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SUMMARY 

I. Title 

Marine Scientific Infonnaton System - Collected Reprints 

of KORDI Research Papers -

II. Objective and Significance 

The objective of this work is to published as a collected 

reprints. All the papers published in domestic and foreign 

professional journals by KORDI r,isearchers over the periods of 

1885-1986. 

III. Scope 

This volume contains 47 papers by KORDI researchers origi

nally published in journals other than the "Ocean Research" 

between 1985 and 1986. 

Author, title and subject indices at the end of the volume 

are in alphabetical order. 

IV. Results 

47 research papers were ccllected grouped into six differ

ent fields, and those arranged in the order of publication year. 

This volume is expectedly used as a source book for intro

ductory KORDI research activitfos to marine science fields. 
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3) ~o~~ ,l]j '(} : 7-J- l'.:-~-&- Physical Oceanography, Chemical Oceanogra
phy, Marine Biology, Geological Oceanography, Ocean Engineering, 
Miscellaneous.'E ~-ff- "r~fJ}:;r :1 ~oJlkJ "ll-lil-21 7}, 1--t, ct i!:" ~ 
A, B, C €-.£.'E t1fl~fJ}'x!ct. 

Notes 

1. This volume contains 47 papers by K(RDI researchers originally publi
shed in journals other than the "Ocrnn Research" between 1985 & 1986. 

2. The papers are in chronological and alphabetical order. Author, title 
and subject indices at the end of tte volume are in alphabetical order. 
Subjects are classified into Physica.1, Chemical, Biological, Geological 
Oceanography, Ocean Engineering, anc Miscellaneous. 
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Carbonate Flat Pebble Co1glomerate2j fix~ 

ti Ill* . ~ 

Origin of Carbonate Flat Pebble Conglomerate of the Upper Cambrian 

Hwajol Formation. Chosen ~upergroup, Korea 

Byong-Kwon Park, Sarg-Joon Han 

Abstract: The carbonate flat pebble conglomerates (CFPC) are interbedded as lenticular bed in 

the greenish rhythmite of the upper part of HwajOI Fa ·mation, JosOn Supergroup. Pebbles are 

composed mainly of lime-mudstone with small amounts of bioclasts and ~ilt·sized subangular quartz 

grains. The matrix among pebbles is composed mainly of sparry calcite with relatively much amo

unts of biocfasts, silt-sized subangular quartz grains aml authigenic pyrjte crystals or grains. The 

sparry calcite of the matrix seems to be the results of 1eomorphism of skeletal sands and bioclasts. 

The pebbles are well rounded and no plastic deformations are found. Some pebbles show the outer 

rim of glauconite. CFPC are not associated with any 01her intertidal features such as stromatolites, 

flaser bedding and channel structures. Also any feature:; indicative of subaerial exposure such as 

dessication cracks. fenestrae and so on are not found ir the bed. 

The sedimentological features of CFPC suggest that 1he following conditions appear to have been 

necessary for the formation of CFPC : 1) episo<lic dcp::>sition of thin, permeable calcareous beds 

separated argillaceous beds; 2) preservation of these bels near the sediment-water interface where 

they could become rapidly cemented; 3) erosion and re,leposition of the partially lithified beds by 

storms or other exceptional erosional events. Eventually storm erosion and redeposition together 

represent only one of several critical conditions in the "enesis of CFPC. 

The CFPC are very common in Cambrian and lower Ordovician formations, and become very 

rare in the younger carbonate formations. The expansion of infauna after Ordovician Period elimi· 

nated the widespread potential for rapid submarine ccrr entation which is one of the critical factors 

to form CFPC. 

~ll!j~;\l~oJ] 1:1]~~ '€~?!] i!1;-2f..5.]o-j 9,),.£.~, OJ-¥-t" 

¾'ll*"- ,to,},j "il'J*"- ,HAl"i~l -l'-!l.£1"1 ~cf. 
0 ] ¾a'% "-~ \'lffi. JillT' 'Jl iL:Off.e! >fo]~l ufa]
'i-'11-'l-'ll, <{l-'!!'!I, lls\'ll. 'll-lf'll 0,! fc"il'lJ.s.sc 'r· 

-l'- 0 Jcf. -l'- ':i'r;c .:i ¾ -Hl-'1-'ll.e! iEJ/i/1 >J-\'-~l 
ft! ::t~ S{ o-j ~ t" carbonate flat pebble conglomerate-91 

s]'j 'i->-1 *"' ,f 0 1 ~1 cf{', ,jj 'li ¾ 'r<{l ~l-2 tJH :i 

~/j -t -'f--1;l -c+. 

---- ------ -- --- -
* flf l!". :i:1! "I! ll!' lll!Jl '4! tt 

*' ~lililttll!!J,'ijti!it #o/Fllfo/t:M /!,;l'l'Jte!'lilf1t:•.;, 

Carbonate flat pebble conglomeratet" 2,...i '1:11 .i:_7] 

Al+ll~l Jio] 'll'il-'1"1 ~.S."1 -l\-ol<lJ-s-(Rodgers, 

19f6; Lochman-Balk, 1971)4 ¾~-*-¥- ";;! ~lei.}£ 

(K)bayashi, l9fifi. 1966)oJj,1.J ..!:l.2~ u} '.U.£.uj, -~o] 

tiJ ~.,_J~ _'t5_ll]~:f,co]-"f.O] ;,;J.;oJ].-z~~ 1J-½1Ll.'r.7} 
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-J,<·J'.:,] ,;] f;}3] ...,__'. '.:1J_ q \_ ,'-}-";. oj q. 
'( ~'l it 2-J .9l ± ':°! ·'f- :j-± ..oj c:~ T-C Kobayashi l 19:JO 

.<I ';J+ o],ij -';>,I, .z~-,-~i 'i!'i' 0 e·r(Cheong,!%9 

Lee, 1~70, 1980)7} ti].U1.~l 4l-H).·6] 

~1~·1-ar•,i ';:JT<~. 1964; Kim and 

198SH:- cJ:~. '1 _0 .!r'. ~l "j ¾oJ] '.Utt. 

':I T!<J o] ·'tl~ L• 

Pack, 1981; ff, 

-l.: q.,JT•~- -$1~~ opJ.x.,,,H=- ~-'f- 7 f. tiJ.:;z:<:j ;a.J 1!}~ 

sJo-J ~J.J;,jq_] Jiff½ :qq)~ 4- 5'12 ,.(Ji_:.·o] *o]~ 

lll/6"1"1~"1 °,.QJ:tc•f7f 01-'co,».e.•I Jl/ElUUli~ 
-"i ~~J¾ql -7- x]1J9l -'-]f'x}'._;_4- o]-fl··6}91,cf.(.:z.~ 

I). 

!.:..-'f- '~'. -'-] + ~.·f¾ol] -~] carbonatp flat pebble cong 

lornerate(CFPCJ -;:- ~I~ iS}o.j -;;-•1 '\l ~-t --j"- ~: iaJ 8J~£. ~ 

'tl, Y<•/ 0J~-~- ';}* 0 1 ~1-"i•}'] \·'J-~ .. ;~i}-t}'.;Q_'?_uj 

'cl--2· .J·:+011~1 ll~llj4'.· •;1-·2·°7 rJ-~t"J~! C:J•~;- ,qo1.01 

~6·-~·};·jS!.J T-'6 /J-¥.--'l cf.:S!(texture)-:} ~tJ]7cj15}oJ]A' 

:::1- }t, ~-=r-cr}9Ji:f. :Et..!- 1!-¥-1~ 4>1'".~Tl:!tHtUst-~- 0 ' 

.JJ•-t}o.i :.r..tJ % ~-l ¾ :.,·1- '.ft\ ·2. -"f-J.J ·tl .:1:.si1 1D :{] t'J:{~1J -~ 
.,.d '.]t;};{ltj.. o] "~ q}~>'} t-l}~.g.. sJ.s_oJ] uf~~ Aliza 

rine red-S%"~ ~~- ;;,}"'I A] tl "}--§-ti}':;:) tj. 

:/ttlili2-I CFPC 

tt~-~ -f:.- Kobayashi(l930)7} T*s].r=j Wlt0-"1]~-lli~l 
i ·'J,¥-.91 -~i 1l -$-;,;,};,;] ·~· '?}~ ;;,;] ~}% -~"6.}t:-1-. Kobay 

ashi(I930)t· {l~;,;]1 s.~l-'r{}i:-~- ¾-.~/2i:§J 0J--$]oJ] 

~ 0J 40m -'f-nl]oJ) rJtH:- 0J.~]"'l ~J~-J 7 } 1:/tJ 0JS>J ~-t 

~ ~ -/ '.r.; 
. a2- r.•i ·'. ' ,,~,/ 

! . 

LEGEND 

• Bor,nQ S,tH 

8 

i.Jl [:· ~.£ii. ..tJ)-6'~]';.l·t·-5!...~ ~"J·6}oj •l-11-tJ..--ql- u] ~.-9.. 

i} :2. 01~ i..fi':" ;;,;]C1oJ1A]-C o] ·°}S'j ~r-;t-o] °s~i5}A] 

rto} L/] tjl: ~)_ :-q T A] 7! .x. (1962) -'tl ~ o] 4-oJ] -::- _;,,j ~ •JoJ1 

¾~t} 0 l J,1 %.:.J .z ~ Y·(.:.LcJ n. 
tH!t-t- -S-~l~J 0 1l Jl·~ 0 1 {)tl-711 1tV~l°l <:l<'J ft 

f'!.lrfi~'h<jf;, 1%4: -t,,r:;.•J· I& Eltif1) 01,,1- i-21°1{!t:-J- . 
. ::u]t.}-}!;- <JToJ] r!-t?.';i 9],f,:~ :]¥-~~- rJ{~ttl'J·~9l 

0J.g-o] Jt:~1f..tJ~-~j 7f·<1·,J_o_5_ -~·i'JoJ1 !g::-jt;H1 ~ 

.:<~ ~l o-J 91 T:" rhythmite..'i. -?--J.J s.j o-] 91 ~ c.j Kobayashi 

7} T-1t-<5}9J. t:j t>Pf-El ~1 -t ~l 0,2 ¾-& turbidite, fqfttb 
1)! ~l¾9l Vf.-6.¥ %2..~ o]-'f-°l{! submarine fan 
depositsS!.. tlj ~~H:::- 0J'J-·ff.£ T---;j:ijo-J 919(.:z."i:12). 

%AJ;z]~.2-l .c?:.J..J-i•-{-·T¾ol]-::::• o.ji.'1¾-fr.91 LJ-'J'{l °'l 

oJ{-ol ~~:,jo-] '.V,c}. ltt.2-J -caLH."'---- _t,l__o},1.-J~rounded 

pebble conglomeratc9} flat pebble conglomerate.'.'. 1..i 

1
,-:;- -"r ~-0_1:J, 7-..tJ J.J~·-'1 . .1.t- calcitic dolomitecungl

omerak 1
.,'. dolomitic carbonate conglomerates) 1·!:r 

1J(dol0mite)-i,· ~J,:;.j {h0rH"l ?;,Cl. carblinate congil) 

mcrate~ T-~~ Cr~ :U't=}. r'J~.fil"i 1J·!t·i:- ~'·~:- c.i 

q,i-*.g.. T£ u-f-%--ii§1~~-J·,-1 -'t, 11 -:;--}oil ·.i,--tJ-.',] 0 1 '.?). 

cf (fl, 1982). 

§.j- 1l ½oJ] -C Clf {!:.?~ rounded pebble conglomerate 

7} i]AJ.!jl-61] ~15c)s'.>-j 9,.l.7]-t- t]'--J, T.!i. flat pebble 

conglomerate7} it ~J ½ 'J ·1t-.?) rhythmitei..ll oJl ~ c7~ ;J

.0J Or./·¾.? .. ~ ~~.','jo\ ~ti. °J·¼-~ -'f-,~1-~- 0} 10,..._,50 
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a 

b C d 

..:i.~ 3 a; 0H"J.¾9] ~---¥-, ,1.};;t.JQ] ;...:..'f-oj]?.H--:- CFPC 
7} n_o]A] ~£~:;-t:f. b,c,d; J.]-f~_o} -~11!-}1..-11 
.9J CFPC. ~ qJ. 0 / !t! ol ~13../] si~ ~ft- ¾otl ;_: 

'J}/-£ -11l'il~li5}'C ,11°1~: +±Cc)9t fttQJ 7
{ 

Ji'-7} ~-~"-L0_!i_ ~'1\~. :;l.(d)~- ~;.J~t:f. 

cm 0 1I 0J<f"1 %'1'4 <lJ'IU'. 'lJ,!•f,11 ~aJ '.Ucf. ol 
-~{'--91 qc1~.g.4"1)mJJ};;i;]2j <:14;', 0 ] _gH1s19;lE..i.f 1 

J]tjjqcl;,Jo] oj.':::_ {)S..q!A]t°_- ~~~~-,1.7~ °1-'r7} fJtj-. 

£J1}'i1°J°-'J¾.g. t!- ~o] 7J_ E-\-{l~.£.ii!Jl ;,J~2-J C:--l 0] 

-C "-} 0 1;;} ~'8"}:.rj y_,1.7~-½..g.. g_f" well rounded!i]<">-] 

llll~!Vf 1tcf. 'll'il-& ij<Jl7f IOcm~I •J•fz '8:'il-& 
{lit I.5~2.5cmo12 i]J::.7} 4mm1.s-=.o]t:}. <:,:JoJ·i·l--!1 

otl -~- ~~ .:1_7] 1} ~ -& 1lJ~½ 01 7H} ~*~ 11-'f-7} 

'.Ucf(i'l) 4a). 
-';- ~ :>.] 0J "} "J .g. o1 ½ intraclasts-1½-o] !.flf1:.Wft;(plas 

tic deformation)% lclJ.g. :f>:-4°1 ;:I:locl \rtcf-t- 7} 0lui, 

oj"C" o]% °-'Jo] 5J~j¼}J.jojj -1-~:1J_o __ ~ 1[! [~~~ lime

mud lumps,,.JE-87} ojt,],2_, ~J{!i51 _,2_7;!~ )'.JE1JojJ;.7 5] 

-~ "I 9i -i-% 2-1 u] 1t} ti. o} of- .::_ --l,i- 7] -'i:::· '8"} ;o;J r;i~ car bona le 

flat pebble conglomerate-'.½--& :J l/--{;-.£..<;_ 11 °1 ;,;~ ql !i:I 

.'-ifTs..-f t+Ll-1..-11 siltstone 01~ "J0.°iclq~.£.2i.. le/'!~ 7}7] 

S.. ~9-(.:z.rJ 3c). <=,.H}q!~%¾oj]~ i~-¥-+:- oJ§J>Jl¾ 

uj A] 'i} _Qj 7--I- 3..'rt-¥-7} ~ "-11 .£.£., .:z.2-j 2 _iJ .2j 7} OJ ti i.Jj 

1'-'C u_~~~.£_£ ~---~aj_ ~S- ~9-(.:z..~ 3d). •].Q} 1J-& 

,,_I~-& oJ% °-'jo] ~H!iJ~!.'J7] 0]1:Ioj] -'J-~~ 7]{!-%-(fr 

o!T¾ojJ .X¾-"lo-J ~9i%% 7J~o] -')?.}it}tj-. 0 17-t':-
0~0t S. intraclasts% 0 1 ~ ~--54 :.tJ 7] tl {14,~t'rt Aj -\1] "cl 

-'ll #u.f!f(f_j( ~"J 5b)o1] .<?j tll .2j <'}--¥-7} t/1 '!i ~l ,,,;1_ ~5,'. 

~I ;:o};;.J cf-. 

qto]:.gii}.9~ 4-t}o1] 91<5},:j tJ-11-";l ~1-£--& 7z._;;:_ lime

n,udstone.9 __ ,:c._ T,,.J.<cl 0 l %1_.o_uj, 11.-~ol] ut.:tJ.i-C pel 

ktoidal :fs..{~ -1i!..°'l T-i::- 0J~}%ol _:1:_i;J ~l-%~ Jx. 

9.'. r:+ ( .:z. rJ 4 b). Bioclasts½.g. AJ 'fl ¾ (trilobite), 

~--W-(crinoid) 13') 9J ~-H- (brachiopod) !I'. "f"-'cl 5-1 oj 
"' '" "" ·, 

,, uij --9 7 1 -:='- oJo] 1h1·JI o1 5'.} oj •-i 1:l " o1] i,i C.__::. •;!- ,:1 

', :.z] ?f'..:.9(:.i."J 4c-l. :'f:.<'il· lime-mudstnne9l ';!-Y-7} 

/1,fh.U.f'U'tt•;t ~ 0 } (). l~O.2mm~ .:i ~l pscudospar.'.,'. 

t; tl~I :f_',-_ 9)_0 '--'I. _--!:#.01 Jiiit.fi 0 1 ~~-f/1,\ol 9J"'-i 

1.. silt~ 1 1 S-1 angular~l 6 t~M. 1--~ o) 'i) -'t- ~I i _'_,_ _;;l 

t!.;)Ll-(.=z.i:,J 4d). l11M-'/oi]::- }jWffi?I til!l!if;-k 01 •il-,:i 

"',j,,_ t},~, _L1f\'_'?j rl!!lf'i_,,-__ ~ T'- ,~_.::_,: 0i;l. 

~ ~ i'--~•! ~)A~.· 01 -;}·l:--',1<'1 °).L,::]~ ,JcH-:_ ~- I 

\i. Y·( .:.L 2d 4!2'). 

~l· 'd~ 01 ~- A}o] oj] i-~ ~\ ¥;~ (matrix) f':- Yl Ji'- -:i:· 01 
~AR-t: sparry calcile!i-_ ltj~!<-jo-j %)..£.i.:!. :i "foj]-C 

b oclasts9l 1V" ~oj ~ t.-J11f-ojJ W--f!- ~. bioclasts i:J ~- tj

~ i-!l ~ .£.5. ?§ 0 1 ~-o-J %1.cf(:iiM 4,5). '-cj?.}o]otl 9J 
-:' bioclasts-ii"-,f::- e,i % ~Hi- 'I ?€-& .i1J LJ,t! ·}1..-\19) ;;1_ 

oj 11] o~ .u}Jil ~ ;;.l. 0 1 ri 2- uj i! ·1- bioclastsoj] -t- intra

sl eletal voidsi.Jjot] {!!£~ ?.J~o] ¾AJ1>,J ,1 __ 'r. -f 4'- 9J 

~ • Bioclasts21 ~! -¥-~ fffffltt'f-ffloJl 213Jl T~(chalce

dony)S,.. ~1).!<Jo-j ~r:+. i;'l(t.-lJojH:::· silt.:::7]21 suban

g11lar-ft!, -i{~'1);,..}½o] ll].iJ!.->j l'Jo] i1:-1l. ~*'-'lo-J ~ 

~ o.j bJ-,li li qj~}½£ ~i.Jl-1jl-2t.r:ft:· .1½J t! '49'(:i_<rJ 

5<, d). 7] 1I .9.l ~r,IJ ~4--1-& i-lJ -¥--fo] sparry calciteo] ;;i;J 

r;i] o] %21 ~~ rH 7] ~ ..g. o}o} r;:_ skeletal sand9} 1 1.}o] 

o1] -¾~~ roJ:11~ ~_-7l9J -¥-- ~tllir. ,q~ "'J-td¾ jo] 

\.,i ~1 ~1"" 0J o-J 1-d- *> ,IJ ~+%oil .o~ ~ ~tt ~ 11 '.<.] o-J ~ -'cl !<J 

~.£.S. _!lo]"i ~ ~cHoj]~-C- oJ½~ T¥.-o] o-j,~tj-. 

.cu1,t 71•,Yi~I l'M•I 'll'lli::i'<!'l!ol r,01 \Ht->J Af 
,.,.J.g. ".H}~~ -'J~- 0 1 %t~~l 4- ~H{H~~ '1- 51'"..:- % 

;;J 0 1 l'c'\l<lo-J '.U'.1.\%% 0J>l•Jcf( 0-J-. 1985). 

;t Jf.11-F:lilf!:~% 0 1 % '6l-o.j it2-l lime mudstone-'J 

~% 3,QQOllij.£. ~tjJ~}o.j -'!!?-Jiff ~- 0J tiMfi-& ft;J~ 

it!l!!!-a- 11: .'l.aJ¾cf(i•J 6). SE~ liJ,l 0 1-ll•l o>f'l 

-'J1-% ~~rJ'1J.£_.~ *~<tl 1!4oJl S!J~}~1 1tifitoj]i:' 

/IHI •l•l Ca•l 1: 0 1 ?1°1 iHl-<lo-J '.U.e.uJ. Alsf K 
"<: {t-..g. ~1!:{oJ]t' 7-12-1 <;dz ito1]AjnJ :::t.?d' ~-ff-aj_ ~ 
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a b 

C d 

e f 
.:Ill 4 a; ~ 0J¼Y1 oJl ~* ~ ·-Q-..g. ff]it (subanguLar micritic granule). 

b; it "loll 'l!"t'<! pelletidal 'fL 

10 

c; ittj ~-- ~ -l!o}~ micritic W~oJ]"C bioclasts7} 7-12-J ~~ ic;}vjoJl, !£~.g.. AJ~¾. aj-~it-2-J bio-
clasts.2.j- JUlllE% U-o] 4"-1{}-tJ sparry calcite.£. o]"'f"o-j }le.}. Jito] nqo-j :tj anguartJ td¾ ~~ :)!S. ~ 

cf. 
d; it -\c<>ll ~HI-'<! 0 1,m '!1-'il"l 'Jl "l".l 0J>l. 
e: li!l!"i oJ} 'l! "t ,;I J;"llHillll!l/4 illl:lllllfill. sparry calcite 'I 7} 4j oJJ c bioclasts4 7~-& '1 ½ .'i'. ~-ll--'l oj ~ cf 
f; it~ ?£:'ft9.j 1 ~!. 711l .£:-. qj ,¥-~ 0 1 span y calcite o] 2 ~ tt!J ~ bioclasts£ ~ 0J tj-. 
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a b 

C d 

e f 

.:J.iY 5 a; C?'J.i'} 7]1. 71AJ¾o!li'= ,,_J':l¾ %9.l bioclasts-2 ~1!1:J 0,J;,;}7~ _!i_~li:-f. 

b; "Pl 71 >J .91 'll il<>II 'll 'J <! /IUHi ,im. 
c, d; sparry calcite -tj 7 ]4loJ1 ~ 0 ] ~%~ suban-sular~ silt 3.7].91 ~~ 0JA}.2} ~~-tj :~1-
e; sty lolite P,,1 sparry calcite 7] ~ 41 oJ] ~ % ~ .AJ- {I ½ bioclasts. 
f; sparry calcite7] ~ l.Jl oJ] t-%~ ~.g_ micritic~ '{J ;(}SI- ?AU.ffilfrff. 

II 



182 

................. 
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• It .... ,_,,,. -

.::IeJ 7 T-"}-~f;:,;}iflu]78ol] .'?j~ §\$fAj*.'ej 1}{1~ ~ 

'-1 (a; Ii!!, b; 1£'.J!l 

~ :j •j rhythmitei...ll oJ! 1il AH "'I 0 1 ~ -';::- carbonate fla 

pebble conglomerate%.f:. Itl-111 °J·S,i.-lJ olj Ai !t:. -~i-Ad ij 

~l \)- ).J oj t:f. oj oJ-'-J{!;- ~ A]~ A] tjJ ¾ ~t;}c,;j 1,i] _I.!. 2-j oj 

.1..£ll];:'·_,f.colj ~~A-jnJ 1;J.itl-q1 AJ¾¾ 1;l_.O]uj :J.. o]~ 

oJ]-t- -J-~6] 7J±1tJ:-cf. ~~ :,cj~;,,j.9._~s:_ 4211.-fe-l 

½ ~l ,,,.l i}Oj "F-~·*JI-.Sl- •*u] 1'.Jl ~ail,,_,';} .!t .x.sl _i!_ s:J 

tj-(Lochman-Balk, 1971; Kobayashi, 196{); Sepkoski 

1977). 

~ 0J1.9-J {1°Jol] t:lj~~'C ~.!] "O}'Jo] S,l.E-'-f ;,;: 

-J'l};,:]·t- 0d tt!-1:J .E..£ l'tlr~-m,x] ~ol] J.~ ~1 aj 0J ';}.9._S 

~ 15-j o--J ~9-(Lochman-Balk, 1970). 5?':.•~} ~ 0J 1J o· 

diagentic terraino] i.f supratidal ;:,;] ~ oJ] Ai toJ 11_ ~ ~ ~ 

o] ~II, \I 4 1>11 y'(l 21 -i <I ~I uJ cf Ji '(I ~I ((,_;:::ff!)f 
(dectieation)7} "isJ 1.j :<\ ~ .:i 4- :kfl~(spring tiC.e)'-1 

-¥,-·~ (storm)oJ] 91 oil 1! ,,.L -j:- 1;! ~! 1, _o_ £ ~ q s:) 7] 5 

~c.f-(Roehl, l!:J67) . .::z_c]i.f 0]2j&.} ~";:/%-& 1~_1?_<-'Jo] 

..2..£.U]!~~oi]Aj<;l- -!;-ii] f.{o] 11-¾51-~~ i?'lJ--';J?l ,.(JC:l 

~ ~f!i]7\ol]~ oJ.c'.lJ.<4 ~.g_ 0]-lto!J,q ¾¾*ill ~..'?..S'._ 

12 

=;;! 741, supra tidal A] c,.J ol] ,i.i ~ ,,.cl -"i T';- 7
\ tj ½.g_ c;i_ ~I '1 

..Q.. ii_ 3 7\ 7} ~ _:;,_ "\)_ u)- :SC. 7)- oB ·'f- 1f _--;:!. S'. 7} 1J ~ c.-Jl % 

7};:,;]ui >t\l¾1i1J .i!J*o] ~¾s~oj '.Ut jo] 0J~! iJq( 

qiAJo]tj .. :U~"Lj- ~- c;-1.:iz-;,;]~oJl1.] ''.f7.J•,].:',_: c;i ':]-'.-½---€.

<} i'~ %-01 .=I. 7] 7} .!i! ,! 'T"cm<>l] 01 _,,_ uj, -1l ut !,. :,j- "~ ';'

~-c.J-. 9:,~ o] qJAJo] -oJ,i.J~ uJ] tjj;,:1ol] .'.:.f,\1 ··l ,; 

7 } 'U9J4c:\ q}-'}t.ljoJ] ,3.i:;1:r.1:.it bird's-eye (-_-f_/} " 1 

'"}Sjo-j '.jo-jo~ ii}tf ~ .:t.'-};,.:]~o,],i.1-1=- •)l-;1~1'1 ?l-:'-
tj, 

%741, i'lr1c11,m,-A] °cl oil Ai ~ ,.(J aj_ 1j ~l 0Ji~ c,J] -c stroma 

tolite Ts.if £1.aser beddingo] 1fri:-J!,c1 ~=- .;,{o] _li.~o) 

o.J. :i--_·q} 7~'tf(tidal channei),:,J]A1 ~"'J;r]5:J.cf'rt lltf.

ci] ~Jif~i:5\imbricated structure):-'} ''.!-\IC>j~ •,'.01 ''. 1 

>!) 7j'ZJrl] i'.'_ ~:~TA]C!(O,] sj-C oJ-;i:- +:£.7\ j~) _uo] ~] 

~741, t':, 0J-';]- 0 \ ~~,;\o1 '1.H: !Jt~·} 'J-lf-91 rh:· 
thmite~ ",j-·'-TA:ie;!r~] ~l-tH .g. '/}'J.g. q}'<]',] i~<:I '-.!

_q,~o]!!i q1 -€'"6-oJ1-:- *H~ ~-~- 1.11 :::.- >,!s. '?J.ol ';') '.{91 

~}oJ-,,~ ~.Q.c.:.j, nt-'I lt1'U'1 .,;.f~'.-•,H~-oi]--'lS 4°1 '} 

_1,1_0J t:f. 

o]--'J?l A}..,.J._ii.. _t,l_o} -t- oJ--'J.g.. :J:..z}tjj;:i;]Gjcj1.-s] dJ.,_J 

scjuj r~7]ojj .X.¾!clo-i 7,:JoJo] ~--'J~ + tj.A] _.,j ,j:,) 

'3;ltj-71 X'-Fc W½ ~-'a~ ~l:~~-'a~f!-o.\ ~: ;.t·•q_-, 

ll:.. %11 ;,:i oJ] !.'.] ->l ~ -f- tAf!J.tM:tM'FJfj (submarine cemen 

tation)·& BJ 0 l- l,~)fti~~. o1,V-oJ] ~I__,_' <:/--lH} ~ 0 } f?J!ft 0 1 

lt%1(>1,', 0 1-:.- f!J!f 0 I tj·I ~-,1.,J'c ,-1~~1,1 ,1,,1 

5..7} r.Jl'8-i5] -r,_-.g.. IL't'2-Y- S-~ojAJ o],~·s;_o_5J-_ fi.ftlffi'>I 

'1l cf 2 1>11 <1 '\! t\. 0 1 °I ~r 11,!ll:;~llif'eltl .g_ '11 ii ~I.',_ 01 

?. A] o}iJoj Y- w}t;}utff~ platform.?~ 1t!" ~·~ 1 11 ,: -'.,:
C1] A1 qJ.oJif_,:: 'U...J-. Bathurst(l9/:i).9j q.l-f"oJl -"lt}1;1 

811 :i:1 .ii1.~ ~ -§ oJl 2j -&-}e:j hardgrounds7} ~ ,,J '<] "11 ~l .s~ 

Aii.=". :<,},;iij~ ~~{P'} -'i-4-¾o] ~ 1:J }l_ 0J?I grain 

stone.i'} 7-,f~ .!..\ ·,q %0 1 oil ;,:l Al{'- (substrate)% &J ,,j 't\ 0:\ 

of t;}.,::,., ½,;!Jl Q_ s.J ~j-§-o] '}:..g. 3Jl.A1 sJ -'-l ~-o] o] %0] 

~ °C" r-]] tj7} ftt.f.l~~,:,J] £1 iTI- ~ ~% ~A] ?t°~ ~] S] 

:\!1~f~l<l, '.11"11""- CaCO,cl-l/- 0 1 4.'I.N'\! l>il4'7f ¾ 
{ttl %ir£!"1=" .£7J% 7;.H'-o-i 0t<;~ 6J-c.J-. :i ~o,J_i.i.\. 
;,j.:<J- ¾Jl."ll .::f_rJ..g. o]ej~ sj.c,J-i-oJ i'fij.J.Ltffl(bottom 

currrnt)t-l- ,<:1--'l--'-J~~·oi) S'~~ ffi'."lf'fffl% lc!JA] nJoJ.of 

~1-ct~- AJo19-. '.aj\..f"Z)\,~ "ij,,j~·O\ 'l2·~J- $fK,i'ffl.i-t It\. 
ti'l:¥-Dc.11 9.Joll fqlb(reworking).«Jrjl--f £~%- 1{!-_?_';'1 

/1>/il;llf!,\f'flll 0 1 'l 0 1 ,t .;c ::J 71 "I -,- 0 1 tj. 

Sepkoski (] 979, 1982) oil 9-J 15} 'tl ",~.!cl,~ 0}ti:.9l 1'.-Jl i.i· 

*oJl~ --'i"'l~-rj .;(iAi%-~9.J ','7\- q,e;, -:(]~1"-]1'.-JloJ1 B] 
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tij ~ 'd ': 9:1,2 7~ ~] .9~ ~u] £ ;,;HJ rL .<j .:t-'--i iJ A] oJI 

:::- "{lA1%*oJ] £]{}- ~,~·Q-%0] ·T'-~01 p~.y- ~t,~ 11 

zjj\.-/Jol]A-j'{!- :-f'tr;..Jo-J 0~o-j',;l;_i', o] .:El"{~ cSH ~'i:\.2..li..-Y 

L---j Jj~ 5mm o] ';}.01 ~o]½ \)A] -',(-9!1,c.J..i'. ~i.+. o) 

c-J,t!- 0H~ltt."'J.1J .z¥"l-%t- .'iJ11% "6-¥-oJl Mft.W-~ 
~ ~-'--]:rl bicarbonate Ca(OH) 2_1:'.'J ~-'j-~- -'?~'1t")11! 

~.2..~'"I 7,,l ~ ;j .2...£. _ _9_-B] i;q ~ -'---I ,i'.7J A}~-~ ·!;-{!Al -u 
q, :ul'-J .?.Sc."l-"lc ¾71~1 °1!'-el<ii= >l>H·-,-91 

T7t i.f-1·6] ¾7J-5.J<>-1 .ii!.1±~-8-0 1 1:Jo!l:Zl2, uf4"-l 

carbonate flat pebble conglomerate -C 1,4 _t.,!. i'.j o)-f:c.£.14-

r j .£..S..ti)~~ _£.7]-'7}Aj9~ "--f' P/1;'!-'§-oJoJ]uJ fJ-o] oj_.tJ 

~';cttj ~.2...£ ~ 11.x.1!.f. 
0 ] i£J ,.,}..,.J{- ..8.Q{i5j-"l:J. carbonate flat pebble con· 

glomerate!>J d.j"J:Z7J-f. )!,;qJ, -¥-Y%o] ~ 'B--tl'{lt) 

S\-"~~-o] iJ.P:- :S-.Q.~ 1jAj.'r-J'i:\-~-l o]1J.S! ~l·~-.i·H_~ * 
c]~ -<Jr~7!1.t ~--f. itfrl] ;J1-'❖~ .AJLJ1o]o-jof 'dj-uj ½ 
¥11, ~;,;-j_;.,uJ::f% 0 1 ti*i:] 0Jo-J½t T ~£~ ltt-tl'{l .!tl 
->-j~-%- 0 1 ~T i:';%joJ] _'Uo-juf t;J-uj ..:_~,;qj, 1]/2j%o] ¥, 

-r-A...J.2...:.t.-::::- QJ";:161 21:;J -<JL!loJ]/4] ·~"!li5) -C .iij-SJ-o] 

i.+ -~1 -t §21 :c1-,511! ~i ~t-2- 0n 2~;:;H J:J~;. ¾1./.1-!clo-J 
,,.ij~l-<'.i.<tjo--ju~. ,t!-4. u..f-c:fA·I i".:- c;'.lT;,;Jq:9-J carbonate 

flat pebble conglomcrate'C Jll -i-i-7j- lcl] R~j ~itl- subti· 

dal zone 0 1Y wave base-C--<loJl-'--i 1.cJtl~1! s.j,..:ji{-o] 

oijAl.ii:.7f!~~-£'-o!l 9.j;:;!j &j:::..{!s_ 2.!<~!iJ. 4- {}~J.·'-l'Zl --'J 

i:t -.~-·t--'t-Y- <5H~1 %oJ] 2-J;:;H {]~, ~_- 1fr!<jo-j storm

wave baseo] -&j-9.j {..- r:j -31.-& ~I ~J .Jt-;;i:.] oJ/ ~~ §.j -3j S,! 'l} 

--~·-_s,_51:.. &H -tj -"I u.c/, ¥;:1S>H ol] f frsJ !JfsH sJ_ bioclasts½ 
0] 'J-i:t Jt.!llJjJoJ] SJ '6H ¾llJ, ~l -~ .:<J :<l-~-¾ {HI°') E.. 

-~ -') llJ,;,:d -&J-cf_ 

~~Y#!ff€f ti-!1ift1 ,,J~-21 '"J-~/~ rhythmitel..tjoJ] ,tl 

. :'. 'J .E_.ii_ 'B ~H c,J o-j '.U ~-- carbonate flat pebble congJo. 

merateS] -C--& {:;·mo] -'ti "d '.!.] 71 -'fl 6H z] {:- 0 ) ,!~ 9-j .... J.g. 
:,1 -'·l _i:./J oJ ..a.-f~l q. 

:~,~-il ~11-1 J.J <;{ ,,,l Jt~~l ,q -H-~·t'.::- .;,'.-i-'l \.! 'Jt-!171 i.-t 
J;-.g.~J?11 ,,J-»!il 'J~o]o]of~t;f. ~.;iH, ol].:zj.2.7,-j:Q-

3,-0] 0.lo-J\r 'r '.:/,J.s_~- 1tl1!.~1 s:]'P~-~- 01 crR7- _,,~ 
J7to] .;>]*]'6~o)t.~ ~<-1"- ':l)T!jj, ~·I :.j-~-o] ·'rqf_-~j~ . .£."C 

~· ,g .?.;;4'{l JWjol]Ai 7J-·3J- ~--6--? 1-t jfu(i.,ff;- t!f~r!:ir'al 

~9.J -c1-in ~! 1-J ~ ·§- oJ] -°l tH tl "] S=- 'i~ ~1 o-J tri=Jtt.ffi -"] 0 1 
u~ tiJtj. 

u.J-i:~.1.j ~-} ~-~ oJ] 'd ,.q .,;J_ carbonate flat pebble cong 

lomcrate-t- @NC-'~ ll] .ii:. 7
•: <!)•t;J subtidal zone 0 ] i...f wave 

haset~oJ]Ai ~J-11-'{l~ !<J !Jf;- 0 ] /PJ!KIWttil'f}tloJ! .9--J~R 
•1;;)-·~~~ .x.1sJ --9--, j'i{!- ·".-·6·-'f-, ttifi1:t -~-<>!] 21;:;Jl 

;J ~l, ;t- 1[.! ,:,-1 "i 0 ] <t '] ~ :: storm wave base 0 ] 6}91 ~I 

'l*A]oJ] .tB.1il-~!iJ. 'U:,:::-. .9 .L. oR ~ '..,li..-j-. 

0 ] ~;:!T% 'fi~}°'i ,,_l+.R.-,,- ,.:i]-i.,,I ~-,1] _::f.£].£...<.).1.J 

,i.g.. .1.·&-¾ T ~ c.-:\ .9t~ '{j .i:.. ±A} AJ c,j rj -f%,'1] ~-& 
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Taxonomic Study on Polyncid Polychaetes in Korea 
I. Subfamily Harmothoinae 

Jae, Jong-Geel, Lee, Jae-Hae and *Noh, Yong-Tai 

(Korea Ocean Research and Ce,·elopment Institute, KAIST, 

P.O. Box 17, Yenog Dong, Seuul, 135 Republic of Korea, 

*['epartment of Biology, Kon-Kuk University, Seoul, 133 Republic of Korea) 

ABSTRACT 

Some scale worms collected in Korean coastal ,vaters from 1981 to 1984 were identified 

\',:ith 7 species belonging to subfamily Harmoth )inac. Among them, 4 species (Gattyana 

deludens, F;unoe senta, Har mot hoe hirsuta, Lag isca waahli) are new to Korea. 

Therefore, all of the harmothoid species in Korea arc 11 species representing 6 genera. 

Classificatury key is made on the morphological characters of harmothoids and their ecolo

gical distributions and remarks arc shown. 

Key words, Polynoid Polychaetes, Hormothoinae, Korea. 

"i-z'~"i''Joj.i'f(Polynoidac)-c ,j,Jc;J 0 l-li- 0 f-/1-rl uHq. "°' ,·f(H).'i'. 7,i <l]~Joil 0
../' 120+ 600 

op~-o] _ljl_.:c_s.jo~ 9Jr:}. %.S>~ -6-~o-1] u]7-S:- 7~7.]2 ~B-¥-* ,z~4t--J.g,;;J¾ 4-E- :-ZiA1Ad %*o]t.f, 

ol¾ %J.~·4-2- -t;:,=_ W-"1- 9)...Q..t 1L SjAj.g. *,sjAjo]1·t_ 

}{...Q..L~ -g.~r-tiiJ.91 oJ-r'-~~ _!..L·] ri z] ~'JS>t.o_ui \~-Z] %7J!A]1:Jo]~l([';ereidae), .YJ.6HllJ)i}1)!7.]rJ 

c\.,_•~ (:-:ephlyidae), _=•_\.'] 2 ~J-c!J {'1 -:~ 7~ 7 -1 '-'J :,];.-HGbceridae) ~-\ <;! --r- '\ 9~ -~-- !'l-o)r:t(Paik, 1977; 

Lee & Jae, 1983; Lee. 198-1). 

q!--~·~~ u]½." 7 )'. 
7.j1Jo].fr-t 7.]-i}n~A] !._1_-

1i- 94;°- l:,¾o-1\ LB<J~o~ 71~5-io-J~i <U,.-2..t-j- ~ 4=-¾o-!] 
,q~ u]--tt'.J!7-]L'Jo1 ¾ 1}-ul-'.t 7)1A]?Jo1 o)-1'J(Harmo·hoinae)oll 4;,:-0~~ 6~ 11%~ .Jt½~A~oJ 

(61 I 
15 



62 l (1-2), 1985. l l. 

~1A *-'L• -:.] ~l~1 %-~- _.:'.:_J+ Y]/4\101-2 ° %o!] t:.l1'li- 7J,-1~.li.¾ 1-fAJ4]fcL 
tJj¾-1£A!i'Jo]_.'t"C ?J};,.q.o1] nJc:1 ,;f- 0171- 9J.)_1.+ 12c}~Hr!~!H)1]- .1L2 sj<>JA1 91_:i:!.. Harmoth

oinae, Lepidonotinat:, lphioninac .. \Iaccllicephalinac % ..J. 01, .. .--•/ 7f ~t uJ .:j ;:l 'J):?.ut, o/'F 1fuj 

¾-<J!c<Jc~oJ 0 iA~ 32061-i'~.- L,f 0 f-l:- 'i'.c {'- 0 J..cf 0 lcf. Horst(1917)~ o-jc[.e, ~Elio!J u/"1-
u]-1t1~:z]i:J6]¾¾ Lepidonotidac 91- Harmot:1oida1? _~ l-t-'1·-'1L"i:!.. o).:,;,- Scidler(1923)~ of-A lphi

oninae .?/ ~; ,;,J/ o/ %--:} 3-) _:,~_g_ Lcp1donot inat, Harmothoina(· -~ ·J \/ ,:).c;J L }. !.I::.. Pettibonc(1976) 

~ ~t:1]½'7JJ-i?Jo1 o\.:i!tol] tBBJ 7j.9.l{- 0J-¥, 4-Ador~L:i!.., Loshamn(198l)i'I- Muir(l982) %-~ 
o] of- .:C'f ~- Polynoinae ~ Af-.§-0) 2 '-?/-"_1-J- "?· ~-;f.-ol] ,i.J"C· Pettibonr .Q1 AJ 9-j ol] utc}- Harmotho

inae ..£. 7]-~0I-<;{ cl-_ 

~- cJ--f¾ o}:: -%-oJ Polynoidac ~ ¾(ff() %1lo1l t'-£.g. 5.%-~ T-'J Smithsonian~ \1arian 

H. Pettibone)cl--}A}, .:rH?~ 7-"-tJ-~ _!i_4{T"AJ .ii."'jo~r:.lj ti_~s.j 0J .ii:..-'r·-1.-J :I..i!j2 _g ~-¾r'.-c] 9J"'cls.J 
7]11}A] /.'.{~i¾ o}'lj:;(j f§_~_AJ tHoJ~T± "6·1oJEP, j~..7-Jt.Jr,,J] 7JA}~~le-l. 

-l'- ';i'roil -"Hl-'il >HJ,.::: 1981 c;l-¥-E-J 19&, \} -"1°l oil •H'J.aJo1 cH 0J';i'r±(KORDl)oil .s!.-'i!£J 
o-l ~~ Jf..~4 A1A}½c] ~;;tJ _jl~11t! Jf.~2...£. .2..f"° 500er,i7~:\ll¾ r:H"t}.Q..£. O}~tf. ~ ~tli. 
o\li::" ~..2..1..f. ~t.tjo\] ..12..25:l~Jt:j ¾.g. tj-~ cj_--,1-A}~ {i:-ftl7];;i:J1¾ !r .. r:H..£. oJ-§--o}q{q_ 

o]-§-~ JE~~_g.. ~7J~~ 7j.q.., .uJ~, PJ?;] %¾ A}-§--·C}.2, .:?::O}r:lj 7JAJA11ol] A1"-~C}i::" ~ 

½.g. SCUBA¾ o]-§-it!- ;i:JT, ..::1.i!]..R 'tlAJ;1;:,;JEt ~½..g. E."1]A](dredge), :>:~1..j7](grab), 5-..¾ 
0.}(trawl net) %oil .9joij >B-"J-"l'l:l4. 

>Bil.-::- 10% MgCl, Sjy-§- 0~o!ISJ >j,j-i,I af~>leJ 4-, 10°, ¾"J .1.ic0J"1(/ormalin)¾ 0~o!J 
JlAJ, o~~ .1.,!_'£-"/5}'.Uct. 
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Family Polynoidae Malmgren, : 867 "i-1,r,J! c<J eJ oJ A 
Subfamily Harmothoinae Horst, 1917 aj- uj •'t.- 7J! A] t'j c] o}J'} ( AJ 7<J) 

Genus Poly noel/a McIntosh, 18;~5 ~.g. tJ] °E 7J! A] i'J o] ~-

* Polyoella levisetosa McIntosh, 188) ~+ ~ tJ] ~ ;,J! ;;i;J eJ o] 

Genus Gattyana McIntosh, 1897 

Gattyana deludens Fauvel, 1932 §J"ii"" 7J-¾ ti\ "E 1)! ;t;j eJ o] 

Genus Eunoe Malmgren, 1865 ~r 0J1:1]"E7J!;i;]eJo] 4r 
Eunoe oerstedi (Malmgren, 1865) -~ YT~ t:1/ ~ 7)i x) cJ oJ 

Eunoe senta (Moore, 1902) 7f-'J4- 0JuJ½-7J!c<leJol('J7>1) 
* Eunoe yedoensi·s McIntosh, 1885 "il "roJ tJ] ~ jl Aj ;":Jc] 

Genus Hamothoe Kin berg, 185~ TtJ] ~ 7J! A] ~IJ o] 4.=-

Harmothoe imbricata (Linnaeus, : 767) 'll. r"l ½-'J! c<I aJ 0 1 
Harmothoe forcipata (Marenzeller, 1902) "rr"I ½-,J! ,1 2J 0 1 
Harmothoe hirsuta Johnson, 1897 '\l,-;tuJ-',c,J!;;,JaJol("J'i!) 

Genus Lagisca Malmgren, 186:' 



Lagisca waahli (Kinberg, 1855) 

Genus Paradyte Pettibone, 1969 T u1 LJ 1 / '€" 7} A) Pao/ 4 ({I~) 

• Paradyte crinoidico/a (Potts, 1910) cf,l-'r"1<1Uj-,,-,)!J<lea 0 i("l~) 
• i'aradyte !cvis (Marenzeller, 1902) •~::C'r"1<JuJ-;;-,J!><l 2ao] 

* -:<!- ,!).H..oJ]-C ~J9L9..Lf q.g. ~T~},½oJ) .'2.Jol! .!i!...il.'ci ¾½ 0J. 

Subfamily Harmothoinae Horst, 1917 ;;cJ<JJ'g-,J!"i"c' 0 I 0 fA('J~J 

~--C ~;;J1.+ -~UH -~o1i,l- ..2. 0J-~ 8}2 i:~7~ 1..J·'.o[o-cL _.:117H~l 1·Jt- 0l(antenna)St ~ »J-21 tJ--1 

-i-rH~-ol(palp)¾ 7}-Cc+. 0Jr~-~o1(latera1 antenna)'C oii'l(prostomium)~ tiH~oJ]A~ {i-o}i.-f. 

~2._uj rH}o1H/{j(ceratophore)-~ oicJ~L JJ}_~ 0]<11A]A] ~t'i"=-r:L cf2]~ %421(notopodium) 

9} uJJc+e](neuropodium)_f_ 1..+-'r-- 0 17-i 9),.,2 ~(acic1lum).f:_-. ~-&-1~'} ~"1\ c+c] ~f-0_.£. ½½ 

~c+. 

1. t-11J-'.t--::.- 12 -¥J-o]c+ ............ . ·· · ·· · ·· • -• • • •· Po!ynoelta levisetosa 

%LI]-'.;-,0_- 15 MJo]c.l-. .. ................... 2 

-• .. • • -• · • • · -· Lagisca u1aahli 

~u] ~.g.. %---~ Jj .9.J 9j-:zJ ·.Sj 1il ~4- ····· ···············3 
3. BB1~Aj.9.j 7}.l-1~· -"f-{to1] 4°71..j.2_ 0J.9.j .g .. o] 9).r:., ...... •······ .. ···4 

,j,f<J61I -';'-ojcin._ 0J2j :g-oJ \lJA ................. ····· .............. 5 

4. ~- 7~.1-JS!.j {I-- 01 2 7~t::}..2....£. 1..t"7--o-j~ ';Utj-. •··· ..... ,Paradyte crinoidicola 

%1}.1-f.<?{ it-& .tt~-~o~ .. l!.. 7~_,,I* -¥--;t-oJJ .!l_:i:_-½i-t/7~ l 7ij 914. · · ----·•Paradyte !evis 

5. %7}--'-]7} B~7}J;1_!i!_tj- ~"cl 7}79. %4-i?:- 7-J" ~~rJ-s.]o1 'V,_9_a~ ,t.1}e-..} ..s.:r__ 0Jo]i:.f-.···········"'·· 

........ Gattyana deludens 
............ 6 

6. ;ij7f>J1=- >JJ/- -I-Y'HoJof_ .................... .. ........................................ 7 

B~ 7} .-z] i-o\] t° ~1 t.j ;,} J;j 7} 'j tj-. · ·· ·· · · ·· ... ·" .. · ·· ·· ....... ·· · · · ...... · .............. ··· ·•·9 

7. {-7f <I -;?6111=- -l;-'d;-ql- 7 f"I ,f 'U<i. %"1½2111 uJ<>il1=- %<-1-2. 0J!!j %7H-o] <-1- ,Uq ........ .. 
• • •· • • • ....... Eunoe oerstedi 

8- %uJ-€.2.J JI.. 0joJ]~ f'-Gi?:- ~¾~.2-J 0~.1-d ½71-1!· 0 1 4 914- .................. Eunoe yedoensis 

%1::1]"€.2.J jf_t{jo\] ~ ~1~t"or2 1to] ~~i<l:- ;..}i5""s'i[" 31._0JSj {"7] ~ o] 4 '.Uct ..................... . 
. . . . . . . . . . . . . . . . -........ -. • ........ •. • • • • · • • • • • • • · · • · · • · · • • • • • • • • • • • • • • • •. • • • • • • • • • • • • ·. • • --• • • • • • • • • •· • • · • E unoe sent a 

9. -;t-21 "F4 '1!- ~ "1 "121 ,)-Oc61I ~Pl ~cj-................. _ ..................... Harmothoe imbricata 
r"1 ~~ '"J-_g_ "1"1"1 ~-"c61I ~•l<V: 0 1-................................................................. JO 

10. -~1:l]·'.I-.9.l if..ttlo\l~ 0}4- ~_g.. ½7]~ 011..+ iL.11.., 7}FJ-€:- ~fq .......... flarmothoeforcipata 

-'g-1:1]-'£-.9.l Jf._Ojo\]t:" 3..2 4 ~ O~I!~7}Al ..rz._ 0J:.$!.J %7]½o] 4 ';,1.2, 1rf\i_g.. T'Tii"l i'-§tj- . 

............................................... ................ __ .. _ ... ____ ......... -............ Harmothoe hirsuta 
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1(1-21, 1985.11. 

Gen us Po/y11oella McIntosh. 1!85 3)- 2, "j -le 7)1 :,J eJ o j A;· 

1. Polynoella lel'isetosa McIntosh, 1885 ?-}{:,u)-€7)!7-j LJ ol 
Polynoella le!'isctosa ~fcintosh, 1885, (pp. 128-131. pl. 11, fig. 4, pl. 15, fig. 3, pl. 16, fig 4, pl. 

18. fig. 6, pl. 19, fig. 8. pl. Ila, fig. 7 pl. 32a, fig. 6): Izuka. 1912, (pp. •11-43); Imajima 

& Hartman, 196-t, tp.40J; Paik, 1982. (t,.763, pl. 3 .. k-1). 

£ ~: _g_ :,\B.E..oJl ~i9l-'2 .. .ul. -i_L9] ).~ ~-19i 7 ] 4! ?if 0 1 ~1,\~ii. 1n-~- f}A~Q].qfi:f-(Paik, 1982). 

~ £_: t,.lj.!iJ0J(OJ-~, ~-f) 

Ai~.ki: TAJ '?.f l00cm.Q.j ,: 1 oJl/41 :tB1)_,,.J '.;!o] -?/-- 0J~ ;,j--"j- 0 Ji:+(.1\lclntosh, 1885), 

Genus Gattyana McIntosh, 189'7 -~}-k u/-~- 1~ -;(l cJ o] ~( ';_] >J) 

2. Gattyana deludens Fauvel, 1932 tJ ;;- 7J ¾ '~ ~1 i?J O l ( ~t ~) (pl. I, :\ F) 

Gattyana deludens FauveL 1932,(pp. lS-21, fi~~;. l,Z): l.1 schakov and Wu, 1959, (pp.33-34, pl.\', 

D·G, VI. A.Bl. 

i'.!~lHE'.: ~,hi"J(1983.2), 1 7j~J. 15m, ,jc)7J(grab) 

71 ,\H: %~ 7,l_ 0 l-c 20mm ojoj 1-fuj{: 7f-<j.~ L"'\foj ,j 7mm ojc\, 37 u\cl£. £1"1 9),q. 

