;a. .sL'llcJ-. 
¾ ',t e1 :<] "l ::'. •~ Ell -\'!'it 9.1 ~\'!"I] Ai .2. %"1- ef cj-, 'fr 7-] ;, %Al <>ii ;/-.:il '.ll .:il 7il 

-\'!:O] ',"iOjSfoj '!IEll-\'!:'!l-9.1 't•fl"l 0 ] !/J"1t+ct. ';,-I 'fr"i.9.J- efct"" cj- 0J~ -'§Eil>II 

2J- ef.!/1, 5'.21\e<l>a\-"1 so~ %"1- 'lf,g, of%cJ-¾ %7" "1<1-"il :i .sL'll 7\~17\ ¾-11:~ 

e<]ejo]ct. :iel.!o!a. o] 7-]>a\% -'§Eil-\'!:'!1- ~\'!"i]Ai :<]4, 7f'oaf711 7fl'![Sf7] .!/1'11Ai 

"" >ii >ii "1 ° I .:il 'll- 7] "1 'll 1J '!r ,iJ ~ "1- -\'!:"1 'ii ,i] 71 .le 'i'-¥.! ct. "11 'll-"1 >al 9.1 ,g Eil ti:% 

,1 '!le "1- -\'!: '1 s\ oj ,1 -s! 11-"1 '11 '11 •J- 'll %% ~ Ai ~ il: sf 5:l .:il, :i '-II% g_ ¾-sl 9_ !a. 

1j-z!•,J-'lj9.I 'J1 7f;ac];, ,j)A]S\\'! ctgJ!]- 'i!ct. 

~.ii, •l 0J w \\' "l 9.1 •~ Ell ,i1 ;, _lil_§. sf le- tl:"1 'il Jll "1 ~r'll % ~ "° '.U cJ-. '] Ell 

ti:% 1J'!l,.ss 'l]~ 1'/E!l,i]e.J :uf:i!\i< ;o\'"°§1 ~ '," '.l/7] -'1j8flAiie 1j'!l, 0 ]'lloJI <1'l! 
~ -'!IE!l,i] s,J,f9} _lil_§.811°) ~ ;,}~% ~'l]-.f.:il, oJ;e _lil_'l1Sf7] .!/1~ -\'!:e1~J,i];, 

Pf'1'11°) ~cj-. 'i"l ¾',tej"" "1'll~%"1- ci*"1 -'JEiltf'lto] ~"11 'c!•E"11=- "i"l 

.Q..ss ;,1 oJ 'll- '-II 9.1 3'o 11fp I ~ "1 "1711 :;J-'"° a\ .:il '.U"" {el 'll O l q. :i el -"-!a. "l J, "1 'll 

']Eil-\'!:% 0 1 o].,,,."1"]7] .!/1'11;,i"" >]Eil,i]<>il rJI~ <,l'l)!i!.§.'j'S'jg_ 1l'lJSf"" "1°1 \!1 
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',' aj 0] oj, 7J 'lf o] ~<>1]5'. ;<] 4,-aj '11 ~7,l "il 7f :S -'i;,'il AJ Ell :>II 91 \'!:o] % Ell~ i'! 'if 'ii 
o I • :,! .«..ss !I. '11 q. 

½"11, ~ls .ii!~ 'al i'!'ll- 7-'l Oil til ~ '111191 7J:oi01 q. AJ Ell i'!'ll-91 'a 'l,'-aj '/! 5'. 'll 
0 1-'i'-l= ::J. -'ll"-121- 71\'l"il til~ "i"i'r'11:ilf 'i'!:'/l- 7-'l:91 0)"1171 +-o!"i'il •fljj-o) 511 
01 ~q. AJElii'!'ll-91 -'l)c].2} 7J\'I¾ {;!'l)-sf7] -'fi"1i"il= ;<]"!Oil 'lei= AJElitl'll-91 ,q 

11°1 :l/<>! 0) S-ft>j, 'i'!:'/l- 7-'l 01'-+ cs]"l'r'1!<>11 til~ '!lElltl'IJ- cs]{IJ.191 _l;l_jj'o] :l/<>! 01 

• :,! .«..ss "I .is 't! q. 01 ½ -'fl •l "i l= cs] "J csfS<) \'! >ii, tl'll-'ll >ii, 'll '1-"l '11 .it~ 7] ti, 

~ 7s 'l! '1- 7f %01 {}'0:)- ~ %'ii -'II :S T'-<c-sfoj cs) "I oJI 'le~ "i 'll ¾ '1/-¾S-f Jl ,:; '; S-} 
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