%~ oj_~ i;1joj;z;]1.~c:,Ju~ tl~~ol]~ Ji~ t1j~- t{!i:f. %{:- *~~ ;.i}tlo1]A1 7~·?J· ~j..Q..ui ~~J.£. 
~-:;'-Bl-7-f1 J.~ll_..Q..ui, \.,J~rot-2 7Jo]oJ] tl]tHJ.j 1.-}tlj :,} ~J-€:- .:1Jo]i:f. u-jt:'j ~ -,~-t1-!I -~o-l] E.JtH 0J 
~.!?..ii.. 1.f;-1o• AJ 0 i 7Jo]9} t4-u]7} Al.£. u]Xolt:f. /]-J'.-rl] i:Jt-o](median antenna)"C uJ~o] ..=L 

JL, t:.1% 0]~ ft_?_i;_ ~14-~ *I"*} 7}7°~AjuJ, ¥:: ;tll.~'-4r:}. ~JLlt- 0]i':- -,~~[!I tit-o].Q.j 4/5 

1:).£!?.J 7Jo]o]u1 ..2_cJ.g. ~j!_ ;zJ.g-.g_ 1/2 AJ ):_o)r:f-. tl-3-o]oJ)~ ·:,j~ %7]%o] Y-V.r:f-. tl~-J-rl 
-§-o]"C T,2 ~-@:-t1] 7Jo]{:- 7}¾t1] rH~-O]J} 7f.9-] {-~9-. T MJ-.2-j -:r_:--~ ~)2, -~~_o_ui, u-]i:]..2-J 

oJ 7J.;:J;i;J.ijol] -'f.l -:i:)"Q-c.}. ~* NJ-oj ~-J- -=19-. 

t1]~€'(clytron)..g. 15NJ-o]t1L J.1..£. 'ljfejA]..J2, c-i~]E.j -¥,4;"-A]..2-j ~,L-¥--;t-.4 7~-<j~ it-~ -<l].9]0)-.X.. 

i=" .:z~lT~(anal cirrus)11f-A] .£7"'- 5t3l ~1·L -6--C j1B'41 #J-.9j6J]-~ -6-.:IJ~o]x., -J--~-'2-1~¾ 
½Jot 7}7.Jl'} 7r{o] r.}cJ'o}Lf. -'.} u]*:4 ~jl ~oJoi]~ 9--~:- .. efr_lJ-~- n]~ .:_!__I]_ ?J--~~ .E.-q4 ¾! 
ilJ 7t 7JAj-~ol]~ 7l-"E°2 7J ~~}..Q....£. 5~61 CU.Q.u~ _t_9) ::i:J _1_r;~C>J1-C -:J].:L~(r)]7ij 4 6 /--}~..2-j 

4~ ~7-}½)..2...£ _2__;:;J.o]..::1..sJo~ 'V.t:-\-. 0J 7ti'-.::i::ti!]6J]-C ~2 /H:- 1}FJ(marginal fringe)o] i..} 

9Jc1-(Pl. l.B, C). 

i:fcl'C' %..£. i..j--'1-o~;tj '..?J-0_ 0 i, -t"tj-2-]-C· i~tj-~j2I- 90 1lJ- 6J.':'....£ -£0~ 'V_cf-. -~~,t-:]'C J1-C<~1} 

.2.. 0J¾ Of.2 %$,-~..£.. 6J~4. ll~t:-\-2--]i::- i::1].H--~E.j ul-'.t1jA]<-'jo]4t-iji'~ -6·t:f2j_l,l_tl- :.!..2. {)-?:

tj-ej 1::/-f_<?...£ 42} ~..Q..Pj u:~~+A1 ,~~.:>.Ji't ~"1] ;1..11.<;'-0l-;,1[ 2t--to·1j 9},Lt. -6-"1- 0J(dorsa1 cirrus)~ 

t1J-€"ol] ·"tte-Jo~ ,$Jo~:,tjA1 if-f~o] {;-c]·t!l9t u~t}-i?! Al-o]C>Jj -'fl zj6J1:+, _'i_r;JoJ)·I:=- 1 }-t- ~-71t-o] 

4 ~4. 1:J~4" 0J(ventral cirrus)o!].'.r. -;,--71%01 9}.~ .~7]~}2. 0Jo]11J ::~o]-C -:;-.-;-.qJEi 1,2 ?;d~ 

o]-ct. %~(dorsal tubcrclc)-3- t-1H})j<',J ;u+ot·'11 Lt.9]· 9/_D_uj 11l]-~H. 1;J_L·t c}1..'l.2.J %-'\~ ~f_ 1i_~ 

01]i::' tJl-<1ji5J tj½ 0 ] t-l- 9)9-(Pl. 1,A). i-7~ ~J(notoscta){: -'l-{;-y_ uJl-9· 7J_tJi '·f-~- -:•;-1.,]½¾ 7 !· 
Al2 914. 7tA]ct9t ~-?4-C>J]'C o]_t,!_i:j- °--1'~.1- ·'i-'{12.. Z}-.g_ /] ;;j 117Jl7t 9JcL uJl ') J.j(neuroscta) 

-~- -2....'f- -t-G]7f ;;1°Ju4 71-r:;Ji.J- i'-*o!]i:; i''T-::- 6 7 °J.2.J ~-L--]~- 7t7,]2 S'lcl-(PI.I,D,E,F). 

u~~l ~(segmental papilla).g. 1-f-2,.{0t/i] ~ ¥s~A] 'i\;-~}__t?_u~, .1 -v--~r ~i-*]6J],q .~ ~ 0 1 2,!_o]:i:] 

'<l~.2.J J..:.i.'JToj.g_ -C~l Ptt:-1E.J %4-0j.!;!_t}-~ ~i2, :i:J:-tl]7} u};zJ 0--f Llj-~#JoJ] 2-]iiH r._j_~tf-. 

:;I ~: -:', 4{h!.ii.-c Fauve\(1932)21 7 ,~e, 7]2j 0.J.*l4cf, Y']¾o!J<H: c]-2]2j ~ +':l 
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ol] {-7]7~ ~}.9..0~, ~~.g. HH~ JErtlo] 1;.!~,t!-r-!j ici] t~ ~ ;,;)jjt~ %4-DJoJ] ;i.~ ½7]½o]. ~ 

~o-l];: o]AJ]~ EJ½6] ~~S!S'.J.4 . .!f.."t]- *-:i;-o-J]A~ ;;;}.AJ.'{! ¾oJ]Ai:: %T 0J<>t] %7]7} iL9-t.f % 
.foili° "i_iil_"; 'J <J½ol :UcJ.2 .'l2.sJoj ;Uq(Usc.iakov and Wu, 1959). 2ej4 ~ ¾9-1 -le\-

7c10J i;-*_<lj _2_
0Jo] ~ ;,;H.fi..ol] 5'.Jo.j,q.x_ ~7~2-f~oj sjo~ V,2 uJ* ~ cf--~ ~1 ~.L DJ>~]O} 

2 9J_o1 .g. ¾~..£.. o~;,,J;i:]o~ -"'d~]..£.. %*~ EJ t o],i,]%£ 7J-?- ¾}~~]7] o.{Li~ ;::Jo] '.U2i %7] 

£J 7J--'i'--'C .2_.A--J¾<>t] 5'1°1A~ t.i% 0]~nJ 0~l.-ii:.}- t1H4'<~ -;f-<>tj L+ 91:: ?,!-2.._£._ * nlf %T0JoJ].L 
i.+ '.?J-g- T '.?]_0~o• o]i'.1,t]: ;j:~D]:: 7Hjj]7J--'1j 4! 0 j..£. .lo11r}. 

8" .£: ~[.'i_oJ('/) 'J"\l:, oJ.sc. "1"1-), <ili1,jo,,/("1]!s.•r, §J•O, ~"(-('i} 0JoJ) (Fig. 1). 

~J-7: t- A~JL~ 4"-Aj 15m 0J .£_~;,t 1~ 0J 5iJ(rrud)ollA1 :,;:ijAJ~'U4. 

! r-----r--r---.-----------
11 

----7========-.. --_-:_-_-_-:_-_-T-_-_-_-_-:_-_-_-~-, 
-~ 
m 

8 

~ 
0 
0 

N 

•. 

* 
Yellow Sea 

• -~ oSeoul 

,,b•~ 

C, 'l 
' ,\; 
• i . . Pusan 

d'-l'~~Mokp'o ~~'-

'/,,~~ r ~~ :• ,C, ;[1 
• ~· :~- {l r :JO •. 

~r;!,J ~;~ t ',. LEGENO 

·.·.. ·· 0 G<1ffyono deludens 
d'ij " 

KOREA 

KongnlJng * 
Seo of Japan 

• * E(lnoe oerstsd1 

0 E senlo 

* liormolhoe ,mbr,cola 

D H . forcipolo 

• H h1rsuta 

.... lO(JISCO woohli 

- Poradyft! cr,noid,colo 
,~ ---· l_____ 

125•vv 
.. J __ - ~-729•bc,,.-------

Fig. 1. Occurrence of some species of Gattyana, Euno1', Harmothoe, Lagisca and Paradyte. 
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66 

Genus Eunoe Malmgren, 1865 

3. L'wwe oerstedi Malmgren, 1865 

1(1-2), 1985. ll. 

Eunoe barbata: Moort>, 1910, (pp.334-338, pl. 28, figs. 1-6); Hartman, 1939. (p.53); Berkeley & 

Berkeley, 1948, (pp. 14-15, fig l6J: Uschakov, 1955. (p. 148, fig 36, A-D); Imajima & Hart 

man, 1964, (pp.29-JO. pl.~. figs. a-f); Buzhinskaja, 19fi7, (p.811: Rho & Song, 1975, (p.98, 

pl.2, fig. 11, pl 7, figs a-fJ: Paik, 191;2, (p. 763, pL 3, n-s). 

Eunoe oerstedi: Pettibone, 1953,(p.46. pl. 2;); 1963, (pp.44-45, fig 9d): L'schakov & Wu, 1959, 

(p. 36). 

e1'!1Hss: !iJ-o! J-1 40'N, 120 60'E (1984 2), 2 ,j;JI, 85m, .".;-i- 0J(trawl net). 

71 AH:%~ 1,i 0 1'i:- 33 ;)lmm 0 ]_-.::_ 1.+tili::- 14 ttl.'4J r.i}t,jol];;j ,! ·'-!-~- --=t:.~o}o~ 11 16mm o1 

cf. 38 °}cl.£. "1<>-1 '.lief. 
%-i':- -~f-,\Jl(OJ·7~) ;1:.-C ·6}0J"-~("T-;;!)-i- t]u~ -r~-1-c ~ii::.L o;i:)-C %ofl t:1]Gk uij~- "-r.2 ~} 

AJjDJui 4LIJ7t 7Jo]2{ 2 t1H ~.S:..o1i:f. p.je]"1~(prostornial peak)_g- 'V,_0_1..t '[-r):Cl-A] ?li:.f-. -'r-MJ
.9.j T-€:- .::12, 7cH:':--"Jlo]ui, 'l[MJ-o] ~r\t .=l.L!., T.9.l A}o]s. Lj PJLL '1-,t-i:l] tH~-o].s.j tiJ·l]_g.. 
f- 7{121 yJ-s,_1..t i:.1-H- 0 1~ 7.J.r:+. 'd 0 l-C 0J.. tl{, 0 1.9..l 5f-t1H :a:J_s:_o]ui. 't!...:.i:t,!J- 1~-¥-f!:-½ ,:~]S>l<>t 
2~ 7J %7]½o] 1¥-Ti>I 1.,t 'V.r+. l:l~~rj{~"]~ 7]4!-1t TJ_s>_u~ tf.0_ii._ ·~~7-.4- 7!--',to1 :j4. 7J 

o]~ OJ.t:~%0].9..j 2.5B~ Aj_i;:_012, ll]A1]~ rJo] 6~.£ 4 'V_i:l-. t1~-o]-~ 0,J(tentacular cirrus) 

.Q.j t1J~.g.. ;:~2. -f" 0ci-~ 7~-J_-i:1] r1%o]~ !! 0JA 7,1°1oJ],i;i ll]-~-,;-ti:L •~i~_"-IH Ltt!]o1]{-:- 4 57H 

91 1tA17t ~cHPl.I,G). 1l·r'~ Lj(proboscis)'C° it 2( A]-~o] i:rj •-'11.-1 u] .'1j 0,!c 5 H~) •. 9J b- ~ o] Di 

i:fo1]~ ~)~~ {i-:']?t 9MJ ,V._~ui, i~lj!-oJH> 2MJ.2] 7)1:J;,.J. o]a~-S: -,] .zl2 ~Jr:HPI.I.G) . 

. ;g-u]7_g_.. 15MJcj1,j u},;1u-} 4-SntL]½ ;\J)5JOL"i!..-C %-i:- -~~:a:J-61 '-1~4. ))tt!>.1B MJ-.i't -S[-¥-~ 

.Q.j u\-1;,t-~ 1j.9..j ~~o1] 1 ~'j-2, .1..9)~ ~{' i'-~f~ 0lc.J·. JluJoiH=- -~' . .L. '-~-2-:- l.1t-i'.- f- 7]½ 0] 

O:j2]7ij.9..j 71-~1% -,tA]2 :?J.£:._n~ 1 t,;].9..j ¥-:?:- -i'¾-t.J9) ~~c] -<j>-~--\··'.~·(J~t:L t1J 1;jolj u]-> 7tf-tl] 

!EC ~*oil~~ ,:-{~ ·Ii-/]·~~ 11·c] cJ:Y,_c_.£_ -~__J-2-}7.]2. ~-i}dn~. _:_~·]_,:. t[}n}o}cl-_ c]cJ 

'€°7]%~ 7j_g_..~o]tj-_ c.l-{- -\L~-o1)-t::" D1--:J1itl- -1Y]½o] 1.-} 9Jt:l-. -~2-j -'i)-»_c_£_ '.!·T~ -C -€'7] 

S1 'r-9-\- .3.7]7t *o~%0, ot,;]P-} "'JoJ11,1-E:- 'c %7]-~ ?}½ 7- ;=:J<?Ir:t. t·}- 0Jq} 7Jo]~ 1}tJo] 

•I-~ -'&-"11.91 2/3 <>1I 7 f'(J-£-\(- sf '.lltf(Pl.I,H,I). 

cf-t:l~ -r~..2-...£. 4~-c.J ~~ ~2. %cf-i:H= it-¥-*cl ~;1111 1ii ~ 1,1 -=-:~-oil ·1 ~ '-l-€'c] 1.-t 914. 

tiijcf-2-j~ %-cf-<-'~li!..cf- ~'{! 3.tj-_ %T 0J.g. oij.q.. 7Jo7,q i::teJ 7Jc]~ 2uH ;i;J2,:.o1] i-J-·O}u~ 1}2::_ 

cr~J it--}-~-~ Z-111.lOh~=- qo,;~ 7Jc].9-l ·t- ']%0] t'&c] t.+ <Jlrt. )l~ToJ-2_- {;'---1:.cJQJ q~ 1/5 7} 

to'.J:o1i.:~ r::,!n,,Jiil-cf-(Pl.l,M). /~A]{:- -'i-- t:}-i.'.joJ] i.'to] 1.-l-~.£:..u~, 7tl,1SJJ 2?i-·1j-C -~-'r-- LI]~t,J-cl-. -6-

7}A)cf-"JoJ]~ C~i:!J ¾¾2-J 1!--:]1t 9)4::,rl], ~l-~o1] '.V,~ ;tA],t- 3}2, H]_u~7:; !t}~--~-<i}7-] 0J, ~* 
.Q....£.. 7JT* -}t-c] ~-"~·6ijA]11i, 1.J_oj<Jt:f. 7fA] :a:J~]oJ]-C C~i!J 0J.2J 'ftt.l'} u)~; .. oJ-9_.£ 1.-} 9)4 

(Pl.I,J,K,L). uB-,] A)'C __12. \- -l-t.-1 71 A](unidt.ntate seta)_'i.. ~1°1 ~L-;!. 0f·;,J ~J~ 1}/,j•J(head of 

seta)4!-.g..oJ]-C .=Z.2 -'o}-2_- -{'i-tl'K 0 1 9Jr+(Pl. ,:'!) .. 

Jl ~: t~Al 0~,~-4 -?--<-'1t-}4o1)A1 _t) __ t!_~I Eunoe barbata Yloore, 1910.g. Pettibone(1953)o1] 

~15B E. oerstedi 2t ~-¾c]nJ~.£.. ~Jt!]sjq}'·l-. 

-l'- -t+'Jsjjc,'i_ Pettibone(l953)-"1 7 IAl-'4 °J>lsfuj, .:i.sj 'J•H<>II %-"1-l!Y- . 
.!.L -i- %~ E. nodosa 21- E. hozawat· ~ .2-. 0Jol]~! !]~-?-- %-A}0}-ct. u]-€.9.J %7JoJJ ~c~A~, .:a:J. 

;;::}~ ifo] .!tl!.~-i<l: ~r-~- ½;,I:•! <a:i2 4-x}~ 7J;a::J ttol -;tt-1_£.. 0J: 0J *7!7t ~i~ ~jo] jlc]clcf-. 
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.:I.~~.!:!..£ o]~9.J 7or~~11]•~ .±.AHH * .0J£..7} <;1-~- 'j~ ;Cct. 
~ ±: E-{j.!IJoJ(.5:..&._3-.:L,), t>l\~'Ju,I, -l~i.'1_'£L]of ~l<;L o.J 6H), 1.-l],q 0J(.'.J:._g_~jo], oJ~i5ij~) 

*~6ij, ·~r~L(~JoH, o• 4--). (Fig. l). 

A--J~A~: .g. ;i:~JL°C :J'-~/ 87rn~J 0j_AJ,,,:j:~(.,,.,!JoJIA ,~1J~ISJ1.+_ ..i: 7Jt:.~ol]A~Jfc~ l,900m21 aj, 

..g.. *'-'}Al _..;}~.<?jOj-•I] .!l..:i!.:Ijo~ 9)_<:_ui, 6ijJJ·r2r(Ho othuroidea)9} ¾~g,\~%.L {!:tj-(Pettibone, 

1953). 

4- Eunoe senta (Moore, 1902) 7f-'lf- 0,juJ-)F/"i"J 0 J(';!~) (Pl. Il,A-C) 

Gat'yana sen/a ~1oore, 1902, (pp.259-263, pl. \Ill, f gs. 1··13); 1908, (p.337); 1910, (pp.316-362). 

Eu;;,.ie senta: Hartman, 1939, (pp. 52-53, pl. 10, figs. 128-133); 1968, (pp. 57-58, figs. 1-6); Uschakov, 

1955, (p.147, fig. 36. E-H). 

tfil,THs': "~.5'_(1983.8), J 7q,11, 5m, SCUBA +t-, 'H1-c,!(l984.S), J ,q,iJ, Sm, SCUBA 

71 TH:-'/- 11.-,'-.g. £-c;--½j ~11i'c-£19}~uj, ,~3_-"j 11.-,'-.g. 22°fi..JoJJ 7JoJ7f 14.5mm o]uj, 

i..fuJi':· 1/f.-<J:;_ .l.•J•B-'1 7.5mm 0 ]q_ 'r-r 7J.S!J ;,/:', 36°fcJoJuj 7J 0 ]7f J6mmoJI i..fuJ-e 7f 
-<H!· .l.'i.'-•B-'1 55mm 0 Jq_ 

%-::C 0,H'c »JJoJ,<J>~oJuj, r,.g. 7J>~ 7f.£.-'/-°']7f Uc+. 3-l'{i,;J ofy-\'-&j 14'{1,;J ufy,;f:sJ-l:-
3Jo] .'f_-l:- 0-f7J: ;j<>j;<J.:;:,_, .J.. ~J.sc-l:- it 0 fy77f:SJ '1"1.\"J 'i,' 0 f 7Jct. u-jeJoJJ-l:- §] 0 JBf711i..fof u-j 
i:]?}-~- /~A\2 912 7}'i_-il] ,R-01] 9-ftH T~ii] +~.£...£. 7JC}119. 1-f-1:1]7j- 7Jo]1;!_rf 1.5 llij ;,;J 
.'.,:_£_ ~Jt:\•. 2',(J-21 r.g.. 3..31. 7J..Q_u~, ~MJo] i:1 -=~2, rj 7}.:g,Aj-cjoJ] ~l*ltH ~4. o-j~9.j PJ 

11--U-.9.J 0),¥-~ 0Ju}c\(peristornium)oJ] .9.JiiH 1f~ :J.i+. 7}-£r1] rHJ-o].9..] t:1%o]Jf¾i'.:. ~j~.sq 

9/~i..f "J~.g. of9- 1,-c}(u-jeJ y-sJ-"j 1/3 'lj.5'-). sl_tHj-oJ-l:- :}>~oJuj u-jcj"-J •B~oJJ.<1 {-of 

'.U2, 7Jo] ~ o-ji!]7Jo]~ 1.5 ttij 78.£.o]ui ~..g_.. ½7)%o] 4 ~t:f-. ~..:1:fr+~·O]~ 7J0]7j- 'N_-i::7 

{,-01.2.l 0-f 2.5 <1ijol] •J-Of-2, oJ~1],tl ~½o] Aij..£...£. ~-€ oj.+o-j •+ 9Ji.:.\-. t:i%0]4- 0j..g.. ~]'t:"5J 

9/~ 0 1, ;!'{I-ii 0 ftloJl-l:- 2 ,n21 ,f-']7f 'VA. 
-:;-ul-€t lStl-o]oi, ;_'~,'.:_ u..J--r*"{t- -C-½7]½ 0 ] J:. 0Jol] t-f- 9J~r•), 0 ]½~ 27ij !.f..'C' 37ij .:I. 

cj2 °ill7HE-J .1}:z]..£. ~;,;].£10~ .A}'fi'-~5...0Jo]i..f .::t if..g.. _!OC..,~o}cl-_ 

.,!* 1}~7-}i:Jol] ;,}:i:J -C ½7J½o] 41*]~4. ~~ 7}~JAe)C>J]~ 7}EJo] 4 ~"t:"r.1], 1:1]iil~ 

7J.2, ~-}..S.-1~! ;1Jo]1..14, 0J-¥-~ l:l]½-2-I .ff_ujolj.L 1.+ 9Jcr(Pl.II,A). 

c+cJ-C- -E.£ 1.-+-'(-017-]Pi, llijqi:,]7} 3..2. ~~2_1.--t, I:f~ ¾½ol] 1:1j'6/l u].ii!.~ '3},'.:_ .Jjo]tj-_ q 

i!l.2.J '°b'-~ J1..1-:~.J't -'-~-To~E-J 7]-¥-oJli::" 7J,(JIT=ci7f- 5~1+. %-"r-oj ~ uH-?- 7Jo1, qoJ-~ .3.7)~ 7 1-

'C -~- 7 )½ 0 1 tit 0 ] 1-t~L~-Y~, cfi::l.£1 ~ 2.5 BB Aj r..o]c+. BB7- 0j..g_- !o'--T 0J~ ~r 1/4 Ad.£oju~, 
:'·H?:- ~7~£-1 -t-7]½o] 4:Ut:f. -i:>;_.,7}A]"C' t'J:2 7Ju~, 7Jo]9.} -f"r,,J]o1],q~ uij7}A]9.} t:JJX'O}rf . .:i 

~j1..,} Blj·;~,:_1-C- ;,],:_]1-J _,-11--ft-o] o_.}=:,,J -¥-'~-Y.- ~o] ~-;.i:Jo]t:f. %7~,1;]~ ~uJoJ] 7/-°C' ½1.l~¾ 7} 
A], 11. -6-~~·-,tl 1!,1·]-C '3).4. ti1]1},1;j"C £!.i- -t-1.-]7}/•JoJr1], ~o] 0-f7J .2i1.-¥-i:-}AJ.JL i-J-Jf*o1] o~ci 

1B£>~ ~-1.1·'} :V_~rl]. -,1,i;J~l ·i:-¥--;t..g.. :::.:..2 j~:zJ- /f 0 }~Jct(Pl.II,B,C). 

ufcJ~-1', 6 '{1'41 Pfi..]oJl<j-\'-bj i..fi:.fcJ:y, 

_'r2. ~1
) T 0ci ..g.. 4~] f:-5) qf c}. 

I!_ :-; : -~· ¾-~ e)j '! 1.] 'l -t-1.-l 1 /-Aj 0J ~ioJ],1;i -~u]-€7J!A/<'Jo]~(Harmothoe)~-C tj-..s.2, 

"'6-1}A]oJI -S'~~~ ;~,,;],} ~;,~ 1; 01 E. oerstedi .. '4 T~sJc+. 01-21 t[::_ ~1~::. E. yedoensis 

9-t E. subfumida 7 ) 
0-J*IO}t..j, {!.~}-C t1]*~ ½:']7} -C,&-l3012, 4-A~ l:l]½~ 7}'f:Jo] 1aJ.~ 

>J<>1J,1 '+-".Hi- >f 0 J7f 'Ve+. 
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68 

Hartman(1939)-•'f Uschakov(l955)"1 "iliioJJ<j ej-l,S!j ~ 'g-7)-'.,--~, -:'- <JIJ'-91 ,:;!!lcj- cj 3-

2 7JP~ A}-{;:-~_2_0Joj1.f, ~C']oJ ~% ~ ~ ~J~oJ _2_0J_g- ('.J 7.]"6}_2, i:}_g.. ~"7J½o\JA1 ;t}o]7} 

~ R: rH:ild 0J( 0;di'HL7}, "Mi!L'U .. 1°} 4.!\- 'd 0J-, -"rcJ 0J!;=_), rH.i_J 0J( 0 J-f~ ·5*-¥- oJ~J), 
*~5H (..1"2 L,!l_X-:..), <5J-.:i;-( A~£. -i--11) (fig. 1) 

Al~Ai: t1j2·~~ 0,l'{: "'r,,.J(2OOm 'J~Al)o{j,q ~~;z:Js.\~l.9_1.1i, T~ <:d_~ 7-1 ;J(.r;,3\\. >'J)o\j,q 1-1~1 

~r:.f-. ~- AH.li.'C' t1}.$jA]C!1oJA] 0J :..:{o]L-} .'":.i'll7) 0-{:,:~ rJ,;;1 ~-c ¾oJIAI -<H~)~l9li:::}. 

5- Eunoe yedoensis McIntosh, 1885 

Eunoe ycdoensis McIntosh, 1885, (p. 75, pl. 15, fig. 4, pL 19, fig. 9, pl. 10a, figs. 11-12); Mare 

nzeller, 1902, (pp.572-573); Irnajima & Hartman, 1964, (pp.31-32); Paik. 1982, (p. 19, pl. 3, 

m). 

Harmolhoc yedocnsis: lzuka, 1912, (pp. 54-55, pL 12, figs. 15-16). 

:i} 2J: -4"1.HS!.J A) 0-4~~l-{t-..i .. .2} Ai~*i/~ ·j~~:,:~ VJ) ?t .. ~.Y~. 7~11]Ji 0J- 0 ] ·n·/4j!,:JC:icf(Paik, 

1982)-

~ "ij_: f)l3!Joj(6J{':-. ~J-.r,'-) 

Al 6-.j A.1 : '!f 600m ~ 7- ~j $) '11. o-l] Ai ~~ ;i:J s:) 11 tj-( McIntosh, 1885). 

Genus llarmothoe Kinberg, 18t,5 -J:"ul -~f· 7J!A] ~~ 0 ] "-~ 

6. /larmothoe imbricata (Linnaeus, 17671 °J-;r-a)-z'i "i':l 0 1 (PL II, E II) 

Polynoe imbricala: Mare-nzeller, 1879, rp.117, pl. Il. fig 1). 

Harmothoe imbricata: McIntosh. 1900, (pp. 31- -326, pl. XXVI. fig. 31; Izuka, 1912, (pp. 42-43, pl 

V, figs;;_ l·-1, pL VI, fig. U: Southern, 19l1, (p. 52): Fauvd, 1923, l_p. [)5. f1g. 18, f-li; Okuda, 

1938, (p.83J; Herkelt·y & Berkeley, 1948, (p. 11, fig-. 9); Pdtibone, 1953, /pp_ 32-36. pls. 13-16); 

1963, (pp. 36-•38. fig. 7. a-d): Okuda & Yamada, 195-1, (pp.179-181); l;schakov, (1955, pp. 15,1-

157, fig. 38, A-El: Uschakov & Wu. 1%9, (p. 36); Imajima, 1963, (p. 180); l:najima & Har· 

tman, 1961, (pp. 35-36); Buzhinskaja, 1967, (pp. 81-86): Hartman. 1968, (pp. 79-80, figs. 1--U: 

Hartmann-Schroder, 1971. (pp. 50-53, fig 11, a-f); Rullirr. 1972. (p. !l): Day. 1973, (p. 7); 

Paik, 1982, (p_ 764, pL 4, g-j). 

tfQl-ls.: 2-si,:;_(1981-8), l ,4<11, !Om,"'.-)\- 0J; "\s:i'i.(1982-2), 2 •H\. 29m, 5CUB.\ 

,;J-4-; ¾S..(1982-8), l ,q,11, ±,fcj: offil'c.(1982-8), 3 ,ij,il, Sm, SCUBA :1-r: '1'dl983-

8), 1,IJ~I, ~,Jell; d:-'Hl.'r_(J983.8), 27 ,J,IJ, JOm, SCUBA ,/1-, ,IJ--~-'.L'i_(J983-8J, J ,IJ 

'11, !Om, SCUBA 0:}4-; 36 50'N, 124 40'E(l983-8), 1 ,IJ •II, 65m, "-•'ii 1-l(dredge): <\!';(,,c_ 
(1984-8), 3 ,ij >ii, 3m, SCUBA ;}'r: 0 1l%'>.(1984,8), I ,ij <II, 5m, SCL'BA ;)~-. 

71 AH: 7Jo)-c 16 32mm 0 jul, cf HJ~ •I <J¾ _t_i,',IJ<J 4 8.5mm 0Juj, 38 39 ,j"-J ofy 

¾ 7~:zJ r+. 
%-~ 13,14Lti'4l 11 ~tloJl/4l 1.1) 0J ;.1j.9_u~, ~·2J ,t- 7J-¥,-.g..oJ]--;i t.fv] 7 ~ 7]~ !:lJXo~c.t_ ,¥-Qj <=j 

~~oj]/41 .s::-;~"~l -,'To~ A]·C ~r~oji:J-. "~'j~ cj~ ~t"~ .:E~ ttJ]o].A)~o]u~, %-';~C>l] 1"~ ?t.£ 

-¥-~J7t 9J-Ct1]. ,E·£.J ~.:',~.2.__i,"._ ~~4-.c.;. t;jo]ciH jl--j-_ %~ {}-~-;'} t\ L). D-121~ OJ-¥,-C>l]'C a,1~} -\ 

.QJ-g- r~ rtjj5:__ tje-j_ !J:. rH,;· 0 1. ~-· 0A1c1h}ri-ci 0 ]~ 7]{-0-!l-t:' _!lr:+ 1l~ ·)~~¾ rr-J·7 I~- 'l}r:t_ 

u-ie-1~ ·;:J_o]_llL} 6,1'7J- ~;J.0_ni 1/--l-[i] -toll~~~ tr-~o}J-1] -¥--'$..Q..i;!_ t..}·'1- 01 .A]ul, n-jGJ~.x. tJJ 
~O}A] 1..}.2]<;]i:t_ °7L1]S>.j oJ oJij.g. -5".:i~eJ,5~2, f-¥J~ z--g.. 7J_i7_ ..:::r.r:+_ -3iliJvtj 7,(J-& oii:.J% 
Q.\ 0J., '-11C\~ \l"\lo1\ -$\7.\·ot,11 !6'-~-c,\\.Al ~\t)i{} %:.'-fnJ- ~0),2, n-li.'JS?.l ·.1)-'f-~l ~~Jij f~-,;e}j 
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MJ.!.1_4 °--f7J 3..9-. 7t-l-•1] ri-fro]~ .12, .;,;J__g_ "'1):~ 1U-1~.i'} /}72 ,;I ri%- 0 l¾ 7 ~i!r:.J-. oJ1 
.9.j 7J.o]-C o-j~].9.j ,1 u8 AJS:_o]t-!-. 0.Jt·H_,-o]Q.j 8J-{J-:~ 7t-11l] t·l%o]~ t:1J~oJ! 71~ 7~2~ '.U,2 

oj~.g. t::1212.J u8-~:>J1,.i;j ·2°11..I ?12-~J. {!{ll.9] ~lu]~ 7 }-~-r~I r1% 0 lQ.J 1/2~.£ 0 14. -ci%o] 

½O-J];: u]1Jl<tl ½Y)-~-c] pjc] t]'Jlt:J-. t1i-;J--rl-;>0]T: 1}-5'_-r1]ri{;-c]9} 7~~ ~~ 7Jo]o]..i1., 7J-lj!

i':" ojcJ ,feJQj Sf "J "J'c_.'i'_ ;:tcf. 1l'tloJli':" 0 11' 0 I ,11~ FJ.Es! >IJ.'i'_~o] '.ll4. I >tla!I tfaj 

ol]~ 2 7~£.j 7}A]7} 912 L-J% 0 ].!r 0J.g.. /}-£-r:~]L!t-~]9t 7d 0]9~ .iz. 0JoJ],.i;1 ~.9:.J ¾Ai5l4, ~l~ 

MJ-o] q_}=7J- ~4. 
-t-u]•'.t~ 15NJ-~!t1]. %¾ .9J-~c5] LJ714, uj-.A]P-f 2 3uj-c]-f r:J_i:] ?i"C 7j4'-.£ 9J.t:f-. ~iti74J 

#J- tiJ"E'"¾ Al).2j0}2"C YT ¾_,iJ~o]c}-. o1uj 7ij ~H:- l:l]-'it lf..L{:!.9:.j oJ-~ Jt;;(J;;z}~ol) .;;(J ~ -}~ 

7} 9Jo1 :tl~]~..2..5.. .!lt:s. 7J ,.t1]..£.~¾ ~-<j~}..'il. ~t}. u]"IT".9.J JErdoJ)~ o}? ~~ ~7]½o] ~ 

zjjoJ] t+ <;J,_o_u~, o]%g ~tjjtHAi _1,l_Pj ~Jt!!.~ojcJ-. uj-€".£1 °.J. 7j-;:,:J;;zJ-~oJ)t:" ~~ 7}FJo] ~ ,.(J 

-1;-cj '--f'.lli':"t1J, oJ½ 2_ LIJ-\t .l!_njQj 0J-foJI "1.'L 4'.{q(Pl. 11,D,E). 

c:.j-C-j"C %..£. t-}-~~A]2, %cf-2]~ ?-t.Q..uj 7j-A] 7 f l!}i5i ';)_-E- -¥-*..g.. ~--;1-9-. ~ ~ tj-t:j ~f.£.. 
£ t-j-9} -2--&-;:<.J11}.x] ~*"o}JJ'. {--B·Z,iJ 9J.4. %T 0j-L, ri%o]~1- ~Q-o] 7J .5.1..oJ¾ "o}.2. jf_~oJ] o~ 

27 7ij2] %7]/} 1-f~r:.}-. %~-'~ 3.Aj t-§_0_u~. -'tl_~~¾ 0}2 CV,r:.}-(Pl. 11,F). 7}AJ~ oJ r:.}-t:j 

.£.Toll r!o] i.+~i:"r:-JJ, -%-/j-A]7} l.~71-A].!l_tj- ~7J -f 'd9-. %7}--(ji::- .2, 0J~ ½Y½ol ~~oil 4 

';).Q..4 if-¥-¾o!] ~ -~Y;;J- ~r:]. ttij7}A] ~ 7i.Q.J 7j L-j1j-Aj(bidentate seta)o]2: 7}Aj1g' -¥-¾oJ] 

::: ~-'--I ,f '--f'.ll2, -'H'-,L4::: "f7J ;Jq(Pl. 11,G,II). 

uf"1*~ -ii--'j'-'ijoJoj, 6'{Ja!I uft1oJJ-<j-ftj 41sfcfoj, 89'{:lail-feJ ';'",l•H><Joj oJ?;)t of;<J 
0-f uft1,1f;<J 4 '.lltJ-. 

£i:']T 0J ::'_ /}-}t-2 \lr:• j o]-~'.-~ %7]½o] i.+';),2, uJ-~Jo-f D}r:]oJ] ';)_~ %4-oJ.!ltj- 7]4 ..2_cJ 

~ ~cL 
:i2 g: ~ 7ij>!Jo!J<ii':" ,·f><l"1- 2-3°}Y7f .x_½-"l<>I, YeJLIJ-);-,J!:<JeJoJ 4!-(Lagisca);,f 91'!1 

AJ -7-*o] oJ~~ 4-.£ 9).Q..L-}, 4"-;i:J-t:" 8 10°}117} ..:.:..½s/21 P}t:-]T.X.. ~ 4f,.!l_tj-~ P€r:f-. ~ 
¾~ T.9:.1 .$-J~l£ 4~ ¾~ ¾nJ"o}rll T¾~ 4- CU.Li. 

/,' :S,:; ,1pJ 0J(•Mc1-'lyof ~oJ, l!\JeJtH, 0,H'-, %•!), rl]sjoJ(.x__si~o]. "'5!-~'/!£, ojJoJ 
i'·l], A]¾iiH), *~6H, ~"=i;-(-q}AJ.£, uij%5_, ~~{!.£, ¾.£. ±-~,,.J.£, i;}f.Jl.5:.., ~S.., 11)~ 

.'L, oJ'§-.'L)(Fig. J). 

Ai~Al: -~ ;,:~Ji.½-~ T.£. cJl:IJ T~o!l'-1 :>:ij{l5-j~.:L~t.f, 51Jc] ~~ ;i:;] 04 If.."t:° m/2¾ ,>.f-o]oJJ 

,;;]£ t:1J•js)9:L~_uj, 'li,J..£.~ ~-~ -¥--t}~~ol]Ai ?:ij~5-j~4- .g. ¾.g.. %,,.]¾..Q..£.. 0.-J-i-'~~ ~..2..ui 
4-i'- ,y,qsJ 0 l¾(Terebellidae, Onuphiidae) iej2 ½'f-'l<l¾(Asteroidea).e.} 'li--'~-\'!:>iloJI :Uc+ 
2 0}9/cf(Fauvel. 1923; Okuda, 1935, Berkeley & Berkeley, 1948; Pettibone, 1953; Hartman, 

1968; Uchida, 1983). 'li";J-S..2J JI.~.g. -%;;~¾..Q....£. A~7-{5.j~l1I oJ½-2:- ¾,,.8¾~ 0JlclJ.'.3:joJ ~~ 

oJ u]-d"o1] ;,;J..g. T~;,j- '.(1.2. lf._'{:foj i;,l~O}tf. 

7- Jlarmothoe forcipata (Marenzeller, 1902) 

Ecarne forcipata Marenzeller, 1902, (p. 573, pl. II, fig. 7). 

Harmothoe farcipata: Hartman, 1968, (pp. 73-74, figs, 1-6). 

tt~AKfi: u] 7J£(1982.2), 11Bill, 29m, SCUBA{}T 

71 ;\rl; -ll-"1 "1°Ji':" 12mm 0 Juj, >..feJi':" ,f,Jii:- .'l_~aj<j 3mm oJtJ-. oftj-\:- 34 7jo]oj, 
oJ-'a--l'; uft-J 9-5'__1'_0} o.jaj_ 'l"iJ.E <>\7H_l4. 

%-~ 14 18itl'>4J u}t:.]o1]A1 /j-;:,:J ~J.Q..n~, 2;;(,Jo~ i..ljoJJA~ HJf-n,J"o}/11 .!l_0J4. P-]~4::- 7~¾r:~J¼ 
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e:! ciS i's ,1 !;'c l, o./ 2./ J;I I (1-2), 1985.11. 

oJ] s.J;:;H -'t-*..2...£. L--~1)2, 0J~::. %.:g-4. t1~::: 3..A] U.E_t.f, 1]·t').<fr oi?l~¾ 7 }.AJ..i!. '.:U..2.. 
ol t.ftJ]::: 7Joj~r:f O--f7J ~i.:t_ 4 7ij_Q.j T ~;c.oJJAi 'if~ MJ.g.. nl!!Jfl.. otrij oleJ2l ·~~ rtlo!] .$-1 

.:i.)ii~..I!.., 1¼*,,,:J.g.. O-,e]9l 7]-¥-011 -$]·:t],U.9-, 'il-9.l ~~ ~S! ~~~cl- 2u~~,J.L.£. 11+. '~¾r1]r1 

%0]9.j •t-~1).g.. ~-0_t..~ 7J-2, r] 2t;- 0 jt' 7]-¥-(~)Al 2/3 sj,::" XoJ].{1-¥-£1 1J~ ii] ·1Hi-o• ~tj-_ ;,Jo] 

"C' °1C]7Jo]_9.J C!} 2.5 uijoji,i, Cjri{Yo]s.J 2 eij7} .!t!t:-f-. rlTJoi _:f_i;io-Jj"C ½-,,J½o] -;3-Ad'ii'~ 

4~i:i. tJ.ji§-vj{;-o]t' o»-i'- 7).2, 1~-£-rl[ ti §-o\2] 2 llijoJ] cJ~4. rj{;-o]+ 0J.x. ,t-trl]t:i%-o] 

S~ S_ 0cf.4 ..;_L7]o!]Al 7]2.J ;.Li:f. ~)1'-°11.-J::: 7d.TI.. ki-i-~ 0]u.J ifoJ]-C 9-Y-J-$'.j tl-"l~ -2--&-~ ½ 
7J~ 7~A]J!., ~!.. lfl-¥-oJ]-C 2»J-zj -1]t::JAJ o]w~¾ 7~AJr:f-. 

ti)-~~ 15N-Jo]1:j, %9.J t.1!,¥.~-~- r:J_o_ui, 1f_ 0JoJ1"C' ·!-}.g. -½7)%oj \'Joj ~2.._uj 21oJ! 4;"-oJJ 

A1i:- 712] ¥- 0J<Sij _!il__o)i.~ 7J-,,.~.'2.J cJ~T~J;i;t~¾ ~ 0J~ T 'JJ.4. t.i]-€oJli:" 7}rJoJ g},t:f(Pl. 
11, I). 

c}2J-a-~ :;i~J.'41 u}Y ~ "11.2)<5}24=- -~-£.. 1}-'ro.J;:tj~2 ~~'C 9-~ ft.JtJl½ 1Ji;i;]eJo] ot4(Ha

rmothoinae)Sj ¾~t ~t:f. %4- 0d ~ u].11!..~ T]2. 7,:J_A] ?£~ .vjo]uL ½7J%o1 %Ad-5"·t! i...f~ 
4::-c•) oJ 7Jo]'C tj-2]9.j 7Joj_it_r:.f- ~f7J 7Jr:..l-. llij4- 0J_g.. ~7t;:;1-?'go]2._ ½7/½o] ~7iji.+ 9)9-(Pl. 

11,1). 7f..<Ji= %, •Htf,loil _',_f- ~J" 0 1 cf<l,Uc 0 j, sij 7 f,J1f %7f,li= ,j,l'_ "l:,c~I ·'i-"1Joj7-lcf ·'ii-
7},J.)7} ~7J- T'~r:f-. %7l-A]"C "11.~_£_ .;-}4---'.j- 7}~0• A]y:" i;:_oJo]uj, 0.Jr;{oJJ"C 1H= -:ti.,}7} i+ 
'/Jtf. sij7f..<Ji= 7,jl.-j7f-'l.!i. ~1oi '/)2. 0 j, c.l:-¥--l'-o!J 0J %Y '1· 'i)c.j-(Pl, 11,K,L). 

o}c\~~ "'J7j_~ T gJ:;}ct. 
~Mj-9.j 2,:!.~-4°-0J 2_ o};:qu--J-- o}-r~Sj %'1-oJ_q. ;,J~ _1l_OJo]u~, 7Jo]{:- qf 2 tlijo)r:f-. 

:ci_ ~: Marenzdler(l902)£l .\'."~¾(type specimen)oil 'i)oj,j -~""Iii-oil ,f>Jo] ~L"-'-t 0J,•-

.eJ Okuda & Yamada(I954)9f 'tl:0:-£1 Paik,!982)£1 ,J'a'-oil £jtf,;, 7 f\l-~- ,f;tj.2, ';lo, ¾ % 
'ljoJJ o,eH:· 'jj 0 J 'Uc.J-. o]oJ Okuda & Yamada(l954)i= 0 J,J c;l<>il -,±,j 0J-,r•J uf '/)9/"1- . .:i 

i'.~t.l- ~ -tJ:>-J;i;ij§...oJ]"C 7}-EJo] gJ,_-v_, Hartman(l968)~ 7)~H.'?.t-L 0J*]O}E...£ -'6-¾~il:.. o}~tj-. 

7}EJ-€:- u]½7J!?:]t:Jo] 49-1 ¾ -%-~,JoJ]A~ ia._B_~!- -;-?]o]E..5... oJ*.i'f- \}-~9.j ¾½,~ ~H2..'i.Jo-JoJ:"if

?;! 7J-4. 
1'E _£: islj.\lJo,,'(oJ-/!- • ',}7MeJ.'l.cJof), ~--~(ul "1.S:.) (Fig. ]) 

A-j~.Al: * ;,;H.fi..~ 7jAJ;:(l;,;J(oJ1:1J)Sj .iiJoj "%!-oJ -£-<'.>1]A~ ~ijAJ5-l'dr:f-. 

8. Har mot hoe hirsuta Johnson. 1897 EJ -r "1-ec 7)! o<J eJ o I ( >J >J) (Pl. Ill.AF) 
Harmothoe hirsuta: Moore, 1910, (pp. 350-3!,l); Chamberlin, 1919, (pp. 51-54, pl. 2. figs. 2-8. pl. 

3, fig. 1); Hartman. 1939, (p. 51); 1968, (pp, 77-78, figs, 1-6). 

i'l~XH:i'i.: -'IJ-'rS.(1983. J), I 7 H ~J, 29m, SCUBA ~H-
71 AK :%$-1 7Jo]~ 22mm 0] 0i 1.+u]~- 15itJ.-'41 u~t:loJ]A1 7tA]¾ _i_<>Jci"}o~ 4.5mmoJ • i, 

36°}<1.£. .sjoj 9.!"1-. 

%2_ %-2~ HH A}o]-,~ t.lj.tL!_0i -1-%42 .2 ~ 0.!f i..+jol]A1 LIJf-uJ·C}-;l] _i,I_o]nL llj;,;j].£. .§J_,i;J:!¾ 1tl 
cf. 4•tl"'1 uft]-¥-EJ 25't!"'1 °ftJ"f"]£1 '-J 'i"f 71.eJ ulj;-Sfuj, .i AJ.f,l'_ c.fel7f i/!<1tf;IJ fo: 

0,-Er:f-. o-iL-c]~ ·,~~r-!] %oJ1 -9.{o)j !f.C,,!Otf!] -¥-*~.£ t.f-~joq, U,2!~.i.. nJ~lO}-.'i] 1..-}1;.};.,{t:f. oJ 

~~12. ·'(-~2 7do].1t_r:f q-H~ ~;Jr:l-_ -\- h\J-Z: -;f-.g_.. 0~"-}r:fi:l~f.£. ll)j 0J5.Jo1 ;t,J3::•t-!] C!.}7J ~ '1-£-~
-t~ °1212..J i"-;,;~ 0J :~_rJoJ] ~J jj,;J-_r_ -\!~- •1_g. ~~ MJ-"4 °1c'j.9.f 7]-¥- ¾7JoJ]A1 7Ht-1-!] -f 7f 
7J}o]o11 ;;J.,,;l<5JcJ-. '~-f-tllrl-~-o]-C" 7.J.2._ ·H-4'-~_g.. o~-f- 7~~r-!l, t:H:;-oj t-g-~ B:_oJ 7.J.Y-. 1~¾c-!] 

t::f&-o].?j /d_oj~ tJ-12j7J.o]2.j qt 3.5 ti)joJ] 7}'1}-4"u~, JirtloJJ~ t:f 0J1!:- ½7]½o] -¥-Ti>] J...t~tj-. 

~1-H~-oi~ 7)-;t"t-!lr:H~-o]Q\ 2/5?:,J .. li. 0]4. BJ'ii"t-1-i,'- 0]-t' -?l]"t5~9l9". iJ%0]-4'-()J..g.. ;,}¾c1]t:i% 
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-5"8].!c,.,~~ 15-¥Jo12, %.9:.J -::>"-~¾ .9J~6] r_J2 Sf.:'.2..ui, :J,,_~ 1~-'r'-~-J~ :}{! if-~2-J _\--_t::J,,,Jlol 
c+. u]~-2_- ,:1]_l_..f2-'..j.,'I ~lu] 1-)-·1r'- 6 1A~ ';J"C"t.• J ¼ '],J-Ai.:)ol]-C 7 f uJu}cf 'C½7)7} ii}if1 i..f 
';)2, ~ 7}AJ A}C:jo-!]-C ·,+-::':.-- %7]-€oJ oit:~ 7ij7} l}- BJoJ] •ff"o-J'.V-4. ~ "€°7]-i:" cJ-¥-*o] ~..lg-

11jo]u~ u]-€ 1£.ttio-!I ½7)Q] 0.Jttlo] -{-o-j ';)2, it-P:, 25.J) -J!:-iJ- -:.i-1-J~o]tl-. ~~ ½7]½..g. 

2-37}A]..£. *A]is~ ';)2..,1 .. + if-~ ll!.-~.S}tj-_ llj1tn]<j 7J:;(I~ -¥--~% A]S'Ji;}J!. ½al]~ AJ 7}AJA} 

~lo-!]\.~ 7}~J-~o] •~~j~4d] 1-} ~ri. o]½~ 91_ 7}{.Al-i:]o-!JAi 7J_2 1;J~f..2.....£. 7J-<r-¾ ~o}1J.4(Pl. 

ill, B,C,J. 

42J~ ½.£. cf';'J"1:<J_:;z_, »BcH•J:: %4"1!<.4 ~"d 3.rf_ ujcfcj.e.J ·¥-:'. ~o] cf.e.J .'!I'.~~ 

-¥--:t-¾ xJ[.210}.:iI."t=' i-.2~tcJ"6}tj-_ %4, 0J ~ uiji'- .;Ju~ r:..}~j 7Jo]Zj 2 Bij7} \J..2._o~, .:J.. yoJ:~ 

7f~rJJ cH, 0 12f 7'j-Af~fcf. •B4- 0J :'. J:f2_uj %"1·':J.e.J 1/5 lJ.£.oJcf(Pl. III,A). 
,1}"-H:- .'.i:..aj-~~- u.J...,:.., 7J-€:- ~~ 4-~-¥- ¾(H. imbricata.2.} H. forcipata)o!,J u]~H 71-,.i.l~ 

T 7~ ~-¼J ftc.i- ~7~,1;1,.1- l!ij71-,.J.l.!i!.4 'Lf7J T'~2, 4BJ~ ~*oi,J '.U-i:- ~.g.. rJ-2, c:i -r,~.q. 
oj -,l''c2...£. ~oj,j 'UY. %7f-<J:: 'li'tloJI %cJ7J 7J~I cf'V_rr, »j7f-<J{c- 7,jrJ7fAJoJ.2, 'i!--¥
-1",ol r·J -f,~.q.04 ol*oJl 0J ¾cJ½o] 'Ucf(Pl. III,D,E,F) . 

.=i]_ ~: ~ A~..fi.½2_ .5'_A...]¾;!} tl].iiI."B}o~ ¾ alj 1-t:1]-~, 7},.i.], r:-J%o]!i} %4-oJ~ "%-7].Q..j yoJ 

Oil ~)c>J•1 71.e.J 0J>]tfy-, -:C-.e.J ~*lo!J-<1 °J-¥- -'J- 0 1~ ;jjoj ",J-7J"1'l!cf(Hartman, 1968). 5'.-'~ 

%- 0
, ,gaJ'l:.cJ 0 f<>1l-<l "J 7J-"J ¾½:'. -:C-.eJ %!"1' -"J->I o-Jcl.e.J 7 1.l/-oJI ~*ltfcf -l'- -.FJ >B.ll.oJJ-<1 

~ i-.e.J 'l!-"'i' -"J-->f o-Jcl.e.J 7]-f %-7JoJI 0-l'7J 7J'iJ~ 2...£. ~*liif.2 'U'l!cf . .:i27cf o] *foJ½ >ii 
.2]5}-E- _12_ ~¾.:.'-J- 5:.t;" ~-¾~oJ ~7cJo1 ~~of-~ "!=..2....£. •:j?-jA)P4, cJ-A] T.Q..J ~?.j.Q..j j.}ol~ 7~ 

~j :,J .!f. "C° A) O~ ~ O,_l 1tl o 1 _£ A~~~ °i AJ tj-. 

e' .'l: l'Jl•J 0J('cr'Mcl.±.y 0 f · -"fcfnf), ~~('11-'r.£..e.J ~.£.)(Fig, 1) 
,l.j'"/;7: 8 ]:iiZ.c,j 0J~ 'r-'.l(60m 0 1.JJ).e.J 3'.'1!-''1°~ !Ei=- "f~:<1°~<>1l-<1 "1"~~4. 

Genus Lagisca Malmgren, 1867 ,c aj "i;;, 'Ji :<J •a 0 1 "1-(~J ~) 
9, Lagisca waahli (Kinberg, 1855) '1!"11"'-'1"1-'i1- 7.Jl:<lra 0 i(-<J~) (Pl. III,G-K) 

Harmothoe waahti: Monro, 1933, (pp. 489-491, fig, .. 1-3); Day, 1967, (fig. I, 11, g-k). 

e~XHE: -"J-•H 34 40'N, 125'00'E(1984.2), 17H>ll, 85m, !e.½ 0J-
71 XH: ic"I 7Jol:: 35mm o]oj -!\-:'. 16 >t[,;j 0 rrJoJl-'7 7f-<l½ Jc~%foj 14mm 0 14. ufcj 

~ 43 7~o]tj-(ic~-¥-*ol ;(B,,.~i~ 0J ~2....£. .!i!. 0Jt'.f). 
%~ i¼-J\o1A]A~-~ u.J-E-r:•] o-]2.i'C :7:J~ ::}A~o]ui, 7}-;t""r:i] ~oll ~~ij T~..2.....£. 4--'ro-J~ ~2, 

7Jo11lr'..t ..1:.-J- ~Ji.+. 2¥J.Q..j •J:-2- :j~ Aljo]u4, ~!-* -¥Jo] r:-J 3..cf-. CJ:f*~ .:,;!~ o-Jc.l ct-¥-* 
.9:.l OJPjoJ] ~l-'f-;tj '.U°i %-~ol]~-1 .!i!.ttl 1 °J-¥-¾0\.· _!i!.0]2, -,!~~ ~~ 0]1il_t:f ~2._04 o-]21~ 

7]-1/--oll -'i'-J*]ii}o~ -'i'- -¼J;~.:1] 7·lc.-l7f- ll).ll.'..-~ 0Jtj-_ 1}-!f:-ti]r:-J%0JE.j tJJ1J ~ 3.2 o]T"_o_..£_ .?j~~ 

'l}.2, ,H;-o]sj if-f~.g. oiJ-'f- 7H_t4. >J~J 'Jo]-l; o-Jcl 7Jol.e.J 2"\J lJ.£.oJ4. 'lJ.rH-o]~ oj 
_\!,cf- rJ-..2...u,J, 7}Tr-l]t:H~-o]~ 1/3AJ.£o]tj-_ r1~~]½-£:- ~.g_.. 7JA~o]uL o].i.i]'ij ½7]~ol f-§oj 

1-f.~cf-. l:l1VrH~-o]"C it.:i!. ~¾o] ~7J A~~..2...ui 7Jo]~ 7}~-r•]ci-€o]~ I.5uij 1.£..o]tj-_ ci 

-:~-o1T~1~ /]-f-r-l]rnTo19f. _i;,_oJo1 /1.9j ll]~O}i....f 7Jo]~ [~ 7Ju~, ~ 72"..g. ~~~-4 7Jr:.f--. ~ttl 
"ii «JrJo,ll \He ,,q,f 1,1 9Jcf. 

%-u]-~-2.- lfj~o]1..1~, -6-0 ·\!rt:1'41 MJ--~:- ~1]9]0}.£.~ %.UJs._ 0J EE."C" ~].J.i::~{l E-}~~o]tj-_ ti] 

"F::'. %~ -'51-¥--i u}A]'=.q-- 9".J}c.j-§- 1iA] ~-6-t='r:}. 1f.•i7+~J"C" u~--'f- --f-%'"6}04 ;:.tJ~]~..2....£. AJ.g. 7,} 

A~T~J7~ 9.1.cl-. l.l)1'f Jf.l{lo!,]~ opj=- ~r;>_ ½7J½o: ;:Jo] i..+~2. 7}E,i..g. filtj-(Pl. 111,K). 
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l(J-2), 1985.11. 

C-ti:Ji=" ?t-£ LH,]o-J -;i;]z, -E-9-~l'C t1~r:}2-j.51_c} ~~ ¢fr:+. ~o] -z~-~ -¥-¾_g. -c~ol Y7!l] 
.'tl!.* ~jo7 1-}9f- 'V,_Q..1.+ -g-tj-2]oJ]A~ r~ Lf9\ 9ic1-, -~4- 0J-f:- 'll--trl]Lj%ol91 J-JI~~ _tz._ 0Jo]2, 

it-1-~21 ~~ Il2r:~{J ¾oJ)~ '{1~~ -~-1i'--~J:;~ 91_r:}, ll~+•a-~- '.}j!_, %-J- 0J~ c,_~ J/3 ~.x_,o]L-f-. 

%*::_ %T 6J.2.] tciJ*d Bl-.£ ~-';~ol] 9).9...ui -'t-~2 3-L\-(Pl. III,G). 

71-A12J 'T'~ i:'€2, %.7~--'-17} llij7~A1.!lt:f "Jiil-"1JI ..5!_012, -¥-11.1 .. _ e:~,;~ -'1=--;)tj-_ %7f-Al71- t:l-i:'] 

oJ] 1..+'.U,t" _'.r.. 0J-€: pl-*I 7:_i-f!: 0 l] ~.f~! -x-i:.o]9] ·;'.rL /_~o] t·,11 :Ji:'.1-,1 'V__<?_t,~, -~ ).1-0111- o,l7J 

'ti~Ai 9jc+_ O.J.ojoj]~ ·,<t:?_ -:t1~%oj 2°J0}"1] 1-+<:Jr:l. tl~71-A1~ ,: AJ\161 i.l-'V_~u~, ~-~ /I
A]½-€_- 7Ji..-J71-,i.Jo].2, i,d-4'--*ol] fi-1-j/} 1.+'U~:..r1] ¥.--¥--:t.2.J ~c] ~.i..l--, '.. •:l_'\..i. ~1--4 -~}of~l 
4. 6}~.::;- 7f-A]½-~ ~r..2 :t1]1},'-]o]u~ :.:J~11~1_o_g_ ~1.2.J ~Q.Ll- rj .v1•1,{~ ?LO_\..~ +i-1.]S!] .2_ 

oJ:: ,fc)-(Pl. III, l,J). 

0}1-l*-~ ·n-2. 6'ti_"41 u}i.:lo1)J.J-¥-E1 t..}Ej-1,tui, 8-911±'41 u}i:]-¥-r] 1J-~6H:Jcl_ u}A]'!f 5 6 
o}~'C ,,_~£. %o}L}-C ii}t--j.£.. _!lo]u~ 2,_'_t-']TcJ.Q.] :z}i~!ol]{:- ·Y-%~ ~'-¾1J.o] S)C:}t:}. 

"i1. ~: ~ ¾.g. %sJ utAJu--} 9u}~;,t u/-'.t-o1J S!.lf,H ':,16{ 9}7.f ?.a:-C 1-0_.£. -~ ~oj Sj1ftj 

Monro(l933)·:C- 42ufcj, Cay(1967)-"1 ¾-;':- ,?ufcj_;;_ ufcl+oil 'V_oPJ 0 He~1 j.lo],f 'U¾ -':/'-
1:'f-~ -~-1½_g_ 71~ oJ~]q}r::+, 

~ _£: rH:vJoJ(5' __ ':£i'/) 0di:/o}. "Tf-~i'J/_1_-_ ~}i5)r:/. 0J~/o/7.]oi-. -~i:/~1). ~l..!,:_0J('-i}o)-2~n 

?f), 11,o;-(-"J-,j) (Fig. )). 

"-1 "-l;\;1 : -l'- 0 ij.ie -le- 4- "-l 85m -21 ~! oil ,J ,q ""19} 4. 

Genus Paradyte Pettibone, 196!1 'c°1 c] u] -"' ,y "' <J 0] ~"( ';I ;J) 

10. Puradyte crinoidicola (Potts, 1910) tJ-i:l-r 0 7t1lll-~-,y.xJ~~ 0 ](~ 1]) 

I'olynoe cn·1widicula Potts, 1910, (p, 337, pl. 18, fig JO, pl. 21, figs 39-41). 

Scalisefosus crinoidicula: Horst, 1917, (p. ~8. pL 16. figs. 6-8, pl. 21, fig. 1 J; Okuda, 1936, 

(p. 564, fig 3J. 

Scalisetosus longtcirru:,: Day, 1967, (p. 58, fig. 17a-f); Imaj1ma & Hartman. 1964, (pp, 38-39); 

\Vu et al., 1975, (pp.67-68, fig. 1. 3-5); Paik, 1976, (pp,233-23-t. figs. 7-10); 1982, (p.764. 

pl 4, a-d); 198-1, Ip. 141). 

Paradyte crinoidicola: Pettibone. 1969, (p;i. 13-16, fig. 7). 

~ ~ : Scahsetosus McIntosh, 1885 .g. _-. ~-?1 ?~ b12 .xj E-l 7~ 'd s-,1 wt .{/ ?~ if'o/ 1} &~ }} Lf· 
(Pettibone, 1969). o] ~-.9-1 AJ~-C -6-u]-~-;- 01 15 ¥Jo]2 t1ij,1~.z]0j] -;0 °1L-L7. 0J -S-c)] 9l'C ~!-0.£. 

sjo~ ~9{2-t..-/-(lmaJir:na & Hartman, 1964; )aik, 1982), ;2_ "l% 0J S. ccramcnsis -~ -::,-ui-~-;:-o] 

16 -,g.o]o~ 4-o-Ji.t\'. 0J-~---J :>~.-::)A) ?J-Cr:L u <'-),q Pcttibonc(l969)-2- 0 ] -J;--~- 1·-~0toj 0~~ 7ij 

-'2.j 4,-(Scatisetosus, Adyte, Subariyte, Parudyte, Pottsiscalisetosus, A.ustralaugeneria).!!...Si.. 

·f"-¾t-i5}9j_-CI1] 0 ] 12-loJ] £]Ah_! ~~-J~0~ Aij_fl·\-_g.. ~ Paradyte(>l) --~q}r1-. ~ Pcttibonc(l969) 

~ "Jf.Qj Polynoe (Lepidonotus) longicir··us Schmarda, 1861 °1 17 '-g-2-J %u]--'&-g_- /f-13.%-~

~}?512 Paradyte .J;,°11 ".!;-~ ~- % '~ c}i:_C\_J1_ ~1%S~S:14. -6°:4·:2t o~_g..Q.] ¾(Horst, 1917; Ok
uda, 1936; lmajima & Hartman, 1%1; \\u et al., 1975) ::.<12 -9-,lcfcfoil<i ,q,J-'t! ¾ 

(Paik, 197h, 1~8~, 1984)-;'.:- '.i'_!i. H]-~- 6 1 15 Mc!- 0 12 11~ 7 ~-'1oJI 4-o-J 1 J2.1_ 0J.9l -8-¾ ') A)t:" ?,:!.£.£ 

_li!.o) oJ-~ I'. crinoidicota 5-_ -~-IL 

e: ~: w1.0JoJ(oJ.:,!-. \]/-~L-H,ll • •:t?-J]o]A] ,)), oJ1.oJ(%tH • '-J6~~~]·-1~), ,~J-f(cill{f:-r:~. -i
~£) (Fig. l)-

J,:16.JAl: .-g-..\g"M-~~-~ i5}u4 u~i.:f-L-~ej{t-(Crin>idea).2.f _1<!_1-Jl-f(ambulacral groove)O{/...:-i fa.ij.7:JsJ~ 
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41=- 7]-'i"o] 'll4(Potts, 1910; Okuda, 1936; Uchida, 1983). 

11. Paradyte levis (Marenzeller, 1902) 

Scalisetosus lecis Marenzeller. 1902, (pp. 575-576. pl. 3, fig. 12); Okuda, 1950, (pp. 50-51, figs. 

c-g); lmajima & Hartman, 1964, (p. 39); Pai,. 1982 (p. 764, pl. 4, e-f). 

::il 31 : -l'- ¾.S:. Pettibone(l969)"1I .eJ oil 'i"'uj, I "l½'J!"i eJ o] c,~(Paradyte)ol] 4,--oH':" ¾o] 

4 . .;:-'-l]oiH1=- "1"1>1"1] ff~ 7 1-'! \lJ 0 1 ;;l-'~11. •J½ "r-'Jsf'(/cj-(Paik, 1982). 
e' £ : Ell "a OJ( OJ ,l'- . °F .;:- . -.J .;:-) 

Ai6.jJ;7 : uf4°,1!.£a.} 0 l¾(Alcyoniacea)Qf ~'711 ~-7J£1~.s,_oj, o]½-4 ¾•~f!:;,jloJ ~.'.c.!a. oJej 

"1 'llct(Marenzeller, 1902; Okuda, 1950; Uchida, 1983). 

1981 ,,!-\'-"I 1984 \1"}"1 +2l'-fa.l 'd 0J"11"1 •Hl-'B "J"i½'J!"i"J 0 I¾~ -~A~ 7.1.-4 4¾.QJ 
~'-li o] 71->\-(Gattyana de/udens, Eunoe senta, H,rmothoe hirsuta, Lagisca waahli)f, £.~ 

t}o~ 7 ¾¾ °c!_ ~cf. 
o].£."i ~.;:-~ aj-el½,J!:<leJo]of-41=- .'i'_f- 64;- 11¾.'.c.£. ~t.;J:<Joj, .:i '!IE1Ja>J *'ll~ ufEJ

.!l...ii... 7JA~Jl~ ¢f-<J't}.:i!. 7-} ¾.9.J **~~OJ .:i!._7J ~ A~.A~71½ ~Ai- .!l.I!.:~}4. 
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fringes on 2nd elytron; J L. distal part t,f notoseta: M. 10th parapodium, anterior view: N. 
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1/armc,thoc i/1/brica!a: D. 6th elytron; E. margiral part on 6th elytron; F. 8th parapodium om

itted setae, anterior view: G. notoseta, H net:roseta. 

Harnwthoe forciJwt,1: I. 6th elytron; J. 10th pa1apodium, anterior view; K. notoseta; L. neur

oseta. 
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The Sound Velocity and Attenuatic,n Coefficient of the Marine 
Surface Sediments in the n,iarshore area, Korea 

Seong Ryu/ Kim and Bong Choo/ Suk 

Korea Ocean Research and Development Institut{, P.O. Box 17, Yeong Dong, Seoul l:>5 

Jl.!11.J: 3. 5KHz Jil'lli!'4 3ill!!I -~!liilE- i!l'l!M"1 illi", ilic0.J, /l!l.it •~ ffLlli{r,r/1; ,t~ 10~50mEI 

lli/iliie!lilm"'i-'1 lirilll/4i!iMt(Sound velocity)'} i\Xft!"ll((attenuation coefficient)·a- 'r•f'.llc.f. 'tl'r 

>I "1 ,1 -•I "1 llillliieffil!l"'i •1 •HI >J lJiJ!lf4jii,l[lll: 1c I, 414~ I, 5!0m/sec, ill< fl: fUl. ;o o. 82~3. 70dB;m 

-"- c.fc.fc-f:c. ~,f. Jjj,1\'t!!,-'1"1 -l!:AI-\', lilltS'J "l'l~if-;o] ,}±IHI uJ-cl. 'E~c \£:llt7f 'i,'7HM ufcf 

:l'illi/$ifirf!:l!Uf -i;'7f-\!c.f. ll'illi/41iirf!:lt'1 Jj;:!fi#.J•I #.lti,H-:C <HA •~.g 'il~l-'l¾ 7/-,'c.f. v,~ 
1512. 28·106-9. 16083(M.) +o. 20795C\1.Y, Vp= 1876. 15527-597. 50397(d) +210. 48375(d)2, v .. ::;:_ 
1559. 47217 · 2. 092G6(n) -t-0. 008-IS(n)". "17] •1 V,t- ,fil!i{;\:ii,AU!t, .lf,i:- ~tllt10•1 'FJiJl!llt. d'ec 

Wilt ::u]_s, n<'c '2'."1,$ 01..f. ::u]cj i'l<it(-foll(9\E/ -B•l-:C i 0J>J 0I 9-'c.>I >-jtj•Jq. WJP! Will: 

7f 'i,·7f•f/l'-J '1'r~'i" 0 1 -;J-±\!SI ujq i'<Jdl\li:i: ,!J[tj7f 9--'I ,jof,]-:C -,·;io;!Altr .1'.o]·c'"i o] 

% 2>f<i'll'J':l'i.S.."- c-f 0H"s1 9-:l-of '<9- a~J.l5217+0.67!97(M,)-0.09035 (Mz)', a~

.18. 87869 T 5tt 21121 (d) -16. 3. 1-13 (d)2, a _c.: :?. 06765 T-0. 07215(n) -0. 00111 (n )": aj 7] hj a-C ~ Rffill 

.\!,-~ •'p.J!J*1Ut. dT:; ~J!t, n.f?:. ':i':l>Ji,-¥0Jq. i"X.l:':~~'! 7/.?CJ- ~{1 :t(H;.{ffj.f- 11_£..1! {fj;rvkel@£.Ai k 

d:.g- O. 86,....0. 89dB/m/KHzo] t:}. 

Abstract: The sound velocity (compressional wave·) and attenuation coefficient in the marine 

surface sediments in the nearshore areas off the Pohani::, Pusan, Yeosu and Kun.san were investigated 

in terms of the geotcchnical properties of the marine surface sediments in the water depth range 

of 10-50 meters. 

The marine surface sediments in the study areas arc! variable, that is, sand to clay. Due to the 

various four different study area, the sound veiocitic, and attenuation !.'uefficicnts in the surfact' 

sediment facies vary 1, ,l 1 tm, sec to I, 5IOm,'sec in velocity and 0. 82dB/m to :l. 70dB/m in coeffic

ient respectively. In fatt, the sound velocity increases with increasing of density and mean grain 

sizes of the sediments, and however, with decreasing of porosity. 

The correlation equations between the sound velocity and geotechnical properties of mean gra;n 

size, density, and porosity were expressed as the follov·ing: Vp.:::-1512. 21'.HOG- -9. 16083(.\f,) +O. 20795 

(,\f .) 2, Y,, :c... 1876. 15527 -597. 50397 (d) + 210. ,18375(d) ~ Vp::.~ 1559. ·17217 - 2. 09266(n) + O. 008,18(n) 2• 

where Vp is sound velocity, M, is mean grain size, d ii- density, and n is porosity, respectively. 

However, the relationship between the attenuation an 1 geotechnical properties were different from 

that of sound velocity and geotechnical properties. Fl rthcrmore, the correlation equations between 

attenuation coefficient and geotcchnical properties w ~re expressed as the following: a::;:_ 1. 85271 + 
O. 67197 (M~) -0. 09035(M~) 2, a=- - -18. 871'59 + 58. 217:d (d) --16. 3514:l(d) 2, a= 2. 06765 +O. 07215(n) 

-0. 00lll(n) 2, where a is attenua·ion coefficient. Th{ high attenuation appeared in the silty sa 1d 

through fine sand facies in sediment and k values in these facies were in the range of 0. 86 to 

o. 89 dB1'm/KHz. 

Manuscript received ~I May 1Y8:J. 
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•*Aill~•lll:k~$• •~~.91 *•~~~ 
lll'.2t ilol~/,1\11'(-,'- 'r-of7] q1401 il!lrri. ~Ill, 11! 
,f: u,: M!WtJ!li!l 7)(/'i! 10~:;om/liilf\,,I ,j 25@ <E 
;'I,!~% t&'xE fi) Oj I~ it ii}<;$. i.,) . i!l!Jti !:.J ~t-Mt-?- 3 ;) 

KHz.'?~ _.r_/J-f- ... }'!' transducero]';j_r:t(Fig. I). 

i/lil1,;Jif:&1¥i/ 0 il <I tti//ifWJ'itllt* ·'~· 7a -of7I cf 3-
'JOJ-"i i!/ifHl"J-:l: ~t'Jcf-t- ~.g. :,ia;- JiHl!l'i/ 
9] !1i\i'lcf1'J l'E'i'\% 'j\;!J)li5\-Ec ~c]cj c]2]~ -'j-'J 

·2c Jftffl<rv.91 fv./ic. \l\'ill', ~1/N-i ¥.91 ¥i/Jll!1r'J 
AJ ;;>:J.,:t,c 1-1£ •*'1i·A~ 2-sr- ~r%ZJ}.:2..£ m:@:JlPi 
¥i/oJl<1 flll."'1iifl'J'U 1filtt(,L-i'° t,ltt) 'U!!-% -<J~ 
-of7] qj~ ¾-o9 .. ~Jl.'tl 0 I ,Jcf(Hamilton, 1972 .. 

11aUHl\l!l:0 1] -1;,-J lilf'.J'E-:.C cj 0 1 ;t:4"(1-:.i'f J.:1'!j 

it.91 ifl-5/illliJil:. i'.!/iililli:£ '"! lt!!~•/ro:Oil >I !f,l!l:o'1 
i!tf·§UI -'7··•~ >I 'l! .. c.(Akal, 1~7:!; Buchan et al., 

1967; Hamilton et al., IY;'"iG; Hamilton, 197:; 

Hamilton and Bachman, 1!::!82; Nafe and Drak,:, 

1963; Smith, 1974) s1.._~~ .lffffl#.Jol] A19l %c'iJi-~ 
/~ Sj-,1;J.i'j -'.i 1j.i']-91 ':J~j-AJo!] ~C?Jif~ ~-t<Ju}0J ~: 
Lj 'ti'i'-.£ -011>1>11,\Ll(Hamilton, 1971, JY?,; 

Richardson and Young, 1~80; Dicus and Andt·

rson. 1982). :::z.eJcf -\l>H 6!1 0J_,'.J]'1f,J l<ll:*l, 
/.lJ~• &*ffi¥il~~.91lilf'.l'E~•l2"!m~Mc\. 
* lilf'J\:-::c UM!.A'"-"--"- /Pf<\! -e:-'Hf•l.91 ,r

i1Mflci!14/!!:(transducerl-;;- /ii:/i!;u\i F 2~5cmot 

_2.;.J A] -r~ .lj)iblff1J'j£ Jdt. (in-situ measurement) l-

3S•N 

YELLOW SEA 

36°N 

,0 

KOREA 

128•E 

EAST SEA 
ISEA or JAPAt 

130•f 

Fig. I. Map showing the locations of the study 
area. 
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s .. -<J •I ~l'i'!. cf. ;,w!S;,,i:iii,;,tN.e1 11'.1½:Stlfi:lj/t-t-
1;1,H s-"i ~ -'\'>J,J>j,C,] uJuJ_\' .. /Jj9j~]'J:ltj, 

* l!tf'J\:.91 §n'J-i', ll ii,'l'!i:,/.lJ~ if'ijlj:/il'J11: fi' 
ll'I JjiJJ¥i/oll <1 -"I ;; ;,~!$4..:t/lt .2J- NZ J1!' ff fl.,;;- W 
,1;ofo0

, ") c]o!! uj-i'c 't ,j~J,J''i91 tl-ff*l'E 
¾ ~} <SJ 2., :n tttfil¥Q2l P,1-'., l-'ri!Jt •~ '2~it-$ 
4-"I tB~Mti% 'Jl;IJJJ-iifoj. I) i/liliH,/i1Jitl,\:¥i/o!I 
,,eJ wil/ifliJ>i'lilic"1- i!l<JEJJ!~% ftffli>f~- "'* 
:l'HH- \fW2"'1 ~•I. 

-flit{~il:.. -¥- E1 ·~:tu'l'.i! (hydrophone) .Q}El z!- 71 

o] .z~7-{ lm, 2m ~ 3m7} sl .£.~ 4m 7J. o1 $] 11 

,j frame% !I!!/'µ~ tj-g-, ffiSiJiHc,!<'irt(transd

ucerJ .2j- 31H .91 'li:JIH,H:- -¥-"~•I 1 tj. .::L i'1 .:;c 7K 

~4 (~vfE ½ 2 V-i <5} ctj signal cable-?_- :'.t 7-{ 200m 

'0I % 'ti 7;j of 'll. cj. 

framec] i/i))i!;i/110!1 9J:;,I ti ,Jj ,j JJ. % nl1 ~-///ilit 

{[\ ~I.if- ~JJ ·61 'C O.R.E. (Ocean Research Equ

ipment Ltd.) 140 transceiveru-J1 A] triggn pulse 

-~- l& 7J 1-~--~. power~c 2. Gk\V, pulse length 

~-~·~--~--------~ 

!IP ~JSQ.I, 
W.VE fORI" Rrca>111,,,1 

llP 9S2~ 

~r,y 9000 
l'AQ>E't'!C 'C'IPI' 
REOJRfll'll(t>lr.JT,1.r. TYPF' 

Ng,t u1ng 

oata DI.lop 

Fig. 2- Block diagram of sound velocity and attenu 
ntion coefficient calculation. upper part: In 
situ, lower part: Lab. work. 
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;: 0. 2 msec 1;,j 2 /olil!ili(-lc- 3. 5 KHz.£ [ol'.iE 
iifoj '1'f ali ½ ~{~ iif 9;! ct. -!-channel91 oscillosc

ope<>il "i 0,! 'tr :"1:l!Hll>uil ;-,Joi -le- {"I/Iii-'.,- -'l-'<l ~ 
ct% analogifJEI RTP-600B /ill)!(l.oil 01 E.?,c@!fe~I uil 

trigger pulse9} %'111 '.\l:l!H!>.£-¥-"1 ½"1.2..-l=- {f§ 

!t,H- Mfecgsf9;! ct. 01 u1] trigger pulse-le- 5V, stiff 
{S!ltx ~ o. 2V .£. 7-f-'--}- input range½ [ifil)Eii}O:J W:1 

il!il!il:il!ii>ilh'il:;.<>..'i'. ii!,U,,1-9;!.<>."1, lllii<\•11 °1 E-21 

~~~!l!'-lc- ~-!=/--"-~ oj~~ DC.'i'.-¥-1'-J 
lOKHwf:c<I 91 /,\Ji/!il!( /~I/Iii½ j/j(cg~f -'r 'IJ.;: 7f 
>J- ,af.l,L ;sJI/l!'oJ uj S/NJ:1:-lc- -!9dBoJ ct. 

0 1 -'d-91 Jll.J;j!J,;.1!1f/J~% block diagram.<>..£ l&ll 
if-sf';] Fig. 2-"l- 7J ct. 

JJVi~oJI -'i iili 3'\ oil O I -".<>ii j/j(•J ,J "f .li.91 ':i Ell'-= 
analog)fJ2I L!);\:o] cf. u-f "t"1 -ol hi/I/iii:- 5)-V, iif 
71 ~I "iifoj rrl!'dt-'I 1J '11 Jul :U sf. analog JFJ91 

c,fJ,.~- digital /f!21 c<fj{.<£ '1/!Jii!-<I i'I 'c:· HP ol80A 
wave form rccorderfr o]-§--o}Vi, sampling :fr~ 
-2-- 5µsec.£, sampling 1,,~'"'rt::- l,0247Bit ~-6}~ 

5.12 msec 'i-~}91 f,J!Wi·§- ;;-fll!({!A {! ct¾ HP 
982~ microcomputerol] A.}] A] tl t:+. _-i, e-] .:i1.. A} 

.li..~ Mi~¾ standard !::!-track format~ ttl ~A] 

117] qj <>l oj tcf-'I digital JFJ91 Kennedy 9000 

/itt)f;loijol-"- 3cii\ai 0 1l -&z! -¥- :k1l'I '1-ll-"i'<l 
VAX-11/780°1I dump -'I ?I _n __ ,;,, ¥1 -'/-el 7f 0J_ 1l 
7 1."..2 "1"1 'If c;·. '.ll,c J,i;-i,:fHH': ~f-'.;-<)Jcf. 

0 1 .tj-fij ~- block diagram..2.,,.£. !f.ii/J~6}r:l. Fig. ~ 

-"l- 7Jct. 
0J ,! Dli/ff21 ~Ht.g ci,?;e6f7I ~I tfo1 ttil!i.-"

s.. -'i'-1'-J '.ltllci\lli9}2I Fo9i5,11°I Imo1I >I. aciil<I il!i 
Jf3% Hl, 2m 0 11A12l ;l~M% H2 .:Li-'12 Jmo1IA] 

.9~ i&'.Jb% HJct.:i..:.. ~ 1'11, 7
} :}2] f;J,il"ff.AEJJ1ol] ,(1 

ilc&f,J 37191 ,l!iifJ.f- Fig. :F/ -;le/. /_fi)?,ol--'I 

7fn}f- ·'ll:lttiil:!"11 -'-I ocJ!fe,J f,~;l/l/i 0J 4'-'i- l!i<!bi 01 

.::!..2, iF'iff5.9~ *!L~7} 1· {+-,;1s]o-J :V.-t-~°r ~ ·I 
'.!)cl. 2alz Fig. 3°il <ltfcf './)i:- 1$"JfJEI 

·,]-le- lli'.11\91 fil.{tul _;;Ve! Ir.\.<>..<£ ;;jl!({t\l 

~-½ >II->'- ~ 0 11 ,h,Y,tf9;!ct. 
~/!!~t!li'll,o0 1l-'l 91 ifil!if.t;i~!l!'-\:- -7-6f71 ~I 

ZJ}o.j HI, Hz ~Q H39-] ~~t- ,{•l £. cross corre-

------ ---7 
HJ i 

I 
\ : :r ___ ----4~-

"' 

, 'if : I ___ j~ ~-- ,, 
0 1280 2~80 3840 ~ 

_ _ ____ ~ (MICRO SEC _O_cNO_> _ _j 

Fiir, 3. Attenuation signal traces at station 01 in the 
Pusan area. Hl. H2 and H3 are fixed at lm, 
2m and 3m distance from sound source, res· 
pectively. 

la> ion -'-I ;.I ct (Davis, 1973). 1 oJ i+ :"1:l!i<~ 

'J: 91 i€ *-::, 1 m '-'I .<>.-"- 21! 5 I "1 :U .<>.-"--"- 7-l-
7} 9 I iili!fJ<>il -'I l!i<lh91 ila'Fa9 ,1°1 °J: 'f-ii}'[I sf-". 
ifiltlt-l=- ~I 1l'J "r '.ll7I "'l-;t 0I ct. lliilih-½ ,11°J 
';l~I -'I '}·o]-lc- HJ /IJiifJ9I l. 021,q AR-:;--'.} ~ 

,t,,p ''I O I -);- (shift) -'-Pl 0,:1,<i H221 .c<}.il_-"J-91 !Ii 
% J.l]AJ'TI' r:H} ;,:Jt.11~¾ ~-6}_,:,_ 0] ~,(a-~ 1,024 

ii "J:~- t-'!l~ ;;J:tj- 7 \ Fig. 4<>1l-'i 'il'li .;P,'-21 
.::r'lJ 0l<f. cefi'-J--<I 21191 i/li/f; 7J:o1] 7}7J- 7f oJ 

~1,1~ qj.,17I 0Ju1~1 '<)7f-\r 7d'Jtf-"->'-'i l'r, 
Jil.91 lla'ral ,,f 0 I i'- 'f-1} -;' :ll cf. 

Fig. 4. 

. ;'°:, r., .. - 4 ',' 8',,'. ~ , 

· :,, i ·1 •1 ·, 
~'-•j 11,\.,'-~,\, 

Result of cross correlation between Hl signal 
trace with H2 (lower part), H2 with H3 
(middle part) and Hl with H3 (higher part). 
Vp: sound velocity, Va; average sound 
velocity. 
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Fig. 4ofl Al 2i!. 0J Hl.i'!} Hz~ cross correlation 

7e! 4"1 "ii 0
./ -.p1- ::z.',/oll "' :11 til '<l-c 136°1 °f. 

.:Li'-L:i!.. sampling ~t~-~ 5µ secoj J.-,_, Ht.i't H2 

9-1 :ll:J!,~ 7Jcl t- lm 0 I '.c!L ~I-iii oj j!,1!11'(\~ 41 
iifrJ ffi//ifllj!i!/Wtt- 1470. 588m/secS'. 711 ~ <J 
cJ-. %0.1 ~f •lf'l) .9-S'. H2"1- HJ ::z.el 2 Ht.of i:J 

o!] Al 7..}-7-} cross correlation Z.l!.:..£. "l :'i] 'i!-~'. if 
/!t-~ -~ >J ii' sf oj t-; /i!if'ij,j;.i:£/!t (Fig. 401] <I \a) 

* 7,1,jji>f'.,J.cf. 
oil i.j Al 7f !(!I: 'ff -l;- •'i- cf ~~ 'jl_ nl] oil i.j ;<j 9I 1!Ji 

11!:t- 1!11:'l'i.9-1 'i/itt4 ¾,f 71 cl.9-1 ,1 sf 0r'i ':HJ
oil ufef 7J±i>f711 <JcJ-. 0 Jej~ /"1(i,JJ!f.'.% >d 
i:'J=~.2_.Q. ~{6]~- HJ-tj::J,2_.£.t ~-1 }bjj[Ufi_.9J UI 

% 0 ]%iift- "J-'114 °./"a~ /i\JiJ!il!H til~ J,jli/,l 

9-1 ul¾ 0 1%iift- "J-'ll.9-.s'. ."U!I -'f-7H";j- % 
'i'- 9.).-\c<il(Bath, 1979), ¥: q_\=/- 0 11 ,1;:,- -f-A9I 

",l-'ll .9-.s'. /Ii!: ;it i,l\ 11'( ½ 'r i> I '.ii. <-1- • 

oil i.j ;,] 9-1 liil/t-t i//i:l&lliiiili-"1 >ii-if .9-.5'. .ll.-<I 'If 
-'i" :1}.9-.".5'. (Telford et al .• !979) 7}7-l-91 11:lli 
~olJ iic~'i! ///i:/&-f-% Fourier •,Hf (FFT) ali o
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Table 1. Physical properties, sound velociti~s and attenuation coeffic:ients of the offshore surface sediments. 
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-7-] ,,{d 0 r-~~ l-f/.j ilN/}'G]·~ rJ ·'!}% ..!LCLJ-1'..:i!.. ~ i:+ 
(Fig. 10). Smith(l974)'c .ltklfil/'l'.£1 fleifilfif. 
,;l;\iff,'HQJ- )j~ij)Jlol[ -'i >ii 41 SJ JH1-% 0 ] -§--ofecj 

,,oKHz 'i ,f~00j OJ oil'-] Jjfffi:¥Ff /!lil'!°~IXQJ-.£1 

tll~~IBIHA':~ ·7 tf'.(l cJ-. :i t,\!f:oii ,1 ~fffi:¥11.£1 H 
lit -1~0¢'/--;eoll <I i\li.J'.Hf!l'('c iu:kit1i-i(· _',l_'l) Y
.:>'- •I[ /-1 uf'IJ:cf. .::ci'I .ic Stoll'.1974)-f'· 30KHz .:;: 

{l-l·o:J-·t~~- 0]-§--·6)-o.j ~,q 7~t- ~4-f ~9-Ji:t, 
Shumway(J%0). McCann4 McCann(l969), 

3i'J.:,:.. Hamilton(l972)-~- ;.1).,f:- -T--.ii}T °a~oJ)AJ 

0-4 /! ;l:-:'. c;j A-fa >II Al cf';/,( cf. ~l.ffi:¥1J9I !lllt-c 
$/St "f '}!Wf-"t "1 .s:. !#.ilJlllli;/H '.(! ."..cc..S:. Fig . 

Jp:} Fig. 1~ 0 :].A].'.J:. ),;·-f;:- 0J~% .!l~-r.:-t, 

3. /llil/lil:~I ITfe ;llJfi;\\11: 

1\li.Rfff!-c !,lli>~l!'(.£1 ll1ilX.s'."i a~kf"."..5'. .l!. 

-'I el cl, '9 71 ,j a-c ill(Jl,tffX(dB/m), f~ /lilii!i 
!!'((KHz), k~c Jtfl,JJ'/jf;f,(olcJ . .:ic]2 n-~ oJsJ 

~1 ~-.§. 7i si] I r,l] 7}J7}{t- 1f1f,{o] q. J c1 E..£ % 
0) wt'({ 0 il ,11 of 0 1 1/;Ji>Ul(-f.- IJ!(VI ;,J ctc:I k2c 
7f;~o]_1~'-_i,'_ jr_-f~~!~"'-~7--~- ~}tf;f:f{ at" • 7} 

zJ>-1\ ~!1.+ . .1\hl1 -;~- 'fl--f-0;1_1-J,t- .:,?../J7--D-t-4-

:1. ,,KHz9I ;', ~: -G -'-1 ·2-Wd."..~:_;;_ i)//'f/J,/f';;/jjj\i 
1i'( }iff1Jf(ft'i4t}(·!/ ·'/-2--':i i 1 +~- 'ffifx~ k"L- -~l 
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Z f ,,~ • " '" ~ 0 

0 

• 0 • •• 
0 ... .• . 

• . ' 
• Puso~ 

----· -------,----- -,...--- ---- . --,------- ~---~ 
CI ??4",f, 

j,TTE~J.•/l..Tlr1N , rJ8lrn I 
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clayey silt, silty clay; triangles-mixed sizes 
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and Richardson (1957). Low-frequency data: 
line A•Zemstov, 1969 (land, sedimentary 
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(sea floor, reflection technique); Z-Zhadin 
(in Vasil'ev and Gurevich, 1962); E and 
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1969). Rectangle represents the result of 
this study. Line labelled /1 indicates slope of 
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'4% )t~:5)-Vf"iif5:!_o_uj (Fig. 13), :,$: liJ'f:il:~!I!: 
·=: Fig. 13°1] "1 Cf--"1-? 3. 5KHzi=-"1-"l ") A}7-}",j 

-l-¾<>11 i>\1'1]-'il_q. f'IL '-t•l'--1- 9,l~ "Hi-& a= 

i•/""11"1 n=l, k=IO 0J"1J-"l ;;j4o]q. ::i.<12 

t £ -of 2 9.1-c :ii {- -:"c il/,t ll1 f1i i& ;;H 9.1 oJ-+l= 
•1!.o}-"I -'j-o1 9,);<j 0J, ;;j,,_f,JI 9J"1"1'c / 1"1-"J-"i
~-"I •J•]t}E.IL k~.g. !'"111"1- 7/.g. ?J-"}-% 
•il-"l i>f':!"1. .2..-l,-",-..°..IL J,! •Js] 'c :i:..°...;L ,PJ ,q 
·= ~0 14. ut•P1 U'4'~ if'd!i#U'f alililitfil,ttJ 
<•l]A~E.j ki,l;.g. a=kf1;J:;¾ 1.1J-~-"8Jq2 ¾~ 0.25 

•~O. 89dB/m/KHz-"I >;J ~ % 3-t·c:42 -);- "r 9,1 

•+ . .::z.•1'--t ';£..°..IL 3.5KHz'r-"l-'r o]9l-"I c.j--l,

+"1+ "d "l <>il-"1 iloc~~l'x½ '/-~JA':l k~.g. "1 
>tl >;J 117} O}LJ ~1'(~2_'§_ ~,E-'\1 'r 9,1 % -:< 
o]LJ-. 

4. 'lilil!!IJ',li!Jl21 lllfffHI: 

'lJ-ffil<>II "1 'd il-~ "f 9J- 7J O l liHli ,tti-"l ,tti tt 4 
't-/J!ilt>iii[OC9J--"I ~J,iJ ~ ~Jf:ii't:1°J Jti71Jlill~<>il 

'.:J.9;\_o_ct 111t:1i,1f-f;:9f-\=: Hit 3~5¢0 11-'1 7f'J- Ni. 
::.0Jll~ 0 I 1l~ -:<-"-IL cfq,±q. ut•0H friJi1!$ 
;,rnioc-"l /~~/,!if;:~ffl/,!ii_" "1 A] Jilck'?J: -':--2' Jil 
,!,~% 3-t-c 2*fllll\ll.)f:i~% .!i!. ',/ :;.( o] q. o\ '<! oJ 

-J% ~'<] o}7] 11 "ii}oj Hamilton(l972)-"I- Shum

vay (1960) 7} ,1J-<I q} i•'flc°t~fx;;j >f½ -l'· liJ'f:il: 
<tl<1-"l '1i.of-"l lU:<'of9J.q(Table 2) . .::z.<,h,] il/,t 

H~l'l:-c- Jl,Ji1U'z9I tilll'l: 0 1 E.£. fjiffl /:\Ji!lil&oJ "1 
<I] u]-4 ~Je}"l-c- >JcJl~l'<l i\J: 014. ufej-<1 >1 
,e.-"i ;;, ~,-11- u] .;HA .!i!.7] -91 sB "1-c il,x£,'~f(,J; 

Table 2. ln·situ attenuation coefficients and sound velocitits of sediment off Korea, and other prPvious results 
modified by Kim and Suk (this study). 

~Se~d~im~e~t~type 
1 
~AVetit:(mlsect±rT•t:n(r :) I- :r•y•n:y~H,~ · 1 ~:(tlB/:(K~:~ 

Sand Coarse I I, 510'

1

- l, 752 L 81 53. l 3, 5 JOO' -1 O. 50 0, 53 

Medium I 1,509 1. 630 l, 7:17 2. 49 47. 3 9, 4 3. 5 100 26. 6 O. 7:l 0. 47\ O. 35 

Fine 11, 4891 L 684 I, 693 3. 04 52. 1
1 

9. 6 3. 5 JOO 26. 0 O. 86 O. 521 0, 37 

Very fine l, 479, l, 667 3. ll 55. 9'1 3. 5 J 00 O. 89 O. 56 
Silty sand l, -169l

1 

1,537 1, 551

1 

3. 03 60. 9 20. 6 :1. 5 100 23. 9 O. 86 0, 74 O. 86 

Sandy silt 1,471 1,619 l,541 2-61 74.3 11.8 3.5 1001 23.6 0.75 0.56 0.50 

Silt 1. 461 !. 465 l, 548, 2. 34 15. 9
1 

7. 8 3. 5 lOOj 2•1. 2 O. 67 0.16 O. 32 

Clayey silt l, 455' l, -164 l, 508: l. 471 18. 0 2. 8 3. 5 1001 23. 2 o. 42j o. rnl o. 12 

Silty clay 1, 4461 -, 1,495, o. 98, I l. 6 3. 5, -I 22. sj o. 25i -I o. 07 

* A: value of this study, B: Hamilton (1972)'s data, C: Shumway (1960)'s data. 
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Fig. 14. Relationship between sound velocity and K 
value. The data from Hamilton (1972) and 
Shumway (1960) are converted and plotted 
for this study. solid line: measured (<lS00m 
/sec), bar-dotted line: Predicted for remov· 
ing of bioturbation and other physical factors, 
dashed line: by Hamilton and Shumway 
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% 'li\'llilk k.5'.. -\Hl~ '!/Jl..7f '.() cl. Table 2°ii 

'1 AJJj.f: Table 1% er"] ,jj eJ •J- ;;.!2..5'..-l<J f,C 
/Jl'~IJS'.. ¥-,HI ljSJeyil);ol uj, B9.)- Ctg.g. Hamilton 

4 Shumwapf -'l/,1l'll 0<}.fi.% 1'.'- ':l-i'-7,t-"l-9} 

•l-2-&-}7] ~-of"i a=kf'J( 0 ii +6-l'c! 1)/i.J,U,j;l\:il); 

4 /i'rlieiJ!ll½ tJI 0J tfoj kil!;-2-.5'.. ~H}-.S-J- -,l 0 1 c.J-. 
Table 2"11"1 ~flJl:!lii,SJ H+7f 6] 0 f,Joil nfcf 
A, B ~ C£l 1 6,:!'-~ 2Jzl 6] 0J ~l ii} 2 914. -:;
'!l'illifll!4ifil/ll'·c i>l'.'.l-'•l:c. k;;J;-t- 1H}-'l·-c' 'll fine 

sand~sandy silt oil -'I "I t1I ilk% .l!. 0 I ,,_ '.() q. 
Fig. 14"' Table 2oil.,l Jt1PJ k(dB/m/KHzJ ilk 
4 ffi1Ji/$Jiifil/ll'9t"I 'i'J::,ilt .lVI<\! -)( 0 1 c+. t;· 

illi/llliiil!/ll' .eJ 5't;fflfii.l!ll"' c+ .s ,1 ~r 11 "J: '1.£.£ k 

it121 71"1TJ~]IH:- \'.l)~--f{!- 0J~%- ~1.lr:t. ~ <t1_ 

.,r-~ .:i!}½ @:~_9_.§.. Jt.A] "9l % nlj bioturbation °cl 
•J, ½ 2 '-1 ~ q 's! f!.114 Ml 5J-2-. .'¥.. .lV I -"I 6-1 '.ll "° 
~M[-2-.l'. l'$!tlVl"J "'f '.()% ;;.! 0 1 cf. af4-<I -;; 
il/if"jf;f}:(!'t 61 ~I c:j A]-'\'-{- ( O} l, 550m/secn 

&)% cp,(.,.£..l'. 0J21..q -')-% ,:j.q.. kil);.f: ':l-"f7} 
ij-~ lt/7lPJ;,JJ{- 21..o]uj ol.!1..q ~ 7J.q.. ':J-"}7} 

~PJ:<\! sJ-sl<!)'i'J::,il-\1- .l!.Ol.2 '.(lq. uJ-"-H 'lfil/i 
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/ill i¥ ifil/ll' 9.J- 11/( .EH-f, l!X 9.)-.el 'st ;,J, °1 Al Mf ifi(tj lt 
fjlJmmff-oi] 9,l >I eJ2. 2*illlMl-"J-;,JI oil '.(l-:l-% 'll-4-
'.(l "''11 ° I "' !/Uli ¥!! .eJ ¥!! 1't 4 -fr 'd , J l!1! El O I 3. 

Jll >l%~f2 '.(12.uJ {lti/ll/i'rJil/if(oiJ uJ-"1- ilI/ll'.eJ 
)'}1f)i_ilffl.5:. '1}-JJJ] ~ 8J¾ .iJ2 9J. %% OJ ~ 9J. 
Lt. 

3. 5KHz;>1 @l'.li':/i'rlillill:{· ffill\2..5'.. -"}%-ofoj 

l'Jl'l'/11,ifl'i!im@:cli1lrg, ~w. !lil* 'l! ~Wl 1k. 
Iii .!ff: ffl !Iii, oil >I "1 u illi 1$ il" ifilOC , i!li. !"!' ff-It 'l! .!ff: 
i1!1fu"1 !lii,Jttol] tf'll ;;t;{ilf'1l'.'c <+%A 7,£ 0 ] ii~~ 
-"I '1-1 'cl cf. 

1. fl'il/i/$!¥il!!lt"° 1, H4m/sec"il ,1J l, 510m/ 

sec, i!/i.J'Hf-1'("' o. 82dB/mo!l -'I 3. 70dB/m.5'.. 5't 
:/fiiij-q. 

2. 'ff,/l~Jiitf.ltt Jfi:1\'l'liiJSI *'7'}7} 'lll.f5L{t 
'<'.,\1 ;-(J?-~, ,&;~7} ~1:-;-, ~~\¾:$al \..;J:o~~J4-~
Jtf /J[J <\! ,t. 

:i. i1oc J't i,V, 11: 7 I Jti hn ~ 0 il uf "-1- Jjtfl/ ¥!i .eJ l-'.1 'f 
SJ "C7I, \l,/l[ ~~ 5,f\j;•'fi-2 ~- 7f-&-}q7f c\") 7J 
~-6) 0 1 PJ:t, ffilt •J! ~Mt$.g._ 7.} 7-} 3,...,59, 
l,lj,.....,l.8g/cm1, 20rv3Q;:'0ol]A] (~~.t)l~o] 7})(J

'iJ-&-IJil c]q';:!:q. 

4. k;;l;-1"- o. 25~0. 89dB/m;KHz.ej 'ti~ 01 uj 
JffiflHEJol fine sand~silty sand,i) •1 :::z.. i(O] 7} 

7,J- '-2.q. 

;,. trii!ilt&if!lt7} I, •18Um/sec,;fsJ "c i>x:Rf;f, 
fl'uf Jjj/JD~f'-1- 0 1 .'Le\ ••I·¼· 's -\'· '-1-"i ili\'.l-'-&-f-icc 
16J% ~~i+. 

~ ~Ti- q~·6}-oi \_'§-2 £<cl% ,YAJ i5~ 0Jca.T 
± ~AJ~ tlfA}, A}..tt.~ ~1 ~ {l-,:l,i½ ~ tB .x...g
% -fAJ % ~ T:Z lfr7J f.tj, f'rtll +. ~ 1hI <tl 
+~111] 7J1+.s.'Hr:-t. 2cJ2 <'tl~J.:t../+% -'f-1611 T 
26]1 7°~1 6}1 °,}6.j Tj:. _:t_A}AJ ~.JJ_ 801.:§.. i'-S.. 
~ o.Ji;H&1A) ~-~-~ A}-.9/~+ Jf.~r:f- ~~ £~ 

-3)-~J ¾ OH 'H! % 'cl T"'- ',! 'T-'H, "1 °d ~ -'/
{t-'111 7J-"t.s.sac1-. 
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i-!!iil!M-'i !<t:'ttf;: tflllSJ Jt11°) llii.J:Mi1\tl:lll 
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o-J•),LSJ ~*li'l #Ii¥:% ~-q:!: fl:iw.SJ ~c5J-£ oj 

cl ~J illJJ!,T")-'i oj {-o-j ;oj 0 ]ctfoj /-l!iill:14$ .'E~ 

1tW:SJ ~c5J- ~ i.liHtV + ~ ~ 7.kil<"l "i lk:lE 

,ajo-jo]c V ;;)o)t-f. 

.:iei 4 i-l!illll:14*::. m'.llli'l..2-.!i. 0 1 cl-q:!: ,11;;,t.:li'J 

oJ I), ~IJJl\- ~ ,P ¾e) ,aj o-j ~ ~ 5;- t} oj 4e-\-<i fl 

;st,::5£"1 cJI ~J .lll!.ll1iJ1\- '.lli,;\~ 'jj_-.j ~IJ11!1SJ ;;lo l 

5j .TI. 0J 5c' tf t-f. 

-;!, t!l"l-'i~ j!!;Jll!:!4$t,::jj,' .lll!.ll1i% ,~ililof.TI. .:,_ 

,1-q:1 .lll!.;li;SJ m'.llfi¥.1°J r0illl!½ ~iiH} ..2-.!i.-9 i'l,ill 

H$SJ el<:fl'JJ*°"l cJl-q:!: iF'!ll'l!'.I ~ ¥ 0 f .'i'. ,] .!i. 

If t-f. 

2 . ~ Ill~ 1'1~ .9.J cE Ml .2-l
~ lf!IJ ~ $ 

/lj.J:~i1'-'H9: < td~) J1\- ~J::~i1''f'f9:M"l :II: 

!~SJ -s- ;; -t il~tH:- fi:fll'i7f 'iilil~ 0J-ci' iiil! 

H"l>i 0./o-J '1-~ f):11,:9] J:lfflx. $!ttf•f. j,lj~ 

,to-J J,l''i7179J w.r;i-ii- ~ •! >i-t- i-!!illll'i,; ii,JJl\- ?iitlt 

1htFs1SJ t.J.,J!;/Jjffl,t;IJ7f •i'.-'ll'tfoj :fl''lilJ1ll!·l'i'SJ '\!-9-

01] £ ffi~~ ~llll"JelSJ ffl!iW..::!JoJ ~o-Jor~Jc+. 

1-.ill!f'l°')"i JJ,jjts] ,t- -&Ill -«io-J •! ,,_ '>! 0 ) ::l Ill 

1ttf~ il'tllll ~ la:atli'J..2-S,. 4"Hl ;;l oJ [ cll: 1 l 

'l t-f. 

o~<l! *~ tltli'- -&m•SJ mm¾ ~1l'~ i'i* 
,,- .!!!¥.J~J: ;;l 0 ) "'1 4"-f-'i i!!;•°'J "t<-t"i $1il!' 0 l 

sJ:oJ-of;,i) t-f½ +x. ~t-f . .:icl 4 oj ,1:;; %0\I 

,j 4-"-l ,1 "171) ~ + ~ ~ ;;l ~ i-l!iillii',!:-fl!SJ .±: 
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l\!{1, % 

I![ 51 l!lill#"" 1'flll0l¾MIIII 1'11'.UI, 

I • lliJ~o;J <Ji ,U "'1 <>l •Ice. 
~ Iii} 60 29 11 
'J! llil 51 5 44 

liil~llf!!I! 12 II 77 
2 . 'l'!!?!o;J <Ji'\! "'1 <>l •Ice. 

(,/j ii!: 16 15 69 
Jtflll i'!!?!J{l(!!l 38 19 43 
l',l ff 53 17 30 

~-~~-

3. Jt fill 
lfti·Mr!i 41 59 0 

ft.f:lt±illa:: Port Pricing,UNCTAD Secretariat 
(1973). 

1!!!.eJ- illiil!~i\/1-"1 Iii!!?)- 41-B n-1111"1 llk't!io!P1 

liliill"'i<>l•l=l- t:Ut511 ;Ucfi= r,1°1 cJ-. fl:J\fil'J"J 

jrlj7)- ?di?,tJ',tl!l.2.J- ile/l!'i' fi,l-~ Aj .s'_ Jli-ii:¥ j:f!!oJ 

~,1 l!lJ!H<>J •I-'- lllJt±i ~ 11 'ii: ffili lili'ic.P.'J 0J 

1'11Vi: tf_:;i ;Uc)-';:- :!'1,oJcJ-. oJo;J cJltfoj{c:ffi[lt 

!i'J "51AJJ0] '.U-". '-t oj 7] oil 'i {c: -ii;llliFI £ •Jc)-, 

cJ-% -"--"- 0 I J'< o; I '-I,, f '-I :U cs I ·Ee Ll-"- '--l- ~ l 

li!l-"I iJ/Jij;J:IJ,lllaloJl.5:. 0-)'7JcOJ ,[J/1,7)- ;;]cf. '; 'n. 

i/H;,1°,l,, \; $1_.$:,,',i:Vili.ej :UttPf ¾'i!J"I ..t:ill!7l-ff1 

Ji Jlii:,'LtloJ ®"J fJ:mi. rM.,J;t,!l.ej 7il-'f-oi]{c:.gtj; 

ti 1',tll~¥Jn'J 0J fdiiQ'-'fAI .'.c. l!i;il!l'laf"joJ ~'/;;t · 

.:l.i'.7~ ?1'iJl!f'loiJAJ ~'Jctf:: ('J:)i\/'Jil/'i~lj la:;i 

-:', "f7f ;tjjttf""7f? ~Jo,]Aj j'f'.ii,£J :J:ff·fr J: 

iii\E!'J-".£ ',l_ ~-". '-t oj 7] Aj '=° /t;!/t.ej f;lffl¾ .'i. 

7] .£ 'il:cf. 

•J JrJ.% 0 1 i1if'J_ia. -:C<>l 2.711 "i~ ll:.£-lc: -\'--1l 

Ail!i# ( conservancy charge ) ."l.c].:il. 0 1"1! 7' 

•J51-::- i!Jtdff ( Pi lot age ) ',l {w.'ll'.lt'f ( moor-

ing charge)-%-% ~j,i',tfoj 0 ) t}oj -'/-'\'-o!i'1,:

fl,!;;# ( berth occufancy charge ) -'.)- 11l;il!1; 

M ~.g. 11/llill~IIIM Jcfltt,oj 0 f •Jcf. 

: 
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1\''W0 I ;\l![i;}71! :cJ ~ >i: . .t i'· lcr'IMA1lH'f ( w

harf a,te, ~::_ quage) -1 J(J,itt}pj 0 f 0Jc)-_ 

0J JJ,i£o,] ~'£ti:: .\:.{', /!l;;t;:: }l:clc£J ftffo] 

-'<! cf. 

o]-;¼ 1!<¥Jtf~ qg:ilj- ,JcJ-. 

1 . ;fdltlifUlt~l!lf! ( port charges ) 

(1) l'/U;'.f'l: ll')%1o;, .t//'!i/l)JIJ, /!1'/ll3.al)oJ 

',l l'l('l'f./if,ja'):oJJ cJl •J ,,,.Ill 

(21 A lili-14 , JY,i AA-"-l .cu I < .f. l 'll Vt 'W£I 

I: ( Cargo tonnage ) "1] cJltfoj 1,1;a 

rn ;tftll tn,1 "'1"1•ice.oii cJl'il: ff-@, 

( 1 ) f,/j {j)-,14 

(2! ;st; ftll ff lm llz l1! o1J "1-l'- lW m 
o]ajoJ l!!;il!ll'J''i'i ~ottl-2 iil\'ll!'RJ.g. Jrc;±_7} 

J"J.Jf,;tl-2 :a': ~~l:ll:"I 0-l' 7 % ( 2/27' tTi')Jt 

Pii'>'l-) 7f s] ,tc 7,! .6.£ 4cf4.:,c ;;/ cf. 

,,,tW18'J 1',J;'~cfr"-1 ,\;::@.ft-:: c-jacjoJ '£/it/~!v) 

o!I 4'•JsJ-t- rl~il'J '.il'HPf (£/,/;oil -"l•q dz'ii: 5J. 

cf. mil'!-"1 ;;i-'f-ol!,(j.'.c_ oj9f cj-~J7)->1£ ,l!:il!l"'i 

"1 •I"'- jj\/£"11 1j\ ':'/SI-;:- 1ft~WJ fUJ.J:ilf jila_i,;',SJ 

ll!ll,1\o1J>i ftiJMl'.oJ-;t iN-i@fL-'l'lic 111'1'!td 0 I 

/Ac',i'-'l cf. .:i,J c-J- 11'~-"1 7il i'- "'1 <>l 1'1 ""--"I '.!elf 

i'Hf"J 0 }c)ef -1<J<>J•l'..c-"i ;;\;~-lj.'L jf)H.ej --Im 

-1,· "i<>J•Jc:c.SJ 'Li>l::ifilfi'o,JA] o]o] fl~tf.:il. 'iJ 

7] "'1·:,'oi] t-f.f. At:lrcf Ali'l'"-1 7;j-'f-9f-\c cJ--cc 1~ 

ort-rtm marginal cost), LRJ\..1:Ct 1\::M~N 
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YHl'/llil!i,11, ( Long-run marginal cost) ia] i'#if!l'l'lili-½ il!iillfl4'6\':5!'.oJI !'!l!l,sf-tc,J :l/oj 

3l AC -E- ffl'Jt/l;'fiJ$'E!lHl/ll ( Overage cost ) 

,% '-fcH!tt. l'l'll!i~oJl-'i Jlil~il!i~(D)El ;@elf!; 

-t- #!/!tzllt:11: ~-:". ""l<>i"l""oil cJl'li ~'!!'~~ 'I'! 

-/!lilt ( Ut i Ii ty : ~ ;". /ilj,@!l[) oJ -'=-..E o] {,- ~ 

el -t- rt!.'ill-!IJ oj "i -'-£1 ~Uri't:J {l,:i.l;il!i~ 0 1 "1- '\): T 

:u tt. 
'4-"1--'i ~il!\£1 ~c?l-% ilil:~1t-<I ,J -t- i!!.'illEl !1! 

il-\,: lRMC.2} D7f 3'.0c-ol-t- .!\loil-'i 11;:,i!,aj uj 

i!!.'illfl$ 'E•J {1£1 x'Rf,;£1 -lt0 Joil-'i \1:~;1;'£1 

tflll-½ iit-•J ( TC-AC)_;;;_ /!1:5£-'\! tt. ~ i!!.'ill!! 

fl$ ( p) -t- tt%;;,J- 7J 0 I 6\':51'.-'\! tt. 

P = SRMC - AC producer + user user 

Cost,Price 

TC-----

'P 

AC - -

sruvc prOCDJcer + 
user 

LRMC 
producer + 

u1er ~~---
D 

AC user 

throughp.,t 
0 '---------"-------

< ::r\;J 1 > 

11!iil!t"-I ~.iEf!!fl,H, m5E-ol-t- 1it<;~_3_ i<'Hf.l!ll 

~ ( Queuing theory) oJ 0;l_el f;/'ljjS'joj ¾J:.£. 

'-f l!l,/l'lfi-¥"-1 /!l:'.<Eoil ffl~.l!lliili 0 I ~Ill-'\! J,ij-2 

~~1 \\!A. "1-et-'i oj 7] ol]-'i -tc 1"Jif!l'l'iili ;;_ sf sJ 

.£. .£ •J fJ: fl i'.r" I.IO\! 'If Ill El ,JI. tt % il!!,; f "'I J'l[ ~ 

fl'J 0,l l!!;ill!!f! {;"-] 6\':'.i>:Ji/F-% ,l{J:fr-of 71 £ 'ti: 4. 
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-'i 7f* i'c Pail!li,!11 ;". fflif!m~oJ 31;:!i':iil Gt'$'.5l

;/f oiJ fts:#-of2 :l/tt-2 !!',1°Jtt. t.J,l1loil cJl'li ""l°l 

"i ,,_ ll#F.,-~ -oH-£1 li/i$l!l!II:£ !fl(J1k-of7I <11-li:-oJI 

'M ,i'lt'dl!lloi £HI!£ ,sf-le- %'5!'./ll;ill/itiiilii'iio£1 !till 

°5 :". l'fifE] /:i::)E,/ll,j'/o!J-'i AJ,;,j ~-•IAI -'i';-t~ 

1'i!!'..loJ :Utt. ~ .'i'..-e'-f.Hil:". faJ'l!ti't:J~lffl!JJl.Oil-'i 

fu'l!ti'.rJ 0,l -!ijojBJ-'-~ "J-t-tt-t- iF/\i:ToJJ-'i 0J # 

!!!il'l'aili~ l!i:'lirttoJ :l/7] <lj-1,'-oJt+. 

0 1 ,:J~ /!l;illl'f!!\ c'. ft!!t.ltt'Pil M-"1-'r-lAJ-t- i'#!!!I 

tf Ill El Jtllfflfit oil El •I 6\':)E "1 uJ "1-"1--'i '.ff~ 'ti: 

lt'dl!il 0 I l!l;r'JoJl-'i oi-'i'--t- lla'rai"'t fsel!J-of-t- litiiilit 

¥l El ffl 'ffi .ei- -t- 1111 ~ ~ 0 I 11;:,;: -'./ # .111F f :l/ ct. 
.:i;,J '-f 1'!!;.;.tl'J= .'i!. 0 f •J lt'.JMoJI cJi 'ti: -!iJ <>i 

"i ~ 0,l •I ~':Eiif-t- ~i'i!i't:J tflll% ~1".•JA 

-t illlJiffioJl-'i 0 1 aFJ l!lll~ l'l'iilii't:J= g.,1,;tt 

% Ahl tj-31- -of::'/ tt. 

111l!'/!'li jf1J_;;;_ '1!-llt[lli' ( Single stage), !'j'! 

-l!lln ~ @kiif't\. Jlllailitl'J 0J ~iEl!l;ill!!/itiiill !till 

fl ( port charge)!:: "-H-.ilf 7,J-oJ /:i::)E-'\!"-f. 

(Jj q = _..c.,l.c..s'_ - S __J 
I - ,ls - !~ 

q : f'dl!il1t i#if!lla'rel£1 Wlt'l/11[ 

). : A /llilrd AA 111 El JIil tHiil: 

s : lrclM'i,; "l<>l "i "- RirulEl J!/Wi/11! 

( S ~ I / µ , µ : .tJi'llli!U¥,,U-1 ) 

"' : J'l!iilic1iil°'>'~ )!/Jf;',ji1[ 

t<; Ill"-! ;@:!!l;-tc lt'clMEl 'f'J'-J/!i!l!lll!/M{'_- zp:Y1-'/

-f c1i;/f¥01 Jflnotj-oi] '4"1- Jf/bo•Jcf-::C -'J'oJuj-'/--

-'r r1i1J*o] uj~ '£~ :t\:t"l;oll-'iS. 0 1 ll!l~-t-1& 

n:•Jcf. '4"1--'i 'ti: /llcill!!flJoil-'i tf-\'-oil ~'Hl-t

~t'J,lilE] fflif!itffl :". tj- g ;;,J- 7JoJ $,,1!'{£ 4- :l/ 

(2) C=u).g u).~ 
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U : t);fs.ej ">fu1~11/! 

•J t)Afloil Jil:.lt"1-tc ii.iEl11;il!it/lJ:l-'fi= it.lAf 

oJ 4-l'- -2--e- t)J!lloi[ 111 ~I::: f#J:!Ufl!J"-1 J\ll/Jo~ 

!!!:oil 9-J Oil /R:Ji'.-'1 = ii.iEAfil!lit/fltf::: 2 l'.IU'I 

ff!f#lll!'IU!l ( marginal queuing cost J 9-J- -

lll:-ot7il -'{! 4. 

(3) P ( Port charge ) =MC= u.l--¾t 
uls 2 

(!-.ls)' 

n c : IIIOHI: J!l 

= us -~,p-'--Ts 2 
( 1 -i3) 

~ 111;;1!!jjtJ!l~::: t);fs"-J "1 o-J "i sBa,r,ll(s);;,J- -'I 

-¥--.!i .-fl $('Ploil 9-J Oil /R:JE 'll 4-i:- ~ 0 I 4. 

2a1 '--l-.._11/l\.sc l!!iil!!it/!lfifi= iai!Boil •.Ji~ '5)JJ

-,!f!Jtooil ,ij •J '512--"- ~'>4"1 "1, ttW~ :i:!l!;oil-' 

o-J 0,j_ Afil!Jili.&-@: fdAfJoiJ cJI ~ "{ o-J SJ =.oil 0J; it/ll 

-'1 i= bCrni o-J <t'1 ~ 1iffi<l',:-@: 1'\:'lilJ.21 lli(j/!.oil 0J; itlll 

_sj • \! OJ;';_ 7f-llii-Ot"l A~ 7-f~ £•:!:!!7t ;/) cf. 

~ Zf>(lllH'H!'!!lil'/0 1 °1 'll~'-1*>A.½fHi 

'4~-'1 "17Joil-'1-i:- i!ril'!IPffa1½ '>:it. i;;.:4•Je-J. 

~ ifiAAoi] cH~ 4"7"1=--!l. •J7J -¥-!•J F'fi!'!tlAl 

II: ( .l 1 ) iaJ .R }l'tt,i/i/;J_lfoiJ '4-is- f.'f/,f,fclAAII:, 

.l,) -;i: 1,c.;5Ht~ 1#1,4"7"1=- f!//,f,8"/FoitiAflll: ( 

T) i"' -f'l'lil\F'f/,f,Ba,ra1 X ( = s 1 .l 1 J 2ej a:. 

2f'llllH'i!l'!llMn9 Y(= s ,.l,)-". 11(/j)('l(e-t. 0J; 0 t 
li,(lll\);lj 4"7 "is jj(/({lfj§:1J01 'f-o,,j ;/)cf~ •J H 

Afloil cij ~ c'l-il'!if.ffol"-1 M1'f111!-t- cf%JJJ- 7JoJ (} 

14) q = Z ( X Y) 

(4)oil .21~ i'ii:lll\½IJ ft~, P,,P,-ic 4gJJj- ,): 

4. 

48 
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a z _z ) 
:;:;; US1( ~ -ax X 

(61 P, = u.l '~ -~ u-<, ( auay)(ay/a~J 
a" 2 A. 2 

az 
:;:;; US 2 -

ay 
pl "l 7il ~ l!l!il!li!l'./!lfifi= ll.lO'f.l!Hl'!tf:J!loil-'FI' 

~'F1Hl,tffl% r#:~J ~_e_.£. ik:7£~¾ ·~ T ~.:i!. 

P, "-I 7J ~oJJ :: "f-"- :l\''i!ollll.J&oi] '4-is- llJl:cl'f.fflc/,f, 

ti:!!lJJJ- -Jl\:~,~ ~ 'T ;1)4. 0 1% -2,;J~ '--l

oH'l! l 2 •e 2 - 3 J JJJ- ,,1- cf. 
- - - - - - - - SRMC 

Cost in ' 1 

ship-da19 

Cost in 
ship-days 

I A.Ci 
I 

;r:: 
~ AC2 

I 

service days 

SRMC 

Pe 

Service-daya 
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oj 7) -'1 . ill'Jl"'l o1 ") c':.o!) <11 ~ 1IIB'l.2.f 1lUil-t- -.} 

'-l-.e.J /it$!e!I'!-"- l!i(l/l.!i.).:il. ~7) <l)sHI ~ ti~ 

0 1 $,lllo!J l!!Jll1tl!l% 41 ~ ;ll.~./R:Ji:% ~ <l) ~ 

~;;-}::: !JUHtl!l :'_ Jtllf;'ffto!l 'filfil-0}4_ "1-a1--'1 

¾ OJ 0] 4. -~~'=° m~~ P;):-o}-1= /t!J'i'-il:/!l!Jli'!', 

:1,-;J:; ( marginal cost pricing){:- lll;Jl-wjoj 

"I cc ~:!'oil ': ~ !Jli'!'tl¥.!Jli'7} O.'1.cf 7J OfPJ 

;,~ ¾ PJ/jlj;;-}4.:;1. ii'iit .!!l!/W.!i.).:il. ~~4. ") ->l- :i 

~.!JJi'7} oa+.:;1. ;;-fc.1a+.x.·:i ffilliJElt!l.e.J .!!l!/liii(!(J 

~;t,;tl:'.. ;,Jsj ti\~% "J•)?J-1=4. 4"J MC½ 

:i Jtllfflfl1[7} :a:W-fil!.2.f 4-½ o,j) :iej ~ ill:Ji:-t- ~ JEjjj,%}7) 7} oi ';l .:il. ~~ lll;il!!M!ii!il' § 11.x. fl,l)E.!i.) 

i1!t.e.J ~$(!() ~c?t% .'l.')J-~ 'r 'id711 "1<'1 "1-a+-'1 o1 ~"l fi7J <l]-lc-oiJ i@l!lJ: ro1@7} •~7J4. 

4-~:oj. 7J :'_ $,llJ(if'toJ 3'tfi'."1 oj of ~4. 4e.f.-'1 '1J 7ij liJ;J!M!ii!il'il:l!l.e.J @J&a+::: tl'Jll)r 

(I) i1l'il!!1tllltt-e '.l'.~.e.J '1U/.Jtl!l.:4 m'iit lll;JI o!) fHt% /R:JE-o}.:il. ~ 4. :isj ~ Jl'/!l~-e 

ff Ill j"f-,,,oi) 711 't,'-1 ;tj ~ -e ~l!!<o!)-'1 /R:5E "1 o1 of -~ail ~,i;::;v,H tlH- '.'<! l'!./J tJ:1'111f ) .:::1.cJ .:;1. ½¥11 

~4. /ll;•/i(!Ji!i¼'.Q.J ~i'ifl'Ht%% 21~}.:;1. ~cf. 0 1"1 

® i1l'il!!if/!ltt::: '.l'.~.e.J IU'i'-ii:l!l.:4 Jtllffl"1 ::: .. J tfl!l% ~M!iiilt.e.J ftlllPJliE"F'I'! 1s. ~/1:t-}9 ti 

11Hcl'Hl':/ll 0 1 -l&'i:!. :t!Uilloi)-'1 IR:5E"1 o1 Of ~c.f. 

o] 7:l+ /iliJl'itfi,J :'_ fHl1:.!J% lU/!lt-}oj oJ½ -

J&-')"a! T ~% ~ol"1, o) 7:l{-<>11.x. .'i'.,e- if/!l 

1"i-e !JUHtlll.e.J Jtllfflftoi) '11 .. J $ll1J?;Oi/t% $!-.:il. 

~ oi Of .. J4, 

-~.Q.j ;f)jjoJ) qj~ $iw ffiltO) (U-E- 7:l+ jl: 

/!loll '11 •J Jtllffl½ i!i$:-o}-e ,1) ::: a,;r.,% J!i-o}oj 

~•J ft/!l1"f7} :i Jtllfflitlll% af'.1'1:-ofo1 °f ~cf 

::: ro,l'!il!',;oJ ~ cf. !1¥-ol i1l'il!!.e.J ifl!lo) -@oil 

:i.;I;: 7:l+ o] ±-'}.x. ,r;PJ/jg,ij;tj ~iJ![m;?}.Q.j 

~$1l1'. 7) <11~ 'r7} (d71) -'i:14. 

-'r•ti-iJ .Q.j 7:l + 0J 0.J' .f/$ 0 1 f]!,l'j!jf/!l.Q.j Jtllfflft 

ol) .Q.j •» IR:5E"1 :ll cf".:i $JIM!iiill:% -~.Q.j fif:l!l:'li 

-,,coJ)71) oj "g71) ~C?f-Ot9 Of -o}.;c_,+.e.j ro,ffl7t ~,E 

~4. "1-a1--'1 IJUHtl!l.e.J lt'lfflft-e IJO'i'-~'.l'. 
~ft.2.f -J&~ <l) ol) 0J ~i)r<.Q.j ~$(!() m;?}o) PJ 

/ilJ •» "J 4. 

'l!oil-'1 l;liiiil'i! .!!!!!i.(!(J :1,"0 l c!!!'.l'.oil oi 1711 

llU!;.!i.) .:i1. ~ -E-7t½ .Hi ,tt-o}-1= ~ :'_ Pij + jll!iij;~ 
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,IIH .cl.7)' J'l:%1.e.J :Iii:%% ,itc~~~ ~c,ttf.:il. 

~+ 
:ie1y. olej%J :!,"oil .Q.j~ _ff$:'_ $•"'1"1 

" I c:. .e.J !Ei!b@ .@ol) -'1 ~ :'t "1 -1= 71, llil /1!: !l, ( ex I ~ 

erality) ½ .:;1.,?-j-.f;,) f,f~."c.£.-'1 ~W:.e.J l\itff 
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.eJ mil'f-P~Jsill-iiillJ<l g_ ~Msf-c /nltiffl!illtf'IE 

e)i ( IFREMER )7f Sjc-j-_ 

mJ:r'ti~ 1981'!' "uJ,1l<-J-"i&lf-f "'1 altfll:51 

"1 , f;lq :ll':le # OO!il Jil,: lff-91 :tl!ll!:&:!'IJ-% 11,!-..;tl 61 , 

lrolt% Jli:'l'i-~ lroi'fl!ll{X, IIIHf&iiilotteJ ~:llf 0 1 

',I cf_ 

IJll'itilt'i'i{- lt)/.'./ll1l!i!i>¥.!/::, -l\-tl irecrfb/ill, 

ft/"'7f!-.. /?#/nll!J/,/J, /1'17)(/!'ifl''!ilJ, 61I t-i"i llllr~-91 
":;:r e.,l-A 

-- 0-

H-,ltf'i\: 'll J,cj,j.j l,il!il 1it;t;:atf1l1t "o1: ltx•I 19 

8 \ ~-\'-cl :;jc'1',(t) 6J ~lt,rJ,'l~-% iitllJJi'J-"3- lit 

ill: tf 2 Sj ~ ;,j In i"t tl/l !ill:.'ifi llllri 0 I .0U!'ttlll ~ 
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( CENXO ) 9.j. /li/1'.li<BtMtlilfililf'iEBi ( IS

ST PM)-~ ,!;;if, !fl'l&~ili\J'l J!&lf-lE1 lli/1'.f4!!1 

tlclli Wtlt!!ll!l 0 1 cf. il1J Jlt!!llll~.!i'. 67 it:oi] i,tl'.: 

5J "I ~.\:- CNEXO~ j!:il!( · ,kJli · Ji'tlt~ <!• 

,C,.0_.5'. lailcfllll~% :lfl.if!e5f'.ctcf. .l;·i5] 0J7J:lll:!lli 

[l;J~% .,i,1 ~±-'i°il 0J AFERNO!Jef l>/,611,5 

cj J'i'J't · ff_. · "11' % 5HfJJIJ i)fJ ~ ~ +•Et· 

2 • i& JI s,f cite r •J ~ .!i'. ,tt Iii 1l ~ ,ii, a,\ll ::it% ~ lifil"' · 

mn_0_.!i'. xl!li/¥S. :t:Zf'rPI /lil/!;AA7k!Jttclif"I aH 

:Jl:it Jl'/iilitf5;lcf. 

HJ t.!iol;i ~lli'. 

"· "Js-t, tu:Ji!!ll=tR-;1::11!'('1'oil Mli<tlcifi llH, 

0z7JS 6,UOOm~ ll'!;J(/J[-@:- ;~~-£i5f'.ct_c_oj 'd>I 

7;[±~0J Sle/f.l;/!111:Wci ( SM 97 l 01 o1:liX"1 c:! ,/IH 

5_ .J#_.Jt.!iJ ;;Jo l r:.~_ 

0J:l\i, "i]>il% 0JEJ "-"Js llil1J~'lltffl ( 2414/m 

~ ) -t· '66 4'"11 7;[ 7J,sj <>1 7H·*0 12, cllit.5'. .Ji 

"J'E1 l'Ji/;l!li/l;/J~'lltffr !l!<i'l:% Jlfljtf2 ~4. 

(31 ~ill 

'7B IJ,'l~ffll1M 

Elrn.· ;!,c?".71-". if'lillU,I!~ llll$1iJ!&~.g. oil t.i" 

~cl ',l/'!h}2, /ai$Jl't.l.:l'Hlt % /ai1~fl:o,J 1111 

<ti 'ii! ~Jltit'IH 1/!!'/,;•J:4 

~ H'ff 
1980 ifft 

.e] >J 0P'15&1L-ll- "i~tf2,'l,:&,§;N!i1PI t.biifli.!i'. 

iili!Jll!l~ ."..!i'.°"1 F~ '5t{iiijoij ell •J: lf'/j~IJ /Jtill.fJti 

.9.J ~~:!1§fi:½ i5~2 514. 

oi] ci "i 1.0 1 /l\!71':tlic.rllll§HtE1 ~ll(l ~ :'. -ll(l 

·½ jil;Jvi:5}-lc-c<l, 198~ - 83&\'oil~ ?i 2,050 ;11; 

HJ ticlf.i mile 

~tliiHi/1alli1~~ qa,C,~.!i'. ll!ii'l'lll1~tliirl.i 0 1 ,1, 

if~ iltl'.ct 2, 1982 ¼l "1 .lilcl!!llE1 kl,l,-IM blffi 

\l) }c'?',7}:_ 't§;tli~ 154 oj;,f¾"'- ( 141,220 

sj-1;1) 9.] 511,E'] liXJ<i:%- .'/5;lcf. 

sc~f 1982 '<Pl !l\:ll!l2I Js:ill'-IM lilffilliJ~oi] 1.1 

"1 >i-t: 7U %"I ],JJft1t"IHl:- -~-0 1 ',1>1 ~~l:lilf.i 

it< -4:c11 •1 'l! <>1 ct 7 I -'Pt~ :,:,_. 11!i i'* Bt 'ill "1 t'l hl 

ffllffi1J7f :le.i!E~l l1iic"12 ~-0."1. J'i'~lllWH: M: 

n•J. lli1~ • tt,>Fsw1.g. 8 i,11 uJ-:21 ll'll'8°ft71 M 

m,;14. 

5tif!efllllE1 ll!i/1'.ll'l~ tliirl.illll~'P Bi,:2] >Jq.-\i 

".!"9 _;l_':\ < ,I: 4 > 9} 7,/4, 

1990 4 ft 2000 Ifft 

/Ii)/+.¥-, 0J,:flll!Jll t,Mt,/iifi &,, · 0J,;11111Jll fll,:11't/li' · lf>J/{.1'11,Ulllof ,ftj'll 1£"1' 

I'! I/Ji! · /1i;r1Ul,,jclll/ic tUII H,ifi.rtu · /JHJ/ifffllil 1°11& J.ll,\ 

· ifij*~"fir Jl!i/Mt,/ii!-1 l//N 

/li)l'f.EiifB · ni if> r; lfH 1t rll' !li 1'li Wt ,1 

I'! I/Ji! · f'.JUide -Tower fdE!i'F.rll' 

Platform j,!,jj.J ,ri,7 

• )J</N{iifB Platform •ltl{t 
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~I 
',J'lff 

1980 IJ:-.!\. 1990 ,1.11. 2000 'l'/1: 

/1\ill'Hol · li.irl4ffl'l01!1½ ii &i!.r W.1/ · It; l: Ill ni If.!!: 
flj ff1 . #'J _j. / I lITT fl1iil\JU& !],& • irJ l.. ],,t)~·J T~ ',LIJ~ Utf,j [flJ) · la .1: Ii,. 'f !J lJitfftp)i Ill& 

-

/1;;/+oil Li · ,1zJ1 lill!Hs ii'.r ~ ,1· · illUHi!>li2I -•;\J;Ji!JM •nHt · il/UJ lit 11! 11'.fflit 
71 IIJ ill · #,/)'lla//i' 4 liH!l I OTEC ) tUi · OTEC"i ·;,J;Ji!Jl& •HHt · OTEC .iflit 

Ei'i' :r. 
~· ··~--·- ··--· ---~---·· ·-·- e--

i'fu; r.f ..i/il li " ffiJ: tt flllliij,;'.\ _:'-_ l~ iiir 1·1_ · liUYl!!\/mn',; fl oiJ ll!illll Ill ~--lJ ,\__r ,. Ill x ~!l ,um *'~'l'® 
~ it flt' . #,;J,fT;l 1U1i(tl ·,c1:i~ llll'li! EHii li/lu. 

. ,fl!iii:1'.l'lll' 6. 000 mill 1'.l'/llilM .1: . 1-k~~') ii,/HJ!il!IJ ii ,,v1 "'- · la <!'<JI O I ctW il.i i/1,1 

!fl 'Jl:11~ 1,') Ii/UL . It; to,:* '.1!l l'l'itl!i il.i Ii/Irr 
· e~l!ll>tiili/al6 Ii/Irr 
. ii< ct, r, l1 Ill mm: 5-,]t..:§__ • 

3 . 4- c!-J 0- c!-} mi: i'¥: rm ff1 .£.J 
mm ~ ~ lm ;lllH!JI 

ffl it 

· li'l!ltt 

~c;';.9.I 14-.'i. /laiS'f.[;;J§l!ol] '11 'J 0J-'-{ o] 3.71] -'1-

~#~~rl. ~~ • ft*• mRR.~~~*M 

fi,J, 3':LL,*ftl'JJ,oil <l *r>e~il!' ':,/ *Milllliioll 

ell "i wt'ii:Jii\'% ?'~ sl:zl '-I. 1968 cif >H_-cll o; 

.2o<I cr,,f~tl7f ,H-'J,12, ~'-1'-tct Jilli! :kl!i 

W,io<] {1/illilll:{;oJ/ict! 01 CI 0f"'-• ECAFE .s'."'-'1 

,1 ,+.g,. 01-, 11;/.l'.l~l#oil 'li'::'- ql-'-1ol ""f.!e.7]-'I 

'-1-sfaj, 19fi9 cifoil ,tili'°tlillllt Jie:Wl 1ii:1slltf1J ( 

1971 ~ 1980 l 0 1 WJ.v."i'Ji~c+ ~'l'l"i '>l"J"d 

c] ~ o--J Ai 71] ~ -~- ,.:J "6~ 5.j ;,;] -1':-t~Sd t:-l-. 

/f,jltc.f] ,j •J ;~q/18') 0,! iifl'iEJla~7} i!\.h"i7I -'I 

7-,•J 1-l', 1973 'I' JU Jl /fuffllll~iif'il'.l'/i7} ffllll 

,IV'fnlJ.riif'tEfJi ( KI ST ) iltl,rl-1.!!~~~s. :0'.:V:¥ 

l!lffi~.9.I 11;;/l'/'l"!l! 

3Co14. 1970"¥'~ ~'t'Wl-l= 4-e-l...fct lf!liS'f.[;;j§l! 

~!!!:oil ~<>l'i ~ .lL~ •J.c<J7is.'i ,t.i¥J:k"J!t!Z, 

{ w:kf!i'Ui: ':,/ il"i11l:k~t!Zoil iill:fll"i <>l WPIA:/J 

,1 'i'/IZ"i 7] ,1,-t~.R, /f!li'l'iif'it/'ii 'E•J lii:il-J't.J 

~! lf!li'l'iif'iE!.!!llll~-"-'1"1 1Uit% -,c~~"1.*• 
11 , ll!Jl!lf , *Mfal , j/J:/Jfii:il!'iif'iE/'ii '/l'oil 'i * 

~·•, miS'i'-15,M, . *Mfiil\11, 11!111flllli'il!JID!i1E "'f.9.J 7l

!f~'i iif:1\:7} -'17-1-"i'Ji c.f. lf!liS'f.iif:IE/'ii7} l!'Bl cljc: 

oll 7-1-'a •J "lf!lllllll§l!i6<:ffimft% 'I-I '[f ~li!Hlf:IE 

I 1981~1991)" W~i'"2 .ffiS'i'-11/l§l!oil cll•J 

ti I ,j % '1] -<I~~.£. Ml Ila 4-.Q.j :j'IJ/!l % 'I-I •J i!il;liil 

~elc+e-1.Q.J /f!liS'i'-t4~tzll-r.9.J zki\0-g. :i "IA7r 
0,'.SJ_if7I all¾oll $til!./f!liS'i'-1'lloll "i•H clj;i]s. 3. 

711 'ii ~t <>l "1 5/ c.f. zkilHU,•.2 1 1-?+ ~el c.J.c1-

li!ll'; :tt'tfc'd 3.71I 7]ajil.R ~~ ',!:;if 7Jol 

1o,• Jiolc.J. t(!a.mJ'lijj,joi] ~<>l $1:i!!.llll <.\l~oil ~ 

-' . "1 , m iS'i'-1!! ;II 7l- ff .5'. 'I'" "r ".! T:11': ft ,l,ili ffi :;if x 
11.;:i1;;1::o11 '4c1- :i m'll'7r v'a'-ir"1 11twJ'tJ 0J 

""-'roll o]."..:il. ~~'-t, o]ei',} f$1i!:(!'JoJ /fijiS'f.;flj 
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re a "1'.r., -:f11m :\!f<>il :11 <>1 'i ~ lilf <iEWM llt~ '-11 

Al i!isR1llt~o11 AJ 0J ~ ltklil'."-'i 1d1ell'1J.,,H,, "er 

oj "r.:i'. :1/_o_oj, 'SO&t'ft &'!'Jtll<>il 0 1-"'s:! 4. 

lillt!Hf.i "I '1' re lloJi t-i "I t!iif.1 , re <p{l;fi j'Jijl.j , /We 

re/1£ 0J,J ~iW :\!f.sl l'le:lit!ilf.1 , 1'1!;,111'11i/1E1c£ 

!Jilf.J ;<Jicl ii/I.Ji:~ 10l~f. 

lt~rdl 1970 4./\, 1980 !flt 1990 IJ: I le 

Iii Ill' jJ ~ · r.li;ifH! !J/li;i>[ ,rJMI · 0J JIIIJJ1! l'?<fi tld!.if/tv · •:HHtlll\! !l:IJ!!<i«i ,r;,, 
fl ~ . :\'f1"'1»1 IUuJ-93_ 7. ~ A · /lilt~J/CIJlf !?<it ii f · illlllt~J/CIJ!f l'?<J!.i:lldt ,t;,1 

~00 Ji!l"'~Jlll lh't · !Ill Ki?,{]:~ ( 0 f .:icJ ii-, .".½I · lti7tfiHf-t7~ (-'?·~~"If) £1 fi' 
IE!lihlilf 'J'i'. /j!ffl'J /EIJW!H!, ,r;rr 

· 1/olHii!ll .llllt,~lll! l'?<i'i /li . Alll>!M 1;,n•t·@Hdl.i Iii/I'/ 
i«ili!JI 

ffJ It '£ ~ . i>iltll't$ 1;:1,1 51/v · A CJJIS. ll!liillii«i !i.u . m!~l(i.!\:>I llll!illlii«i !i '7 
f; Iii · 1/oi/i,M, i,1,1 ltl,Uii !li;;'.ili/t ' llil&~!1i ltll!¾l!liii'.1 Eli' 0 · ~,rt~I.A ,1 '"-'~ /Jilt ii',): 

11 . i1//.1,cftffl1"lt li!tv. 
Iii I+ ,p lill . 1'I' ,, . 'Fj./, "''" f,{f' \! . I/or l' bi!ll · 7fec /ili'li'l!ili!! · Iii Jc ic'l-"- tsi«i li«ll: 
f') Ill .t.~ . /Ji!'t' ,\llll illht 

-~Hlolci -¥-T % ffiitUUI . Iii J- '1' Ii! .r J,t 
ii): 

· tf-'tj~1fff!I! ,,q ,Lt~ Ii/Hr 
lilrt~I Li ,1 . /1!/l}J!!lti'. /tffi '12'ltf't ~ii: · ~!.'Hi!11! "'l!lR11leTr liiil: · '1hli1':117r ~J'z 
t:J Ill . S,JJ!i!l!! "'".lllft · ,J,,~il/11JR11!!liit itil ( 70i.;Kw~) 

· A'l:'!lzt1!il'1i11j tliil; ii«,7 
· /f,,jff i!i!ft ~ !01 li/f. ll: 

/f!i /¥ lilt/! · /0 WUlil!l•I 11:!Jf! ii! i!!UIII · 1a1, ';.J /01\'t.l !lillf!!'ei':Jx · 'lill!illl'1!f<7' tU1 Ii','/ 
i't '.£ Him. lfi lil!D' 
ilo rt J'I I! · ,J,'\'.Jl!l'r~l ( 83 t ~ I !!Sl:) • <t> '~ .lll l!tlil I 800 till) i,j,/; . l'!l!ilo o) i,/i, Ill .k 't! Jal ft Mtl 
#. ii; · /Oi~i!o l'?<J'HH«i w;r oJ II! * !li lfi Iii i1 Rll 0 

ot )t fl!! . i!oi,ll!i!!IJ ifilil.-'I"'-'~ Iii.it · ittAAti:IQ 2,000 m~ ru, 0 

!IJ_, I~ lflt,tcl! !l!,l\ 

· llo!U7Jlf flfflA] ~~ tii.i«i . Ml'+l'IUJliJ t"f-JiA] ~-!~ W1i_ 

Ii' z · /!i/lt)t'1lilal*lfi li/f.\1 
· ii,.J,fi $ Jtl!l~1 11;:, 

I 11 liilii-'11 

1960 "I' Y#: flli'J!ltl/l~atfrpJ 4-•~ -&- ¼t}oj 

f-"14e.f~ 'M'~~ nJ'tl: i\l'IJ!!Pl':Jl':% oJ~t)<,j ~ 

ci 4- 71 7K1'f J., , reiI .lit , ;i';M;; Tilt , ill'il!!l/l'all' 

/!llffil);I~ ;<JioJJ>i 0 1°1 ?-1•J ,-1'0.% 41'}';1.0_ 

s."'i cJsi•l rel*rJ/1~~1 ,j•J MJ'f,c:tJ-,', ii:!i 

<>ilt-iAJ, ifi'tiJ, 7l'Mlfi:/lll% 0-J-c+tf,1[ i!B;./}tf.:C.:1/ 

-2- !f,)l*•I ;tcl/lli'J"J I);!~-&- or/Jttl~I •I ~ 1 
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.vB l1!I · ci'AA ;J;:tl';l"<:lll1l 

:.C!Yl'c'i!o!I ·,1 ~1 7J :/'- ,1J1al";·>-J,J,y.eJ iiJ,i!l!{l 

200 ,i 2I 1Jdel'';,;(bo;I A;'- ;q,,,'.&,slfhei -1;-±oil ,1 

t1J t}O:J -7-101 \,.l i.'}_r;:_ tH11Jc~n1:o;1 .,.:7 r.rii:;: I.Kn ~t 

.i;:m~: a.trrtte.¾ 7]$7H 1n.~ r~·if'_:i:._ ~:11ftfti.£:!l'l.tth 

-:=;_- £Aj, -tu,]_ i9~•;'!ltiE'l'E: ~~4]~JQ) 55% 6 1 

'.!(J\10 1rt:.1V'r .-..:: -t_- !K:-f'.. 2, \\OC 1:: --....., 1), \10\J 11l01\ 

1!1'i'f>i'· ;; •~- ,-'riJMl1'1;;11(JP.9.I ,H'}:.c•l #,;kl!il 

£ >,i cJ-sJ cf_ + el c-fef';c r,H':/tu :JJli~ .film· 

~l"vf-=. ',' "".:'!' c,fJOOm-6.•1011m.elm!1!:l!II 

'lm1'i!9·& fi'Ji· · IJ/l')iti Yi 4l 0~, oi-1' . l,!!lmI~ 

e'·J {ijff?.1~ -·;) 11i..,\J5-,l ifu'f.°f.Ilsf Hi-..l½ :,~~ ~~ 

it.rt:+. 

0,J-sl 9, ieAA21 vll'i<fl•i:;.i'S. Aliti.!i\ f,- 0 1 %tf 

'9 :f>Httf7ll "i C?., !r,11! , /f:,W-~ ':;·& -l'lilhlll'·?, 

!t)tllrai :IJ\FlJljj(t 11 l;IJIJ!iJJI; "iH Hill.r"I l'fJtjfl,f 

«I 7-1_aj_cf. uj.cfJi -+cl cfe-f'i ZOO &I el Jj(li/(9\ 

fl:ill''irfl'f9f lllrnl ';;! mrtffl!t/!-G/"'i-: 8-f.- ~I,, >7 

:::- /sl/,iiEn"J tiH!i./lil!oJl'1 ',lo-14 i~l'1'Er'l 0J m 
rH,!,,iJ !Jilil({Lsl, ,~ -f,- ff!;!/il;~lcf. 

te.ij ib/t'J;ix.9.J 3',llB'J :flJ/!J -tf,:k{t 

2000 "l'fto!J-:::, -+ ,j c-fe-f-"I A • 7f .,t,;\\l'il\k:!l\.£ 

"i -~ 1tla1ts, J.l!li, asl 2.c1! 0 l>J:IJ!. Ati!:t1!! lli'.9.1 

l\!,)c7f -le7fajtfc,_ u\c.J.,i o-JrejoJ ·'r-'~.0 . .£ If} 

.4' ~-~- 7rl U,{C;}-t- j(\1 ~J-7]~~ 1!'ji]iffiOJ].,{1 l'rol.!JJi 

.!ft,~- f'.f:"J~tt--11_ lf'Jr't ~-J;;__:I ~]t~A)4-A~C;i -jjit-t 

11:Jf_c] ;ffEt~ _i'_ V~',li it':r,.£ 0 ] -t--2:" ~-t.:l 1-t-aH:

r ,!!'1,c.q<j II;· J'o.,Ul "'trJ"'1Jl1:,'.<i rJ.9.I ~-

sf \'d; SJ SEA l.ANEl',:Jl,~f i!l'i!'l~I i~Jl.~cin 

~ ~r,nin·,2-1 fi~,:k-f,-:- >i:4 7)-:.·.-~- 6J-r:t. 

(,i AI!ii)jj-fr f 1j/.jh1 ,~ll<;l!c1t 111>1.r[W~ ':,/ 

80] t V/ l !,, 2500 t ti) \ 1,\.Qj l('{,/p.j/$/Jl! 

Jl:frlc: iiff;'tf 0 1 /Cii/;_/fa , /!f,/r;, f'!&/fu?7f 7 J /ro 

(c» ,s\>'k/Ic}l'!!lS) AJ..:l&Jlil;iir,';% ~,t,'],j 2 

JI,& ',1J•IJ1itcr % *ell ~1 '1 t<ll~ lilr'lmtl •J •j >J SJ 

':,/ !\!,jj';/'Jifl/Jit:!;: Ji:!fc·J- >'j _,'Jj 'I) •f. 

!cl e!if'!/ali' ", 000 loi ( 1,1,iJ iirif/PI 2 % I -it 

'H1,tf9 li&/fuIII;, mt!!!, IElia'lllrli •;! i'l] '1 lii!i 

cl'l:·f ~J./Z, lml1'2l'.M il:llt.9.J :f11ffl·& Jf/;t.J) "l •f. 

le.I ,'lj/fai,, 1i:./:t1!!,,M 70 ,Ii; KwM ,$1 tJ ~lE 

fli·'i 7;1_,.J_;;f9, 1¥i • :!fi.l'ml~o!) ill.lilt ':,/ il!i JJ~'llt 

I" I '90 .:icrt &,'¥ /!f,/m/1!; cJ-7,Hll:IJll.¾ 'I' 300 

14<!. 't,!ttfo1 °J-7J, Y"J . -'rel , 1'\t.". ;,,i, :tc 
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'l'/ ~~lB'l:00, ~ 71::± (l,t<ttJccf_ 

i"B ~cf-\i-, cl cl%,-"-¾ %1% m7J<otl>i -lliJH: 

~l-2 %-<lot!, I'Jl'l!l7)( ',! _.,.¥.lll7l<-"I Cf'ii'.%/h 

7J<vk 7J< fL_sc 1Eii'.-'I ,Jc+. 
!-'fl li!!lf'J'7'1- ;i;:fl,;m;otl>i 11\iliHir!ll 'l! 7'c::'!'7k, 

¾ 1j•J~l"1 ll!!lf'J ·c1;~1":-"I 30%-~ k1Mi•Jc+. 

(0 B /al JI I 'l! 19 iir/fa ~-"I 7J< 'l'I 15¢, ~)j 1r.t!ill'.H 

"J"J-<I rl •t,t,ciJ!i~ tmrflllJ:l!iliUill.\c -11-'i{ •Jccf. 

(,H 1,0110m lti/i!. '1/ifU!,lJ:l!Totl>i f1fil'.¥ "J· 

4 . ~ 

tB ~ T :V-~ ~l~j'$:~tf}"-.9] U~:<'.]l!t ~..2..SAl '60 

cq::ft ~ '70 ~f\QJ fi~ ut -~¾%JJ} 7i-k-& 4-~ ..2.. 

5- 'so -If-I\'. 'l! '90 ,i:t\'.otl i;trllill± &jil, 'l! 1ti 

/.$fgfo]FEJ ~1\'.].6::iJJ1J..Q._£_ A-i'"'f -2}-A,_l~o} ~J-~+. _--i 

ri '-t /t\i,1;,&jfl.ej ~'¾.,1L-;l- -$I<! Ai-~ cf-fr.of 7,J

_g.. ~7}~].QI J3._7Jo] Aj_<5j5.{o~ <5}~9-. 

*A•l. /!'J1+1Jll~otl ~l_ql 'l'·HVI vlls/<l'.&f!'J (;:.JL 

oti "i ~Ls'L ,4 ° I q A. 
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Food of the Larval Gunnel, Enedrias fangi 

Jong Man KIM, Dong Yup KIM, Jae Mycng Yoo and Hyung Tack HuH 
Biological Oceanography Laboratory, Korea Ocean Research and Development Institute, 

KAIST. Gangnam-gu, Seoul 135, Korea 
(Received May 1 O, I 985) 

Cut contents of larval gunncls collected in Ky6nggi Ba}, Yt:llow Sea were examined in order to 

understand the feeding habit of the fish. There were som( differences in the gut contents depending 

upon the body length of the fish. Most b1portant food orpnisms were Copepoda followed by Appendic

ularia, fish eggs and Decapoda larvae. Although major fo1,d organisms were closely related to the size 

of zooplankton population, the fish showed a positive food ;electivity for Copepoda with increasing body 

lengh, while there was a negative selectivity for Chaetog 1atha regardless of body length. However, 

there appeared to be no sizl.! preference on the food organ sms by the larval gunnel. 
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Fig. l. Sampling station in Kyi'inggi Bay, Yellew Sta. 
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Fig. 2. Variation cf a!iun,lance ()f larval Ei:cdrias 

fangi anJ fooJ organi~m by r.10nth in 

Kyonggi Bay. 
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Table- 1. The composition of food items in the gut of Enl!"drias fangi (~o'/N=pereenfage by number; fo'/oee. =percentage 
by occurrence) 

------ --- --- ----·--- ---- ---- -- -- - -------- --------· ---- -----
Month F_f2bruary March April Noy _______ . June July_ ---- --
Length in mm<B. Ll 11.('h ]'2.0 15.0-16.0 2S. 0 ~2ti. O '.'.o.o~:n.o 35.0~::lfi.0 40-0-4 J. 0 45, 0~40, 0 55-0~56.0 59-0~60. 0 
No. examined ::.;n 30 .so ,;() .10 30 30 30 30 
No. of larvae with food 8 25 28 30 29 28 29 30 30 

%! %/ %! %( %! %! -- ~{,/ - %T~0~7 %! %! %/ %1 %! %! ?1al %! %/ 
No. occ. No. occ. No. occ. No. 0cc. No. occ. No. occ. No. occ. No. occ. No. occ. 

---- ------
Phytoplankton 

Ca.,;cinadiscus sp. J. I 10.0 0.9 3-3 o. 1 6. 6 
Zooplankton 

Chaetog11atha 1.7 10.0 o. 2 10-0 o. 1 6. 6 
Ciadocera 0.3 3. 3 o. 1 3- 3 
Copf'poda 

Calauns sinicus 1. 3 10.0 o. 2 3. 3 1,!) 23.3 5. 8 43.3 24.G so.o 1.0 33.3 0.6 10. 0 
Paraca{anus parvus GO 20 47. ri 5G. 7 43.0 80.0 1. 4 2G.7 3. 6 43. 3 2-6 26.7 1.1 6.7 0.6 20.0 1- R fi1, 0 

Ei,ryt!'mara paci/ica 0.3 3-3 0.1 3.3 ~ 
Centropages mcmurrichi o. g 6.7 2.0 33.3 1. l 13.3 o. 6 3-3 1. 6 36-7 i& 
Labidocera euchaeta Q.3 3. 3 12.8 26.7 o. 1 3. 3 -... Acartla clausi 2. 2 40. 0 5.6 46.7 2.6 23-3 10.6 23-3 0.8 20.0 1$> 

00 Acartia sp. 0.4 3. 3 0.6 3. 3 )Of m 
r.,,, .... _ -- ?: ~ " 7 n o S 7 0 Q fi. 7 0.2 3. 3 o. 1 3. 3 ii 
,,..,..,, .... -'1'• 

Corycaeus a//i'nis 10 3 17.5 40.0 16-6 53.3 4. 3 56.7 7.3 66.7 7.2 43.3 6. l 16-7 3-6 70.0 10.2 100.0 '§ 
Harpactictts uniremis 0-4 3. 3 0.9 6.6 RI-
Tigriopus japonicus 0-6 3-3 0.6 3- 3 

a,; 

Setetfa sp. 1. 3 3- 3 0.4 3. 3 
Unid. Copepoda 20.0 16- 7 34-0 f,0.0 60.0 100.0 61.3 95.7 59, 7 93.3 39. 7 80-0 86.6 100.0 53-3 100.0 </ii 

Amphipoda O. l 3- 3 0.5 6-6 .. 
Mysid 0.3 3- 3 o. 2 10.0 0.2 33-4 
Appendiculatia 0.3 3-3 o.z 10.0 17. 4 53-4 
Larvae 

Cirripedia nauptius 1. 3 3. 3 o. 18 3. 3 0-4 16.7 0.6 46-6 
C. cypris 0.2 6.7 0.6 46-6 
Copepoda nauplius 30 10 11. 5 60.0 7-3 50.0 1. 7 16. 7 0,2 13-4 
Calyptopis 0.4 3-3 Q. 1 6.7 
Zoea o. 3 3.3 3. 7 73.3 14. 4 100. 0 
Mysis o. 4 6.6 0.3 3-3 l. 7 6.7 0-4 16- 7 O. l 13-4 
Bivalvia veliger l. 1 10.0 0-6 6- 7 0- l 6. 7 o. 2 20.0 
Gastropoda ve1iget 0-3 3.3 o. l 6- 7 O. l 20.0 

0\ ___ Fish ~ggs ____ ···-- JO. 0--13, 3~ 2,1__1_0.g_16_,_5 76.7 7.9 40.0 15. 9 43.3 
"' 
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Fig. 3. Idev's elcctivity indices of four major zoopl
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:!tJ ll-J] £ i'-}*l, Enedrias Jangi (Wang and Wang) 
tiff~Jtll.2J jf:;~ ~ 1ttlr~~"l] :;,J-~ w-f5e* 

A study on the Morphological and Skeletal Development of Larvae 
and Juveniles of Enedrias f'angi(Wang and Wang)* 

Jae Myung Yoo** and Yong Uk K1M*** 

Abstrr.ct 

The external morphological and skeletal developments related to the body length of 

Enedrias fangi were studied for the materials collected in the Yellow Sea during the period 

of February through July, 1982. 

Transformation from post larval stage to your,g stage take place at about 30mm BL, and 

young stage to immature stage take place at about 94mm BL The degree of morphological 

change of E. fangi is accelerated during the e1rly developmental stages, especially the 

period of the BL between 25mm and 30mm. Ac:ordingly, it seems that the metamorphosis 

takes place at this stage. The general sequences of ossification take place at about 15-20mm 

BL, first from the jaws, vertebral column and ·risceral skeletons, which are known to be 

essential for feeding, movement and respiratory functions. These are followed by most of 

cranial bones, suspensorium and fin and fin supports, etc. 

".l»l]~;,},j, Enedrias Jangi(Wang and Wa

ng)-\:- :li(iijoi]'1u,} ii.Ii!. ~}-t- j ~-"- '\l:'1 o<J '!11~ 
3'.>1 Wang and Wang(1975):o} Yatsu(l981)-\c

l'J-~Ul] .5c ePI H(Pholidae), »l] £ ;,,pj ll(Enedri
as)~Sc. 5)-ffio}.:c. :lJ_ t\. o] ffli-~, -'1-<14al- i1!i 
i!\EW~l>1 /,(1\Jl,aj-t- Ul]_x_ie,f*lffi-"-1 <11.1/--11:¾ ,,.,I 

* 1984!!/!'!'li'. lilUIJ!tl: :rll:Jt~X~."- l/1/fl'\l ;/ 0J. 

,Jct}2 ~1-'1".l sf ~t\(Hur et al,, 1984), -'1-
i I ,+;,}oil -'1--t- "I lili.e:i i!HU!l 'Ji *UX:.11\Jffloil 'r
·"- i:(f\jf,a] n-], 1983"!'/ll' i!l!!fi$-t- 1623::)fo] '.l,l c} 

< 4--q1 ~ 0Jfti, 1984) .. :u1 ,+ * 1ll!:oil ,i ~" lv!~ 
'" J,t,~oil .. J:sJ tJ:'\J."~ 0J 5)-ffi~(IJ l,j'J\:(Wang 

and Wang, 1975; Yatsu, 1981).9.} "1] £4"1 Ji 
,j ilt.l\\$till\ol] c1J ~ lv!'l'Effl't(il'f ·'8-, 1984)7} 

5/ % .!/,'-, !ltff,1(1,oi] '.l.l "1 f] 5}ffi'J\Ji',J lv\01'.'-1- ux; 

*" **~ 7Kif:1:.~~fl.: Dept. of Fisheries Marine Biology, Graduate School 
**"' ft~§.::~~ff: Dept. of Marine Biology 
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c] ;::~ ,:] _E_'.?] ~iU}lt# fiJJ_Q_:,_:- 4:i"~ 7+~1 A] ~_11_, 

Mi.'/f1,S-;±- 1t 4- ~H=- lF'ffl'. 1 1 A:'-Ji~riJJ,q-t- :1<a: 
lm ,J ~oi1-"l ;Jz--f'·1J.Af?j-€ jj-::tl,t-11] _:,;-s-_2~- f-H 

i?tt.lHE ::::.0} 7J·';f_0_u7, 02,;rJilnJrW-~- 1011"--=J.Lr: 

1t r~. 1J!J.Q;~1 ·"1 t?.1R\1 ~4:.~-=- 10% 2.1 li;J(.f1t': 
_:.,z_5c_\J:toJ~l [l,1:J::ql_ -t Jt~'.:t_\'._ %7~ 4l_ll1]_1;-_v

;<:] ~- ·JJ"tP:l r~-8- /-{ -\1-i'"l-'.i ill!J~fu.:il} 11.lm,Wir'·~ 
i/!(W!LD :SIS) :J: {j_,Jfi sfoj Jllj';i!&f'.t\ 0_cj, c/1- l,J 

5:£~{,i".-'t- t:}{;-...:!} 7J~}. 

{fflr,(13ody length, BL): 'f-i-oJ 9[ 

-,:c],J_'ci'1"1 .f;l;f,';;'7f>l"-1 ?J_oj, 

!ffi/iii(Body height, BH): TIH~oil-'I n r· ti l' -w--o--,-,_-

~jjJ<(Head length, !IL): 'f-·:S- 0 1 ·['.·61] >1 °j,f 
riJ -]-,""?: ~~ (OfJCrcle) '"Tl -1-:.7,71-::,:) 9) 7d 0 /. 

!l;{fi<(Eye diameter, ED): -:(·2.] 4'-J._] 7J_o]. 

,n!7]c.cl"l7)_ol(Caudal fin length, CFL): 

21--_,l;;.;]_1._L•)r.) JAQ'.(vi)l-] 7]~-77] . .,,:]~j 7J_o]. 

~1- -·c:- ,_. l "i~·c:] /4] JiIP5 ·"} .,,:i :' l 'l ,~ l (Prcanal Ieng -
th, P . .\L): ;T--'i~(,; ·"2·cJIAi nrrJ 11}·X]-'1 

IIU'J,:] 'I (dfi,'"~"i'i cc),'l(i\nal lengtl, 

:\L): TI[r 11~11,.q S.i'] A1 -~-vi n] ~it:t 71}Aj '.'] 

cf. Ji :'lll itl/JlH'- --:-- s.. -"I c-. el ci "-I !1bf' ."'t'l ;/,; 
Jfd~i Jt;®, lcl] 1t -SJ Aj A] 71' «¾R.o1] n.}~ ~ m; 
{if.2] lt;t, ~ rultflS!~:l:~8 i si.l-'l[-t}';;{.-~, fHta 
"-I ~J:IB\t'l-2.- iffl:&"'l uJ,f i!Y:fr, m;1,t<i ii!:ff 
(tJ ~\'!oil "-I ~foj :{,:~l\~il!(WILD MS):,f 11! 
~i:!dt?!l¾(NIKON type 2!0)-".-<1 -"J",hf~\.".nj, 
1'!4 t&.21 ½- tm5-t-2 Wi?tl- c:}{;- ~ 71 ~J c:1::111 ;;o:J 

sl'.ll c(. !+:i!J7iil;- Taylor;l,(Taylor, 1967)-6. 

-~ t}'.U2, !--.7!1;:'{l-t- Wili!rrnr;.-J A~2-<5}9,;_r-L * 
:«tli9: ~T?f1Wic-:1 u}~- ft},;[;~ r1sm(l958)C'.j 

n-}~}t:~. 

• • 

• • • • 

• • • 

• . ' . • 

126"00'E 

Fig. 1. Szrr.1:ling stations in study arc;1_ 

ll Y!-G4llfM~-'I '1'tJt 
:+: ;,,Jl'tJl,IJ[llJ,;• r.iftu'i:t!Ui fd,ul::l\J-:- ;ft)ltl 

,J f;~l;i).".nl, 2}Jct.1· /!1lJ..: llmm2J 1/f\\{l,:l(IJ 

o;] ,, 7 Jli·"E llf!ic 9lmmcl ;t;r&~\lsll"f"i ½ liif 
~JJ~..2...5.. "6}9.1-',:__'- ti] AJ 7J-oil it}{'_- Jit~Jl:;®£.1 

7f-~ <I '-.cl ,·1 /~ l (Pectoral fin length, PFL) f!i:;f;_- Table l, Fig. 29f 7Jc!. 
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41•1.x.t'f>J, Enedrics fangi(\Vang and Wang) ltff.il\J<ll"l If!®';) 11-lli§li!jj!,] 'fr~ lilf')t 

Table 1. Developme-nt of meristics of Ene,!rias fangi 
Fin-rays Vertebrae 

BL Sample 
(cm) size 

1. l 

1.2 2 

1.3 

1.4 

1.5 
1.6 

1.7 
1.8 

l.9 

2.0 
2. 2 

2.;; 
2.-! 

2.5 
2. fi 

2.9 
:::. 0 
::;. l 

3. 2 

3.4 

3.5 
3. 6 

3. 7 
3.8 
3. g 

4. 0 
4. l 

4. 2 

4.3 
4.4 

4. 5 

4.6 
4. 7 

4.9 

5. 0 
5. 1 

2 

l 

2 

3 
z 

2 

3 

2 

2 

4 

5 

G 
3 

2 

2 

2 

2 

Dorsal 

XXll 
XLV 
LXXlX 
LXXX 
LXXX 
LXXX 
LXXX 
LXXXl 
LXXX 
LXXX 
LXXX 
LXXlX 
LXXX 
LXXX 
LXXX 
LXXXl 
LXXlX 
LXXX 
LXXlX 
LXXX 
LXXX 
LXXX 
LXXlX 
LXXL\ 

Anal 

4l 

43 

43 
44 

44 

42 
44 

44 
II 44 
II 44 

II 43 

II 43 

II 44 
II 43 
II 44 

II 44 
II 44 
II 44 
I'i 43 

II 44 
ll 44 

II 43 
I[ 42 
II .,s 

Pectoral 

9 

8 

l3 
13 

13 

14 
14 

14 
15 
15 
15 
15 
15 
15 
15 
14 

IS 
l4 
15 
15 
14 

15 
15 
15 

MH~ 14mmc-.) ,,q %{.- c,t ;:1 i'i] 7J uj o1 c] 'C ~

*c-Jl id] <5}ci -c :;iJ.--c l _\ 7_, HF~ 2: -'j.9.i ~ 0J- ~-c.~ 

<?_f7J: -'r] oi] -$j .oi:) -tJr}. Ai..'.:.::1 :-:]-t- JWI;,;]~c.7 o) .9] 

,t,~ 0-1"1, %8,1\!lH:- T/iit'i'/o:} ,c_,J>',¾"-1 1!1,_ 

~Jc;J ;,:--t-2..- ;,(j~£ ~-;;;Jo--J 5_(j--:_, JlIF9 "2.-?;~o!] 3 

-4,8, 7f,;:- 0 1 .<-_oi 0 1 ,,i::,;:c s: l!\UllJoJI s_ SW 2 1 
:r' (sJ;II!! ,j 1 ,q i'f.j'[>J:Cf(Fig. 2- .\ ). 

!11'!.K 18mmO:l +tc lll,'! 7 ].'-.c1 r.J sf :',}thf7] >) 

7-J-~}nj, 5'.e] al 'ccei 0 PI fll\JJV} ,+c}cJ:"} .. '!!\tel 
$JI,!~ !4mm.;)Q} :Qc}(Fig. 2-B). 

Pelvic 

H 
l-J 
l-J 
l- l 
l-J 
l-1 

H 
l-1 
l-1 

l-1 
l-1 
l- l 

Caudal ---
Upper Lower 

4 
5 

5 

5 

6 

G 

G 

6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 
7 

7 

7 
7 

7 

7 

7 

7 

7 

7 

2 
5 

5 

5 

5 

5 
5 

6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 
7 

7 
7 

7 

7 

7 

7 

Abdo- Caudal Total 
men 

33 3 36 
32 4 36 

32 4 36 
32 5 37 

34 25 60 
35 40 75 
38 45 83 

36 48 84 

38 48 86 

38 48 86 

37 49 86 

38 48 &6 

38 48 86 
38 49 87 

37 48 86 

37 49 80 

38 48 86 

37 49 8G 

37 49 86 
38 48 86 

38 48 87 

38 49 87 

38 49 86 
37 49 86 
37 49 86 
37 49 86 

37 49 86 

37 48 85 
38 48 86 
37 48 83 

ft);[ 24mmci) >i -t- -%->) '=- ,j nj £} -,;! 0<) .'-3i nj .Q.j 

J}{;t7\- ifE-\-l..-t7] ,tjA--)-<S"L--ir., 2i2t:].::.:]~::..i;~Pl ~71 

'"-l'- JQ,j >J s_ "ii cl¥ q(Fig. 2-C). 

fflR 31mmoJP1~ 'i;->j'ccajn]7}79-8J,j,-',) 

7j 'cc,1 o] 7f 45-46,8, 5'.e] 0<] 'ccej n] 7} 14,j .!,.. 

:;i'.JtoiJ 0Jsf"'i. 7Hc"l '=-"1°191 i!llfli:£ 13,8 ,J 
5. ~AJS:1 6 1 ;;jc}-. ~€:_~@.-t- 3.:---11 ~:ft~~ 

"
0J i!ift'l1"-I 'll'IJ!JJ"1I >85'.¾ ~fs)l;Jla!7f ½<J 

<5-..J~, tf~ PJ:t:J:-¥-i::- ~o--J A] 7] A] A-f q!-tl(Fig. 2 

-.)). 
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@ll ,(£ 'It . '1, 'iJ- j(i 

A••-·~ 

G (!~~; • « -------::.. 

"#:;"iffe~~ 
Fig. ~. DevPlopmcntal s,,ries of Encdrias 

fangi. 
A. Postlarval stage, J4mm BL 
B. Postlarval stage, 18mm BL 
C. Postlarval stagf', 24mm BL 
D. Young stage, 31mm I3L 
E. Young stagP, 40mm 
F. Young stagP, 50mm BL 
G. Young stage. 60mm BL 
II. Immature stage, 94mm BL 

ffll~ 40mmc1)/7 1/f';';->i _L_c1 nj -::C 15<1ii:!1,, ,q 
"i-'=-<1°].;c, ]@I( Jf,zfff:-;,, ;i!!J!;(o,] t,}cf_,:,_s_ 'r'.·,] 
-'=.c]n[7f )i'.floJ[ 'jftf;,;] '(!_cf, _,_cjn_.'i'_ oj cJ 

7117f ffi:,(/(l!l).ic. tHl<I '2 >I 7[ of a· •j 715oJ_tf. ,';!'\ 

-€s;,~rnfg-t:- -5?-Jf;:i!} tJIJ[ff}r.~1·f 11-¾o!l 1 ~.£-;t- lf:}lk 

.9I c! ,j _,;,_ 4-5,~ 4[)-cluj, 1/!li)!JjSJ JErj,'l!iloJ) 

.:,:--f-~:- ,~1,~,4;l)fil7} o,_]_ ?J_~ 1..-}F}1,,Jc}(Fig. 2-E). 

!l\'lR 50mm~l ,,q -" ;; ,J -'=.c1 P] J;l;ril;-'/-¾, I!!! 
1lii)s] ]Erp/;)! 0J -,\ 7 ]-'=.C1Pl J;\;ll\'.:oi]>i >t-:'.- ,~@ 

;,l)l'aJ,f ~7]6-] cfrfcJ:tr(Fig.2-F). 

fflR 60mrnof]>l-t- ®$oil r.t-t ,'.li:/3;/sllfll7f <--) 

El '--L""- &l 1fuPI .'i' ('J ,,I; ll'll-'c Ill! r\1 lll!, 1E 11 /;J! ':\! 
-';J ;.(1 .1:::..24 i:i1 .1}:;Lit-1:-1 .. ~1 rrrt0.m~ tJ,,.?j iiJ:-i::}. mi 
:ge~- 8Pt'"6J- -Z- _;,:j_JljDJ] j,~.g-2,.5'. :z--J---2.- ici]~-o] 

cf,fc;ftf(Fig. 2-G). 

fflk 94mmo,],+ec- ,'!!\(s;li;Jlfll7f -~-"i-'=-<H 1i'i 
/il;oJ) ll'l" S'. 0J~.ie. 15-)6,jyf "f,;,! 0 ) 4Efcf 

2, llfi'.'1111£,J11,,!-~ 'P-L>~.£ H'J".'J sJ ;:i;',~;lillfll 

7f -'r~tfu1, -,)7]-'=.eln] 1,lsl!l;oJ].SC_ ,'!'\f'l;f;lfcl7f 

H7~-~.S.. L~F} 1Jc}-. xel A: ~-e~ "] ~-"f--;f:"c] 

JcnjtHI sjo] 9J~n1, t'l;l;>I '!,,,f u!l:.«,sl
"11--,f~I OiJtf .. ::1.e7_n__;,_ 94mm ,J-f_Q. ;4',,'l:,(I( 

lll]oil 'c:617,}tf_:;,_ ,~ ,-;-aj_ cf(Fi,g. 2-H), 

2) l!f/%21 !i1'it 
~Ill)_'£_?,}-;;,;).?] _ £. 7] -<j 1:}oi] 9J o--j ,,:i fl'/},~2] ~ 

it-~:: lfilR:of 0 1 .o•_tf9 --'-- '-1-:/:-½.sJI cr-AtfsJ, 
tf(Fig. 3). 

~ts: fflr~-t- ~:ko;l :tj ·J!c·i 5~10. 5~~ 4-~
c] r..}-. ..li!.14 ffl];_;ol 71-1:; ol] i4;:} t}!c. ~iGj7~ 

·67}t}~ .AJ-tA6J rL 
llJi¼:UJlKc.-lli'.lkoJI ,jsfol 10.6-17,G'd + 

·C(\1pL ~?:Jo\] 14~ ~{t-C -:½- "'1- ~)~-l. 

/llH'l': /lil/1,L:'_- ll\'l_!.,oi] ,ij Bfcj 2. 7-5, 7"; -7'~ 
c]i.:~, /j 7J-ol1 u} r_ i!:1l::-~- -l T ~t.'r. 

,2.i•]c,].'=_[70[ 7Jc[: fl!lJ-;io,[ cijcfcj o,s-10;; 

-f:.·t-cl n'1, ~R 25-3Jmm 0 1] ,<] :Jz; ~;1: ~{t-~ 

':[ -:<;;,; , _,, ... ,', •'' ,;.::;'; .. ': '! ""'' ,.,, ,:, 

:Oi ,;:,!•! , ,,,,-, :-'s';-rts:-' ,-.,,-.,-,;c-::----, 

-:-1 :i .. : .1 •••• 

• : :::•::i:,:\lt;,::.:: ;,•:.·i'._ '.~/•'•l 

... ;\ ;, .. ,i· 

·i.,·-.,. . • • . 
• .. ,:: :i'rfl ·. · ·: •:•· 

f'FL/S L 

AL/St 

PAL/S.L 

Cl'\. /S.L 

E 0/$ L 

H L /S L 

::[ .. ,,,, .. , .. ,,,,,, ,,,,,, ,,,:;', ' 
•. ·::;.: ii H/S.\. 

2 3 4 5 6 1 e 9 10 

STANDARD LENGTH (cm) 

Fig. 3. Changes of body proportions in relation 
to standard length of Enedrias fangi. 
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t,l-E}L-tj.J'- 'J}t:-}. 

"i' ·l:· 0 I ,'·oil >I /lH'l nH c: cl. 0 I : !l'i'J&: o'I ,11 ;;f 
0 ~ 50~58% ?-J_·_Q__\'_ fltl.k 25---<JSmm.?] uJ 1) 

oil sj CJ. ~1t 7} >J tf 01. 
ncr'J~I >I TijciJ{'7lf"i .Si 7C "i : @J.d clj sfo1 

41.5~5o~; ~r-~o]l:"i, 25---85mmo;J 1-7 ~{ti~fil<:1 

,..,d"6}t:-}. 

7f'\'.;·7lc..c.C] 0 1 7J.cl: ill'i.R~] cll~}61 1.0-9.Q 

% 4--f:-0I r.-j, tm:k 25-35mm~l --:] -"J-7i ~J- ~{t 

-:- 4r~L-t] :I.'... ;?) i:}. 

:l) BJl:lll,'i"il:'i'l'(Cephalic sensory canal I 

.~i.~~l EZ.ffr,Bi:~t'S<'l- ?.:-z. B"fifll: 0 1] ~H:t'1 

'0 tf .. -, 1· :li1a1lJ,&~'fl'<i %!lll"f ,B~tftLWl.;c. 
:((lJi'l.e: :i1%jjt,'i'{ 6 ] 5171cc. tf7] nJ oj cj ;I T"a 

-t ~ 0.!j2..S·. "%-uJ::s:Jo1 5)-1 1 nt]-:{-cil ... J~t<)}7]Y} 

u~~ 0 ji\Jtf. 221'-t :,j;: liff1,;oJ]-"i-i"' 1./;/'i/tol] 

.91 t}oi ff\1!.D: 60mmo1] ,,;7 .:;;}-¥~ 4- 5') '33. .J'., t!Hft 

oi] "1-2f .'l'l', l!IL!:'fL, llll.T'fl', llll.tHllJ'fl', llll.f& 

f&ff, tJtlffitl', T"1'lt, illl~~;'/i/'r/'~ . .5'. -,'·,¥:5JnJ 
~Jlilll4 ': .!/-·:.C½ rj,,1)."..5'. ",i:"JA:1 tf(Fig. 4). 

J,l.'J'r(Nasal canal, NA)~- -'r·:S- 0 I 6i] ,<-] Ill{ UL 
»f7] o)nj, 2,ij.S] 'j'-"i)o) ?J tf, /!JtlJl(Supra

orbital pore, SPO)t- fi.&J:'J'f32}.<?.1 ;.;,] iiJ{-¾o] n~ 

1,~.ej 'T"il 0 1 ~tf, llll.T'i'f(lnfraorbital canal, 

IFO).~ -:t~l uJ--¥--:t-&- -t-2-~~}.=i 1• 5:1.'C ~--1019 

Fig. 4. Semidiagrammatic drawing of cephalic 
sensory canal pore series in Enedrias 
fangi. 
APO, anterior postorbital canal; IFO, 
infraorbital canal; SPO. supraorbital 
pore; MN, mandibular canal; NA, nasal 

canal; OC, occipital canal; POP, preo
percular canal; PPO, posterior postorbital 
canal. 

6,,~ .-;:1 -7- 1i ~1 '.?} i::L [lFHi1JlJ¥f(Anterior postor

bital canal, APO)~'.:- !UJ·.f'f.,i} [ll~ 1::rr,21 °j_ ~ ~

-~-~·c'.-JJ ,.q l!f/;'il)c') ~~~1J7'~7.]ci:::j 31Hc:i) TnJc) ~ 

1.:.}_ 

l~H-SHt~'i''.i:( Posterior r,ostorUital c:rnal, PPO)-2:

.J·. f~~jJ'!'~l':-~-I :-'.] fJ·-\l--2:011 -q l&ffi11Yr~:zl0]u~ 31~2] 

.-f 11J <:] ::,Jr}_ .f&!J.Wf'f(Occipital canal. CC)~ [!R 

1&if21 -•:,!s;-_c_~~ 0,! ·~-~1~ 1-.f.JJ)II:!'f'J•,~; ~j ~l-1--t 
ol]ll ·'2-~--~--~-~ f1d_-t}::~. i:,,H-~: -J-:::J 0 1 ;),~. 
-f0ttf(Mandibular ccrnal, l\·1\i)-2. 1 ; 1~ oi) ;:~ ~~ 

i'OfHAnicubr) -'f-]-f·/1] ;;:] "~-- ]"1l-d"1. -1711 £1 T 
~ 0 ] '.?l r]._ ~iJ~!~.rtll\"(Preopcrcular ca113l, POP) 

:ot Jisl trM6'] .oJ:t;' iill,\:-2 lll'llli"l --'J ~J-oil 

'4"-f"i ?5- flllS•sJ 1Ht u.! i1'1tft"1-\c- '1 7 I"} 
%i1..~~it;;. q,,C."._'i'. ,x1r · "'1lfJ-el ~llil'J ~t!i 
ol] -"1 ~f•i 1111.~t}:d t}. 

1) ]Uj]i!['ft(cranium) 

frJi:J::soiJ «f.\'c lffi,f,'fr<! 1Ht-'i 7] •;J lffl:Rc,jl '4 

.;'- Jt,fl!l9.] !l\!1t-t- Table 22f Fig. 5Sf 7,j-t}. 

iillllH'rol]>i ~Hl·-"--" tl'it"l-i7- ,lt- /,llJW/•i'r 
(parasphenoid)-'2.-'1 !HIN 20mm c I >J .'!j cJ:7J]olJ 

-'i 6 In] fr1c5J cl, lt'lk 24mm >J-f-ol] -'1 lil'1t1c 
5j oi 7J:tf. x·&J: c) ~ IIIJJ'fl'(vomer), \¥1'.l'.f(fron

tal), ft/,U/IHrCexoccipital), r;,;1,rd;i<i/li'/t(basio

ccipital)cl fJ-{ts,j 71 +'-hf"i, 40mm 7J-t.sc 

~'f'r1t7}- /].:<}.s:J_c}. c}-g-.2_.s:_ ,iitft~'"C j-~ firff 
11'( ethmoid) 0 I ll!!J'Yf "-I %) -1--1:oi] -'i ~1Jll!Tl1t (pre

f rontal) 01 -:r.ei ';/··7-¾ol]-'i 30mm ~iJ,itoJI 1t{c 
7} "i 7{5j <} !:rt,'8' :'. ill]!«i'l}-"..tf ':i"i 45mm ,J 
:f.£ f;J!'Ffft:;}- APJ-~:12., MIH1'·~ 55mm ;:J~ 
Sc lil''l'r1t7f -'l 7{5,lc}. Il!U~1J-(parietal)~ l!l!it 
2] -1\l J/--:/coil ,,<i, l'l,J:f 1t(sr,henotic )-;', !'l!lf 1l-21 
ilil.tioil, !l!!lf';i'(pterotic)-:"- ]Ujlli,'1,J-2-] J'1-{jtfllloil, 
J:Il>1J-(epiotic)-~: !li'll)'iff-.ej f&Till,oJl-'1 35mm 

,,i-t.5'. 1HC7} ,J 7.j-s,j9, .5'.-'i'- 55mm c)-toi] lil' 

1t{t7f .,.ltf. 0 f,l"-r-"-.s'. llJhll:'it"I 'li<lllloil .!:{it 

i!ll'l't(supraoccipital)o], lfli"1.SI ilil1llll!H •m 
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Fig. 5. Development of the cranial skeleton in Enedrias fangi. cartilage, white; ossifying, 
stippled A: 14mm, B: 18mm, C: 24mm, D: 31mm, E: 40mm, F: 50mm, G: 6,;mm, 

G': 60mm, dorsal view of cranit m, G"': 60mm ventral view of cranium. 
VO, vomer; ET, ethmoid; PF, prefrontal; FR, frontal; PA, parietal; SP, 

sphenotic; SOC, supraoccipital; EXO, exoccipital; BOC, basioccipi tal; PTE, pterotic: 
EPO, epiotic; AL, alisphenoid; PRO, prootic; OPS, opisthotic; PS, parasphenoid; 
NA, nasal; PM, prernaxillary; \1:X, maxillary; DE, dentary; AR, articular; PA, 
palatine; PT, pterygoid; MP, rnesopterygoid; MT, metapterygoid; QU, quadrate; 
SY, symplectic; HY, hyomandibtlar; OP, opercle; PO, preopercle; IO, interopc:rck; 

SO, subopercle. Scale bar: Imm 

'lt(alisphenoid)oJ, W/<l',"21 ll1Jjll)Jlj1'l] llll:E!='il'(pr
ootic)o], ll/j5'.SJ f!IJ!l1l11J,!,;oJ] f&:Ej'.ff(opisthot,c) 
0 1, f:ili1'r-'-I ~ J/-¾oJJ <7 4'/!l'(nasa])oJ 40mm ,;[ 

'f_\c 'l1'ft7} -'l'-J-s]oj, -"-'~ 55mm ,J{--". lil'/!l' 

1G !\[ rf_ ,::z.cJ :;,_ frf/)l,;<>l] u} :' Jf?.fill!il'{t-l=- !I!! Jlt 
60mm 0 1•}~1"1 2 ·3:-"'1- 0 I c,_Jn]~},:J 4FfcfE_\c 
sJ -2-"J"J~f 7] -l=- 61 'J rf, 

2) '.;,/1'f(Mandibular bone) 

'.,l1'f-:'c 5'.·",C liffK 15mm '\!'¥-~Ill ft{t7} >I 
7-f"l9, fl!Jli: 20mm ,;[-fo;J>1 );:;'Jl;} @!1Nt"1 
<}(Table 2), iel 2 J,xkcil uf{i- %'!.~"I !i1it 
t:" Fig. 6, 7.:il~ 7J-t'.L 

l!!'llllc 14mmoJl"1 :tl:'1\1/'(maxillary)-:'c 7)-'=. 

cfeJ "tcJI 7J,'i'. 0J', iliJJ:'lll,Jt(premaxillary).:'c ~ 

%..2...S:.. iiJ,,:jsJt}. )iif(dentary)-2.- C!.-r7J: k~ 7-=l 

·<>J: 2cJ tA 0 ] Pl, !Ujfli'jfr(articular)-2:- 2J,l-f-~£1 ¾ 
~--}c:i] -1-:l-°a <5}t}(Fig. 6, 7-A). 

11!'/fl 18mmoi],1-t- i'JlH.0i1'r-:'c 0f7J -',-7'!,;j,J 

z, ~1f-2:.- ;,}.;:=.t:}tcJ: o]c:ikc] 2~37A ~Aj5']7] 

' 

--<I ~t•JA, _-,_ s]-e] -'HI cil >1-l=- fcl,@i!i!it,f cl <i 
~ rf(Fig. 6, 7-B), 

IHHi 24mm 0 ,l<l-c:· .!' L",lHFI '.'i';;· c- 1:iJ 1.'i! 

'i'r"}-'-1 'J v J/- :!:"'I 'l'H/1°I -,""i <1 -'I c:c m•i}~I 
Ai{:- o]llll,J:f'] %:;-lcl T¾tLt~ fliJ 1:i:i;{f]-_!i!_r~ 0 ] 

lf~::,] ~~21 ·OJ~j\J~}. .:.E:~J- ffflflllfJ·J] .'f]-\':.-S ::~ 

-~5}7-1] ½½!i-J n:!, jfJrifl-(angular)91 tJ cA 7} -1-i;l 

•B "l rf(Fig. 6, 7-C), 

lffl.U: 31 mm61] .{] ,2-- fiiJ J:: wt1t0] L 1· 2] _T.:_ 0J- _si__ 

.£ s] •j/1 -{j'-0~ ~1-:-=:- -Y--l::_-o] ·7-"1 .$.] ~1.L, MfJ•ci] 

-,t:- 0] 11ftc) 51H ~.I.. -:;~,,:jsJr:' .. C']::.H ffJ,?f·5] ~ 

4--~c] 6-{7..} ½·€.S:lr}. .:ii:l ~L- IUHJt;,ff.:::i} *'i]·£1 
0J~ol] t:!j ·j/- \<] ~ff (Meckel 's cartilage )c 1 "i 
<l '<! tl(Fig, 6, 7-D), 

ffl'H~ 40mmoi] ,:7-2 }11J J-: 71tl'ffG-;1 -5:~ -~-.2.. 5:.. 0 1 'i 
c] 1-278 "/l"j\\<}. 0 Ja\J il!l'lf·?- 0 l~,J:,-J 7~8 

180]_1~, ·0}--¥-&11-2- ~i-?:: -ri::J:,l ,,j 7 ]r:1, x~J ~ 
MH-1'2\ -'tl-1--:to:.J.5:.. ;;:__;.-;._ --r~ 0 1 tJ-\~5J:--Hfig. 

6, 7-E), 
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Table 2. Sequence of ossification in larvae and juveniles of Enedri• fangi. 

Element 

Cranium 

Vomer 

tthmoid 

Prefronra! 

Fromal 

Parinal 

Spht<>noiic 

Supraoccipi,al 

Exocripital 

Basioccipital 

Pt erotic 

Epiotic 

Alispht'noid 

Prootic 

0~i'ithotic 
-

l'arasphenoid 

~,1sal 

.\fandibular arch 

'-faxi llary 

Premaxillary 

Dentary 

Articular 

' Angular 
~-

Sus1-1tnsorium 

Palatine 

Pteryqoid 

'I P<;optery~;-jr{ 

\kt,ipti·f ygu1d 

1..Juad1 ate 

Symplectic 

Hyomandibular 

Opercular bones 

Preoperc1e 

Interopercle 

Opercle 

Subopercle 

Hyoid arch 

Glossohyal 

Hypohyal 

The initial ossification of an element is indicated by X. 
A dashed line indicates that an element is ossified in some, but at all, 
specimens: a solid line indicates th? element is consistentl., ossified 

Standard 1enght(cm) 

0 I 2 a 4 5 6 ' ' " . ---·· - .. ·-- -------

x- ·------

X·· - . - - - - -

x-- ------ .... 
- - -x-- -- .. 

)< - -·-· - . . - -
)< • -·--·· .. .. --

·-·· 

x--- ...... 
-

X ·····--· .. 

X· ·-- --- ... -

;.:---· 

x· -- ------- - . 

x--·· ··-·· .. 

x- ·--·--- .. 

x·· ..... 

)<-· 

x······ - . - . - -

X 

1/. 

Y-
·---

- - - - ---
' 

10 
---

- - ------- ----- ------
.. ·-

! 
- --- ··- - -------

X· -- - -
... _____.._,.. 

: X .. 

>:-- ··-- .. 

x- - ------

X······ .. 

x---
- . ---- .. 

" 

X - . - . 

X- .. 

X--

X ... 

'/. -- -. ' 
X - -- - - - - - - . 

j 0 
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EJ.,.mrnt 

Ceratohyal 

Epihyal 

lntHhyal 

Rranchi0-;t,·.!:;1I r:1\ 

l 'rohy;iJ 

Gill archt·!-

0 

-------· 

l'h<1rrng1al t,-i-th I l'pper, 
>------· -· 

, Lov. f'r 
... X 

X· 

Standard length(cm) 

3 4 s 6 ; 8 9 10 

----- -------·---------, 
. ---------·--·------

X-· ..... 

X 

X 

X· 

---- --- - ---
--

----------·----·- -· -----

- ---- .. ----------------1 

f--------· --+---·----- - --- ---------- ---- -- . ____ __, 
Ba<;1hrc1nch1al X 

-·----

Hyrotnanch1,il X· 
-------- -------- -----·--------

C f'tatnhranchi;1 l 

Epibrdnchia! 
e-------------- ---

l'haryng<,hr anchial 

Gill raker 

Vertebral column 

X········-·-------------·-------l 

X····-·· 

X······· 
;,(- . 

Crntrum 
------+--------

X···· 

Haemal spint· 

Neural spin<· 

Caudal '>kdHon 

llypura! 
------- - - - - . --· ·----- ------

Eptircil 

l 'rnstylt- bunt' 

Cn1dal fin l Upper) 
, Luwer) 

------- ·-----·--1---
Shtiuldt·r gird!, 

)'. 
------------

)'.· 

X 

X-··· 

... 

x
x 

-----------

·-··-·-·-·---·------·----·· - ---
---------·-----------1 

X·· 

---------- - --- ·-·-·-- ------·--< 

X 

·-------------------1 

-------- ~·-----·--
Clavid1· X · ------·--------------------------1 

X······-----------------, 

X· 
ScJ.pula X 
!\{tillm,t X·· 

Coraco1d X ------ ------- ----------1 

l'l'ttoral fin X· 
!'ch it g·1rdlt" 

f-----------+-------· 
]',·Ivie bum· X· 

---+--· -· ·----· 
l't Ivie fin X ----------------------

f1ur'.-.al fin 
f-- ·-----·- ----- ---- ------ ------------------·--------j 

Fin r.iy i spin<" J 
~---··------- . 

!111,·rr1t-ural <.pII\P 

.\ n-1 I fin 
----

Fin ray , ~pi1w 
-----;-~oft) -

lntt>rhMmal spint' 
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X 

X 

. --- - ·- - ----------·- -

. ----------- - ·-- ·----

X --.:::-_-_-:_ ·::.::.::.·::.::.-.-----.--c==::.===·=-=1 

--·--------·~ 

------·- ---------- ----
----~ 

X· 
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D 

~•l.x.4>], Enedria, fangi(Wang and Wang) !lff.(Uil-"1 )tit!,:, 'itfliliflil"~l ~HJ: lill"le 

..,,,;.s;..:.__ 
B 

h~v 
E'----

~ 
C 

G---- H---
Development of the upper jaw ir Enedrias fangi. Fig. 6. 
A: 14mm, B; 18mm, C: 24mm D: 31mm, E: 40mm, F: 50mm, 

G: 60mm, H: 94mm. Scale bar 1mm. 

~~ 
---- C 
~ 

' 

E 
~ - ·.-,,~ ' 
... ~ .. 

F 

Fig. 7. Development of the lower jaw in Enedrias fangi. 

A: 14mm, B: 18mm, C: 24mm, D: 31mm, E: 40mm, F: 50mm, 
G: 60mm, H: 94mm. Scale bar: Imm 
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ffi.R 50mm-:>1]A7,t- lJtrJ:.~·t'fo1] o]a~::1 51~7'.j 

.£ "ii ti!C/'i, o/•A @•/i/'-"l o)'I/:-€, 14-]5°j_1, 

iJ-;:j ti ~ 7}sJ •l 'J% '-1-<H! cl(Fig. 6, 7-F). 

fl!N: 60mm.'.>1]Ai.t-- MJ:~'rfY-1 <']~~~ -J-~<:l 
~7}<5}°'j 15~1678 7} ~ 2, HifJ-£] 0; ~~£ ,Y.::.. 
o)2} s):xofPj, ';j,j~]"' -i"c !il!itcf 'jcf(fi,. 

6, 7-G). 

ffl~ 94mmoJ]A1i::" 0J:~ o]~llt.£.] Ti:- ~{t;} 

'?J..2..4 =1...2 ~*<S}ll1 ~ticl, i..-}rcl:,:\ ~tB-& 1] 

,l) "i--6...£ ?i"oJ Al cf(Fig. 6, 7-H). 

3) ~JE1t(Suspensorium) 

'!!\:ll!'l't-l'c -,ll(D'J -'"-!is. P lill!l(palate) 9 f ~ iii ;;i 
(opercle)~ TAJ o}.2., JOC~o;] ~~-& 'lfr'{t,;] ,] 

1§J %fm.2.] ~Ji-3:- Table 2, Fig. 8:} 7J::}. 

1tit-'/7/-l'= cij>1/-" fllel'/l'/lli7f r::i&a'll-"--" e.f2_ 
9, jJ'J.ll.!~it(opercle) ~ 15mm AJ-1·£.. 'W• ft 1} 

.A]A--fJ]::i.1._, 35mm :;,:J+.5:. ~~-1--E.1 ~!.l!itft 51 ~1 
72:C}. sfuj "] ilu~f12!dt(preopercle), f!ll>cZ1;1!; fr 
(interopercle), f!li.ll:!.1:1.F(suboperclc)-~ 30mm 

7J-r-~)"i 'fJ·{t:.o)c-j.-:]r:l, ,Wmm 7,i-·)-----!,,,:J B!'ff{t 

7~ ,-q~.:.;lrL r:::J~ffC~lA7 3:]3:..£.. •t1'{tSc1-2 ?-l-'.?.

;IJ1t(quadrate)7f !lHl11'(sympletic).:,Ji 25n m 

--tl ~: ~:1 'if-{t s-) i::j , -10mm c-] :f_r_;) -~1 f:9.! 1} rt ~1 i: :-. 

,, ' ""' 
'\., ,/ \~ 

~ ... ~ 
D -~-~-.--- I -~·- ... 

~ . ' , 

Jll:t\:1't(pterygoid)-1'c 30mm 0;l-°f-". 'ltit,].:c., 
45mm :;:J-1-£.. ~it11:>'} ~)"--f3tli:+. i:i}~]P-{.2_~ 

P .i/li11'( palatine), q, ll!l:t\:11' (mesopterygoid), fit 
f(;jx-jf(mctapterygoid) ~ ,';'';!11\'(hyomandib

ular) 2: 35mm :;,J.--".f.£ 'fr{tsj1r.j, 50mm c1::-Jo-;1 

'11.!/-¾ µji'i;Htsl cf. 

tiZkD!) uf-E- !l,!,JEtr-0 1 %filHiflit-l= 0 f-£·-"f ·;; 
to}. 

ffl.fk 31mm~jA1 2 ,£-:ri-{~l -T~-s~;z]~, /j'tf 

:cf lU!!:lk'fr, !l'f~1f:of S,'1!1!· 0 I i!J:1l--"-,(i ,_1-~ 

£/<'j 'iJ:i", f(:t\:,:'fJO\ rj1J!litJ;'f'rol Lti'cltl "~"""Bf 

7-lj -cj--<Jstc1 ;']_6 _P~, ffrJ~~tf ~oJ! fMJ{t,f:{['ftLI 

:t~~~•;J- "J "'i -ntllli1l- 0 I ',J "i sJ_cl(Fig. 8-D). 

11\'lR 40mm"1/ !7-;c- l,·";Ji'f'r rj,:,R:"1] '-1--::C T"J 

•I ~1"1~, ~~ ~-~~ a1r-"~ 1~~ 
'r?;l tfoj' <} 0 1 >] iHil<':· !il'it7f \il ,}(Fig. 8-E). 

fflk 50mmo1]/·i-t:- 6~tff9i tJ-lf-~-o! !l'..~0~ 
li1 ~·t'.,] ~1., T1l!.'em:11' ~-¥-~tc1 -7d ~<5};1] %½ 

"i '"I "I "'-1 tJ:tf(Fig. 8-F). 

WIL GOrnm"'i"i-t- }jfJ-.cf tliWil/'.ii', !l'f-!1/f/
.-::} 5'~11t21 ~,-~J:,,} ·"f.~"6~:(]_",,_ -J;.•0htr-·At~1 
:tl-~S},Jj -~:-ti:-\l .t(¾21 -?-r::]11] S;l_r:}(Fig.8-G). 

ltL< 91mm.:I) ·(j -~- ,,~·~;,]'::~ *~Mx 1PJ-, :ft:~1']--

Fig. 8. DeHlopmrnt of the susprnsuriun in t:ncdrias fc.r:1-(,. cJrtilagt·, whitt•; ossifying, 
stippled. 

78 

D: 31mm, E: 40mm. F: 50mm. G: 60mm, H: 94mm. 
PA, palatine; PT, pterygoid: MP, mrsopterygoid; MT, mrtaptcrygoid; CW, quadrate; 
SY, symplectic; HY, hyomandibular; OP, opercle; PO, pnpt:rck; W. interopercle; 
SO, ~ubopercle, Scale bar: Imm 
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'1!~1.5'-a.\->1. Encdria, fangi(\Vang and Wang) llH',j\\Jl!l•l Jfft\l o1 'rttl\li!llH 't!l:J: lvf~ 

D 

Fig. 9. Development of the left hyoid arch in Eneddas fangi. cartilage, white; ossifying, 
stippled. 
D: 31mm, E: 40mm, F: 50mm, G: 60mm. 
GH, glossohyal; HH, hypohyal; CH, centohyal: EH, epihyal; IH, interhyal; 
CH, urohyal; BR, branchiostegal ray. Scalt bar: 1mm 

co} &'::'flffo] '>J:sJo] -l':2]sj.2, P:illtff-"-1 -ii-.!/--:/: 
-2.- iitff'~l A,}E~ -~ \}o} .9} t:}(Fig. 8-H). 

4) ,§-"}(Hyoid arch) 

-5~21 AJ 7J-oil rt}-[. ft{tA]7l ~ 'q!E8s] i!ft 
~ Table 2, Fig. 9~} 7J't:L 

Ii" ~-"-I 'i'f {t-2 ll/l &it(glossohyal)-£, ;,i] .2j ~ 

4"1"1 1!\19--:'.- 25mm sJ+oJl>l, 11J!lli"1t·:'c 35mm 

e<J+oJJ•<I fr{tsJoj, 45mm s;i+.s'. ,j.J/--l': @'•ff 

{tsl ,f. 
ffi1,;'c,j "t~ 2 >j El] !OJ !l!{t{', 

1f.:':- -6)-l:IJ-~_s,_ 0..}7J ;Jl-~ii'}7il ~-€s,lr-}(Fig.9-

E). 

IU~ 50mmc,J>1-lc T3''l'l'ol 2,~-"'. W,:9-sJtrl, 
rfl~:ii?-& <5}BJ-2£.. ;Ji*Z>J -€:_-t~ '}i_.A};'] ..£. 0J=ol 
s]~::.., ll@r.5"'/1'2] 's£4-¾~ tl:1t..£. \;o};).t=l(Fig. 

9-1'). 

HR: 60mm0!1'1-2 fll3'il':o} J.: 3'•i'r 0 I -:/:el 51 
tr!, '-tn-1-"I llll5J- :'c itiml1iil'ft7} 71"-1 cJ. 10tCFig. 
9-G). 

c) ff).'/;~(Gill arches) 

e.u 3lmmo;JA1 :& $~)-£] -£--'1.f.~ -'T"s¾ t}::rL ,~~-2.-- 5¥J-.2 __ ~ -7"Ajs]pcj A!NMM-~ ;,}AJ. ~~Jl 
f!J ,5·'\t(ceratohya!J:o} l ,';-'l't(epihyal)-2_. 0,Ht sJ 1l--:, "1] 5!-ri1 s} •J:-'PI Tl1J!ll!ll1l' :o} 7iJ 2-4iF} 
o1 ;J.2, ~,i;-11- 0 1 t!tc-Ji~-"'. J'El&ff' 0 I 0,i"d5I 0J,t-¥-~I 3~-"-1 ',tJ,- 0 1 llR-fr-'\1. 1:iilllil/l'l'r-"'. 5l"1 
o-] ~)~;. MiS°'ff(interhyal)-2:- 1:'E'~.9-] -31-'f-¾ ~1~. ,,;,f;-:J·oi~ '4{:.- it{t,,:]7] t;! ~Roi] :.t}-E- ~ 

oi] 3:._--,_;:,J '.'{°1~ :,,] ~ 0Jc_r-,_~ %BJZ'.;] &j 9} ~;__, ~H!~ 11J ~I ff{t.t- Table 2, Fig. 9, 10.:il} ~:::j.. 

'ill-(branchiostegal) 2- S,,J _,,>_ ;'.:f'{o;J \!-tJ, f(Fig. ~)",oil >1 ~l f,- 'iJ'{tsJ-2 ".;!-;: llJ!lliJjJilt(pharyn-

9-D). geai teeth), ftl!~t]-(ceratobranchial) 51 1:1,!-'il' 

lffl:i~ -lOmm>JJj,\c f1J,51J•c'f l:ciir 0 I ~'fr~ (ep_branchial)o]Pj, 15mm sJ+-"'. 1r{t1/} ,pi, 

- 3 9 -
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~ G_ 

Fig 10. Development of the gill arches of Encirias fangi. cartilage, white; ossifying, stippled. 

A: 14mm, B: 18mm, C: 24mm, D: :nmm, E: 40mm, F: 50mm, G: 60mm, H: 94mm. 
BB, basibranchial; CB, ceratobcranchial; EB, epibranchia1, 

Scale bar: 1mm 

A B C 

I 

D 

Fig. 11. Develorment of the outer views of :he first gill arch in Encdriaf fangi. cartilage. 

white; ossifying, stippled. 

F 

A: 14mm, B: 18mm, C: 24mm, D:31mm, E: 40mm, F: 50mm, G: 60mm, H: 94mm. 
HB. hypobranchial; CB. ceratobranchial; EB, epibranchial; GR, gill raker. 

Scale bar: o. 5mm 
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<J.a)'i.cH, Enedrias fangi(Wang and Wang) :j(tffl\\llJFl %1!!l :,l 'i?ll1\'i!.~~1 'll<\!: fill~ 

11--e: 35mm ,J+<>1l ii!!#1t7} -'l'-r"1A. iffllllllill "1•'1, 'il'itJ.i,lW ',I 'tlrl"I !il!it-t- Fig.12,13~} 
];_ >I 0 ] ~He 'l!lt'llit(pharyngobranchial)-c'c 20 
mm 7;!+.s'. i'r{t7l ,]>ts.]v\, 35mm ,3.:i.s'. 1i>J! 

'ltft'\! 0 }. Jlffi!c!#(basibranchial), Tffi.!!'ll'(hyp
obranchial) ~ ffi..\Hl'.!(gill raker)~ 25mm .Aj_ 4-
cJ].,q fr{t7}A];"-!f.5:jn-c], ;::f7-{50rnmo]-1-, 45mm 

,.:[ +, 30mm ,;J_ +<>11"1 lil!'il'1t-"l 0 }. 

!fl JQ <>1I O l ~ Jf, illl''.1 !ii! it -t- , 
11'1¼ 14mmop] 1H!.!1r-& 0 }"] 'l'Hts] >I ,; 

-?:: A}r~..£ -£-~o] ~r.]-s-}u:j, ftJftt!'fl'-2=- :,}¾t.7]-"¥

r.1 ff'1t~l 7] Al .A--ft;J~}-. -rl@®J'Hi'2 o}~ ·6;:j "cl oj 

0Jc>l >J,8 °19, J::"i!lllll@i"" cj "l)-cJ .o:I 0 ] if~I I 
7H 'c! "J ~l 0 }(Fig. 10-,\). 

ll'H2' l8mm<>1IJi-t, ~J,8£1 !il!it-t- ;,J"'I \!.l.C.0-
J:, T'f'JJfflffi7} M 7J _\'. it! >j "J of(Fig. 10-13). 

il!lk 2Jmm~l-'i i"" FJ!!l.',} 0 I 5l-l!lli>] 0 1, _l:, T 
11!1Mii/:i 7 I· 3-.J,j ".l >j ,J_of(Fig. 10-C). 

ilrlr1 3!mm,,IJ·l,c l::"i!li!"I!J!!i 778, T"i!IE!li\li 8 
78 tJ "2 01 cj f'lfhlE'i'rcil ~~te7} 8,8 '-"\E}•J:otCFig. 

10, 11-D). 

~f.'. 40mm0V1-t- >Ji 3~.F~"'I l:f!Mr 0 I 4f!Jl~sl 
J,f!.W.1Pc _o _ _'2. 0)'7J: -lt-t"1"', .l::"illi!"Illili 12,1, T 

llfJl:L'li\ll 10,,-"'- .s:Jo}. fllffi.!!fi'oJI >8.'2.-i?- f!'l!li'!7f 1 
7A ~J>J,1°1 ~U~i"" 1-,- 918s. -'\[ 0 f(Fig.!0,ll 
-E). 

/1::'5' 50mm~1>1"2 7il3, 4~!!!~ .1-:!!l~* 0 I lB-il
,ajcL J:'l!IE!l® 18,8, Tll!llllllili ]278.£ sJ,f. 

1::~-~fJ·e>:l -t- m~.tl:!1}- 27t] ~ ,,:3 ~ &l ffe}Nf~..t- 2,1_ .;:

!171, 71 sJ t}(Fig. 10, 11-F). 

Im!:.'. 60mmoJ) .-{H::- fil.!.'l!'/l' 0 I -'-J:~\ ti @!ff1ts] 
"'1, 1H'll'l\", TJ'IJ·l'r, .1:!'1!1t 0 I ii!!'l\"1t-"l 71 ,J'-r 
•Jo}. "i!Uillili-2 -'1-"1 ~l ~j!ifoj 1-.111!1\l"fl!li 40,8 

Tal'JQflJili 21,j_se. "1"'1, fll!'IJ'ltoi] ''I.Se.-~ ~'IJ/~71 
17il ,~ 7jsl6-J fill~;:: 1-'f- 12,",} ,[,f(Fig.10, 
!1-G). 

~.R 94mm6i] /(! ~ !,t~tgfl' -~ '.>H £1 fr ti _Q_£ 

5J-M!1"1 .i'. .£.~ ~}/li=l-:'- 'I_-'/- /i'l!1l'1t,J cf. llfllD7i® 
78 4-0:J -;-:- ~1t/}- ?J _•_ 1.-} 3-1 :11l ~-,:s};J1 ~-] rr-j J: 
!iWH'r~] -'1~¾ )lift~;;} 17~ ·(jAJs] 0-] @,~.fl:!-;:- s_ 
.'"f- 13,, -".-'1 :J!fzo0,J ',UJ-=f(Fig. 10, 11-HJ. 

6) Hlt-J'r(Vertebra) 

:{( ti-"1 "lf111;:: 85-87,~ -"l f£~c 14tfl' .'2. 7'"-\J 

7J" :} . 
-~_\;,: 14mm0Ju~ Rili=" o}<,l ;Mt,rfi•c] ~AJsl 

"i 1/c 2, {f'.,i-{AJ,8 cl 0 l(Fig. 12-A). 

11'1:lllc !8mm,f "i':1. ~Jlll!H>·I 0
-} 7°l•A )ll!,\t 

'fr \'-<1 19";1 oj "H ,q ll\l~t'i'l- 61 ,~'?J-ft,l 7] ,z\ 
"-r,JA .. :ul.:c. 0-"1>1 IIJ!lt'r\":of 6,, 'J.'Z."I Ii! 
lt·'toi il"fts.Jc)-. :ujcf ~ljll!f~j)} J/rJ.i'l'~-t- 0 } 

;,:~ tj-'d sj A] ?-G-t-i::'r(Fig.12-B). 

l!'Hk 24mm7} "1 'il !!1'l1:ll'I' 4,j "I lt1l'½ ,,] 

-'-hf lll!ffidl'~I ll\llt1l' £ -'/-Fj 15";1 •I 7} 71 Si Ii! 
lt·~•CJ ®\'f'r{ts]oj, 4uj0<] /illt•IJ'-:'- cJ:cJc.Qj 4 

,8 'I !it-il'-:l: ,,1 -'-I sf -"-"2 L-'f- %1t-,JA(Fig. I 2 
-C). 

111'11"' 26mm,} '-'l "'- @:lt1l' :', -'i':;':ll li!!'l'r1t"1 

oj, ffilttfr-t- 24mm!i'. 0 } 378 °1 lil!'ii' {t"i "1 iii! 
'i'l'tsJ /€lt%':'. .'1.-'i- 18,87} .,;Jc} .. ::cal:c. cf 

n1 ,J ii:lt'~:'- .'1.~, 'i'J-1t,~,;1_,1 111:it"'' fi:"2 85 
-l:77j ca.<1 ,i'.t;(<>',] cJ:~}oj o] "1\ jjiljll,f\ll\(.o} ffil.'\'l' 
\Ill( c- .5'-5/- %1t-'l c}(Fig. 12-C'). 

i:!!Ll 29mm7} s]'{I l\l11l:1t"i titJJ<>li ll7M-'J 

£•'I 111:'il'-& "1]-"\ ".l -"-~ 1't;\\t1l'-e: li'l!'i'Ht~I n-1, 
jjiljlj'l,,lil(:af lfTI_'\r,l!ll:'- ,:'l'{t,J c''11"- \J-o} ~c} 

CF g. 12-C'). 
ll'l:& 31mm7} s;J'{I U14e-t- .£.-'f- lil!~1t5 l"'1, 

jjiljli'if!l!I(, J/rJ.'/r,l!ll'i'. 7121 i_ili'ftiPl 0 f. 0 H Ii:'.:'$ 

~fkit(urostylc bonc) 0 l 45° Aj 5:. ~l -~ ~.£ -r 
-\'-i 1 -',l tl(Fig.12, 13-D). 

l~K 40mm7} ,ajud 11!:1J·SI ll!ID'.l-'J,!-;;: 7Jtf 
~1 ifi"" ijiljllcfll!lffii'J:'j{j)(neural zygapophysis)-'-f 
J/rJ.'Jl!!IW"<'~(hemal zygapophysis) 7} i§ >j ,I oj, 

11:ft;f~'l'H: ii!!l'Htsl 7] >l-'-r·'ilt-1-. 
U~ 45mm7} "i ,:1_, ~ljl/i'El!!ll!P?i:',lj)Qf J/rJ. 'l'l'll!l 

llil32 J,:,7} ilitJ,~}01 ~$lUltie;~"I -'ll-1--:l.c-!I o!. '1' 
t},I -;,,½sJc}(Fig.12, 13-E'). 

HK 50mm,f sJ ,;1 ,~l'l!llW""~'=" ,j,$l<J1,l;Jlts] 

1.BVi: ~1~1.efPj -',·';l71] ,,]:c., JD,'i'fl!llffii',c,©£ 
.ITI11?~.0-] 1lJ1.1',;-\l-¾cl 2r,'j ,q 5lc:.HFig.13-F). 

7) )ijf,'(Caudal skeleton) 
-<l :,J·<>i] 0 f-G /,l'/l'2 I 1r1t--'17I '!;/ !W1.; 0n ~,~ 

%t'.~1t-t- Table 2, Fig. J42f 7.)-of, 

~J1to1] ,1 ~Hl- 'l1·1t"l "2 ~ -'.', .ltl/lll\;1\~11' 01 "1 
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Fig. 12. SchPmatic representation of the vert~bral column dorsal and anal fin, and pterygiorhorc 
dPvelopmrnt in Enedrias fangi. 
notoch0rd, white; cartilage, stippled; ossifying, black. 
A: 14mm. B: 18mm, C: 24mm, C': 2fimm, C": 28mm, D: 31mm, E: ~Orrm, E': 45mm. 

,, ,I ,, ~ ,, 
!f , 4 ~ ,r 

'. . ~ .. ' ,,~ ~~i~i 
C ''\\\ D~~~ -- :-: 

• 
E~ ~~ -- ' ~ 

Fi& 13. Development of the Hrtebral column, dorsal fin. and ptrrygiophort: in F.ncdrias fangi 
cartilage. stippled; ossifying. black. 
C: 24mm, D: 31mm, E: 40mm, E·: 45mm. F: 50mm. 
NS, neural spine; HS37, the first haemal spine on the 31th ccntrum; Pri, pterygiophore 
in serial associatlon with the first anal fin ray; S, anal spine; R, anal ray. 
Scale bar: 1 mm. 
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'l]_S]S.o}>l, En,dria, fangi(Wang and Wang) !lft.1(\JI/J9J Jiif/1,,;; 'fHJ!ilii;6J] >l~ l;)!'i;; 

He --= 
A ----

Fig. J.t. Developmcnt_of the caudal skeleton in En,drias fangi. cartilage, white; ossifying. 
stippled. 

A: 14mm, B: 18mm, C; 24mm, E: 40mr1, F: 50mm, G; 60mm. 
HY, hypural_ bone; EP, epural bone; TV terminal Yertebra; C.t\, uroneural borll·; 
CFR. caudal fin ray. 
Scale bar: Imm 

25mm sJ4",J >i frit,[cf. l:"1Jfilll'~-:c} Tl'llJfilll 

11·-2_- 30mm :;,:J. ~S-, Jt,fi$f,!¥.ff·-2.- 40mm aj_ 4-oJ] 

>l 1l'{t 0 f ,<l>s-sJ_cc . .:i,12 ltflll!liilkft, fill 
Jfilllft-:'c 40mm 0.i-¥-, L:I\J$;1Jfr, ~,'~~1t-:'c 50 

mm 7J .f-~l !iEtl'{tsJ cf. 
fi"•f)·<i ~"(6JJ uJ< %/JHJ!(L2c, 
fflk 24mmcl>.iof] li:fr{· fcrit~i"i 

(Fig. 14-ABC). 

(>_\. '- t: J.. 
\.:) "C° I 

llf/1-: 3Imm6J] >H:- fr;w.2: ';] ·C:·cj -j;·cj >] :,] Al 
~~·tls.-, 0 1 rt;;] J:J:e$'.iii,(]'(equral bone) 27~' ·r;::g 
lJiifi•~·(hypural bone) 3,j 7] -f'/'{t"1 cj ,,] 1 T/t,iili 

f]'oi] 7d~'.i;-~~ ··Tuj6] <\;1sJr}(Fig.14-D). 

fflf: 40mm~J>i;: L:~j:h•f)-c] N, TkllJii!Jtt 

o] 4,j _;,_ s,lc}. i<],' TltlJfilll'l'r-i'· @!1t{t5'17] 

,,:j:>:--fS}-~{/(] 7J~t}7l1 ~J,,:Js-J -fPjl ;,,};,,1 sJy}. 

,:E.tJ c] _..:] 7)ol] 2711 ol \1 @,fi$t2fr(uroneural 

bone) 0 j f:€~fii}lkfr ~ --¥-*oi] --:1 37~ 21 •[}' hL ~-

Sc c}c}\_fcf(fig. 14-E), 

!fflk 50mmo1] ,,;7 .t- l:f-11.;rtlft, fol.H1i1IT 1/J' 1 :<1] 

4T/fllJiilJ'ir 6 I jij,1)-{ts,lcf(Fig, J.l-F). 

~Re 60mm~;>1-'E: 11$,'l',i,1(0] .!il; 1ii;-1-'.'-oil '1'",l 

c] A~;,]2.., 11iljlfiUUJftilJe~;,,} [i~;;~.;· Jt~~W~ 
11• -'N *.Q] ffir[,$~1?-2~ ~,fr"t}cl .::~.{-. 11 :::~ tJ: 2 

7BE-l 1tJt% tj.,,t~tJc}-. :J--_tJ ~.-1 7J-s'j-,5t~· Jclm 
:W~1t£-l ¥--¥-~~¢] ~}O}Aj ~ _,:7 _L>'::. f:t,fr ft ;,cJ_ t:} 

(Iig.14-G). 

8) )i!l,\'\'f,'(Shculdcr girdle) 

"d ;,:Joi] u.}-t- filffl'ff2.I 'fl·{t 1
-: "/1 1 %.:l!Hl{t 

t Table 2, Fig. 15-2I• 7J.::}. 

]Mffl''ffoilAi ::-11°; ij_;:] 'tt{t.::;:J.;:- 1-2- i\111· 
(clavicle )cof J: i!\1'l' (suprar!av icle) .£-'j 15mm 

:;,:j_4"~1 •f'r{t:il 0 1 7 {7.} 20mm, 30mm ;;,:J.t~l ~ 
'lt{t~lcL l&iiilliffifi'(post temporal)-;' ~5mm ,J 
~~; Ai •fl{L"S}o~ 30mm 7,i -fc:] i9!'fr'{t5l i:,.j, i+ 
ui :z] m~r;1,1J(scapula). ,q,P_%d}'(coracoi.d), 41)1 .Qj 

~HB'\?(actinost)c I 35mm 72_ ~5- ff·{t51 -c4 

45mm ~lt-~I 11:l!~'f{t~~~-c. 

i ro 1-c~: ~f~- %.®!i 1t-t-, 

fflf;: L!mm~1 ,,:7 l'ViJ·-;'_- ~*-6
-~i::.. Jfb/&!:.-] ni, 

c] ~ 'ft-:::- o}A~ f),; "d 5-j c] ~} ;;:] f~rHfig.15-A). 

l'f!J;;: l8mm":/l-2 $•,1-s: !:flll~l .UJ'df 0 l 

~ AJ sJ ~}(Fig. 15-B). 
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Fig. 1.S. Development of the shoulder girdle in Enddrias fangi. cartilage, white; ossifying, 
stippled. 

A: 14mm, B: 18mm, C: 24mm, D: 31mm, F: JUmm, G: 60mm, H: H-tmm. 

CL. clavicle; SC, suprvclavicle; PT, posttemporal; SCA, scapula; CO, coracoid; 
FR, fin ray. 
Scale bar: 1mm 

~Q 2,lmmoiJ>j-;-, f&tll1Ifdt 0 J J1,1)i;:Jo}(Fi;:. 

15-C). 

fflK 31mm-:>;JA~ t.- '.JMmi,pt, .P.,~1
;} );] 4if] ~1 

MIM'f1" 0 I ·:J·{t"1°J>1 lrl/lP•l'Icaf n~·i'l'61I "r:'c 
---7"-°3 c') ,ij 7) J..'.. ,[1;~f}• 1jt r&r,o·)-{.:· 7}•A) ~- i::) :J 
"FJ 0 .i/_ ll'.'\-~l~I ';c-·~~l_cf(Fig.15-DJ. 

!lll!< 40mm61I >H:· T.Jn~fl', .rli%:fl' '!.! ~t/11 :t 
c) !]!1']-ft.s] ~1, fil~J111'~} .~l:.«f.r ?~ $x'ff S:..-<l ';! 

i_xlci1 '.U.L Q.J/H{} 47~S. "it11'-~'· -',tcl¥}6i ?} 

,}(Fig. 15-E). 

flf1 ¼ 50mmc,j] Al{~- {1- ffiS /} 2] 7J :•i] 7} !;c- ~ s} 

2 _L:ffiit ---r:m~ m1t _!·.l:'%5:} 2;3 -iJ ~- 1 ;J _,·., 
i&{rulfiliif .:}:::J.i2-1 ~J:i1----r~-;::_- .1:iafr'>'l 7.J~~,,:~ 3 

/l115l--''1 fro] ;Jlliilx"I "-l ,iL"- >l 0 f(Fig.15-F). 

~R 60mm~l/l-t- $11.f]·~l .';J .\1--~:-<"ll ;,t-?~ fr 

}-[<] <j-<J.•1c],1) _;,]'l-B}c..j ~tJ--~:::-o,:l_~sJ ?;- rr!S5} 
'! f)·o/ -,',jo-joj /Jof(Fig.15-G). 

lfffk 9-1mmoi],,q-t_. ~fr.2.1 -s.l-¥--~ 11'}-'ro] ~-J 
:c] ,J -'J-t8 .~- :r] r:;, ~H!ifr Ao]~ -2-~- "2:6-J 7} 

>I cJ ''(Fig, 15-H). 

9) l!!{VMJ'CPelvic girdle) 

:i~mn·-~~ .=-'-- 0 ~11- 0 1 mrr~1 -rimo11 -'J ;::i~;,oJ o-J 

;J~.irl f}f~rJ-10:]-<i 7}7} ~-;~] •IT-ftsJi::}. ~jAJoJl 

n}-~- 'f}{t/41 ;;1 T_:J MH~<'.'1] u}.r:- :ff5!t~i!ft-t- Table 

2, Fig. 16;rl 7~r}. 

H;!!t,r,ffel ·?i'it-2 !lllk 40mm ,,i~oil-'1 ~P-r 
'ij 01, 50mm 72_ -~~l :J,.:1nH} :@!ft,{taj_ t:}. :i ffl 

f<cC] ccf;'.- J!;'!,~~fG-0, 
rr!!R 40mmoil >1 ~11111- :,_. "1 °1 ~HI -£-"l- 0J '-t 

Ff, 10 ,(Fig. 16-F). 
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Fig. 16. Development of the pelvic girdle in Encarias' jangi. 
stippled. · 

cartilage, white; ossifying, 

E: 40mm. F: 50mm, G: 60mm. 
CL, clavicle; SP, spine; SR. soft ray. 
Scale bar: J mm 

il'lE 50mm,] "1-t· ii'l'•;'rit,I 7] /] >.J-,l},f(Fig. 

16-F). 

ffl!N: 60mm )1] Al ~1'1Jff-2=- .'L·'f- li!li1'1'1t;s] ::ocj, 

uj:,]:-_sjc]S_ l:M( l<i!t!liacJ7 ,c.1· la'•PritsJ -'J
,Bc]oL 'l'Jl(Cl c'-2· ,:y_·~sf.s] s]"l ;(l,t(Fig.16 

-G). 

10) l/Jl~Ji·ii(Pterygiophorc) 

~ z] -~ c:7 8] 9} ~J ;;zj _'.:-_ c:j o] -~ A] A] t~-C :lfiffen'PJ' 

·-~ 1T11J1,f.f;'dj~, mL*rHJ!Mt •~ t£.1'JH1'(basiost)% uJ_-

0}0i' ')'J·ftA] ;] ~! ifff±-::~l A-E- %®~ft-~=- Fig 

{ml~ 31mm"J,1~ ~-"'.11'f-~- ¾~c] :f]r]-&};il 1.-J

c~cf0', "l'it;J 7] 01 q-oJ,f(Fig. 13-DJ. 

ll!!U 40mm c·f s: •;I 60BJ ,j ,ljt·fi· "J. f, X. ,:,~6! 
OOWJR-¥-:1 TTJ:'r'J•fts:] :,,i ,,_1 :-f,J:::;-(Fig.12-E). 

~.:; 45:nm/} J]~1. 11i$f¥~fl%1R, 11lU'fifL~ _i;:r_-\-

!]efl·i~•·J 0 f(l'ig, 12-E'). 

tmu 50mm>.P1-C ,[,t!ItT.fHl~ ~ {rrtf!UJJMl:.; t:} 

±_ 1J~it}~1 :,cj_:i.:_ in.WiHJ$!P-:i:} ~,,zj~_t-1D] A}o] 

.QI distal radial-~- -~,:1 _'i:_ V:,Jt 5... ff.:(EfJr}(Fig. 

13-F). 

jf.~ Enedrias crassispina, E. nebu{osus, E. 

frngisJ 3f,ljo] Pj, -'f-cl c-fe.fc,] ..:7,;c. E, nebu/osus 

Cl~. 1977)-"f E. fangi(,r %, 1981)2] ·r ll 
~7} ~.]-t]7l ef 9),f, cujc-f c] .-,. f,!,c,Ji.7 'it 

l\%'/l'. 0 1 sJ ""- ;;l-'c:- ~JU:IH ie- 21 ti.li!;, ®K"il 
cl]"\} 7f{;·"].'c.c7u] 7JoJ, J:((ftl;l;Jf,,j9J %@ % 

("atsu, 1981)0! :flt,i\lWl cJ7J9! ,J,i]"1]-'1·c:· oi, 

7JSI stit,f :ll-2 sf, "i·iJ-11f"i ,Mi% 1,t:;;,,~f-2 
r1] r}± ~-;:1] AJ c] 5:l sJ r:}. ic1 t.} * :fjj!} -f'rA} 

oJ "1] s.eH (E, nebu/0s11s) ll!:H ~"I o}Ji'l'1i!':J 
lill"1:Cfa!ti:' • ftcl.:J, 1980),>i'i IW/K"i] .fee !'f:'lll 
jj;fill9J !,l!{t~ ;:('ftj,l<Jm9J ¾'UJ 1Hc,J ufcf Type 

I .:ic} Type ll ~ -r-ti} 0 •i 5!Jitf.2 5)-:....:.. L1] * 
liJI ':!l:~;l!c<f JU1l'c,i',l,;~f':l cf-~ s'f 7.):cf. 

lfflf, 14mm 0 l"l"I r,HJcil-'i l!Ir,sl .;pJ-:c
:,f,c Bl-"f --Jx,i},f, cui,f ,'t'(']J;)jfil<i ':Jrjo,]>i 

if1 it'i1il!ltlll:cf c.ccl-'i-'.'91 ll!!vm ~.. ;+: Wt-4 :rJ e.J 
0 15:-~H ~t ii'Ht'l'Pl 'lrVlloil E. ilcbutosuso.J ;;J 

·'?- Type I 01 II. 73mm, Type IT 7} 14.47mm 

c,J1.J 5,H-01 JiUik"I ::"J~;fll?J7f {fi'£\fc}c,• 7],J 
·0}}1_ '?)-2..1.+ ;,f;.: .ffioJ]Ai-~- ffiJ~ 30mm 0 1-f~]Al 

7[ 3' 9';('];!!Jm7} ~esJ "l cfrfrJ-cf. .'E~[ fft,1'\Jm 

£ ~1-2- flP-~ E. nebulosusE1 73 4- Type I 

o!l'I 28. 19mm, Type Il ol] "I 30. 85mm 0 I 't ;ls: 

•l 08"f 0I :cc]>l ~l'e.ePlm 'c01]>1 Encdrias /ilioll·+c:· 40mm."-"1 'tcCC sfo::,- c1,1,q:,'. ;;! 
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t-f .. ::u1 .+ cJ ,,HI 0 ].:f.e] .W,t'!ltllli!l}i'fioil+c: 

n~-9- -C ~}o]~_:- 1..ff}l-i12. 5Jr.L ~- E.nebulosu~ 

.SI 7) "~ Type I .2_. 28. 03mm, Type Il -i'- 34. 

20mmcl/.1 l!\!'1'1Jll. !!!l1llll1E1'~, '5!,-i _L_ej u] .t,\ 
m-}~·cl] 3°,J._~ llfi@.ffl-~ 7'j AJ <5}1.,l, i;.: fi. 0:1 i~ 

0 1,<1<1 o]sJ ,171-2 fflf< 50mm 0 1'i'-'lrL ,~,ii 
.s_ E. nebulosus2] 7J -'t-7~ E. fangL~. r~ ~1· 
.::::J_"o£·~£;;t• HU1"]-'...t:-\.:.i· ,J~7t-\lr:, :.::..:,~ -"].'.::..t1i11] 

ffi.i\tl<fl~I -<H'. ·~ 01 L_cj rl, 2ul 0I L_,j rl, •~ "i 
~-c1 i:] -~- E. nebu/osus1} E. fangi-'.-:- i;;~o} ;t: 

A] tC: j ,:1.'.":. r] r::] ~ E. nebulosus7]- H, 38--39, 

E. fangi't- Il. 42-44£--'i tJ>i1l A 0 I~- •I 

tHL-L1_ S1 r:L .:L i1 2 1¾1] ..T_ i:};.(j ffi.9] rA -¥-¾% ::<]• 

"i ~k Pholisfii,:cf EnedriasJP-1 *'.>½·"- ®:lllo{ 
~-C ! 11 ~-~I 1f~5'c,<] j}JJ!%fl-~ --"J_0_1..}(Yatsu 

1980), ;t fi!"ioi~Al l.l] t--2_. Wk GOmm c1 AJ-c,i]A 

~µ_£:,]_? __ ;;._ OOK 60mm 0 ;t·Pl iJ,i]c,.]AH: .. '-- 5) 

JUf;;'.ft~ _1f-~! :~3}r:;_-i2_ ,,:j :{~_r). <']Ac}~} 7J:o· 

::-. fti\ :- ~n,'C: ir}i:.} r!·-2- :-<1 ~1 _,} S) c} . .:i.t:1 E. 

s_ •I ~ lilll: :iHn ") J;•,:C~' '.!J.o-1/ls. ll'/HUJ,I 
~ 7~ ~l :rlcU] 5}JtU'I %·'t{'.o1 '.,td --:1 °1- <5J ~}:, 
,,q 7t•~ l:; '.... 

0 ' '. 

!"&fr;:: lil'{toil>1 Yatsu(1981)'ce ;;t~ fi"I µ)1:,\/ 

C"'. Ai, ~.£;::ci[ r;J c') fllTP') -<] 7J o] .9.: B] ¾o] 50 

2-~3.0~;;, ~r.il 13.s--13.2%, rm.R 12.2-14 
1 ?( ~I 4-~-.E._.S_ -;j :;(r1 t}<,'- ;) _6_ 1,j. ;;t,:: 0; ]i:oi] ,q ..;::. 

z-}7: SC-58?c, 5-10.5.%. 10.6-17.0% 47· 

_9 __ ;;;_ .·:. ~{[fJ;-;;01 Pl!-?· _::-J_r}. <']f:'i~: j:;.c-J~ 7 

g_1 :~ -~)--1-S-'. .fµ.JC~ 7i~o] iJJWJ~fl$1p;joi] Aj Jf;J'll~ 

~1~/:_ -',)l: ~~~i'--'Z.. /~7~5]~L lffl..k 25-3) 

mm": fl;l1,~:-· -J -"': "{~ ~{t-:~- d; ~1..~ ~.:~ o 

,,:1·1:>1- 6] ,Weil 5'}61,,;1 ~t~,q-;i_;:'_ -'.i7~Slt}. 

~h1riHf1r Q] tJ 1H o;J --:] i~- ;:{.: Br~t:s:} Yats·1 

(1920)<! Ef1:i':,.\'f9, ;~ £1 -J'(Sfoj JOnfc] o[J I 
0 fcl :J5_ , 1.e-,H:- U!Hit"I Jltr'l'f/L(i\PO) ';) ru, 
i&c; 1ii:'i'i',L(PPO)s1 <J ti! -'\-, APO HPO, 4--

3~.::; ... 1tJ.1..,}-t· ;;L~-'J-2:, * F'.Jet>11,,:i 1Qr;}r] J:. 

.s~t:~ ;f,: fii.J:!- 7J-2_- ,t'f0'.] -1;--b-}-t- Dictyosom:l 

rubrimacu/ata(Yatsu et al., 1978)CI illl:lilf~Jc 

l}/;','l'A-0 _-;_ 1/i'i\:'llt/f;/l~.9-f 7'- 0
~ Si W1°;] '1 ;j;: j\\ 

:-V. Ni:?I 'Ff1t<1;;1 ) %!1~.01 i!itc.iJ,q ®~'ft 
21 ~j'I)', ~'ff·, j1.~lfJff. lt'~WB11fr ~ r,Ml;'.l 
'l'J'-::::. 7f;: lvf~cJ],q.:~- r;--:.',- ff3½'(,,1] 8 ]5}oi i.~illS

~·1[;} ollf_,:>_1,} 0 ] -'.~ RathylagiJaeH~; L. Sch

m£dti::] fAJJ•fJ'.:i!} f,'/j~,2TI'~i 1('l1t~l-t- ,.(171 (Dunn, 

1983)1;. -f:Z:~}]1_, ~'t'f, 31-~J]1t, .:tArfH½BJHi· 
{_· q_l -:]_ _: 1 :{j c] -~ ..,} r !· 1~.;_ c: ~. _·;_;oj 1.1- r~ ~11 _S ~ 

71] 'fi·{[::,·) -C Jir!Irr:'f ?· i,: :pfJ'i:9} -%(tJ c}. ';'IT 

ff:i:} E9 1 ,-11F}~I ft1t-t- 0 ,1Jt-o]f':-:1 P. 
ma11/i(Ozawa, 1976), \:) >I H<I l. iso/cpis(Ri

chardson ct al., 1980). ~1_01 ft.q G. li1:catus 

nratson, 1982) 0 1; ,:1s1- -~-:1 MWJ~l 'ffftsiuL 

_;1] ,,8 '.{· ~.S':. <~ 7 ) \:_ r~. :.'. c] _L... ~ l=J9] h:'. ?i 'Vi· 
-'2_- "~ ~-,U-oa·] ciJc1.} -~ ~{t:,,J ~1\H;,i tll!}.k_ 50mm 

bulost!s:::: .~r:'.'fi·•/}(Ku:::;:ika, E17-t):i'~ ~,to)- SJ t}. 

fr-~H'J-9! 'rl'ft{-- ff.¼~ttJJ.t' t,iJ~-1-c] c]fc~ 

7-]r:j, 1·rfi:-' 1 0 } /tiJ,,~ W;t'ff3i·-'{_' ,rj,{[:,;1/1 ,,:] 

~~~ :;J_ ~L C 1 !,:} ;;}-;' :iJ [~ _;;;_ B-¥:t 7 1 tf 1t.::rcl ~ fm. 
_<"J_5:.,:7.t_. HaE-rnulid,1cf'f0] A. 11irginicus(Pott

hoff ct al .. 19841 --'2-'"'i ~}__~1'_, "l-~-~:,q c;l*-9-
:-):. Hits-]-:-_- c:].9)- -~-,,q . .:,~ <'Jr!JS_-~~ hih'Ef$ttft'ff 
£>] '1* if['if'"'l 1~,- ,1 'ts'{l!r]-t· t1R-2...s1, 0J&J, 7~ 

-K~l (ftazawa, 19(1:1). "il 1-c] ft21 P. mau!ai 

(Ozawa, 1976), '.."I ff9-: A. trobatoccpha/us 

(Mook. 1977'.. ; ?, Ce-'Hb, 1G78: te;[ii!I. 1982), 

-f--'z.~](f1B•1tz, 19S4) -~-<"; 5/rl-. c; 27-q~ ,.,~AJ-2_

;B'1J\TTJ1 iuirkJ; .:t-~!>"} .,_j.:-~j:,:)r~~, /8;'.}\:ci-. 2 

L-i _:,,_ 71-'3:- ~-"I E. nebufo.,·uss} E. crassispina 

oJ; ,: Yatsu(1980)-lc {rllf< til"i'J-21 :fuf /Jilii'."-f 
A&~I 1~};1} /~roL~J ~1t-t· .,:.n18u-c], E. neb

u!osus-.,; ~.1~S07,:, £. Crassispina7~ 81 ~877~ 

.-cj 2_-_ i::11·] £.] •d /_: ~~':~ -:,] ,:: -',} :es] _L_ i:] r1] --t- r8 z1] 

J}. -'.·:-•~-~~ ·6· ;1_-',!--;:1_-o-1/i ~-:, "-'1-~)'-_c_5 <';j-<Jsjc-] 

r' - I Y} 7·:-Aq~ ~A ~;i :>: c-7 4i- ~z- ~J: '~ 71 ft Cury

plianoc sp. (Potthoff, 1980), •:I 61 H-"-1 L. 

:-:ant!lUrus(Powel1 and Gurdy, ! 980)oJ1 Al_,;;_ -l "r 
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THE DISTRIBUTION OF CLAY MINERALS IN RECENT SEDIMENTS OF 
THE KOREA STRAIT 

BYON(j-KWO'.\: PARK and SA~(i-JOO'.'. HAJ\ 

!Jt'parrmcnt of F.m·irmm1e,itu! ,"int'//(<'\, Kure(/ \f1/it1.1n Ac,,Jem1·, Se,,11/ (A.ornn 

(ieolow( al Ocnm"'<rupJn [,ahoruton. Korea Ou·un Rnear hand D1!1·dopment l11H/lute. Seoul I Korea) 

(AcL·epted for puhlicat1t,n Julv l). \'-J!<.1) 

ABSTRACT 

Park. B K and Han. S.L 1985. The J1qnhut1on of clay ir mt'rab in Rt'cent :st'd1ments of the KorcJ Str~ut 

Ir, R He-,,e ( Edth1f). Scdamentnlogy of Sih,tone and Mudsto.rne. Scd1menl. Geo]. 41: J 7J- 184 

Thc hottom ,cd1mcnt:-. o.)f the Kore,1 Str,ut cu11ta11. on ,n·t·ragc. ~or; 1l11tc. 21 r; k.1,.1li111k. I Yr 

1111ergr.1de d,n. xr·; chloritc. Jnd 4'1 :-.mect1te. The geogra1focal J1-_1r1hutHin of the chi\ m1ner.il-. ~ho.m, .in 

mnt.'a,t' 1n dhte, d decrea:-.e 111 kaolinite and .i :slight dcnea~e 111 chl1mte '>eaward~. Tht' di~1nhut1Pn.il 

pattern~ of ,mect1tc and mtcrgrade (,:ht\ are irregular. The .:l,l\ frJct1t1r1:-, of till' ~t.'d1menb near the 1Jnd Jrt.· 

,upplit·J hy nn·r-h0rne ,edimcnb .ind arc mixed v.ith .,.:d1mt.>nh tr.111:>ported landv.Jrd~ from 1ift\fhlfl' 

The d1~trihut1on of cl.i\ m1nt·ral., 111 the K()re,1 Strdtt .upear, tti ha\C hcen influenced hy· the ,upph 

11r / and rcdi'>lr1hut1on of finc-gra1ncd ~l'dtml'llb h\ the l\ i~hirna \\"arm Currt.'nt fwm tht.' La,t Chin.i Sc,l. 

Kaohn1tc ~ecnh tu he tr.11i.-,porteJ mJ1nl~ h\ mtr ruiwff: Jnd tlhte. chJ..imc and :-.mectite might hJ\C l:iccn 

dcnvcd partly from thi:: Ea.,t Ch1nJ Sc,i ti~ the "f\u.\hima Warm Current. IntergrJde cl,1y ~t.'l'llb 11., h..1,t.' a 

cornpk, orig.in. 

INTRODLCTION 

K0rea Strait i:-. located hetween the Kor :an Peninsula and Tsushima bland. 
Japan. The present study area lies hetween J\ 0 00' and 35°J0'N lat. and 128°00' 
and IJO 0 00'E long. ( Fig. 1 ). Figure 2 show~ ~ urface currenb in :-iummer Jnd winter 

in the area. 
This study was undertaken to determine the Jistnhution and :-.oun:es of clay 

minerals in the bottom sediments l)f the Korea Strait area. Park et al. ( 1976) studied 
the clay minerals of the Jinhac Bay near Mas,1n. the northwestern part of this ~tuJ\ 
area. Oinuma and Kobayashi ( 1966) studied some sampks of the East China Sea. 
and Rateev et al. ( 1 g69) included some sampl1·s of the Fast ( 'hina Sea in their v. or!... 
There are also some works on clay minerals of the Japan Sea (Niino ct al.. 1969; 
Shiozowa, 1969; Sato. 1972; Aoki et al.. 1974 ,_ 

0037-07 JX; 85 /$OJ.JO ' 1985 Elsevier Scu,:nn'. Puhl1s1er, B \'. • 
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The :Sl'dtmcnh nf the stud~ area. m general, cnnsi:-,t llf finL"-graini..:J :-,c<l1ml'nh 

e,cept for the Nagdong c:-.tuJ.rJ and lhe main channel drea, (fig. 3). The Nagthmg 
River. one of tht: large..,t rin.-r:-. in J< orea. Ji:-.1.:harge:-, coar:-,c-graincd :-.eJimcnh in 

cnn-,iderahlc amount:-. mto the Kon.=.i :">trait during the r.1in\ .... ca ..... on. Jul\ to :\ugu:-.L 
J.nJ fnrm:-. the Kirnhae delta at the rrn,uth of the rl\Cr. In thl' dec-p middle .1re<.1 (•f the 
Kure-a Strait l.·oar:-,L-grained '>ctnd:-. con1a1111ng "iuhwun<ll'd gravel, also occur in a hell 

paralld to -..hon: and ma, he l'On.•.iden:d J., n.:~1Jual :-.l'dimcnt:-.. dcrin:d from 
:-,uhaerial or :-.uhmarint: weathering nf 111Ji..:rl~ing hcdrnck. a:-. di:-.crihi:d h.\ ~iino and 

Emery ( 196 l ). Silts and clay~ are ri:m,wed hy the :-.tnmg ht)th)m current:-. and C<)ar:-.c 

grained sand:-. and pchhlc:-. ri:main in 0lace. 

The land consists nf rugged hilb t,ordaeJ hy a narrov. c<1,1...,tal plain ,111d many 

ruck! i:-.lanJ:-.. Bedrock, of the region -:on:-.i-.t of ~1e:-.01oic granite. an<li.!:-.1te. tuff:-. anJ 

-.t:Jimi:ntan rock"· The T-,u,.,hima \\' arm Curn:nL a hrJ.nch of the Kurn:-.hio. flov., 

through Korc"J. Strait from the Fa-.t China Sea into the JapJ.n Sea. The vclrn:ity nf the 

curn:nt in the channel range-. from 24 !{) IX) cm.-. 1 
( Lee. 1974). W <.1ter kmperaturc:-. 



l7S 

rig 2 Surfao..:e o..:urrcnt~ 111 .,1muncr .wd "'Inter (after J\i11110 ,md Erner;-, 1901 l. 

range from 9.1° to 20-4°(' in the ~urface layer and from 0.1° to 193°(' in the 

hottom ( Kim and Han. 1971 ). 

SA\1 PLLS Al\.U ME'J HOD OF ANALYSIS 

Thirty-four sediment ... amplcs wen: cnllect~d using a Phleger gravlt: corer in the 

offshore are.1 and a Birge Ekman dredge in the Jinhae Ray during vJ.riow, crui:-.e:-. 

hetwcen l 974 and 1977. The superficial samp e.-. wen.· dric-d and soaked in demi1wral

i1ed ¼ater. 

The ~ 2 11 m cby fraction :-.cp.1rated h: ct·ntrifuging wa:-. used fnr X-ra: diffrac

tion analv~i:-.. Four '>li<le:-. with clay miner;. ls were prepared fn._1m each .. ample: 

untreated. ethylene glycolatcd. J00°C-heated an<l 550°C-hcatcd. All X-ra:-,: pattern~ 

were ohtaincd w .. ing a JEOL diffractomete: with copper target. MonochromJ.tic 

K-alpha radiation was ohtaincd h:· filtering with nickel foil. 

The reflections used for identification of the differ,:nt clay mineral groups present 

in the sample:-. are illustrated m Tahle I. 

The term "intcrgradc day·· wa:-. modified from ··chlnritc-likc intergrade cla:·" of 

Weed and r,..ielson ( 1962). lntergrade clay is ,:hlnrite-like in that it docs not expand 
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upon ethylene glycobtion JnJ doc~ not ,:ollapse v.:hen h<:ated to J00°C. Hm:vcvcr. it 

1~ not chloritc--like in that it lacks di:-.cerniblc higher ha:-.al rdlectinns at 550 ° C. AnJ 

hasal reflections were reJw .. ·ed in magni! uJe. sharpnc:-.s and :-.pacing when heated at 

550 °C. 
Bi~caye·:-. (1965) procedure was utili,ed in computing .... cm1-quantitati\'c prnplff-

11011 of the clay minerab using, peak arc~ ratios and weighted peak area pcrcentagc:-.. 

TA..BLE I 

Rcflcl"lion, U~<..-d for the 1dent1f1l·Jt1un of lla:-•m1n~ral gr(1up, (lll Al 
----------·--- ---·----
( ·1a:--m1ncral grl1up Untre,tt<:d 1·.thvknc 

1./\Cl)l,ttc<l 
----·------- ~--· -------~----. 

llht<: 

( 'hlontc 

Smect1tc 

lntergr..1d<..· da:-
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,10()" ( . "'iUOC. 
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-----· ·----
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JU 111 
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RLSULTS AND DISCliSSIONS 

Tahle II :-.h\iw:,. tile rdative percentage:,, of clay minerab of the ,;;:; 2 µ.m fradion in 
ead1 .,ample and Figs. 4 8 show the gengrapl il.'.al distribution of each clay mint'ral 

10 tht' study area. The O\era\l ave, ages of e 1ch day mineral are 50W illitc. 21c( 

TABLF: II 

Rel,ll1\C ahunddnc,.;~ of da) mineral~ 111 tht: es; 2 rm fracti,m 1)f !-.edimcnt-. 

Sampk '.Vater ,,:.;2µ.mda) lll1te Kaol11 itc lntergrade Ch\ontc Smedite 

No. dep1h (m) fraction I Si) ( r,:) ,, ) day (7< l (Iii ( r,;) 

11.5 57 9 25 21 17 w 
2 11.0 61 411 25 211 ll 4 
J 11.0 64 Jl l3 12 18 5 
4 4.0 71 42 27 17 12 2 
5 10.) )2 50 211 18 9 J 

6 22 O 19 54 19 17 8 
7 50 25 41 24 JO J l 
8 l.5 37 52 20 " ll J 
9 0 45 27 2, 50 u 

lll 2 5 24 49 25 21 J 

ll 26.0 25 49 23 19 
12 14.0 14 44 24 27 4 

" 60.0 9 51 21 20 5 l 
14 42.0 ll 49 2.1 24 J 

15 52.0 16 50 20 18 4 7 
16 66.0 .14 60 16 16 4 3 
17 147.0 4 58 17 15 8 2 
18 146.0 9 55 18 24 2 
19 120.0 4 60 16 19 l 4 
20 147.0 12 58 17 l7 5 2 
21 134.V 2 57 J7 19 6 

22 155.0 6 51 21 19 5 l 
2.1 102.U 54 17 JS 8 4 
24 71.0 6 60 17 l J 7 2 
25 9o.U 7 60 16 12 JO l 

26 104.0 14 5.1 19 18 6 2 
27 66.0 12 54 20 JO JO 2 
28 90.0 27 56 19 7 ll 4 
29 45.0 16 55 16 3 17 7 
30 83.0 11 SJ 17 l J 9 8 

)1 95.0 56 19 15 8 1 

32 46.0 .13 52 22 ll 10 l 

3.1 60.0 34 51 19 17 8 ) 

34 81.0 15 53 17 18 5 7 

Average 22 50 21 17 8 4 
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k.aolinite. 17<t intergradi.:" clay. 8°( chlorik. 4'( smectite and trace amounh of 

scpiolite and attapulgite. 

11/Jte 

I/lite ranges from 9 fO 6017- of th,: total clay mineral., heing the mo.,t ahunJant 

clay miner;_i_l in the study area ( Fig. L.). 

The highest concentration (55 60 ( J i:-. found in the miJJk part parallel tn shnrL' 

of the Korea Strait. Approaching the Jinhac Bay the illite portitm decrease:-. 

gradually an<l reaches the lowest val 1cs near Masan. 

The higher values (50- 60ci) in th,· channel an:;_i of the Korea Strait are (ompara

hle to the values of 40 60':'t illite lound in the sedimenh of the Ea::-t China Sea 

(Ralt't'\' et al.. 1969) and those of 42 6J0( on the Kore.Jn :-.ide in the Japan Sea (Aoki 

Cl al.. ]9741. 

Aoki ct a!. (l974J assumed th.11 high cunccntratinn:-. of il!ite in the .1,ed1menh of 

the Knrcan :-.i<le of the Japan Sea an the rc:-.ult nf ahun<lant :-uppl~ of dlite from the 

r----'------~--------'----cucaL--cS0A"N"·,:;--,r-----~-7_~ 
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Fig. 4. lllite concentratmrn, in the .,,; 2 µm traction ,.if ~urface s.cd1me11b. 
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Korean Penin.'}u\a an<l redi.'}trihution hy the T:.w,hima \Varm Current. Howt:H!r. the 

distrihutional trends or illite in the present ~tudy area always show a seaward 
increase. even in the Nag<long estuar:-. Many other previous work.'} in the M)Uthern 

and western coastal areas of Korea indicate a ~ea\.\ard increase in illite (Park ct al.. 
1976: Chough and Kim. ]98]: Han. 1982: Chough. 1985). Oinuma and Koh,l\a,hi 
(1966) and Aoki et al. (1974) ~ugge~teJ that finc-grJincd sediments in the E:.1st St'a 
(Sea of Japan) were tran~porteJ from the Ea'>t China Sea hy the Tsushima \\'arm 
Current. 

In thi:-. connection. we interpretc the seaward irn.:re;.be in the present .'}tudy area 

mainly a~ the result of transport of large amcunts of illite from the Fast China Sea 
by the T:-.ushima Warm Current. 

Kao/mite 

Kaolinite contents range from 11 to 33% (fig. 5). The Jistrihutional trend~ l)f 

kaolinite in the study area show a seaward d1'.Crt!a'.:'.,e. which are oppo~ite to tho:-c- of 

• 17 

•18 
• 16 

. · .. ·. -: ... •17 

·~•·. 
17 

0 23 

~ ~ 
22/"lb 

(§) 
~9 •17 

·20 

• 19 

16 

• 19 . Tsushima I. 

• 17 

19 

12e oo' 129 oo' 30' 130 oo'E 

Fig. S. K;i1)lmi1t• t'onn,_·ntrat1011~ in the "'2 µ.m fr,u:tion uf ~urf .. H.:t: ~t!d1mcnts. 
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illite. High concentrations of kaolinite (more than 25!f) occur near shore. especially 
near the mouth of the NagJong Rivl.:'r and in the inner Jinhal.:' Bay. Thi.:' zonl.:' of high 

kaolinite n,ntcnts (nwre than 20%) i~ confined to dl.:'pth.-. le.-.'.:'.\ than 50 m. The k,wer 

value.-. in the offshore area n)incide. iu general. with the values of 10-20~( kaolinite 

in the sediments of the East China Se;:: (Oinuma and Kohayashi. 1966; R.ttl'ev ct aL 

1969: Chen. 1978), althllUgh these corcentration.-. are slightl:v higher. Thi.., trend c.:111 

he explained. by the higher settling \.clocity of land-dt:rivcd kaolinik aidl.:'J h: 
flocculation in the marine t:nvironmer t and the relatively small amount of k:.wlinik 

transported hy the Tsu~hima Warm Current from thl.:' Ea~t China Sea. 

Chlonte 

Chlorite content... range from l to I 8';'. in the .-.tudy area. The chlorite dlstrihution 

is similar to that of kaolinite. with lc~s di~tinctive pattern (Fig. 6). High concentra
tions generally occur near shore. espt cially in the northwestern area. and dccrca:-.c 

gradually seawards and northeastwards. On the outer ~helf. the chlorite cnnct.:ntra-

\_"7 
11,1 "\ 

• 0 

-11 _:J'o •6 
--------- • I 0 

----------@ •II 

.. 

•8 • 9 

•5 
• 8 

128 oo' 30' 

• 8 

·8 

•5 

I . 

"8 
0 

"' "' 

0 30Km 

30' 130"odE 
Fig. 6. C'hlorite concentration~ in the ,,;: 2 µm fraction of i>urfact' ~edimcnt, 



ISi 

tion is generally less than 10%. which 1.:orrespond~ to value:-. L)f le.-.s than 11 q: in the 

East China Sea ( Ratccv et al.. 1969: Chen. 19711). This trend can he c,plained as a 

re'.'.-iult of the contrihution of land-derived chlnrite from the western part of Kore,1 

and the n:lativdy c'.'>mall amount nf chlorite tran ,ported from the East China Sea. 

In this context. Chough and Kim (1981) reported high chlorite content of more 
than 20% near the shore and at !he nwuth~ of Kcum and Yeong:-.an rivers of the 

.,outhwc.-.tern cnast of KoreJ. 

Smectite 

Smcctite <.:ontents range from 0 to 8Sr l.!XCt:pt one sample of exceptional high 

concentration (28%) which was collected in the ,\.:ell-sheltered zone near MJsan (Fig. 

7). No :,,mcctitc was found at the Nagdong estuary. The vJlue:-. of smei..:tite in the area 

!.:oinci<lc. in general. \,.·Jth those of le.-,:,, than I or in the sediments of the Ea~t ( 'hina 

Se:.i (Oinuma and Kohayashi, 1966: Rateev ct a .. 1969). The distribution of smcctlte 

in rhc ~1rea Uot:s not disp!J.v charactc'r-istic tn:nJ.-., The I..H..:k nf Jistrihutinna/ trenJ~ 

__ _,__ _____ _,__ _____ ....J...---...,--,.,--,-1--------'---,_~ 

"' 
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•2 
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•I 

,2 
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• I 
•7 •2 • 2 I. 

• I 
.4 

•6 ,,. {"-::-' 
L,-:· 0 30Km 

~~-'-~ 

• I 

30' 30° 130°odE 

Fig. 7. Smcctite concentrations in lhe ~ 2 rm fraction of surface sediments. 
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can he explained as a result of the 1t.H•' ,,ettling velocity of smectite and the similarly 

low amounts of smectite transported from the East China Sea. 

I lllagrude clay 

Intergrade day contents range from 3 to JOW in the study area and \how irregular 

distrihutional trends in the area (Fi~. 8), even though slightly higher u1ntents arc 

found near the Nagdong e~tuary. Intergrade clay in the study area ma\ ha,e heen 

:-.upplie<l from land and added from t te East China Sea. The irregular 1.fo,trihutional 
trend\ of intergra<le day in the pres1:nt study area rnay he explained by the rJpid 

redistribution of the fine-grained sediments due to strong currents in the t1rea. 

CONCLUSIO;-..; 

Illite is the most ahundant clay m neral with kaolinite and intergradc clay heing 
common, and chlorite and smectite h,:ing present in small amounts in the sedimenb 
of the Korea Strait. 

ULSAN.,. 
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Fig.~. Chlonte•likc: mtergrade day i;oncentra wn), in the ,,:; 2 µm fr<1.ct1on of surfaco;: ~edimo;:nb. 
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The distributional trends of clav mineral.1, .•hO\\ an incre.1.')e in mite, a decrease in 
kaolinite and chloritc in the seaward direction. The distrihutional patterns of 
sme<.:tite and intergrade clay are irregular. Tl-'.c clay fraction~ of the sediments near 
the land are supplied by river~ and are mixed with fine-grained sediments trans
ported landwards from offshore. The distrib 1tion of clay minerab in the offshore 
area. the Korea Strait. shows les~ distinctive patterns than those in the onshore area 

due to the strong current of the area. 
The distribution.'> appear to have been influenced by the suppl_\ or/and redistri

hution of fine-grained sediments from river runoff from the Korean Peninsula as 
v.dl as fine-grained sediments of the Tsushima Warm Current from the East China 
Sea (Fig. 9). Kaolinite seems to he transporte,j mainly by river runoff: illite. chl0rite 

and smectite might have been derived par:ly from the East China Sea hy the 
Tsushima Warm Current. Intergrade clay ~eems to have a complex origin. 

KOREA 

~HSI~ 

I)~ 
I <Sl 

-====3.7 

)25° 127 ° 
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129° E 

z 
0 
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0 ... 
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F1g 9. Pos~1hlc transport path l)f the day fraction, tn the Korea Strait. / = illitt'; K = ka,1hnite: 

C--" ch\onte: S = ~mectttc. 
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The distribution of phytoplankton in Yeong-il Bay, Korea 
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Abatract: The interrelation$hips between distribution of phytoplankton and hydrographical condi· 

tions were studied from December 1983 to July 1984 in Yeongil Bay. 

The temporal variation of phytoplanktoti abundance seems to be mainly influenced by the vertical 

stability of water column and the freshwater run-off a1 companied with possible nutrient input. 

The temporal progression of dominant species show·; general succession pattern, especially 

Skeletonema costatum was found a dominant species in e1ch month. Although the differences be· 

tween concentration of chlorophyll a and abundance of phytoplankton may be caused by cell size 

variation, during the study period they show relatively pod linear manner. 

The phytohydrographic region based on multivariate analysis reflects the relationships between 

hydrographical condition and distribution pattern of phyt->plankton. 

R~: ~C:!.'il'?J A)~,:,:·_..,.}~1 . .!f_-'?I -;;!;-:L91 + ... ·191 T;;J q -',-AJ ... l-91 'J_iL->',!:>l]otl .. 3.i{r ~~T7} 1983\.;1 lL 

-'t!¥t1 1984td 7~_ot] .,,J-9 °1~7- 0 H.Jct. 
'-/~4--',}i:!}3.-E 'l!.f.*.9l .'-)"Q-"?j ~.Yf-::._c. '7~.;-J.0) --;0~ ~) t;\?}£9] S:1'J°"J~ i-iJ--} TtlJt!' 'J'T?J ¾ 
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tonema costatum-f- L~ SJ)-"] 711c] tj -'{· {J-! .£..!.,'. 1.}E~ ';;ttj-. Aj 1{-'~· ~:J .;1.f--24 '~ ±. rJ .:~'f 1~ 7'!/ c'f t- --fl ys-1 

.C.1.7]<;!.;,i-otl ut-~ *f 0 1"1::" 9] 0 1.'t:.. ·;~i!}·i]~s·_ -t-t- -'J:..j-~•71]·'.:i· -~~.ti. 
tj-t~<;J-J;'-!)otl Uy~.'.. _f_,!.}.'l~ 0-12l :f.t-& :r-'i-"1 7-i'] q ~-,,J:<t ~l-'i-c"._- 1 j.:J.-t·Yl +'_._;,i_oJ:',1 ;.:J-.0 l ':.lli... 

INTRODUCTION 

Conditions governing seasonal changes in 

ncritic environments are much more complex 

than in oceanic environments due to the added 

effects of local geography, river discharge, and 

tide (Parsons ct al., 1984). Especially an estu· 

arine environment do not necessarilly follow 

general pattern of succession, phytoplankton 

fluctuations may occur at any time of the year 

and are a function of natural causes (Toner, 

1981). 

The Yeongil Bay is located at 36°~36°10'N 

latitude and J29°20'~129°35'E longitude in 

southeastern part of Korea. The bay is 12 km 

long and has the width of 10 km, then the area 

is about 200 km2
• The depth increases getting 

nea~er to outer part, and its average depth is 

abo11t 25 m. From western part the Hyongsan 

Riv~r flows into the bay. This bay is connected 

wit 1 the East Sea in northeast direction, and 

inflienced more by offshore waters directly than 

by tidal currents (Fig. 1). 

The previous studies in this area are as follows: 

Manuscript rec<:ivc<l G July 1985. Ch-,c (1966, 1967, 1969) studied the taxonomy 
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.. 

Fig. l. Location of ~ampling stations in Yeongi! Ba;. 

of phytoplankton, Kwak(l976), Kwak and L,e 

(1977) studied the general oceanographic facto:·s 

and the distribution of pigment contents, Kwak 

(1977) studied the concentration and distributicn 

of iron, and the studies of distribution of drifting 

larvae of scallop by Yoo and Park (l ffi9). 

Nowadays various multivariate methods ha, c 

been used in the interpretation of the ecological 

data. Some examples of analyses applied 10 

plankton are; Allen and Koonce(197::), i\:1clnti1e 

UV7:-::;, Holland and Claflin (l!J'ifJ), and Estra( a 

and Bla~co :J\176,,. The choicl' of the mathema

tical method of analysis is mainly <lctermim<l 

by availability rather than an accurate knowl1'

dge of the properties and limitations of tl- e 

possible diffenmt methods (Lfgendre and Lcgett· 

dre, 19/8). When several method~ are availab e 

some arc used at a time and discussed late·, 

which may pruve usdul in practice (Flos, 1980). 

In this connection, the objective of this study 

i<; to examine the temporal variability in ph~ -

toplankton community with relation to 1.s 

hydrographical con<litioni-. anrl to detect t} c 

differences in phytoplankton distribution pattern 

through the multivariate analysis. 

MATERIALS AND METHODS 

The stations are located throughout the Yeoll

gil Bay ranging from the mouth part of the 

102 

Hyongsan River to just off the Changgi Gap 

(Fig. I). Each station wa& visited 4 times from 

December 1983 to July 1981. 

At each station water samples werf' collected 

with van Dorn sampler from selected depth 

(Table l). From each sampling depth approxi

mately fi00ml of sea water was subsampled into 

the polyethylene bottle and fixed with modified 

Lugol' s solution (Throndsen, 1978). Aftrr pre

servation these bottles were wrapped with 

aluminium foil to prevent from photooxidation 

of iodine. Then the samples were settled for a 

appreciable period and decanted by a siphon to 

concentrate the phytoplankton cells. And the 

concentrated sample was shaken to ascertain the 

homogeneous distribution of cells. From this Iml 

?:as subsampled to Sedgwick-Rafter cell, then 

settkd and I0°o field was counted. Organisms 

!-imaller than 1 0µm were not included. For 

measunng the concentration of chlrophyll a 

one liter water samples wl'rc filtered through 

a \\'hatman <.;F/C glass fibH filter and 

analyse~ for chlorophyll a were made spectro

photomctrically according :o Strickland and 

Parsons:197:?::. 

Temperature and salinity wl'rc mt·asurcd by a 

CTD system on the survey ship of the Hydro

graphic Office. Only in December l98~ and April 

198·1 salinity was measured by un inductive type 

salinometer. 

For the purpose of cluster and nodal analysis 

the quantitative data in July are use<l. The raw 

data set in July consists of T;' samples and 50 

species. The very rare species(oceurrcd less 

than J0?-1 of total samples! arc removed from 

th{' data before analysi~. 5o the original GO 

spt·cics are reduced to :ltl :>p<'ciC's. To execute 

a normal ami.lysis I relation between stations) the 

logarithmic transformation was used (Allen and 

Koonce, 1973; Angel and Fasham, 197:J; Ohman 

et al., 1982;. And the correlation coefficient was 

used as a similarity index. To examine the rela-
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Table t. Surnmary of sampling depth in Nch month. All depths arc in meters. 

Station number Station depth DEC. 

11 0, 20, 40 

2 28 o. 13,26 

:i 27 0. 1:1, 26 

.j 20 0, 9, 18 

5 15 0, 7, 11 

6 16 o. 8, 15 

7 10 0, 8 

8 10 0, 8 

9 10 0 

A* 40 

B* 25 

* the station A, B are added in 4th cruise 

tionships between the species normal data set 

was transposed, and then the in verse analysis 

was executed. In this analysis the root-root 

transformation was used (Field et al., 1982). 

And the Bray-Curtis (1937) measurement was 

used as a similarity index in an invlcrse 

analysis. 

Among the various clustering techniques the 

weighted pa!f .~roup average method was used 

(Davis, 197:1). 

RESULTS AND DISCUSSION 

Temporal variation of phytoplankton 

Abundance and species composition 

The variation of average cell <lensitirs in 

each month is shown in Fig.2. It shows min· 

imum in December (avg. about 74>< 103 cells/I), 

then increases in April to 100>: 103 cells;/, in 

May decreases to somewhat lowvr value ::tn x 

103 cells/!), and reaches its maximum value 

(1038X 103 cells/I) in July. 

In December, the relatively uniform T ·-S 

condition indicates that the drainage of freshwa

ter is negligible and a well-mixed condition is 

maintained (Fig.3A). The minimum level of cell 

densities in this month may reflect the above 

condition. In April, surface waters of the mid 

and inner part of the bay show lower salinity 

values. This fact indicates that some freshwater 

APR. MAY JUL. 

0, 2(l, 40 0. 20, 40 0, 10, 20, 30, 40 

0, 1::, 26 0. 13, 26 0, 13, 26 

0, 1::, 26 0, 13, 26 0, 13, 26 

0, 

0. 

0, 

0, 

0, 

!I, 1R 
··, 14 

ii, lfi 

8 

8 

--'~ 
-,~' . u J. j 

0 . 9, 18 
0, 7, 14 

0. 8, 15 

0. 4, 8 

0, 4, 8 

0, 1, 8 

(t M[AN OF EACH MONTH 

• MEAN OF fACH STAT!ON 

BAR . ! SD 

1 + 

0, 9, 18 

o, /, 14 

o. 8, 15 

0, 4, 8 

0, 5, 10 

0, 4, 8 

0, 10,20,29,38 

0, 12.24 

l 

Fig. 2. Temporal variation of phytoplankton abun-
dance during study period. 

inflows into the bay (Fig. 38'1. Thus possible 

nutrient input is accompanied with, because a 

large amount of municipal sewage has been 

discharged into the Hyongsan River without any 

treatment. And the favorable light condition 

enables April increase. In May, the salinity 

distribution is more or less even (more than 

33. 5%0 ). This condition indicates lhat the fre

shwater run-off is negligible (Fig. 3C). It can be 

postulated that the increased phytoplankton crop 
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A: DecembN 198J. B: April 191,1. 

in April consumes a considerable amount of 

available nutrients, then the nutrient level in 

May is situated in more of less poor conditions. 

Therefore the cell densitit's are to decrease in 

May. In July, thr- surface salinity is lowered 

markedly, suggesting that a great amount of 

freshwater has been discharged into the bay. It 

strongly indicates that the nutrient is supplied 

again. And the evident thermal gradient as well 

as salinity gradient can form a strong stratifi• 

cation in July (Fig. 3D). Furota (1980) has 

reported that phytoplankton blooms commonly 

occurred in the stratified l)('riod in embayment 

environments. He also suggested that in open 
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bay stratification of thl' water column results in 

the surface water being effectively supplied with 

nutrients from river drainage. Thus the rich 

phytoplankton abundance in July might be 

caused by the well stratified hydrographical con

ditions and the drainage of adjacent nvers 

(mainly Hyongsan River). 

The distribution of cell densities at each 

~tation in each month is !',hown in Fig. ,\. In 

December, because of a well-mixed condition the 

cell density of each station shows quite uniform 

distribution less than l00X 103 cells//. But St. 7 

and 8 show somewhat higher values, that is, 160 

:< 101 cell,;;;/{ and \/!):,- 10:, cells//, resp£'ctively. 
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This is caused by the relatively dense stock of 

Thalassiosira decipiens at St. 7 and Chaetoceros 

socialis at St. 8. In April, except for the lower 

salinity area (surface of St. 3, 5, and 7), the 

salinity of most areas is uniformly high, and 

the temperature changes slightly (Fig. 3B) This 

indicates that relatively well-mixed condition is 

maintained yet. So the cell density at each 

station ls distributed more or less uniformly 

with range of l00~l000X 103 cells;/. But St. I, 

2, and 6 is characterized by somewhat high 

values, that is, 539, 620: and 556 '< 103 cells/l, 

respectively. This is caused by dense stock of 

Thalassiosira decipiens, Skeletonema costatum and 

Gymnodini'um albulum. In May, though there 

exists some temperature gradient, the uniform 

salnity distribution indicates that the strong 

stratification is not set in (Fig. JC:. So the cell 

density at each staion is distribukd quite uni~ 

formly with range of 100"-';J00 x JO~ cell/l. In 

July, it is characterized that the very dense 

phytoplankton crop is found in the inner part 

of the bay, and the cell densities decrease 

gradually to the outer part. Th(: higher cell 

densites (more than 106 cells_ l) of the inner 

part an_. du(: to an outburst of Skefrtonema cos· 

tatum. According to Hend(:y ;19G-L, Skeletonema 

costatum is a very common pela~ic diatom, frl' 

quently associakJ with a coastal flora and wbcn 

presents it is usually found m a ]Jrge numbers. 

And also this small diatom 1s a widely di::.tn· 

buted boreal and temperate euryhaline species, 

restricted to coastal waters, which may rcproduci.: 

quickly (Toner, 19$1 1 . But approaching to the 

outer part, the cell numbers of this species are 

reduced and restricted to surface layers. So the 

cell densities tend to decrease gradually as 

getting nearer to the outer part. 

Nineteen species displaying appreciable cell 

densities (more than l 0% in each sample at least 

recorded in more than 3,..__.1 bottle samples) arc 

listed in Table 2. The table shows a clear tern· 
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F:g. 4. Distribution of phytoplankton cell densitie!; 
in each month. 

pcral progression of the important species. It 

~hould be noted that in December all the species 

concerned arc Jiatoms, whereas from April to 

Jt ly dinoflagcllaks comprise significant part of 

the total cdl densities. In December, the major 

d<,minant diatoms are Chaetoceros debilis, Chae· 

to:eros socialis, Nitzschia closterium, Nitzschia 

dtlicatissima, and Thalassiosira decipiens. The 

maximum abundance i-; found with Sitzschia 

dnterium. In April. the major rnmtituents are 

.\itzschia delicatissima, Skeletonema costatum, 

1 halassiosira decipiens, Nitzschia pungens, Chae

tcceros curcisetus and Gymnodinium spp. (mainly 

G.albulum). The maximum abundance is found 

with Skeletonema costatum. In May, the dominant 

species are Nitzschia closterium, Nitzschia deli

catissima, Gymnodt'nium spp., Leptocylindrus 

dwicus, and Prorocentrum balticum. The maxi· 

mum abundance is found with Proracentrum ba

l1 icum. In July, the major components are Ske

Z.itonema costatum, and Prorocentrum minimum, 

showing very higher abundance with Skeleto· 

1 cma costatum. In each month Skeletonema 
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Table 2. Temporal progression of dominant phytc · 

plankton species during the study peri0< . 

i DEC. I APR.: M-AY[ JUI' 

ti! 20,:[ 

10.7 ~I 
+ t+ 
+ 56, l 

+ t+ 

+ 

+ 
25.6 

17, 7 

rr 
ll 7 

+ 

Chaetoceros comprcssus 

Chaeloceros curvisetus 

Chaetoceros debilis 

Chaetoceros pcruvianus 

Chaetoceros socialis 

Distephanus speculum 

Gymnodinium sp. 

Gyrodinium sp. 

Heterocapsa triquetra 

Leptocylindrus danicus 

Nitzschia closterium 

Nit:zschia delicatissima 

Nitzschia pungens 

Prorocentrum balticum 

Prorocentrum minimum 

Skeletonema costatum 

Thalassiosira decipiens 

Thalassiosira sp. 
1 

Unidentified dinoflagellate j 

t+ t+ 

+ 21.0 + 

Values as thousand 1- 1 

I 
,t 

12. l 

tt 

t+ 
30.9 
37.6 

107." 
l07. 0 

Scale of abundance for cell counts 
ti : 1. ooo- 10, 0001-> 

: less than I, 000 1- 1 

: not observed 

I 

34.3 

41. l 

19,4 

58.7 

,t 

19 5 

t-

39 0 
15. 7 907 4 

tt 

t+ 

tt 
t-

costatum was found in the dominant specie;. 

Shim (1984) has reported that Skeletonema cos• 

tatum occurred as a dominant species at all 

seasons in the western coastal waters of Kore.1. 

Also in the southern coastal waters of Kore,1, 

this species occurred as a dominant species in all 

seasons (Yoo and Lee, 1879; 1980). 

The tem!X}ral progression of cell abundance 

and the relative importance of each component 

group are shown in Fig. G. The diatoms OCCUf y 

more than 90% of the total cells in December, 

then the proportion decreases gradually to Ma:r, 

but in July the proportion of diatoms increas,:s 

again. This is due to the dense stock of Skel :

tonema costatum. On the other hand, the dino· 

flagellates occupy small proportion of the tot.ll 

cells in December, then the proportion mcreasi·s 

gradually to May. And it decreases in Jul:·, 
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Fig. 5, Temporal variation of cell abundance and 
the relative importance of each component 
group. 

But the cdl densities of dinoflagellates progre· 

ssivcly increase from December to July, with its 

peak in July. From this fact it is suggested that 

the diatoms-dinoflagellates balance is changing 

throughout the study 

reported 

period. Revelante et al. 

that the dinoflagellatc~ ~l!:cl8·1) have 

predominate to the stratified conditions, and 

diatoms to thl.' periods characterized by mixed 

walt'r column conditions. The other groups which 

consist of mainly silicotlagelbtt·~ ~with some 

chlorophyceam, and euglenoids) contribute to 

minor proportions (less than fl%). The somewhat 

raised cell numbers were observed in July du'-· 

to silicoflagellates. 

Shim and Park(l983) reported in the southern 

waters of Korean Eastern Sea which located 

just off the study area, 20~100 cells x 103 
// in 

March. Whereas the cell densities of Yeongil 

Bay were 200"-'700 X 103 cells/l in April. It was 

one order of magnitude higher than that of 

offshore waters. ln most regions of tht· world, 

whatever the latitude is, the plankton in coastal 
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waters is normally richer than in offshore and 

oceanic waters. 

Chlorophy II a 

Standing stock of phytoplankton measured by 

chiorophyll a shows similar pattern as compared 

with cell densities. The major difference is the 

position of a peak. The temporal variation of 

concentration of chlorophyll a is shown in Fig. 

6. In December, the concentration of chlorphyll 

a is fairly low (avg. about O. 29 mg/m3), gets 

to the maximum value in April (avg. about 

3. 07 mg/m3J, and decreases in May (avg. about 

2. 11 mg;'m3
), then slightly increases again in 

July (avg. about 2. 36 mg/m3). 

The distribution of concentration of chlorophyll 

a in each month is shown in Fig. 7. In Decem

ber, its distribution is quite uniform and all 

stations show less than LO mg/m~. In April, it 

increases remarkably more than 3. Omg/m\ but 

St. 3 was less than 2. O mg/m3 and St. 8 shows 

tc 
en 
E 

ro 

I 

()MEAN Of EACH MONTH 

• MEAN OffACH STATION 

BAR ± SD 

\ 

t 

L,t_\_'. Al'!<. M,\Y l'lLY 

Fig. 6. Temporal variation of concentration of chlo
rophyll a during study period. 

e:{tremely poor less than I. O mg/m3
• In May, 

somewhat higher values are observed at St. 3 

a·1d St. 8 (more than 3. O mg/m3), the minimum 

v1lue observed at St. I. In July, it shows 

similar aspect with relation to cell densities, 

that is, the concentration of chlorophyll a incre

a:,es from the outer part to the inner part of 

the bay. 

As compared with ce1J densities, the main 

d.fference is derived from April and July. In 

inner part of the bay, the cell densities in April 

ace lower than that of July, on the other hand 

the concentration of chlorophyll a is somewhat 

similar values in April and July. In April the 

major components of the species are Skeletonema 

costatum, Thalassiosira decipiens, Nitzschia pun

gr:ns, and Chaetoceros curvisetus. But in July 

Skeletonema costatum constitutes the major part 

snlely. In other words, in April the major part 

of the phytoplankt•m community is composed of 

r,datively large species, on the contrary the great 

part of the phytoplankton community is composed 

of small diatoms (i.e., Skeletonema costatum) in 

J 1ly. From this point of view, though the cell 

) 

l'.J!ue~ ,n mq m 1 .. ,.,, 
• l.u. •; t J.Q-

• < • 

• •• • ••• 
• 
• 

• 

Fig. 7. Distribution of concentration of chlorophyll 
a during study period. 
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Fig. 8. The relationships between chlorophyll a con 
tents and phytoplankon cell density durinr 
study period. 

numbers of April is lower _than those of July, 

relatively large cells can maintain the highe1 

concentration of chlorophyll a in April. 

There arc many difficulties in comparing eel: 

density with concentration of chlorophyll a, c.g 

interspecific and intraspecific size variation 

different chlorophyll: carbon ratio, etc. (Raymont 

1980). In spite of such a difficulties the rela 

tionship between cell densities and concentratior 

of chlorophyll a shows a relatively good linear 

manner (Fig. 8). In this study area the carrel 

ation coefficient at each time was 0. 92, 0. 68, 

0. 82, and 0. 83, respectively. On the whole thi, 

correlation coefficient between cell densities and 

concentration of chlorophyll a is 0. 819. 

Division of the study area 

The cluster analysis was performed on eaclt 

month. It is difficult to divide the study area 

effectively in other months except for July, 

because of their relatively uniform hydrographical 

conditions. 

In July, the strong stratified conditions du,' 

to obvious pycnocline make it possible to divid,~ 

the study area effectively. Fig. 9 is a dendrogram 

showing the affinities between stations based 011 
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abundance of phytoplankton species. Arbitrary 

similarity level of 15% delineates 2 major groups; 

namely, Group A and B. The Group A com

prises the warmer lighter surface waters of the 

entire area and the waters of inner part of the 

bay(Ss. :i, 6, 7. 8, and 9). The Group B 

comprises the colder saline bottom waters of 

mid part of the bay and the waters below 20m 

depth of outer part of the bay. In both cases 

the strong thermal gradient exists just above 

them. This discontinuity layer acts as a barrier 

which prevents the mixing of two water masses. 

Group A is characterized by rich phytoplankton 

crop as described above. In estuaries which are 

highly stratified the phytoplankton is frequently 

occurred in lower salinity water (Riley, 1967). 

Group B is characterized by colder saline waters 

of the bay, and has relatively poor cell densities. 
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Fig. 9. Dendrogram showing grouping of 37 stations 
in Yeongil Bay based on quantitative data. 
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Fig. 10 is a dendrogram showing the affinity 

between species. The species groups are classified 

into 4 Groups: 

Group 1 is composed of mainly dinoOagellates 

species (Prorocentrum minimum, Scripssiella tro· 

choidea, Peridinium bipes, Gymnodinium spp., 

and Gyrodinium spp.) with some common neritic 

diatoms. 

Group 2 shows the omnibus pattern, that is, 

comprises some species of diatoms, dinoflagella

tes, and euglenoid. 

Group 3 is the main diatom community, then 

it contains some benthic forms (Navicula spp.) 

and more or less cold water form (Chaetoceros 

compressus), and some common diatoms. This 

group also contains the silicoflageilates (Diste· 

phanus speculum). 

Group 4 is only one species--Skelttonema 

costatum. 

In order to examine the degree of coincidence 

between collection groups and species groups the 

nodal analysis has been performed. Fig. 11. is 

nodal constancy diagram showing the relation

ships between station groups and species groups. 
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Fig. 10. Dendrogram showing grouping of 36 phyto· 
plankton species in Y eongil Bay based on 
quantitative data. 

Constancy means that the percentages or pro

po~tions of the number of occurrence of species 

in the collection group to the total possible 

number of such occurrences. The index will take 

a value of 1 when all species occurred in all 

co kctions in the group, and O when none of 

th,, species occurred in the collections (Boesch, 

19 77). In other words the nodal constancy 

patterns conveniently demonstrates the floral 

differences between collection groups. The station 

G1 oup A is characterized by very high constancy 

in species Group 1 (mainly dinoflagellates) and 

Group 4 (Skeletonema costatum). 1t indicates that 

sp~cies Group l and 4 are very frequently 

oc:::urred in warmer lighter waters (station Group 

A 1. The station Group B (colder, saline waters) 

shows moderately frequent occurrence of species 

G··oup l and Group 3 (diatom communities I. 

The nodal fidelity diagram is shown in .Fig. 

l:!. The fidelity index is an expression of the 

constancy of species in a collection group com

pared to the constancy over all collections. This 

(L 
:::, 
0 A 
(~ ,~ 
z 
0 ,_ -~ •-t0 

B 

SPECIES 
2 

GROUP 
3 

CONSTANCY 

•· 
< 0 2 

4 

Fig. 11. Nodal constancy in a two·way table between 
species groups and station groups. 
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Fig. 12. Nodal fidelity in a two-way table between 
species groups and station groups. 

index is unity when the con.stancy of a spcci:?s 

group in a site group is equival('nt to its oven 11 

constancy, greater than l when its constan,:y 

in that collection group is greater than th1t 

overall and less than 1 when its constancy 1s 

less than its overall constancy. The fidelity )f 

species group to collection groups make it pos:.i

ble to give an indication of the degree to whi,:h 

species "select" or are limited to collection typt-:$ 

(habitats. seasons or whatever; Boesch, EJ/7 ,. 

The nodal fidelity pattern shows that sonc 

species groups (e.g., Group I and Group .l) arc 

highly constant in station Group A, but are 

not very faithful more or less. This is caus,'d 

by its relatively wide distribution. But t:1e 

species Group 3 (mainly diatom community) is 

characterized by very high fidelity in static,n 

Group B (cold, saline waters). This may inci· 

cate that species Group 3 has some preferen-:e 

in cold saline water. The presence of cold wat 'r 

species (Chaetoceros compressus and Distephan.ts 

speculum) and benthic forms (Navicula spp) 

110 
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may reflect the above sugge~tion. 

The phytohydrographic fl'gion based on cluser 

and nodal analysis is shown in Fig. 13. The 

warm light water discharged from adjacent river 

spreads out overlying cold ::.aline water in the 

whole bay in July, on the other hand the cold 

saline bottom water from the outer part intrudes 

upto the bottom of the' .mid part of the bay. 

This feature is fairly similar to the salt-wedge 

type estuaries (Bowden, 1967). 
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Off Nice, the Ligurian current, when considered over a whole year, is 
equally composed of Tyrrhenian and Al,~ero-Provem;al fluxes. A marked 
seasonal cycle, which appears off Nice and also through the Corsican 
channel (with a maximum flux occuring in December and January, and a 
minimum in August and September), cannot be related to wind or 
atmospheric pressure variations ( Bethow. et al., 1982). 

Since October 1981, systematic CTD f,ections have allowed the study of 
the spatio-temporal variations of the Ligurian current. Heavy rains 
occured in December 1981, after a severe drought in the Western 
Mediterranean Sea (Prieur et al., 1983). Increases in the Ligurian 
current have been correlated with freHhwater inputs from precipitation 
and the Var and Arno rivers discharges (Bong, 1983). A twenty days lag 
correlation between freshwater inputs and baroclinic fluxes shows that 
the upper layer Ligurian current (0-200 m depth), of about 1.4 106m3/s 
average value, results from two compo.1ents : a constant one of about 
0.8 l06mS/s and a variable one, forced by freshwater. The latter chiefly 
comes from the Tyrrhenian Sea while the former originates essentially 
from the Algero-Proven<;al basin and s·:rengthens the concept of a deep 
water forcing (Bethoux and Prieur, 1983). 

In the Western Mediterranean Sea, outgoing deep waters (of about 
50 1oi 2m 3/y entering the Alboran Seal Bethoux, 1980) are compensated by 
Eastern Intermediate waters and by abo•Jt 13.5 10l 2 m3 /y of, North-Western 
surface waters. These waters, converted into deep waters during winter, 
progressively go towards the Straits. The central area of cyclonic 
circulation, where the transformation Jccurs, represents nearly half of 
the North-Western basin (1.4 10 11m2 ). The surface layer contribution to 
the deep water formation results in th" disappearance of an annual layer 
of 96 m thickness. This creates an initial domed structurF and an 
hypothetic lowering of the sea surface. A compensating gravity wave 
propagating from the Atlantic towards t~e Ligurian Sea takes at least 3.6 
hours. They allow a minimal lowering of the surface of (96 x 3.6) / (365 
x 24) = 0.04 m. That is about half of the dynamical differential height 
calculated off Nice, and may explain the geostrophic flux off Calvi 
(Corsica). 

Rapp. Comm. inr. Mer Mcdir .. 29, .1 (1985). 
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Also, different possibilities of propagating gravity waves, owing to 
the bathymetry, allow Atlantic s1rface water paths through the Balearic 
Islands. A curved line, between the Catalonian Coast, North of Minorca 
and Sardinia, may constitute an isochronous propagation line. In the 
infra red satellite images of sea surface temperature, a similar line 
corresponds to a thermal gradient (Philippe, 1980). 

The deep water formation area coincides evidently with one affected 
by wind (Mistral). So, in the North-Western basin, the deep water driving 
mechanism could give the same ot,tlines as the wind forced upper layer 
circulation (i.e McDonald et al., 1983). But, qualitatively and 
quantitatively, it explains the J,tlantic water path towards the Ligurian 
Sea. On the other hand, the freshwater driving force explains the 
channeling of the Ligurian current above the continental slope and the 
arrival of the Tyrrhenian flux. 
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ABSTRACT 

Planktonic foraminifera were studied from four piston cores collected 
from the upper and middle continental sloi:e of the Ulleung Basin in the East 
Sea. A total of 35 species belonging to 12 ~enera were identified. Planktonic 
foraminiferal faunas are dominated by N?ogloboquadrina pachyderma as
sociated with G!obigerina bulloides, and Ne(lg/ohoquadrina dutertrei. 

Considering the coiling direction of N .. ,achyderma, the rare presence of 
Globigerina umbilicata, and the occurrence of benthic foraminifers, the 4 
cores have been deposited in Holocene. However, the core 40-1 is seemed to 
be mixed with reworked Pleistocene mater als. The core 40•2 is appeared to 
have been deposited in the environments strongly influenced by warm water, 
e.g., the East Korea Warm Current, where:1.s the cores 40-1, 41·2, and SL-I 
have been influenced by cold water, e.g., :he North Korea Cold Current. It 
is inferred that the cores 41-2 and SL-I wne influenced from the upwelling. 
Most species are briefly illustrated. 

INTRODUC:ION 

51 

Planktonic foraminifera are very useful for paleodimatic and biostratigraphic interpretations 
in Cenozoic marine sequences. For instance. the I>eep Sea Drilling Project has provided ex
cellent results on biostratigraphy and paleoclimato ogy based on the planktonic foraminiferal 
assemblages. Almost of such interpretations have so far been based on frequency distributions 
and stratigraphic occurrences of planktonic foramir ifera. Planktonic foraminifera are grouped 
into several faunal assemblages which clearly refled latitudinal and climatic influences. The 
relationship between faunal assemblages and environmental parameters leads to a logical 
inference that the fossil remains of planktonic fon.minifera in the stratified ocean sediments 
reveal environmental changes through geologic time. According to Be ( 1967, 1977), approxi
mately 30 species of living planktonic foraminifera are found in the oceans and they range from 
a diversity of 22 in equatorial seas to that of one in polar seas. 

In the Sea of Japan, the planktonic foraminife ·a were extensively studied in the cores of 
uppermost Pleistocene to Holocene (Ujiie and Jchkura, 1973; Inoue, 1980), of Pliocene to 
Pleistocene (Ingle, 1975). Matoba (!984) studied :he paleoenvironment of the Sea of Japan. 
Oba (1983) demonstrated a distinct environmental change in salinities and water temperatures 
during the latest Pleistocene to early Holocene by the oxygen isotope studies of the benthic 
foraminif P.ra 
The p4rposes of this study are as follows: 
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Fig. I. Location of cores (!;athymetry based on KORDI, 1982). 

1) to document the vertical distribution of the plank.tonic foraminiferal faunas in the cores 
from the Ulleung Basin slope. 

2) to determine the geologic age of the c->res. 
3) to delineate the paleoenvironments of the study area. 

MATERIALS AND METHODS 

Core Description 
Four piston cores were raised from the upper and middle continental slope of the Ul!eung 
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Basin named hy Kim (1976). Three cores (core no. 40-1, 40-2, and 41-2) were obtained during 
the cruise in March, 1982 and another one (SL-I) in December. 1983 by using Tsurumi --- Seiki 
piston corer. Core 40-1, 40-2, and SL-1 were obtair ed from the upper slope, and the core 41-2 
from the middle slope (Fig. I). The locations, water depths and lengths of the cores are given in 
the Table 1. 

The color of sediments are generally olive gray ('.;y 3/2 - Sy 4/2). The upper slope cores are 
consisted largely of clayey, muddy and silty sand, whereas middle slope core is dominantly 
silty (Fig. 2). The core 40-1 shows the primary par 1llel laminations in the upper 10 to 45 cm, 
whereas the lower part dose not show any distinc1 primary structures, which may have been 
disturbed (Jeong. 1983)_ The core 40-2 consists mainly of more than 80% terrigeneous 
materials. and shows parallel laminations in the uprer 0-64 cm and dark mottles (about 2-7 cm 
from the top). Cores 41-2 and SL-! consist mostly of silt and silty mud with scarce sand, and 
shell fragments. X-radiographs of the cores show the rind burrows, typical structure of hemi
pelagic sediment throughout the whole core. The above~mentioned descriptions are mainly 
based on Jeong (I 983). 

Methods of Study 

A total of 75 samples were taken out in 3A cm thickness with intervals of 5 to 15 cm. Raw 
samples were disaggregated in 3% calgon solutio 1 and washed through a ?30 mesh sieve 
(0.063 mm openings). The residue on the sieve we1e dried in the oven. From the dried residue. 
about 300 specimens of planktonic foraminifers were randomly picked out. In addition, 
benthonic foraminifers were also picked out. 

PLANKTONIC FORAMINIFI:RAL ASSEMBLAGES 

Core 40-2 (Table 2) 

This core contains extremely rich and well pn served planktonic foraminifers among the 
cores. In 17 samples. 30 species of 11 genera we:e identified. The "planktonk ratio" (Ujiie 
and lchikura, 1973), a ratio of planktonic to all foraminifers. lies between 47% and 73%. The 
planktonic foraminiferal assemblage is generally ,;haracterized by the predominance of N. 
pachyderma associated with N dutertrei, Globurotalia crassafom1is, Globigerina bulloides 
and Globigerinoides rubcr in most samples. 

It is highly characteristic that the coiling ratio of N. pachyderma is dommated hy the dextral 
coiling form more than 94% throughout the core ( Fig. 3 ). In addition. very rare occurrence of 
tJlubigerina umbilicata is found throughout the core. 

Table I. Location and water depth of the cores. 

Core No. Latitude (N) Longitude (E) Water depth 
(m) 

40-1 35°39' 4" 129°59' 4" 352 

40-2 35°39' o" 129°59' 3" 305 

41-2 35° 42' s" 129°51 1 4" 782 

SL-I 35°45' 3• 129°44' 3" 440 
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Fig. 3. Vertical changes of planktonic foraminifera. observations throughout the core 40-2; 

A: Specimen number of Neogloboquadrina pachyderma. 
B: Coiling ratio of N. pachyderm a. 

C: FaunaI composition showing by three divisions, N. pachyderma (N.p.), G. 
bulloides (G.b.) and others. 

0: Ratio of cold water species and warm water species. 
E: "Planktonic ratio". 

Fig. 4. Vertical changes of planktonic foraminife·al observations throughout the core 40-1; 
Refer the explanation of A, B, C, D and E i 1 Fig. 3. 

foramirufera belonging to 7 genera and 13 specks were identified. In this core. Neoglobo
quadrina pachyderma and G/obigerina bu//oides a,e dominant species. N. pachyderma is the 
most abundant species throughout the core. This cJre shows a distinct change of coiling ratio 
between 28 cm and 32 cm below the top of the core. It is noteworthy that the number of 
Globigerina umbilicata increases with the increase Jf sinistral coiling form of N pachyderma. 
The planktonic ratio is between 32% and 55% (Fig. t). 

Core 41-2 (Table 4) 

From 21 samples, a total of 23 species of9 gen<-ra were identified. This core has a relatively 
poor population of planktonic foraminifera, and so, specimens less than 300 per sample were 
picked out from six samples of this core. 

A lot of diatoms and juvenile benthonic foraminifers are accompanied throughout the whole 
core. The planktonic ratio lies between 17% and ::0% after the negligence of very small-sized 
benthic foraminifers. It is noted that N. pachyde,-ma is predominant among the fauna. The 
dextral form is about 64% in the assemblage of this species (Fig. 5). 

Core SL-1 (Table 5) 

Core SL-1 yields very rare planktonic foraminifora among the cores. Only 4 samples contain 
sufficient planktonic foraminiferal tests, about 30(1 specimens. On the other hand, very small
sized benthonic foraminifera are abundantly found. From the 22 samples, 25 species of 11 
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genera of planktonic foraminifera are idc,ntified. Planktonic ratio varies from 5% to 17% after 
the negligence of very small-sized benthic foraminifers (Fig. 6). 

The most prolific species is N. pachJ•denna, and the next come Globigerina bulloides and 
Globigerinita glutinata. The sinistral N. pachydenna is largely associated at three intervals; 50-
114 cm, 150-159 cm, and 246-319 cm frc m the top. 

BIOSTRA TIGRAPHY 

The coiling direction of N. pachydenn, has been proved to be very useful for biostratigraphl-
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Fig. 5. Vertical changes of planktonic foraminiferal observations throughout the core 41-2; 
Refer the explanation of A, B, C, D and E in Fig. 3. E obtained only from the picked 
foraminiferal a~emblages ( Actm 1 assemblages contain abundant small-sized benthic 

foraminifers). 

Fig. 6. Vertical changes of planktonic fJraminiferal observations throughout the core SL-1; 
Refer the explanation of A, B, C, D and E in Fig, 3. E obtained only from the picked 
foraminiferal assemblages (Actual assemblages contain abundant small-sized benthic 
forarninifers). 
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Table 2. Occurrence chart of planktonic foraminifers in the core 40-2. 
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Table 3. Occurrence chart of planktonic foraminifers in the core 40-1. 
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cal correlations in the Cenozoic marine deposits. For example, Bandy (1960) revealed a distinct 
change from the sinistral coiling to dextral one a1 about 11,000 yrs. B.P., and regarded it as an 
index of the Holocene-Pleistocene boundary from the cores collected in Southern California 
Continental Borderland. 

Ujiie and lchikura (1973) figured out the Holocene-Pleistocene boundary primarily based 
upon the remarkable change of coiling direction of N. pachyderma from predominantly sinistral 
coiling in the Pleistocene to dextral one in the Holocene from the cores of the Japan Sea. They 
also pointed out the extinction level of G. umbil1cata, which is common from the Pliocene to 
Pleistocene, and the sudden increase of benthic foraminifera after the Pleistocene (Jchikura and 
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Table 4. Occurrence chart of planktonic foramin.ifers in the core 41-2. 
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Table 5. Occurrence chart of planktonic fJraminifers in the core SL-I. 
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Ujiie, 1976). Ujiie and Jchikura ( 1973) attributed this sudden high occurrence of benthic 
foraminifers to the environmental change from the anoxic condition during the Pleistocene 
to the oxygenated condition prevailing ir. the present-day Japan Sea (Matoba, 1984). These 
criteria are also available for the correlatiori of the cores dealt in this study. 

The core 40-2 shows constant high ralios of dextral coiling N. pachyderma, 94% to 100% 
throughout the core. In addition, G. umbiiicata is very rare with the exception of a few juvenile 
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specimens. Judging from the these facts, the core 40-2 was deposited in the Holocene. 
In core 40-1, the samples, 32-66 cm from tht: top, show the high ratios of sinistral N. 

pachyderma, about 60% to 80%. G. umbilicata, a 1-ossible Pleistocene species, is also associated 
in a relatively high frequency in the samples between 32 cm and 79 cm from the top. But the 
samples, 15-17 cm and 19-22 cm from the top, show absolutely high ratios of dextral N. 
pachyderma and the relatively low occurrence of G. umbilicata. 

The core 40-1 shows slumping and parallel structures on X-radiographs (Jeong, 1983). This 
suggests that the deposition of this core was prompted by the rapid sedimentation processes; 
probably by submarine slumping. According to Park (I 982), the sand deposits with less than 
8% of muds are distributed on the outer shelf and adjacent to the shelf break of the Ulleung 
Basin, and these would probably be the relict sedinents deposited in response to a lower stand 
of sea level during the Pleistocene. Therefore, it is assumed that some of the faunas occurred 
in the core 40-1, especially sinistral N. pachyd,,rma population and G. umbilicata, were 
reworked from the neighboring Pleistocene relict sediments, resulting jn the mixture of the 
Pleistocene and Holocene population. ln fact, the dose association of sinistral N. pachyderma 
with G. umbilicata supports this inference. 

Holocene is characterized, as proviously-mentic-ned, by the low occurrence of planktonic 
foraminifers in the troughs, basin, and rise in the . apan Sea (Ichikura and Ujiie, 1976 ). Their 
result is not concordant with the cores 40-2 and 40-1. This difference is due to the location 
of our cores. They are located in the upper slope to be associated with relatively small benthic 
foraminifers compared to the deep-sea basins or troughs studied by them, although this 
phenomenon is deviated from the general increase of planktonic foraminifers with the increase 
of depth down to the lysocline and Calcite Compensation Depth in the Oceans (Grimsdale 
and Morkhoven, 1955; Be, 1977). 

In cores 41-2 and SL-I, the occurrence of G. umbilicata is negligible. In addition, the 
benthonic foraminifers are more abundant than the planktonic ones. These observations suggest 
that the cores 41-2 and SL-1 were deposited in the llolocene. 

PALEO ENVIRONMENTS 

The latitudinal occurrence of planktonic foraminifera and coiling ratios of N. pachyderma 
are particularly sensHive indicators of variation:, in surface temperatures. Ericson (1959) 
suggested that a switch in coiling from dominantl~• sinistral to dextral occurs at about 7°C in 
surface waters of the North Atlantic. According t, Smith ( 1964), the change from dominant 
sinistral to dextral populations of N. pachydermG occurs at about the position of the 11 °C 
summer isotherm in the northern Pacific. The sini:,tral populations of N pachyderma {90% to 
100% sinistral) are mostly within the 6 °C - sun mer isotherm. Kennett (1969) and Be and 
Tolderlund (1971) suggested that the dominant 11resence of sinistral population is indicative 
of water cooler than 10°C, whereas totally dextra coiling populations represent warmer water 
than I5°C. However, the boundary between these dextraI and sinistral group is gradual and the 
current patterns and boundaries of water masses produce a number of modifications of the 
faunal boundaries. 

Core 40-2 
The ratios of subtropic and tropic assemblages to the total assemblages are about 46%. The 

ecological distribution of selected planktonic forarninifera is shown in Fig. 7. The ratios of the 
dextral coiling N. pachyderma are very high. Thes, observations suggest that the core 40-2 was 
deposited in the warm environments. 
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In the south-east coast of Korean Peninsula, the Tsushima Warm Current Water is 
characterized by high temperature and high salinity, and diverges into two parts. One part, the 
East Korea Warm Current, flows northwarcly along the Korean coast and the other one deflects 
to the east, passing at 130°E between 3S'OO'N and 35°S0'N (Hidaka, 1966; KORDI, 1982). 
Accordingly, it is reasonable that the core v,as highly influenced by the warm waters such as the 
East Korea Warm Current. 

Core 40-1 

Core 40-1 is characterized by a very righ occurrence of cold water species, about 90% of 
total planktonic foraminifera assemblageL These cold water species are N. pachyderma, G, 
bul/oides, and G. umbilicata. The coiling ratios of N. pachyderma show strong fluctuations. 
For example, the very high ratios of sinistn,l form of the N. pachyderma in the lower (32-66 cm 
from the top), decrease in the upper part of the core ( I 5-28 cm from the top) and then increase 
again in the uppermost part (0-1 l cm frorr the top). These phenomena suggest either an abrupt 
climatic change or a possibility of the input of reworked fauna hy rapid sedimentation. X
radiographs of the core support the latter possibility (Jeong, 1983). It appears that the abrupt 
climatic change would not happen during the deposition of the core sediments, but the active 
sedimentation would be more reasonable for the coiling ratios of N. pachydem1a. The do. 
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minance of cold water species indicates a strong influence of the cold waters. 
The high and stable occurrence of the dextral pc,pulation of N. pachyderma in the core 40-2 

compared to the adjacent core 40-l is seemed to be due to the location of the cores. For 
instance, the core 40-2 is located in the area relatively stable compared to the core 40-l. 

Core 41-2 and Core SL-1 

Core 41-2 and core SL-I have a similar fauna! composition. The ratios of cold water fauna 
vary from 74% to 99% in the core 41-2, and 74% t> 95% in the core SL-I. The coiling ratios of 
N. pachyderma show some variations. Seven samples in the core 41-2 and 14 samples in the 
core SL-I show more than 50% of sinistral coiling N. pachyderma. The sporadic occurrence of 
high ratios of sinistral N. pachyderma is assumed b)' the influence of cold water mass, probably 
the North Korea Cold Current. According to An (l 974), the cold water mass flows down along 
the IO0m contour line to Youngil Bay and to Uls:m in summer. The water depth of the core 
4 l-2 and SL-I are deeper than the other cores and the locations of these two cores are nearer 
to the coast. In addition, the two cores consist largely of mud and silt. Therefore, it is assumed 
that these two cores were largely affected by the l'orth Korea Cold Current, and the change of 

strength of the Current seems to have influenced the coiling ratios of N. pachyderma and the 
occurrence of the cold water fauna. 

And also, this phenomenon can be explained en the viewpoint of upwelling. In fact, Kim 
and Han (l 972) showed the co-occurrence of c,,ld-water and warm-water species off the 
southeastern coast of the Korean Peninsula, southwest of the study cores, due to the upwelling. 
A similar phenomenon might be also possible in the study area during the time-interval of the 
deposition of these cores, even if this study area is somewhat far from the present upwelling 
zone. As previously-mentioned, in the cores 41-2 and SL-I, there are abundant diatoms and 
juvenile benthic foraminifers. This may suggest hig 1 productivity related to upwelling in these 
2 cores. In fact, these 2 cores are located near the -;oast where upwelling is generally dominant 
in the East Sea (Lee, 1978; Lee, l983;Seung, 1984). 

Order FORAMINIFERIDA 

Family GLOBIGERINIDAE 

Genus Globigerina d'Orbigny, 1826 

Globigerina bulloides d 'Orbigny, 1826 

Plate I, fig. I 

DESCRIPTION 

1962 Globigerina bulloides d'Orbigny: Parker, p. ::21. pl. 1, fig.s. 1-8. 
1981 G!obigerina bulloides d'Orbigny: Saito, Thompson, and Breger, p. 40, pl. 7, figs. la-c. 

Test size variable, low to medium-height tr,,chospire, highly [obulated, rarely 3, and 
commortly 4-5 globular chambers in the final whorl, about 8-IO chambers arranged in 2-2 1/2 
whorls, chambers slowly enlarging. chamber shap, spherical to slightly ovoid, chambers well 
separated with deep sutures. Aperture umbilical. interiomarginal, a high, symmetrical arch 
occasionally with a thin rim-like lip. 

Remarks: The wall is perforate. each pore heing set at the base of a conical pit. This species can 
be distinguished from Globigerina falconensis by its lack of the prominant lip. 

Occurrence: Core 40-1. 40-2, 41-2 and SL-I; common and abundant. 
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G/obigerina umbilicata Orr et Zaitzeff, 1971 

Plate 1, fig. 3 

1971 Globigerina umbilicata Orr et Zaitzeff: p. I 7 -19, pl. I, figs. l-3. 
1981 Globigerina umbilicata Orr et Zaitzeff: Sait•l, Thompson, and Breger, p. 37, pl. 6, figs. 

l, 2a-b. 

Test low trochospiral, 5-6 chambers in the fir.al whorl of adult specimens, about 10-12 
chambers arranged in about 2 I /2 whorls. Chambers spherical to ovate, increasing slowly in 
size, sutures distinct. Aperture umbilical to interiomarginal, a large and open arch with a thin 
lip. 

Remarks: G. umbilicata differs from G. bulloides b} its less inflated chambers in the final whorl 
and chamber numbers. G. umbilicata usually has five to six chambers in the final whorl of adult 
specimen and G. bulloides has four in the adult. 

Occurrence: Core 40-1; common, core 40-2. 41-2, and SL-I; rare. 

Fig. I. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Fig. 10. 

Fig. 11. 

Fig. 12. 

Fig. 13. 

Fig. 14. 

Explanation of Plate l 
(bar= I 00 µm) 

Globigerina bulloides d'Orbigny 
Umbilical view (PLKU-F-l ). Core 40-2, 6 i-68cm. 

Globigerina rubescens Hofker 
Umbilical view (PLKU-F-2). Core SL-1, 213-296cm. 

Globigerina umbilicata Orr et Zaitzeff 
Umbilical view (PLKU-F-3). Core 40-1, 26-28cm. 

Globigerinella aequilateralis (Brady) 

Umbilical view (PLKU-F-4). Core 40-2, 7 -74cm. 

Globigerinella sp. 
Umbilical view (PLKU-F-5). Core 40-2, 90-93cm. 

Globigerinoides conglobatus (Brady) 

Umbilical view (PLKU-F-6). Core 40-2, H4-147cm. 

Globigerinoides elongatus (d'Orbigny) 

Umbilical view (PLKU-F-7). Core 40-2, 9<)-93cm. 

Globigerinoides ruber (d'Orbigny) 

Umbilical view (PLK U-F-8 ). Core 40-2, l" l-174cm. 

Glubigerinoides sacculifer (Brady) 

Umbilical view (PLKU-F-9). Core 40-2, 8:l-86cm. 

Globigerinoides sp. 
Umbilical view (PLKU-F-10). Core 40-2, 71-174cm. 

Orbulina universa (d'Orbigny) 

Umbilical view (PLK U-F-11 ). Core 40-2, . 7 l-l 74cm. 

Globigerinita glutinata (Egger) 

Umbilical view (PLKU-F-12). Core SL-I, 246-249cm. 

Globigerinita minuta (Natland) 

Umbilical view (PLKU-F-13). Core SL-I, l0-93cm. 

Globigerinita sp. 
Spiral view (PLKU-F-14). Core 40-2, 171-174cm. 
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Genus Globigerinoides Cushman, 1927 

Globigerinoufes ruber (d'Orbigny), 1839 

Plate l, fig. 8 

1962 Globigerinoides ruber (d'Orbigny): l'arker, p. 230, pl. 3, figs. 11-14; pl. 4, figs 1-10. 
1981 Globigerinoides ruber (d'Orbigny): !:aito, Thompson, and Breger, p. 59, pl. 15, figs. la-c. 

Test small to large in size, low trocho:,piral coil, 3 globular chambers in the final whorl, 
about 10-13 chambers arranged in about 2 whorls. Chambers spherical, inflated, increasing 
rapidly in size. Primary aperture interiom,1rginal, umbilical. Secondary aperture on spiral side 
at intersection of soiral and intercameral su·.ures. 
Remark.s: Two varieties, pink and white, are noted in deep sea sediments. The pink-shelled 
variety is absent in surtace sediments of .he Jndo~Pacific area. although it is found in Late 
Pleistocene core sediments. 

Fig. I. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Fig. 10. 

Fig. 11. 

Fig. I 2. 

Fig. 13. 

Fig. 14. 
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Explanation of Plate 2 
(bar= l0)µm) 

Candeina nitida d'Orbigny 
Umbilical view (PLKU-F-15). Cc,re SL-1, 273-276 cm. 

Globoquadrina hexagona (Natla 1d) 

Umbilical view (PLKU-F-16). c,,re SL-I, 246-249 cm. 

Gioborotalia hirsuta (d'Orbigny 1 

Umbilical view (PLK U-F-l 7). Core 40-2, I 71-174 cm. 

Globorotalia inflata (d'Orbigny,' 

Umbilical view (PLKU-F-18). Core SL-1, 10-14 cm. 

Gfoborotalia menardii (Parker, Jones et Brady) 
Umbilical view (PLKU-F-19). C,re 40-2, 7!-74 cm. 

(;foborotalia sp. 

side view {PLKU-F-'20). Core 4C-2, 25-29 cm . 

. Veogloboquudrina Ju 1•rtrei (d',)rbigny) 

Umbilical view (P LK L-F-21 ). C ne 40-2, 71- 74 cm. 

Xeogloboquadrina pachydermu tl!1renberg), ldextrJl) 
Umbilical view (PLKU-F-22). Core 41-2, 81-84 cm. 

Neogloboquadrina pachyderma (Ehrenberg), {sinistral) 

Umbilical view (PLKU-F-23). Core 41-2, 75-78 cm. 

Pulleniatina finalis Banner et Blow 
Umbilical view (PLKU-F-24). Core 40-2, 45-48 cm. 

Pulleniatina obliquiloculata (Parker et Jones) 
Umbilical view (PLKU-F-25). Core 40-2, 90-93 cm. 

Globigerine!la aequilataa/is (Brndy) 

Surface texture (bar= 10 µm, l'LKU-F-4 ). Core 40-2, 71-74 cm. 

Orbulina universa (d'Orbigny) 
Surface texture (bar= 10 µm, l'LKU-F-11 ). Core 40-2, I 71-174 cm 

Globorotalia menardii (Parker, Jones et Brady) 
Surface texture (bar= 10 µm, l'LKU-F-19). Core 40-2, 7!-74 cm. 
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Occurrence: Core 40-2; common, core 40-1, 41-2 and SL-I; rare. 

Family GLOBOROTALIIDAE 

Genus Neogloboquadrina Bandy, Frerichs et Vincent, 1967 

Neogloboquadrina dutertrei (d'Orbigny), 1819 

Plate 2, Fig. 7 

1962 Globoquadrina dutertrei (d'Orbigny): Parker, p. 242, pl. 7, figs. 1-5. 
1981 Neogloboquadrina dutertrei (d'Orb~ny): Saito, Thompson, and Breger, p. 111, pl. 36, 

figs. la--c. 

Test medium to large, a medium-height trochospire, 5-7 globular chambers in the final 
whorl, about 12-15 chambers arranged in ,bout 3 whorls. Chambers subspherical to slightly 
flattened radially, increasing slowly in si2e as added. sutures distinct. Aperture umbilical, 
interiomarginal, a wide and deep opening wi h an umbilical tooth. 

Remarks: This species shows a good deal of variation and these assemblages can be separated 
morphologically and phylogenetically. 

Occurrence: Core 40-2 and 41-2; common, core 40-1 and SL-I; rare. 

Neoxloboquadrina pachyderma (Ehrenberg). 1861 

Plate 2, figs. 8-9 

1962 G/obigerina pachyderma (Ehrenberg I: Parker, p. 224-225, pl. I, figs. 26-35; pl. 2, figs. 
1-6. 

1981 Neogloboquadrina pachydenna (l:hrenberg); Saito, Thompson, and Breger, p. 106, 
pl. 34, figs. la-c. 

Test small to medium in size, 4-5 globu ar chambers in about 2-3 trochospiral whorls, size 
increasing moderately as added, sutures distinct, final chamber slightly overhanging the 
umbilicus toward the ventral side. Aperture umbihcal, interiomarginal but extending nearly to 
the periphery, a low arch with a thin projecting rim. Left coiling form builds a more thickened 
test wall. 

Remarks: According to Srinivasan and Krnnett (1975), this species builds a relatively un
thlckened. pitted microcrystalline surface ( termed "reticulate forms") in warm water masses 
and a more thickened crystalline surface C(1vered by distinct euhedral calcite rhombs (termed 
"'crystalline forms") in cool water masses. 

Occurrence: Core 40-1, 40-2, 41-2 and SL-1 abundant. 

Genus Pulleniatina Cushman, 1927 

Pul/eniatina ob/iquiloculata (Parker et Jones I, 1865 

Plate 2, fig. 11 

1962 Pulleniatina obliquiloculata (Parker et Jones): Parker, p. 234, pl. 4, figs. 13~16. 
1981 Pulleniatina obliquiloculata (Parker et Jones): Saito, Thompson and Breger, p. 98, 

pl. 31, figs. la-b, 2. 

Test size variable, initially a low troc 10spire soon becoming a streptospire. 4 globular 
chambers in the final whorl. Chambers sph-,rical becoming radially llattened, much embracing, 
sutures weak. Aperture a very low, ventrally interiomarginal arch, with no apparent lip. 
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Occurrence: Core 40-2; common, core 40-1, 41-2 an-1 SL-1; rare. 

CONCLUSIONS 

Based on the coiling ratios of N. pachyderm,·, the absence of G. umbi/icata, and the 
dominance of benthic foraminifers, the geologic age of the cores 40-2, 41-2, and SL-1 is 
Holocene. In addition, it is suggested that the cor,, 40-1 was also deposited in the Holocene. 
The presence of sinistral N. pachyderma and G. umbilicata seemed to be due to the mixture of 
neighboring Pleistocene sediments. 

Core 40-1. 41-2, and SL-1 dominated by cold water fauna were mainly influenced by the 
North Korea Cold Current, whereas core 40-2, dorrinated by warm water fauna, was deposited 
under the strong influence of the East Korea Warrr Current. It is inferred that the cores 41-2 
and SL-1 had been influenced by upwelling. 
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>J 40-Zi:-%~•J:-l\-.s.J ~•J¾ 'l}.g. ?;!~.£ .'1. 0 )oj, s)?'J 40-1, 41-2,.::t 
"12 SL- J.g. .Ji\-~ 'l!:-1\-91 ~•J¾ •J.g. ~7,joJ)sj :<1"1-'B ?;!~.>'. 3'.oJct. ,e_~ 

~ 0Joil 1fnf-t-'¥- "i?'J, 41- Z9f SL- 1-& %~~7J.s.J 1•J0I 'U9J.<,i ?;!~ 
.s'. ,g ,-, ,;Jct. 
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Key words: Phyllodocid Polychaetes, Kwangyang. 

INTRODUCTION 

The phyllodocids are widely distributed in the tabitat and mainly associated with hard 

substrates. The family Phyllodocidae is one of th, largest group of Polychaeta which is 

comprising more than 30 genera and 290 species. Bergstrbm(l914) published a monograph 

on the Phyllodocidae with a much detailed classification of genera which is not correct in 

all respects .. There arc a lot of studies compiled b:1 Berkeley and Berkeley(lg48), Hartman 

(1968), lmajima and Hartman(1964) and Uschakov(1972) etc. in the North Pacific coasts. 

The main diagnostic characters are the formaticn of papillae on the proboscis, the shapes 

of the parapodial lobe and their cirrl, and body c )loratfori. The form of tentacular cirri of 

first anterior segments should be used to as impo1 tant identificatory character. It would be 

simplified to a tentacular formula as following: (1-t 0-~) t S~. Simbols; 1: present a elongate 

tentacular cirrus, S or 0: setae present or absent, N: present a normal cirrus, ( ) : fused 

segments. 

Phyllodocids reported from Korean coasts have been also concerned mainly with the hard 
(31) 
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substrates of intertidal zone. These taxoncmical studies have be(;n performed by Paik(l975, 

1976, 1978, 1979, 1982 & 198,1) and Rho and Song(l9,5) and hy these studies 7 species(Mysla 

ornata, Nlpponophyttum japonicum, Eulr lia ciridis, Futatia M!incata, Anaitides macul

ata, Genetyllis castania, f:.:umida sangui;iea) are known. Un thr soft substrates of sublit

toral zone. only one phyllodocid polychaete, Eteone tonga, is reported by Lec(l976). 

In this paper, four species of the phylhdocids occurring on the soft sub.:-trates of the 

sublittoral zone of K wangyang Bay in th{· southern coast of Korea are presented. 

The specimens were based on collection 5 obtained every two months periodically from 

Feb. 1983 to Apr. 1985 using the van-Vern grab. All of samples were narcotized with a 

solution of 7% MgCb in sea water and it1 about half an hour fixed with 10% neutral for

malin. 

The type specimen and most of the remaining collections ha vc been deposited in Biological 

Oceanography Laboratory in KORDI, Seoul. 

DESCRIPTION OF l'HYLLODOCIDS SPECIES 

Anaitides koreana, n. sp. ~"i'-¥->!•J,)!;,] e,jol(-<J~) (fig. 1) 

Collection : Accounted only rather complete and clear 26 specimens of 284 individuals co

llected (Table 1). 

Description: Body slender and relatively l:mg. Complete specimen with 166 segments 44mm 

long and 2. Omm wide excluding setae at widest segment. Coloration of body preserved in 

formalin lightish yellow with three longitudinal dark(almost black) pigmPnts on the dorsal 

side and a dark narrow longitudinal strip:::- on the ventral side. \fature ::.pecim('ns reddish 

excepting anterior some segments. Redd isl region of the bCJdy \.\. ith numerous eggs \vi thin 

their parapodia(paratype specimens of Ne. 4, 5 and 26 in April). Eggs ruun<l, E4 93 urn in 

diameter. 

Prostomium heart-shaped, longer than ,vide. Two pairs of antennae inserted at convexed 

frontal margin of the prostomium, short ,rnd subequal. Two eyes on the postc:rior third of 

prostomium large and purple. A nuchal papilla present in thf: posterior jncision of the 

prostornial lobes. 

Basal part of eversiblc proboscis expanced like ballon; with 6 longitudinal rows of papillae 

on each lateral side, 15 17 papillae in cac h row and median fO\\.' absent. \1iddle part v,.-ith 

dark pigment and wrinkl(.'d. Distal rirclct with 17 large marginal papillae(Fig. 1. A). 

Four pairs of tentacular cirri cylindri:al and tapered at the end. Longest tentacular 

dorsal cirri on 3rd se!lment reaching 11th segment. On 2nd and :3rd segment setae absent 

and on ]rd segment norma! cirrus presen1. First two segment fused. Tentacular formula of 

anterior segment~: (1 • 0 ~ ) : 0~. 

Parapodia uniramous. Parapodial lobe bilobcd by aciculum; upJJtT lip somewhat larger 

than lower one, Dorsal cirri nearly symrr ctrical, as long as wide and heart shaped with the 
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No. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
26 

Lee and Jae--Phyllodocid Polychaetes, Kwangyang Bay 

Table 1. Material of Anaitides kcreana, n. sp. 

Collecting date 

Feb. 27, 1985 

Feb. 24, 1983 

Apr. 16, 1983 

Apr. 16, 1983 

Apr. 16, 1983 

Jul. 26, 1983 

Dec. 23, 1983 

Feb. 21. 1984 

Feb. 21, 1984 

Feb. 21, 1984 

Feb. 21, 1984 

Feb. 21, 1984 

Jun. 14, 1984 

Oct. 31, 1984 

Dec. 18, 1984 

Dec. 18, 1984 

Dec. 18, 1984 

Feb. 27, 1985 

Feb. 27, 1985 

Feb. 27, 1985 

Feb. 27, 1985 

Feb. 27, 1985 

Feb. 27, 1985 

Apr. 3, 1985 

Apr. 3, 1985 

Apr. 3, !985 

Width 

2.0mm 

1. 6 

1.8 

1. 9 

2.3 

2. I 

1.8 

1. 9 

l.8 

]. 9 

]. 8 

2. 0 

l.9 

1.6 

1.9 

1.9 

2. 0 

2.0 

l.9 

1.7 

2. I 

1.9 

2. 0 

2. 4 

2.0 

2. 2 

Length 

44. 0mrr 

8.9 

38.8 

39. 2 

33.0 
25.7 

20. I 

26.5 

26.3 

59.2 

39. 5 

44.3 

35.0 
36. I 

13. 3 

19. I 

29.6 

26.6 

25.4 

24. 3 

36.6 

52.0 

86.0 

7. 2 

7.9 

18.6 

No. of segments 

166 

40 

142 

159 

148 

117 

85 

84 

91 

127 

106 

129 

78 

1\4 

56 

73 

100 

97 

81 

76 

1\2 

159 

207 

30 

36 

75 

Remarks 

cs 
AF 
AF 
CS+ 

CS+ 

AF 
cs 
AF 
AF 
AF 
AF 
AF 
AF 
AF 
AF 
AF 
AF 
AF 
AF 

AF 
AF 
AF 
AF 
AF 
AF 
AF~ 

33 

CS: complete specimen, AF: antedor fragment, 
No. 2-No. 26. 

nature specimen, Holotype: !\'o. I, Paratypes: 

round tip but toward prJsterior region of body gradually smaller, slenderer and asymmetr• 

ical(Fig. 1, D,E & F). Ventral cirri somewhat broad and pointed at the tip: about J. 5 times 

as long as parapodial Johe and tapered toward t! e posterior end of body. Parapodia and 

its cirri of mature specimens somewhat thicker t~an immature specimen's(Fig. l, B & E). 

Setae composite, spinigerous and minutely serrated at one margin(Fig. 1, C). 

A pair of anal cirri ,·cry long, more than 6 times longer than widc(Fig. 1, G). 

Additional material examined, Feb. 1983(11 inds.), Apr. 1983(31 inds.), Jun.!983(1 ind.), 

Aug. 1983(3 in<ls.), Dec. 1983(12 inds.). Feb. 198.1(73 inds.). Apr. 198~(20 inds.) Jun. 

J983('i inds.J, Jul. l98"(2 rnds.), Oct. 1981(1 ind.). f,ec. 198.!(!3 inds.), Feb. 1980(53 

inds.), Apr. 1985133 inds.). 

Remark: Present specimen~ sornt·what rcsemblf' to :::,orne other species of genus Ana-itides. 

The present specimens ncJ.rly agn:;c with Anaifi.fes groenlandica and A. mucosa in the 
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D 

C 

B F 

B DEF 
Imm 

C 
0.1mm 

G A 
0.2mm Imm 

Fig. 1. Anaitides koreana, n. sp. 
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A, Anterior end with eversible probo~cis; B, 22nd parapodium(anterior view); C, seta; D, 
9th para podium (anterior view); E, 21th parapodium with eggs(anterior view); F, 79th 
parapodium with eggs(anterior view): G, posterior end(dorsal view). 
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Table 2. Distinguishing characteristics of Anaitides koreana, n. sp. and other neighboring species. 

Species 

Anaitides koreana 

Anaitides groenlandica 

AnnithlP~ mucnsn 

Anaitides macu/ata 

Anaitides /ongipes 

Tentacular formula Proboscis 

l I 
(1 +OT) +ON 

I l 
(l+OTJ+SN 

l I Cl +0-.-) +S_, ' .. 

(laol)+s1-
1 N 

I I 
(l+OT)TON 

without median row 

6 longitudinal rows on each side 

15-17 papillae in each row 

17 marginal paillae 

without median row 
6 1ongtudfoa1 rows on each side 

15-·17 papillae in each row 

J7 marginal papillae 

without median row 
6 long1tud1na1 rows on eacn s1cie 

8-12 paillae in each row 

marginal papillae unknown 

median row unknown 

6 longitudinal row on each side 
6-8 or 7-9 papillae in each row 

16··17 marginal papillae 

with a median row 

6 longitudinal row on each side 

about 14 papillae in each row 
15 marginal papillae 

Parapodia 

'S? 
~ 
~ 
~ 
~ 

Remark 

Specimens 

Uschakov(l972) 

Pettibone(l963) 

Uschakov(l972) 

Imajima & 

Hartman (1964) 

Day(l963, 1967) 

r • 
• 5. -• 0 

I .,, 
:,
'< 

[ 
g 
0: .,, 
0 

'< 
0 

!if 
:P. 

"' :,s 
~ • ~ ., 
'< • ~ ., 
g, 
'< 

w 
V, 
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characters of proboscis and these are sirnil if to A. mucosa, A. maculata and A. longipes 

in the parapodial feature, however, their distinguishing characteristics are summerized in 

Table z. 
Habitat : Clayey silt, silty clay and silty sand bottom in 8. 5 32m deep. Present species is 

most abundant of phyllodocids from the 1' wangyang Bay. 

Anaitides chinensis Uschakov and Wu, 1959 'F~-¥-e>:~ 8J 7)!Ajr.Joj(AJ;i;J) (Fig. 2) 

Anaitides- chinensis Uschakov and Wu, 1959, (pp.22-23, pl. I, A-B); Uschakov, 1972. (p. 

131, pl. '11, 2-4). 

Collection : Accounted only rather compkte and clear 4 specimens of 16 individuals colle

cted (Table 3) 

Table 3. Materi d of Anaitides chinensis. 

No. Collecting date Width Length No. of segment Remark 

Aug. 3, 1983 1.6mm 25mm 95 AF 
2 Dec. 23, 1983 4.7mm 41mm 96 AF 
3 Dec. 23, 1983 3.5mm 37. 2mm 148 AF 
4 Oct. 31, 1984 4.1mm 89. 2mm 235 cs 

Description : Body long and slender. Co nplete specimen with 235 segments 89. 2mm long 

and 4. 1mm wide excluding setae at widei,t segment. Body color in formalin yellowish green 

or brown with three longtudinal dark stripes on dorsal side. 

Prostomium heart-shaped, wider than I•)Ilg with two pairs of antennae. A nuchal papilla 

present in the shallow posterior incision of prostomium. 

Eversible proboscis very long, large and cylindrical with 17 marginal papillae. Basal part 

of proboscis with lateral rows on each sde (7 9 scale-like papillae in each row) and 2 me· 

dian rows dorsally (4 and 5 papillae in each row) (Fig. 2, i\). 

Longest tentacular cirri on 3rd segment reached 11th segment. Tentacular formula ; 

(1 + o-i-) ~ O 6. Setae and normal cirrus on 2nd and 3rd segment absent. 

Parapodia uniramous. Parapodial lobe bilobed by aciculum; the upper lip much larger 

than the lower. Corsal cirri bean-shaped and very wide, nearly twice as wide as long; their 

margin markedly thin and weakly pigm ~nted on the dorsal part. Vorsal cirri jn the middle 

part of the body partly covering lateral region of each segment. Ventral cirri slightly 

pointed and rather lunger than podial lo)€ (Fig. 2, C). 

Setae composite, spinigerous and minutely serrated at one margin (Fig. 2, B). 

A pair of anal cirri conical, more tha 1 twice as long as wide (Fig. 2, D). 

Rerr.ark : Present specimens agree with 1 he description of Uschakov and Wu (1959). They 

are distinguished in the pigmented striprn of thie body by having three rows in the former 

instead of a dark lonitudinal stripe in tLe latter. However, it seems that the lateral pigrn-
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entations of 3 longitudinal rows become looked w .'!akly or Jost like Uschakov and Wu's. 

In the description of the specie~, it is difficult to regard the coloration of the body as the 

taxonomical character of the speci(·s because it car be changf'able owing to the enivronme

nts or fixative solution in lab. Present species is similar to A. madriensis in having the 

scale-like papillae on the proboscis. The former ha;; two median arows, however, the later 

only one median row. Present species clearly <liffe ·s in the characters of anterior segments, 

that is, tentacular formula, as follows; A. madri,msis, (1-f-0 i) ih and A. chinensis 

(1 +O i·) +O a. Furthermore, present species has a characteristic pygidiurn with the small 

and concial anal cirri. As its length is roughly 2. 5 times longer than its width, its proxi

mal part is wider compared to the other species of the same genus. 

The species is new to Korea. 

Distribution : Yellow Sea. 

A 

B 

D 

Fig. 2. Anaitides chinensis Uschakov and Wu. 

I 
\ 
\ 

J~ 

C 

l 
co 

Imm 

B A 
0.1mm Imm 

A. anterior end with eversible proboscis; B, middle part of seta; C, 17th parapodium 

(anterior view); D, posterior end(dorsal viewi. 

Habitat: Clayey silty, silt clay and silty bottom, 17.5·32m deep in Kwangyang Bay. 

Eumida sanguinea (Oersted, 1843) 

Eulalt'a longt"cornuta: Moore, 1906, (p. 222, pl. 10, figs. 7-8). 
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Eulalia tubiformis: Moore, 1909, (p. 342, pl. 16, figs. 22-23). 

Eulalia sanguinea: Berkeley and Berkeley, 1948, (p.47, fig. 69); Okuda and Yamada, 

1954, (pp. 182); Uschakov, 1955, (p. 98, fig. 6, D); Uschakov and Wu, 1959, (pp. 88-90). 

Eumida sanguinea: Uschakov, 1972, (rp.153-154, pl. X, fig. 4-5); Pettibone, 1963, (pp. 

88-90, fig. 21, a -b); Imajima and Hartman, 1964, (pp. 64-65, pl. 13, fig. 3); Paik, 1975, 

(pp.411-412, pl. I. fig. 9;; 1979,(pp.57-58, fig. 5. a-c); 1982,(p.722, pl. 7, f-g.). 

Collection : 21 specimens 

Distribution : World-wide (cosmopolitan) species Pacific Ocean (Kamchatka to Sea of 

Japan, Yellow Sea, SQuthern Coast of Korea, New Zealand, California), Indian Ocean, 

Atlantic Ocean (Iceland, Norway to Frar,ce, Gulf of Mexico, Venezuela), Korea (Chungmu, 

Giimundo, Baegto) 

Hob;tot; Clayey silt, Silty clay and Silty sand bottom, 8. 5-32m deep in Kwangyang Bay. 

Eteone longa (Fabrlcius, 1780) 7J ~-¥- >ij ".l- ,j ;ac[ <Jo I 
Eteone longa: Fauvel, 1923, (172-I73, fig. 62, a-d); Uschakov, 1955, (101, fig. 8, A); 

Pettibone, 1963, (73-74. fig. 16, e); Jmajima and Hartman. 1964, (6J, pl. 12. figs. 

d-g); Uschakov and Wu. 1965, (154-155); Lee. 1976, (61-62, fig. 7, A-C). 

Eteone Jonga var. roberlia»a: Berkeley and Berkeley, 1954, (459). 

Collection : 57 specimens 

Distr:bution : A widely distributed arctic-boreal circumpolar species. Arctic Sea, Pacific 

Ocean (Bering Sea to Mexico, Yellow Sea, Southern Coast of Korea) Atlantic Ocean (Norway 

to English Channel, Hudson Bay to Nortr Carolina), Mediterranean Sea, Korea (Pusan). 

Hab;tat ; Clayey silt, silty clay and silty sand bottom, 8. 2 32m deep in K wangyang 

Bay. 

ABSTRACT 

Materials were collected from Kwangy<.ng Bay of Korea during the period from February 

1983 to April 1985. In the present study, phyllodocid polychaetes of 4 species in 3 genera 

are recognized from the soft substratres. The material includes one new species, Anaitides 

koreana, n. sp. and one unrecorded species, Anaitides chinensis. 
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Summertime Southward Current almtg the East Coast of Korea 

Heung-Jae Lie and San0·-Kyung Byun 
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* 
Abstract: To examine the summertime coastal current along the east coast of Korea, we carried 

out hydrographic and current measurements in the coastd area of Chumunjin during July-August, 

19S2. Hydrographic results showed that isotherms, isohal .nes and isopycnals had a downward slope 

toward the coast in a layer of 0~ 100 m and that there existed relatively large horizontal gradients 

across shelf of salinity and density, mainly due to heavy precipitation in summer. It was found 

that there existed a strong s:>uthward flow along the coa;t reaching its maximal speed of about 70 

cm, sec in the nearshore area and that shear and speed lf the observed current were coincident 

with orders of geostrophic current. 

Jl!l'J: IHI Jl(lfoi~"'1"1 !ii:,$ iil'l\'./:,f[~ ill-l!:•171 ~'11 lcXif. iil'¥11UM<l //!,,Pl ¥ill!l!H1 "i! //o 

vi[-,. ll!i111J•l~>i- ¥il!!.!Hif/Hll-\e 0~100 m 11"'1"1 1\"ili\f, 'Hl5J-lll, 11"\l';!tll\0 1 if'rl,!E-;,. c:!'i"-s

Til'>•l2 iiJoJ,!"'1"1 71-1/i&"i ll5J-, 1l'fll"i ,t'F'i'Jl!UI Jtl-Zfn 'l;'Q•Hi 1?1'!"12 '.lHH· !i.~•I. ~:ic: 
i,tj! 0 ] 70cm/secol] i!!•l-\e 1/iJ;<lil!oil '!'ii~ 'ifil~ 11'll"lmt'I llJ;££J'.\!E-"1 ll!i!l//j'[9j il\j!sf shear7f 

.ll!!~illl:<t :kll"'- -!!:WI;\ q. 

coa:;t of Korea, although current data in summer 

INTRODUCTION 198) were coincident with hydrographic results. 

Coastal waters along the east coa~t of Korea 

is known to be mainly subject to the cold water 

band and also to the East Korea \Vann Current 

(EKWC), flowing northward along the shelf 

slope. Recently, Lie(1984) reported an existence 

of dome-like vertical sections of temperature 

and sigma-t across shelf in summer which implies 

a southward density-driven current in the coastal 

area. He also observed a persistent southward 

jtow at a nearshore station off Chukpyon in 

summer 1980 from long current records. Howe

ver, we don't have sufficient direct current data 

to support such a coastal flow all along the east 

Manuscript received 8 March l!:IR5, re\"ised HJ June 
1985. 

to examine whether the Thus it is necessary 

sou hward current is 

\" ' ,,, 
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F ii'. J. Study area showing bottom contours, 
hydrographic and current stations. 
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Chukpyon and in summer 1980. For that reason 

hydrographic casts and current observations wne 

carried out in the coastal area off Chumun: in 

during July-August 1982. 

OBSERVATION AND DATA PROCESSING 

To examine a coastal current in sumrner, hro 

moorings were deployed at CZ and C3 ()ff 

Chumunjin for a period of 10 days from July 

22 to 31 in 1982 (Fig. 1). The main reas)n 

for such a short period operation was due to 

strong fishing activity around the study an·a. 

Each mooring had two current meters(Aandeiaa 

R.C.M.-4) attached at 20 m and 40 m below 

surface, but data from the near-surface curnnt 
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Fig. 2. Vertical sections of temperature, salinity ind 
sigma·t off Chumunjin on August 16, 19:12. 
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meter at C3 were not good. Data observed at 

every five minutes were smoothed by a Lanczos 

taper type symmetric filter with 51 weights 

after eliminating severe noise. The smoothing 

filter was previously designed to have the tran

smission of 50 '?6 at O. 11 cycles per hour(cph). 

The hourly smoothed data were then low-passed 

by Doodson's Xo filter (Doodson and Warburg, 

1941) to obtain residual motion of current. 

Drogues of hexagonal tyre (1200 x 1200 x 1500 

mm) were released during August 17,.,_, 18 at a 

depth of ]Om at points A and B, and at a depth 

of 40m at roint C. Positioning was made by 

Decca Trisponder System with two remote sites 

at Kisamundan and Anindan (Fig. 1). Hydro

graphic casts were done at 10 stations off 

Chumunjin on August lfi just before drogue 

tracking. 

HYDROGRAPHIC PROPERTIES 

Fig. 2 presents vertical distributions of tem

perature, salinity and sigma-t on August 16. 

The sections show that in general isotherms, 

isohalines and isopycnals have a downward 

slope toward the coast in a layer of QrvlO0 m, 

which indicates that at a given depth coastal 

water is warmer and less saline than water in 

the offshore area. The isopycnal of 27. O located 

at 100 m is almost parallel to the sea surface. 

which enables us to choose it as a reference 

level necessary for the geostrophic current 

estimation. 

T-S diagrams in the cross-section are given 

in Fig. 3. Coastal water except surface water 

has its temperature and salinity within a triangle 

formed by connecting three points: (22 cc, 32. 75 

%,), (l.8'C, :14.00 %,) and (22'C, 34.00 %,). 
Water having a temperature of I. 5,...,_,.4_ ace and 

a salinity of 33. 8......,31. 0 %0 is located at a depth 

deeper than 90m. This water mass is warmer 

and a little less saline than the Proper Water 

of the Japan Sea classified by T=O_ o~o. 5"C 
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Temperature-salinity diagrams constructed 
from (a) all data observed on August 16, 
1982 and (b) data at 0, 20, 50, and 100m. 

and S=34. 0~34. I %, (Moriyasu, 1972). Fig. 3b 

shows variation of sea water properties with 

distance from coast at different depths. Surface 

water of about 22 °C has a salinity between 

31, 8 %, at SL HZG and 33, 3 %, at St, H34, so 

that horizontal gradient of salinity is about 0. 5 

%a/ 1 0 km. At a depth of 20 m the gradient is 

d:creased with a value of o. 2 %0 /JO km since 

s 1rface water of low salinity disappears at the 

d::pth. However, water at a depth of 50 m has 

a salinity of 33. 3..-..,33_ 7 %0, but a high temper

ature gradient of -3°C/10 km. Temperature and 

s 1linity gradients nearly vanishes at a depth of 

100 m with temperature of 2°C, salinity of 

33. 8 %0. 

SOUTHWARD COASTAL FLOW 

Table I shows mean values of temperature, 

salinity, east (U) and north (V) components 

cf current, obtained from smoothed current 

netcr data over 169 hours. The mean speed of 

L9 cm/sec at St. C2(23 m) decreases to a speed 

( f 24 cm/sec at a deeper depth of :17 m and 

the current direction rotates in the counter

dockwise direction from the near-surface toward 
C2(2HO 

22.JJ..i- - --- 24 26 28 ::..1 

.. -· .,...._,,, ._'-"" ,·~1'.ll&IIC:\lli(,l".i\:•te':'~ll:r°4'.','::1J•11 

C2l37 ._.l 

C31%111 

E'ig. 4. Stick time plots of smoothed and low-passed 
currents off Chumunjin. 

Table I. Mean values and standard deviations (in pare 1thesis) of smoothed current meter data observed 
off Chumunjin during July 22~3!, 1982. 

Stations I 
CZ I 

CZ I 

depth 
(ml 

23 

37 

__ c_3_1 ___ 3" 

temp. 
( 'Cl 

17.9 
(2. 1) 

lQ.1 I 

(2. 8) 

9. 3 I 
(2. 1) 

V 
(cm/sec) 

speed 
(cm/sec) 

Sal. I U 
(~~ _ _ (cm/sec) 

direction* I 
(degrees) 

----~----~-
33. 05 
( o. 11) 

33.50 
(0.13) 

:u.21 
(0. 14) 

8.4 -19,0 
(6, 1) (15. 9) 

IG.2 -17.8 
(7.51 (H.7) 
14.J --20.Y 
(5. 8) (8. :l) 

49,7 

24. l 

25 . . 1 

80 

48 

56 

* The positive values are degrees in clockwise sense fron the cast. 

kinetic 
energy 

(cm2/sec2 ) 

1236 

290 

321 
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Fig. 5. Trajectories of drogues rl.'leased off (humun 1in. 

the bottom. The mean direction of current at 

C2(:17 m) and Cl (:lti m) is almost parallel to 

the shoreline, while that at C~(2:3 m) is nearly 

southward. Thus the onshore current at C~ 20 

m) has a speed of about 20 cm isec, but a a 

deeper layer the weak offshore current ,;,as 

observed. Since the contribution of curr,•nt 

fluctuations to total kinetic energy can be 

neglected. compared to that of the mean currc1.t. 

the observed southward current can be conside .. ed 

to take a behaviour of coastal jct as ~hown in 

Fig. 4. 

Results of drogue experiment, rel.._,ased at 

points A, R and C on August ! ,......., ltl, also 

showed a strong current flowing southei: st, 

parallel to the coa::,t(Fig. ;J). Compan:d to he 

current observed in late July, the coa'.:,tal curr,·nt 

in mid-August was much more reinforced in 

keeping the same direction. The alongsh,)fe 

currents estimated from the trajectories A, B 

and C in Fig. G were about 72, 4G, and :rn c11/ 

sec, respectively. Thus, the surface near-sh)rc 

current indicates not only a strong lateral sh~ar 

of nearly --;. 7(cm/sec)/km, but also a stn,ng 

vertical shear of O. :°> (cm/sec), m. 

GEOSTROPHIC CURRENT 

According to the vertical sections of tem1 er-
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' 

Fig. 6. G(>ostrophic current with a rcforence level of 
l00m in the Chumunjin ~ection on August 

lti, !Slt(.'.. The negative values indicate a 
~outhward flow. Current is in cm_,'~ec. 

ature, salinity and density in Fig.:!, hydrographic 

properties of water in the upper layer of 100 m 

an: largely variable in the vertical and eastward 

dir('ctions, being distinguished from the uniform 

deep water. An isopycnal of '.:,igma·t - ·_'..:I. 0, 

placed at 100 m in depth, clearly separates the 

surface layrr from thf' lown layer. \Vhen using 

the density surface of '..'./. 0 as a reference level 

of no motion, vertical structure of currt·nt can 

be estimated by dynamic calulations. 

Fig. lJ is a vertical distribution of current 

estimated by dynamic method with a reference 

level at JOO m. At station::, H2s and H:.:6, 

current was not evaluated because the application 

of dynamic method to shallow waters has 

some limitations due to effects of bottom and 

coast on current (sec, e.g. Lacombe, 1965; 

Neumann and Pierson, i 966). Geostrophic 

current in Fig. 6 shows a predominance of 

strong southward current with a maximum larger 

than 40 cm/secnear station H28. The southward 

current presents a large shear of orders of 3 

(cm/sec) /km in the east and of O. 5 (cm/sec) /m 

in the vertical. For a brief comparison in speed 

between estimated current (Vg) and drogue 

results, we assume no variation of current along 

the coast and a linear increase of V g from coast 
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to St. H26, taking Vg=0 at coast. With such 

assumptions, Vg would be about 36 cm/sec and 

20 cm/sec at JO m near St. H26 and H28, 

respectively. Meanwhile, the southward current 

from drogues A and B would be about 50 and 

30 cm/sec. Although there is a discrepancy 

between V g and observed current, orders of 

speed and shear of V g are coincident with those 

of observed current. 

DISCUSSIONS AND CONCLUSIONS 

Hydrographic sections in summer 1982 indicated 

an existence of a dome-like distribution of 

temperature, salinity and density in the upper 

layer of 100 rn in the coastal area off Chumunjin. 

As indicated in Fig. 2, surface water has a 

salinity of 3l. 8 %, at St. H26 to 33. 3 %, at St. 

H34 which showed an eastward gradient of 

0. 5 %0/ l O km over 40 km , from coast. The dome

like pattern of vertical sections suggests a strong 

southward flow in the surface layer, carrying 

waters of high temperature and low salinity 

which coincides with the observations off 

Chukpyon in summer 1980 (Lie, 1984). 

,1 

'C• 

J,)1 
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b 

_, 4 :, " 

.' 3 4 
\ > 

~ONIH 

Fig. 7. (a) Variation of vertical salinity near St. 
H25 (data from Fisheries Research and 
Development Agency). (b) Monthly preci 
pitation at Sokcho and Kangnung in 1982. 

The southward current, parallel to the coast, 

was observed by current meters and drogues. 

In particular, drogue experiments showed that 

the alongshore current reached a speed of about 

70 cm/sec from drogue A with a strong lateral 

shear (eastward) of nearly 7. 7 (cm/sec) /km in 

the nearshore area. General characteristics of 

the observed current resemble those of the 

estimated current by dynamic method with a 

reference level at I 00m, 

Lie(l984) first proposed that the low salinity 

of coa:-tal water off Chukpyon in summer was 

closely relatt·d to heavy precipitation. Along the 

cast coast of Korea, there is no important influx 

of river water, producing a zone of low salinity 

water, but the rate of discharge of fresh water 

from lan<l should play a great role in reducing 

the salinity in summer, especially during the 

rainy season. Fig. :-lb and Fig. 7 make sure of 

a significant influencr of precipitation on salinity 

during July-September in the coastal area near 

Chumunjin which rrceives abundunt fresh water 

from the lan<l. As a result of heating and fres

hening effects in summer, there t'Xist relatively 

large horizontal gradients of temperature, salinity 

and density across shelf in the coastal area. 

which is known to drive a density current along 

the coast. 

Although a density current is possible in the 

study area, it is too difficult to &eparate the 

density current component from the observed 

current which might include also current com

ponents driven by wind or surface gradient 

across shelf. To identify the density current 

along the east coast of Korea in summer, further 

investigations should be needeed. 
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Wintertime Temperature-Salinity Characteristics 
in the Southeastern Hwanghae (Yellow Sea)* 

Heung-Jae Let 

Abstract: \\"intertime temperature-salinity propertits of the southeastern Hwanghae (Yellow 
Sea) were analysed, based on long-term hydrograph c data gathered between 1961 and l980. 
:\ strong thermnhaline frnnt is funned in the art'a wt>st of Cheju-do (along 33°401 :--.r in the 
region bounded by 12.t ~ E and 1:26°20' E) during wi 1tn and extends to the bottDm. This 
:,urfoce-to-bottom front, running from west to east, di,·ides water properties into two types: 
one typt' of low tempt>rnture anJ ll)w s,"llinity to the north of the front and another one of 
high temperature an<l high :-;alinity to thl' south o · the front. The existence of the front 
suggest:- th.it there is no northward fl,m in the stu,iy area, a finding which runs counter to 
the conn·utional belief thnt then• i;; the Hwanghae \\"arm Current carrying waters of high 
tempcrnture and salinity to the north. T-S diagra.•ns c,how that in winter the H,vanghae 
\\"arm Current \\"ater and tht-' Hwangh,H' Cold \Vatt r are the rt'prt>sentative \\'.'.l.ter ma;;;;t-'-; in 
tht::> .study are.'.l.. 

1. Introduction 
The Ilwanghae (or Yellow Sea) is a semi

-enclosed basin bounded by the Chinese coast to 
the west and to the north, and by the Korean 

peninsula to the east. The sea is very shallow 

with a maximum depth less than 100 m, ancl it 
receives a large input of fresh water in summer 

from rivers flowing from the Chinese continent 

and the Korean peninsula. Considering the 

Asian mon~orm climate over the sea, it can be 

readily expectC'd that properties of sea ,,.,ater 

wm show grent seasonal variation in time an<l 

space. \Yater masses in the I-lwanghae seem 

to be closely :-issociated with rapid cooling and 

heating of ,iurface water, fresh water input into 

the coa:::.tal :1:f'n, precipitation, and advection. 

a northward current carrying waters of high 

temperature and salinity into the eastern 

11,vanghae seems to be too weak in winter to 

flow to the north through the line 310 (Fig. 1), 

In the southeastern I hvanghae, effects of fresh 

water discharge from land and precipitation in 
winter on w~iter properties are small in com

parison with those in summpr since mon' than 

GO% of annual precipitation falls during the 

period June to September (Central Meteoro

logical Office, 1982). The annual precipitation 

is about 1, 200mm in the area. Furthermore, 
------------·-

* Received 2 April 1985; in revised form ;) June 
1985; accE·pted 14 June 1985. 

t Physical Oceanography Laboratory, Korea Ocean 
Research & DeYc!opment Institute, P. 0. Hox IT, 
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mainly because of the prominence of northerl:r 
or northwesterly winds. Accordingly, in winter 
the hydrographic conditions become much simpler 
and depend mostly upon heat exchange betwee·1 
the air and the sea. 

Temperature-salinity (T-S) analysis in the 
southeastern H wanghae have only been re po rte 1 
on the bm;i:. of data gathered during one specir l 
cruis(' and for a very limited area (rf. Nakac-, 
1977; Uda, 1934, 1936), so that result:,; are i, -
sufficic·nt to provide us with an overall picture 
of T-S relations. The main objective of th s 
paper is to study T-S characteristics in the soutl1· 
eastern f h .. ·anghae based on longterm hydro
graphic data collected in winter. I used hydro
graphic data observed bimonthly (Decembe~, 
February, April) by the Fisheries Re~earch ard 
Development Agency of Korea (FRDA) for a 

period of 20 years bet ... veen 1961 and 19R0. TLe 
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data were collected at 61 hydrographic stations. 
located on the lines 307-313 (Fig. 1). This 
network of lines covered most of the south
eastern part of the Hwanghae between 36"56. 5 1N 
and 33"'24. 41N. Bottle observations were made 
at 0, 10, 20, 30, 50 and 75m. 

2. Surface temperature and salinity 
To observe general distributions in space of 

temperuture and salinity, mean surface tempera
ture and salinity were computed for December, 
February and April (Fig. :!). To minimize 
statistital errors in the di~tributions, the fre
quency of observations at each station in the 
corresponding month ·was checked and the fre
quency in general was found to be greater th.:rn 
ten observations. ?\1ean sea C"Urface temperature 
(SST) shows that a relatively strong thermal 
front is formed betv,·een line~ 312 and 313. The 
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Fig. 2. Mean surfact- temperature and salinity in l )eccmher, Ft:'bruary and April 
over the pcrind 1961-1980. 

152 



Wintertime T-S Characteristics in the Southrnstern Hwanghae (Yellew Sea) 293 

temperature gradient across the front is out
standing in December and February, but be
comes weak in April. To the north of the 
thermal front, the mean SST in February shows 
a great change in space with isotherms running 
from southeast to northwest. The direction of 
isotherms in general seems to be parallel to the 
bottom contours. A rapid cooling of surface 
water is found to occur between December and 
February) especially in the coastal area (Fig. 2). 

Surface distribution of salinity has a pattern 
more or less similar to that of SST. SST is 
lowest in February while the salinity of surface 
water is highest. The saline water with a 
salinity greater than 31 %.: is always found west 
of Cheju-do. This warm and saline water is 
characterized hy T>l6c:C in December, T>12c,C 
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in February and T> l3°C in April. 
ven,ence we call this water mass the 
Warm Current Water. 

For con
Hwanghae 

The persistent thermohaline front running in 
an east-west direction separates the study area 
intc, two subareas from the viewpoint of hydro
gra;,hy in winter; one region of colder and less 
saline water to the north of the front and another 
one of warm and saline water to the south of 
the front. The front is also visible in north-
south sections of temperature and salinity. Figure 
3 shows vertical sections along the line of Stations 
8 ,)24°50'£) which indicate that the surface 
fro 1t extends to the bottom. The existence of 
such a surface-to~bottom front shows that there 
is n general no northward flow carrying waters 
of high temperature and salinity even though a 
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Fig. 3, Mean ,·ertica.l sect.ions of temperat11re and salinity over the period 1961-
1980 along the line of Stations 8 (124°f-0'E) marked in Fig. 1. 
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warm current could be observed to the north 
-of the front for a relatively short period. This 
finding runs counter to the conventional belie{ 
that the Hwanghae Warm Current flows to the 
north in the southeastern H wanghae (Asaoka 
and Moriyasu, 1966; Guan and ~fao, 1982; 
Niino and Emery, 1961). The conventional 
schematic path of the Hwanghae Warm Current 
was mostly based on surface temperature dis· 
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tributions obtained from only one or a few 
cruises, which had isotherms running from south 
to north. However, such a pattern of isotherms 
seems to be mainly due to more rapid cooling 
in the coastal area where the water column of 
shallow water contains relatively lo,v heat and 
tidal currents are so strong that the whole 
water column is well mixed. 
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3. Statistical T-S diagrams 
Statistical T-S diagrams, first proposed by 

Montgomery (1955, 1958) are an appropriate 
method for this study which can furnish quali
tative sea-water statistics on the basis of tempera
ture-salinity correlations. All observations of 
temperature and salinity were split into intervals 
of 1 °C for temperature and 0. 5 'YcC' for salinity. 
The frequency of observations is marked in 
terms of parts per mille (ppm) and the isolines 
of frequency are inserted in the T-S diagrams. 

Figure 4 shmvs four statistical T-S diagrams 
in winter (December-April) obtained from the 
whole data set, and data on the surface, at 
20 m and 50 rn during the period of 1961-19~0. 
The diagrnm& show that the frequency of salinity 
between 32. 5 and 33. 0 7cc amount~ to more than 
330 ppm in each layer of the wnter column. In 
the salinity range of 32. 5-3~1. 0 %0 there arC' two 
maximum frequencies in the temperature ranges 
of 10-11 c C and G-8 'C, respectively, which cover 
about 15 ?'.) ol the observations carried out during 
the period of 20 years. 

The maximum frequency centred at the lower 
temperature of 6-8°C is much larger than that 
at the higher temperature of l0-l1°C. The 
·water masses corresponding to the two maximum 
frequencies are found to be located in the 
northern part of the study area to the north of 
the front as can be seen in Fig. 2 and Fig. 3. 
There are al::,o two maxima in the salinity range 
of 34. 0-34. 5 %0 though the frequencies are not 
so large a$ those in the interval of 32. 5-33. 0 ;or. 
The maximum frequencies in the higher salinity 
range are not so large because of the small 
number of observntion;-; in the southern part to 
the south of the front where \vaters in general 
have high ~alinity and tempt:rature. Although 
the appearance of the maximum frequencies 
becomes more distinct with increasing depth, 
the general pattern of isolines is little modified 
from the surface to deeper layers, which suggests 
that the water column in the study area 1s 
vertically homogeneous in winter. 

4. Evolution of temperature and salinity 
during winter 

In the previous section we showed that two 
maximum frequencies occur at different tempera
tures in the salinity intervals of 32. 5-33. 0 7m· and 
34. 0-34. 5 ~{c. However, temperature and salinity 

ar;! found to change in the course of winter 
(f'igs. 2 and 3). Thus, it is necessary to 
examine the temporal evolution of temperature 
and salinity from December to April which may 
hElp us to understand cooling and heating of 
w.1ters in the area. 

Figure 5 presents statistical T•S relations in 
D,~cember, February and April which show 
changes of T·S characteristics according to the 
olservation periods. Each diagram has only one 
m 1ximum frequecy in the salinity ranges of 
32. 5-33. 0 7co and 34. 0-3/4. 5 ~Co. The temperature 
corresponding to the maximum frequency in the 
lo·ver salinity interval is 10-11 °C in December, 
6-9"C in February and 6-TC in April while 
th~ maximum frequency in the higher salinity 
in .erval occurs at 16-lW'C in December, 13-
l40C in February and 10-11 '"C in April. The 
di:ference in temperature from one period to 
another reflects cooling of the waters. \i\:ater:
to the north of the front cool down by ;1bout 
3-1°C from December to February and ,,aters 
to the south of the front are known to gradually 
co JI during December-April. The three diagrams 
in Fig. 5 can exph1in the appearance of t\vO 
maximum frequencies in the given classes of 
sa· inity as indicated in Fig. 4. 

[n order to easily compare wintertime T•S 
relations with those in summer, a T·S diagram 
in August is also plotted in Fig. 5. In summer, 
wLter has a large range in salinity (29. 0-35. 0 Sf,), 
m:Linly due to fresh water discharge and he,wy 
rwnfall, an<l a wide temperature range (5. 0-
30 0-C), mostly due to solar heating of surface 
wi ter. On the other hand the rnnge.s of T and 
S in winter ;:_ire greatly reduced; the salinity 
range is nearly constant (31. 0-35. 0 5;-() from 
D(cember to April and the temperature range 
de lends upon the observation period, being very 
srrall compared to that in summer. Thus T-S 
dii grams indicate very pronounced changes in 
se.:. water properties with time. Sea water in 
wi 1ter seems to have temperature and salinity 
va ues which approximately fall on a linear curve. 
Such a linear trend indicates that in general 
temperature is linearly proportional to salinity. 
Tl c slope of the curve, when estimated by the 
least squares fitting method, is largest in Febru· 
ar~· and least in April, which corresponds with 
ob ;ervations of the temperature gradient along 
a north-south $ection. The T-S diagrams in 
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Fig. 5. T-S diagrams in Decembe1, February, April and August from all avail• 
able data collected during the period 1961-1980. Isolines joint points with 
the same frequency of observations in parts per mille. 

Fig. 5 in general divide wintertime T-S chan c
teristics into two types: one type of low tempera
ture and low salinity, and another one of hi :rh 
temperature and high salinity. The two differ( nt 
water masses can be more clearly seen in T-S 
diagram for February given in Fig. 6, whiire 
all data in lines 308 and 313 were taken i11to 
consideration. The two lines can be taken as 
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representative lines in the northern and southern 
parts of the study area, respectively, from the 
hydrographic properties shown Fig. 2 and Fig. 
3. The two water masses for February are 
characterized as follows: 

T= 3- 8°C, S=32. 0-33. 0 7,,. for line 308 
T = Jl-15°C, S = 33. 6-35. 0 700 for line 313. 
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Fig. 6. T-S diagram for lines 308 an<l 313 in 
February during the period 1961-198-0. 

5. Discussion and conclusions 
On the basis of long-term hydrographic data 

(1961-1980) hydrography in the southeastern 
part of the I Iwanghae is found to change grently 
from summer to winter. Physical properties in 
winter are mostly determined by the cooling of 
sea water, nnd not by fre:;h water discharge 
and precipitations ince more than 60 % of annual 

precipitation falls during the period June to 
September. 

A strong thermohaline front is found to be 
formed along the hydrographic line,; 312 and 
313 in the region west of Cheju-do. The front 
has a very weak horizontal density gradient. 
The surface-to-bottom front divides water pro
perties into hvo patterns: one pattern of lower 
temperature and salinity in the area to the north 
of the front, and another one of higher tempera
ture and sa1inity in the southern area. The 
mixture of the two different water masses with 
nearly the same density but different tempera
tures and salinities has a den.-;ity greater than 
those of the parent water masses. Garett and 
Horne (1978) have shown that the sinking rate 
due to cabbeling in a frontal zone is greater in 
a ree;ion of weak vertical density gradient than 
in a region of strong vertical gr:1dient. A 
secondary circulation 3ssociated with mixing 
processes could maintain the thermohaline front 
against diffu:,,ion (Bowman ri.nd Okubo, 197R). 

There are two maximum frequencies in the 
salinity ranges of 3~. 5-33. 0 %c and 34. 0--3 L 5 ~Co 

i·1 the statistical T-S diagrams which correspond 
tJ the properties of Hwanghae Cold Water and 
I I wanghae Warm Current Water. Furthermore, 
the T-S diagrams and vertical sections show 
that the water column is vertically homogeneous 
i 1 winter due to vertical convection and wind 
:tirring, and that cooling is very active in the 
:: rea to the north of the front, far from the 
influence of the Hwanghae Warm Current. The 
Hwanghae Cold Water with a temperature less 
than l0°C and a salinity of 32.0--33.0%0 (Kordi, 
:.984; Lie, 1984) is a representative water mass 
occupying the lower layer in the central deep 
11rea of the Yellow Sea even in mid-summer. 

From all information available, the following 
conclusions can be drawn; 1) in winter, the 
·epre::-.entative water masses of the study area 

.1re composed of the Hwanghae Warm Current 
Nater and the Ilwanghae Cold Water, 2) the 
-Iwanghae Warm Current seems to be limited 
,o the region west of Cheju-do, and does not 
:ros::- the thermohaline front, and 3) the surface
_o-bottom thermohaline front js persistent during 
.vinter. It has been reported that along the 
::::hinese coast a strong scuthward current exists 
:lue to northerly or northwesterly winds in 
a-inter (cf Choi, 1981; Guan, 1981). This 
Jutflow from the Hwanghae must be compen
;;ated by an inflow in the western part of the 
;;ea west of 12-! 0 E b2cau~e there is no eYidence 
Jf a northward flow in the eastern part. Fur
ther investigations are required to determine 
whether or not the compensating northward flow 
on the western side of the sea is an extention 
of the IIwanghae \Va.rm Current or not. 
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ABSTRACT 
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Chough, S.K., Jeong, K.S. and Honza, E., 1985. Zoned facies of mass-flow dPposits in the 
Ulleung (Tsushima) Basin, East Sf'a (Sea of Japan). Mar. Geo!., 65: 113-135. 

High-resolution (3.S kHz) reflection profiles in the Ulleung (Tsushima) Basin made it 
po~sib!e to classify the uppermost (ca. 50 m thick) sedimentary deposits into rock fall, 
slide, :.!ump, df'bris-flow deposit (debrite) and turbidite in terms of their acoustic propPr
tit>s. These deposits gPnerally occur in a distinctive zonal facies: slides and slumps on thf' 
slope; debrites on the base-0f-slopP; and turl,iditei:; on th<' basin floor. The rock-fall 
df'posits occur along the bases of the Korea PJat,.au and Ulleung and Dok Islands. 

The zonal distrihution of mass-flow dPposits suggests that they most likfc'!y are derived 
from a !inf' source at the shelfbreak. Shelf sediments progradf' toward thC' shelfbreak. On 
tht• slow•. s<'dimf'nt massf's movr, downi:;lope mai 'lly, accompanied by progn•ssive slumping 
upsloplc'. Individual slidrs and slumps on thr slopt' probably dfc'velop into dt'bris flows on 
the base-of-slop(' and successively into turbidi y currents on the basin floor. Mass•now 
processes on the Ulleung Basin slope played ;.:n important role in transporting a large 
volunw of lPrrigf'nous sedimf'nts into the det•p hasin. 

!NTllODUCTION 

Submarine mass-flow processes are uhiquitous on continental slope and 
base-of-slope environments as they are important in transporting a large 
volume of hoth coarse and fine terriger ous sediments into the deep ocean 
hasin. They occur on passive and active margins (Embley, 1976, 1980; 
Embley and Jacobi, 1977; Damuth and Hayes, 1977; Nardin et al., 1979a; 
Dingle, 1980; Cook et al., 1982) and in marginal basins (Jpong, 1983). Suh
marine mass-flow deposits have rt>cently been studied most efficiently by 
using high-resolution (3.5 kHz) reflection profiles (e.g., Damuth, 1980; Field, 
1981 ). High-resolution ( 3.5 kHz) reflection profiles obtained from the 
Ulleung (Tsushima) Basin reveal that the uppermost sedimentary sequence is 
characterized by a zonal distribution of mass-flow deposits. Slides and slumps 
occur on the slope, whereas debrites and 1 urbidites occur on the base-of-slope 
and hasin floor, respectively. On the shelf, sediment sequences prograde 
toward the shelfbreak. Thick accumulatbn of mostly fine-grained turbidites 

0025-3227 /85/$03.30 fc, 1985 Elsevier Scil•nce Publishers B.V. 
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found in the Ulleung Basin (Lee, 1983; Chough, 1984) results most likely 
from the precursors of mass flows on the canyon less slope. The present study 
documents the occurrence of ma,s-flow deposits in the Ulleung Basin and 
outlines the processes that are related to their zoned distribution. 

G!WLOG!CAL SETTING 

The Ulleung Basin (Fig.I) is a typical example of a marginal sea or back
arc basin in the western Pacific. The basin was formed probably by a progres
sive drifting of the Japanese Arc southeastward accompanied by regional 
subsidence and tectonic movemen L during late Oligocene and early Miocene 
time (Karig, Ingle et al., 1975). 
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Fig. l. Cruise tracks of seismic survey (approximately 25 km wide grids) in the Ulleung 
(Tsushirna) Basin. Locations of cited f gures are numbered. A zonal facies distribution of 
mass flow deposits follows approximah ly the bathymetric contours. D~pths in meters. 
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Morphologically, the Ulleung Basin is a, lope-centered basin (after Gorsline, 
1978). The basin lacks submarine canyons and fans and thus belongs to the 
non-fan ponded system of Pichring (1982). The Ulleung Basin is more than 
250 km wide (Fig.I). On the west, it is boJnded by a narrow shelf (5~25 km 
in width) where a topographic high, nam,,d the Hupo Bank (Chough, 1983), 
dominates the shelf along the east coast of the Korean Peninsula. Off the 
Hupo Bank the shelf is transitional to the steep slope (gradient of about 8° ). 
The southwestern shelf slopes at about 3 5° toward the basin. In contrast to 
the western margin, a broad shelf (30--lii0 km wide) bounds the margin on 
the south and east. The shelf is narrower and shallower toward the northeast. 
The Oki Spur forms a bank separating the Ulleung Basin from the Yamato 
Basin. The rugged Korea Plateau with many ridges and swales rises up lo 
1500 m above the basin floor. Off the plateau, the slope is steep (gradient of 
about 9°) and mantled with a thin sediment cover. The lower slope and base
of-slope are more rugged. 

The Ulleung Basin floor is generally fat and progressively deeper north
ward, connected to the ,Japan Basin by the Ulleung lnterplain Gap. According 
to Tamaki et al. (1978), the turbidite sequence in the Ulleung Basin is about 
600 m thick on average and thins toward the base of the Korea Plateau. The 
turbidites are underlain by a thick (2000 m) transparent hemipclagic Neogene 
sequence. Honza et al. (1979) found slide deposits on the base-of-slope off 
the northern Honshu. Chough (1982) also found evidencl' of mass-flow 
processes on the surrounding slope and ascribed them to the existence of 
fine-grained turbidite sequence in the tasin. He suggested that mass-flow 
processes were vigorous during the Pleisto~ene lowered sea-level stand. 

MASS-FLOW DEPOSITS 

A detailed analysis of acoustic charact,,ristics of high-resolution ( 3.5 kHz) 
reflection profiles from the Ulleung Basir. ( Fig. l) made it possible to classify 
the mass-flow deposits into rock-fall, slump, slide, debrite and turbidite. The 
acoustic criteria that were used for thP classification are summarized in 
Table 1. 

Rock-fall deposits 

Rock-fall deposits in the Ulleung Basin are highly reflective and reverberant 
and the reflective hyperbolae are supuimposed on each other (Fig.2). 
Internal structures are not discernible nd the deposits are hummocky as 
revealed by scattered hyperbolae and side echoes. The hyperbolae result 
probably from the point source diffractions of high-density rock blocks and 
coarse elastic matrix (Damuth and Hayes, 1977). 

Slides 

Slide blocks occur at the foot of glid, planes ( Fig.3). Internal reflectors 
are continuous within each mass, but are commonly truncated and associated 
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TABLE 1 

The acoustic and sedimentary propl:'rties of mas&-flow deposits\ modified after Nard in et al., l 979a; Cook et aL, I 982) 

Types of mass• 
flow deposits 

Rock-fall 

Slide 

Siu.mp 

• 0 

" t ·; 
• 
~ 

" " E 
;; 
0 

"' 

Debnte 

Turb1d1te 

A cousuc charactenstic;. 

Highly rcflectin.' arid hummock\: J,;1rgt•· 
s1::ale hyperbolae and sick echors 
common: no internal rcflect,ns t'xcept 
prolonged and scattered hyperbola(• 

Semi-consohdated sed1mPnt mass on 
glidt' plant's. hummocky, blncky and 
slaby geometry, continuous dlld un· 
deforme-d ,internal rl'fle{'tors oi~·n a Jon~ 
distance; oft t·n h ~· pt;"rb oli 1· surfact> ·, 
unconformabh· or subpard.lli•l to under-
') LUf, '>•'-'"••~ u, 

Blockv and slaby St·1n1-(•(}llSOhdated 
sediment mass: ureguldr. rugged. hyper· 
bohc. hmn1nocky. or lumpv morphology; 
dlscontinuous. contorted and truncated 
mternal reflecton. owr short distances: 
sometimes internal reflectors not seen 
due to deform!.'d hummol'kY structures 

TrdnSJMrent. !ense- and \\ l'd1;c-shape{! 
mass with no Lntern.:t.l retlt•ctor.; on 
rt'neC'ti\·r and irrC'gUlar ~uhh">ttoni: 
sometm1es, hummockv 

Thin. c\·en and cnntun.10t,;,, lan·n-d. 
htghlv reflective over long distances: 
fnl/nw.~ tnpograoh,· 

Sedimentary structures dOd bed geometry 

lnd1ndual rock block~ or conglumt'rat1c 
and free-fail boulder matrix mixture, di.s
organu.ed gram-supported framework 

Angular beddmg contacts: convolute 
s;trudurt!: mixture of pebbles and sohd 
matt•nais an<1 etav Oalt!>:nummuc11.y ,u,ti 
chaqltc m1xtt.re of variable clasts; bedding 
ma" bt• undl'fnrmed and Paralkl to under
lVJng beds or deformed 

Cl:i.~ts supported by matrix. random 
fabnc; contorted bf'ddmg, dish and load 
<;tr11rtur'c'<;, numt·rouC> dav and sand balls 
scatu•ricd throughout; chaotic m1xtun' of 
cla,. slit. sdnd .. rnd pebbles: rcvNse\y 
gracted 

Bou.m<>'s .~c({ut'nc""; St•1·entl mm t0 cm In 
thickness and corn posed mamly of sand, 
~ilt dnd pl'la~,c st·d111tents 

Referenn.•s 

Damuth and Hayes (1977): Nardin et al. 
(1979b); Damuth (1980): F1eid (1981) 

Jacobi (1976): Embh>Y and .Jacob1 (1977); 
Almagor and Garfunkel (1979); Knebel and 
- ,•n-n, .-. , - ,_ , ... -• -• ;>0.,<)\. 
V<>L ~'-'11 \ L •' ' _, J • ,.;,.,,,u•- • u~~ _.._, - ' -•• '- - ~ • ~ , 

McGregor and Bennett (1979); Nardin et al. 
(1979a. b ); Bunn and McGregor (1980 ): 
Damuth (1980): Dingle (1980): Emblev 
(1980); Emblt."y and Morley O 980); Stanley 
et al. (1980) 

Emblev (1976.1980):,Jacohi and Mro70wsk1 
(1979); Roberts and Kidd {1979): :,,fardin 
et al. (1979a, b); Damuth (1980): F.mb\ev 
and Morlev (1980) 

Damuth and Hayt's {1977); Cook O 979); 
Nardi.n l't al. (1979b): Crevello and Schlager 
<t980J; Dantuth (1980); F1dd (l98l} 
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Fig.2. High-resolution (3.5 kHz) profile (line 26. for location see Fig.1) illustrating 
characterlsllcs of rock fa\l (RF) deposits off th_. submarine extension of Ulleung Island. 
RB= rock bottom. 

with hyperbolae and small-scale faults. Well-preserved continuous bedding 
(internal reflectors on profiles) within the slide block suggests minimum 
plastic deformation and only lateral displacement. 

Slump 

Slump is also a semi-consolidated mass on a glide plane and is bounded by 
a slump scar upslope. On 3.5 kHz profiles slump deposits appear morpho
logically blocky, hyperbolic, and lumpy (Table 1 ). Blocky slump ( Fig.4) is 
more smoother on the surface than oth,·rs. Internal reflectors are coherent 
and discernible. Slumps with hyperbolic reflectors (Figs.4 and 5) are acous
tically disturbed ones. Hyperbolae are prolonged in the slump mass and the 
internal structure is hummocky. Occasionally, the lumpy looking slumps 
occur upslope supported by other slumps downslope. Small slumps with 
hyperbolic reflectors are similar to type IIIC of Damuth and Hayes (1977) 
found on the east Brazilian continental margin. Embley (1980) ascribed the 
acoustic properties of small hyperbolic slump to reflection and back scatter
ing from either surface irregularities or sernilithified blocks and sediments. 
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Fig.3. High-resolution (3.5 kHz) profile (I ne 25, for location see Fig.1) illustrating a slide 
(S) deposit, subsurface sliding plane (SL) and a scar. 

Deb rite 

In the Ulleung Basin debrites oc, ur as hummocky, transparent and lense
or wedge-shaped deposits on a smooth or irregular subbottom (Figs.4 and 6) 
near the base-of-slope. The surface c,f debrites is usually smooth, but in some 
cases the surface undulates over the seabed. The acoustically transparent 
debrites lack internal reflectors; sc,me hummocky debrites may have tiny 
hyperbolae and detached reflectors ( Figs.4 and 6 ). Tiny hyperbolae are tan
gential to the surface of debrite. Debrites terminate bluntly against topo
graphic highs or thin basinward on the smooth floor (Fig.6). In some areas 
debrites can be mapped to the turbidites on the basin floor where they form 
a bulge at the contact. 
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Fig.4. High-resolution (3.5 kHz) profile (line 2~:, for location see Fig.1) of hyperbolic 
slump (HS) and blocky slump (BS). The hyperbolic slumps occur mainly on the middle 
slope and are transitional to the blocky slump or ~o the lumpy slump. A debrite (D) sheet 
also occurs at the foot of the blocky slump. 

Turbidite 

Turbidites identified in the Ulleung Ba,in floor are acoustically reflective 
and evenly layered, and the subbottom ref.ectors are laterally continuous for 
a long distance (Figs.6 and 7), composed probably of fine-grained thin-bedded 
turbidites (Chough, 1982). The turbiditeli fill the irregular basin floor and 
often are undulatory following the subbottom topography. They commonly 
continue from the buried debrites upslope. 

ZONAL DISTRIBUTION OF MASS-FLOW DEPOSITS 

Prograding shelf sequence 

High-resolution (3.5 kHz) reflection pmfiles across the southern shelf of 
the Ulleung Basin show that the sedimer t sequences prograde toward the 
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Fig.f:i. High-resolution ( 3 .5 kHz) profile : line 21, for location see Fig. I) illustrating lumpy 
slump (LS), blocky slump (BS) and sm,tll hyperbolic slump (S). Also shown are the pro
grading shelf sequences (PS) and a debrite (D) sheet at the foot of the slump block. 
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Fig.6. High-resolution (3.5 kHz) profile (line 24, for location se-e Fig.1) illustrating 
debrites (D) and turbidites ( T). 

shelfbreak (Fig.5 ). At the shelfbreak they are thicker than the penetration 
limit of 3.5 kHz profiler. In plac,s the sequences are disturbed by fissures in 
the uppermost sequence, and the/ are often truncated along the steep upper 
slope. Where the slope is gentle, they are transitional to slide deposits. 
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Fig.7. High-rf'solution (:LF.i kHz) profile (iim 27, for location see Fig.I) showing the 
Ullf'ung Interplain Channel (U/C). Th(' channel (ahout 10 km wide, 60 m deep) scoured 
the turhiditf' ( T) ~Pquf>nct> 

Rod-fall deposit {Gcies 

Rock-fall deposits in the Ulleung Bas n are restricted to the base-of-slope 
of the Korea Plateau and Ulleung and D :,k Islands. Rock-fall deposits on the 
base of the Korea Plateau (northwestern base of Ulleung Island) occur in a 
zone that is up to 12 km wide in water depths between about 1800 and 
2100 m (Fig.I). Rock-fall deposits at th, northeastern base of Ulleung Island 
are up to 5 km widP in water depths b, twePn about 1500 and 2100 m. Off 
Dok Island, rock-fall deposits are ubiquitous. 

Slide and slump facies 

This facif's occurs on thP upper to lowpr slope area along the southPrn 
margin (Fig.I). The zone of slide and slump deposits is usually rugged. Slides 
occupy the slope at water depths ranging from about 300 to 1500 m. Indivi
dual slide hlocks are up to 40 min thickness and 10 km in length. 

Slump deposits tend to prl'vail on the middle to lower slope. Blocky 
slumps occur mainly on the southwestPrn margin at water depths between 
about 800 and 1300 m (Fig.I). Blocky slump deposits on the southwestNn 
lower slope have discontinuous glide planes. Lumpy and hyperbolic slumps 
generally occur upslope. Small hyperbolic slumps occur mainly near or at the 
zonf' of debritC' facies. 

De brite facies 

Debrites in the Ulleung Basin form a transitional facies between the slides
slumps and turbidites. They occur in a zone of about 18,000 km 2 in water 
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depths between about 800 and 2500 m ( Fig.l ). Transparent and lense-shaped 
debrites overlie the previously deposited slumps and buried hummocky 
debrites near the slope. The surf,ice of debrite on the westernmost region of 
the debrite zone ( Fig.l) is usual!:, smooth or undulatory following th<' sub
bottom. In contrast to transparent debrite, hummocky debrites extend up
slope to areas with small hypnbolic slumps. The Ulleung Seamount is 
surrounded by thin debrites on the lower slope. 

Turbidite facies 

Turbidites in the Ulleung Basin occur on the central basin floor (Fig.l ). At 
the base of the Korea Plateau and Ulleung and Dok Islands, turbidites form 
large-scale mounds, suggestive of ponded turbidites. Anomalously reflective 
and small mound-like, discontin110us reflectors are also observed. The tur
bidite sequences are eroded by th, Ulleung Interplain Channel (Figs.7 and 8 ). 
The channel has three branches (each up to 5 km wide), asymmetrical in 
cros~ section, and has no marginal levees. 

SUMMARY 

Acoustically idc•ntifil'd mass-flow deposits in and around the Ulleung 
Basin are distributed in a zonal 1•attern with slides and slumps on the slope, 
and dehrites and turbidites on the base-of-slope and the basin floor. Rock-fall 
deposits are limited to the base of Ulleung and Dok Islands and off the Korea 
Plateau. Sediment sequences on the shelf prograde toward the shelfbreak. 

The zonal distribution of mass-flow deposits in the Ulleung Basin points 
to a compelling evidencf' that mass-wasting processes were initiated at the 
shelfbreak forming slides and slumps and evolved successively into debris 
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Fig.8. High-resolution (3.5 kHz) profile.• (line 28, for location see Fig.1) showing a debrite 
(D) sheet, Ulleung Interplain Channel \P/l) and a moat formed probably by currents at 
the base of Ulleung Island ( U/). 
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flows and turbidity currents in the deep,er part. After initiation of sliding and 
slumping caused by sediment failure, a high-density fluidized flow such as 
debris flow probably was formed, which, in turn, becomes turbulent lo give 
rise to turbidity currents. The entire ;helfbreak around the Ulleung Basin 
seems to have provided sediment failure, not confined to any particular area. 

On the slope sediment masses were trrnsported through sliding and slump
ing induced by downslope undercuttirg. Retrogressive slumping occurs as 
more liquefied lower supporting mass rr oves downslope (Prior and Coleman, 
1979). Slumping of liquefied masses on thl' steep slope causes hyperbolic 
slumps, similar to the gravity deposits (A) of Nardin et al. (1979a). Remobi
lization of slumps probably results in debris flows, and subsequent generation 
of turbidity currents at the base-of-slop, and on the basin floor. 

In the Ulleung Basin, mass-flow proc.Psses probably were vigorous during 
glacial timt>s due to the large volume of Lerrigenous srdiments transportf.'d on 
the shP1fbreak (Chough, 1982 ). Ex temivc waw action induced by lowered 
sea levd and seismic shocks might hav<' caused the shelfbreak Sl'diments to 
fail and generate mass flows. 
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~ fl m ii'ittili/fl:!i ~ ~ 

I . i'g- ,,_ 240 MW 10 MW x 24 ;!i!; 

2 • ;,] ,,_ 
o-1- ot 800 KW 400 KW x 2 ;!i!; 

3. iI II 3,000KW 500 KW x 6 ;!i!; 

4 . o} 4 ~ a] ,,_ 20 MW 20 MW X I ;!i!; 

~,,l,,_ ~'Im~ ~71~ 4- ~~<>l.li'it/J1t,lfl:i:~(.ll2 )9+ 7J-4. 

194 

'97]-'i-lc- ~·~ fttbq:, 0J ~1]~11;'.m~ ~"J~.£. is}'9 itll1J 

~--~~ ~~~•; ±~~4 

~ ~ 5-] ~ I 9 6 I ii "1-¾ , I 9 6 7 ii ~ .:g. s] 9;l. 4. o l 7] 'il ~ 7} 

'tl :I. 7,l ~ N}j 1J ~ •m 7,J. -11. oJ 0}-'r ~ vis}'9 N}j 7.7 ~ I&* iil/l & 

I 3 • 5 m , "a if 3':. ;;} 8 . 5 m , ii] 'll, '{j_ "J- 7 5 0 m , N}J /!ll ffii Pi 2 2 hiA 

o] tf-. ~~ ~,t'li±-lc- PJ: 0J-'roJ]-'i 4 hm 0J:~oJ] ~;;];;}~ rlJ 

~~~ 714 %~¼ ~ ~~•aj· AfW •~~ ~~ ~t¾~ 

5:. \l:l "t. 

it'lm-lc- ~ft!l~, 7l< P~, MP, 'lo! ~J x.>ll .£. -'r"J -'il. 4. fJJ 

iil/l tft-lc- ~ 1, tJ' .£. -'i 7J O ] -le- I 6 0 m , ill; ilil "a ir-&- I 0 0 m , ~ 

416 



.,J -¥-oJI .!l: 7l< Ill ~ "il. "I t} °1 ~1k ~ SJ-:<] ~J:c} 7)( p~ .9.] 7~ o]i::-

115 m, *35ms._ m JI/JI oJI .9.] tB Ai 6 ¾ ..9__£_ i-l--'r <>-1 "'1 ol o ,,j 
»- -
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"1 ~ 900 nl, ifl'i * :Ji ~ 500 nl/sec ( 'TT/ m) £A7 NJ itl!oJI le 

*~ ~B ~ ;;,J i+ J;i~lk ~ t}oj ¾::tl~· _l;l__::f:_ ~J: e-}_ ,i]. :,j 7] .,<]~ 
2. ~ 2. ""-0 

""1 ,, l , ti m oil Al ill iT 1::m 7t S :2 TTi ~: '1] 21 6f 3 ') ; m ~- 7k 1~. 
' 

-e- '· ,) 'i ' 

31 1,'. ~ 2 j : :] 7~ >J "I Soi i!J. ·t~ I~ r"J l ;:J ji'? 'K'.fX.9] ,, oi L S4 m 
L. ., " ' 

-c 

o]"'' oJ:~-ol! T-ft- 0 l . .<_-l ~1 5' <1 '.:l "l ~ -~- -'.:;_- 4 tJ-,'I c; I /"- o1 
c. ' t..' T »-

r+_ 3:. ~J- r~Jl1'l t- 7~ o] 65 m .'1. I 3 m£A~ N!1 ; tlu'1 o1 I ./4j_ B-} 
' 7 

9.1 %tH-"-0 2. 7} 'a" t}7ll tJ: e-}_ 

417 
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~~::/Ji!:~ itllli:oJl ttti:-\- <-.r~"l <-J-\t"'~ ':.! .l1 li~"J;,.Jol 7]-

'ot!-2 W,7](~ t!-<>l ~~~$~ "E"Ol7].5:. ~4. 

ij! ~Ill> i:" 71-~ "-!- 0 1 -t- 'ti ~..s!.. 'tl ,., r ... , P~ 31\- * P~ ~ ~ "'a ~ 

<a- "'ril1".i:"J± ;:i"'il."'loJ! SOGREAHA7!- A¾t!-~e-t 

"'r "!- .s:. 7.t ~ 711 ° l .c=. t;,J-2 811 5:. 1r-- ~J ~ 11 ° l 4. 

(.l!.3) 

"J: 'ti 7] "ii~ ¾"-o' 10 MVA 

'T ;;} % 71 4r .5:.. 93 . 7 5 RPM 

'T "!- '€7~ ~ 1 5. 3 5 m 

"'r"l- ¾l:,tt "'r 4 

'Ii: 'ti 7] ~ ;<i ±5:. ~ ., 2 6 0 RPM 

"-J ,<. "J: ;,.J ± E.J "J: ..!!.. 'T ;;} . ~ 11!: ~ E.J >1] ~ ~ < .l!. 3 > 

~ii$m:fit 240 MW, ~7J"J:"J "-o' 500 GWh, m~• 
5 ti! 7 ' 0 0 0 ,t; ~ i's-~ ..s!.. itlJ 1.) !!it~ /Ji ..s!.. A7 i:" "1] >ll "1 3:. 0 l "1 "1 tll -if 

s.. 0 l 4. cE ~ ..::z. % 0J ¾ ~l "'J JI!. i:- to/-~ ~ 1.100 ~ ll> ~ oJl O l--'r 'fl 

418 
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3"] -'-e-}ojc ~~/!i-ic- T.5..oJ-'-3. ~;;.1 -f-e-}oJ: "J-'j'-oj] 41:;Jt} 

nj , "cJ ;ir N)l & 2 • 5 m , ~ /tll im ft I. 1 .h,;i , /!Ill ltll f"l 7.k ~ 3 5 m .s'. 

•l2"1 7,J.j]_, m~;,J e-1 ~ 40 m ~l x ~ t:-J-. ±"<l.91 NJJJJxl!lli 

::. ~+¾ *~~~~ 41~~j]_ ~~ ~~ ~~~~%~ ' 

•d O l •J: * ~ ~ .s<. ~-~ "1 •J- 91 NJJ JJ • • lffl ~ : 41 1U ± -oil ·'.I ~ 

¾ •J-;,J_±_ :fr.lt!!.s'.-ic- :,j~1\J: *o]t:-J-. i!~ttJJJ::. 1940~c!l+ 

01 -<] "--r-"-1 ~ 19 68 I.;! i31 I-"-] '.tl t:-J-. "1 7] -<1 -ic- "1 i'cJ 7}"1 -'-.l. ~ 

o] -'.J.-<]-"-] '.tl~ nj, o] 3) ::_ "J-0<} tjJ T .£ Nll JJ 00 ~: 41 ~ ~ •] 

c.J: ,i] e-} irJ t:-}. 

±"<l.::. ~~. ~~~3.~~ ~tjj1\J: • JJ •• : ~j]_ 

'9 7] -<1 "i 7] 'i):oJ:1\J: 3) ::_ +--it-YI] oJ '2-i'-'ll 9.J A¾o] c}. 

lt-3:- Yi] 0 I ~ ~ * .-<J-oJl -<1 >1I "--r irJ: ~ 'ii "J- 77J- "l 91. 9 I t} "1 

~ •I aj_ 7] a. 41 oil 7]- 4 ?.!-tl -ic- /Jf!i I JJ ii O l t:-J-. 

01 I 

aJ e-l 

N!l J] ~ i<l:oJ] Yi] o] '2 Iii : _5:_ 0J 1\J: 3) ::_ Nll JJ ~~iY'i n'ffi I ffij 

oJ]-<1 ~ 7] "4 oJ ..<]--<.J. o] c}. ~3. e-] ~ Yi] o] ~ 9-J 3.7] -ic- 36m (ffe:l 

X 18. 3 m (tp) X 1 5. 35 m(l,':,)o] nj -i:-,!Jl ol] -<J...<]aj_ ~11','titttl~!toJl 

-<1 ~ 0 l Ii.! 0 l ~ e-l "~ fJl -"-1 j]_ ~ t:-J-. .'E ~ i1!!~ rni oil -<1 x 
Step-Up Gear tj "J°.!!-4-:.}7]- -'\l_;;J-"-]~ • &7]- "-f~ "1"1o1l :,j 

V"J: 7k.ll!7]- 7~'1J:-"-l~ .'Et},,+9-J 'IJ-'t!.o] ~'.tl4. ~ttm9.J ~ 

(@ m :!ii ::. 8 o o Kw < 4 o o Kw x 2 7] ) .s<. -<1 ± T .£ o 1 7] -{c- t} i+ 

419 
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1 9 6 3 t;i "11 %:- ¾ .aj_ ~ i¥JJ ±ft~ 4--;r- 0 l ;;i 1-. sJ o-J ~ o-J , .J2. 3:.--' l oi] 

~J-J':."1] '-l!~ :-<7:>:]tlj.9-] -'t-73;:]"1] /j(jJ)<. :iJ4"~ "to)-~cf-. '4 

e-l--'1 7] ~ ~ it'! W 9-J- 1.1< P~ ~ 0 l --§--;;} 'il. --'J ~ ¾ "J: "'.i ± ~ ~ 'il. 

-,;}7]"114=- 0}4- '¼j'i)-%J- '£-0]1+_ 
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1. ~1111,u.t••• 
oj ::<] :tj .2.J ~ tlj ifJl.& 6. 7 m ..£...<i -f-c.) 4 c.J. o]-,<JoJ:.2.J jfJj ~.!;!_ 

q 3: .cg- .3. .31. • jfJj ill! ffij ffi ::. 0-r 1 1. 5 .t,j O l 9-. ;,JOI!. • ".l: otl. 7] i':-

j; .:I. ,<J ~oJ-~ ~~-&]-Oa] -'\l_;,]!<Jaj, ~";Jo) ~\t.f.oJ) 7)-~".!j-o] 

~ >l) ;,j ~ 4. 

D 1i :;lj :il'.. ::. r. J- 1 "'l r.J-~ --"l ~ ..£. i !Jl 11!17l< li'r 71- .2.J "11 4 ~ .!;!_ r.t 1. 4 

m ~ ~ ,tjJ '![;tl. ~ 4. 7J< :iii'€" 7» -,=- .31."J --"l oj aj "J ~ ½~ {:- 20 

MN ..£."i ..<1),i) ~ t!l .2.J .,L.§..c.]-E...£.4'-~I 4;;)-0) 4. ( .ll 4 %1) ¾ 

:tl 77)- ::<] D .J: "11 .I. .,.. ~ c.1- E. ..£. -f- 4 ;,)- .. ,=- ± --il ~ ..£. "1 '{ ;,)- 7l< 1J D 

1lV!l ~..£. 0J 7» •J:.sj '3.i~ 4, Nil 1J Di'i<i) ..<\-¾£17] i':- o) 'tl. oj "i % 

o) to)-_ 

(.ll4) 

D 'll'i ll,l "J ~ ¾ ".-r 1 9 • I MVA 

7]<..lj!. '€" 7» ~ 1 7.6 m 

7l< 11!. 'i- 1» 4 4 

¾~J. 4-+~ ~ 1.4~6.Sm 

4- ;,)- "J ~ :£J :tl 4r- .I. 50 RPM 

id_ 7J: "' 'l'l ".-r 2. ~ 50 GWh 

o l ,. 1- '\l ::. ~ i!ll .!/- '-1 f;!1! 1'!! ti ~ _;i_ :rr. ,. l -"-l-~ 3l ::. o l-i..-1 "'I ¾ 

A • I .2.J 0-r 'I! •J: ::_ ";J. •J "a -¥- .2.J .!;!_ ci':.. -s ~ ..£. ¼ tcJ- £1 9i to)-_ o l li 

1ftffii':- ~ 9 °J t!J if- Y ifJl 1J 00 !Ii ~ ~ &J: "J ~ '!£ ;,.:J. ±..£...<i "J: 'ti 

± ¾;tl, ~~ti~. lll!JtFo~~JJ)-::<) ;»;:J~-"J. :::Jo)~..£. .1 7]tlj7} 

3..4. 
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200 

+ r-] 4 i!t -"i ;;iJ 0J ;:J 7] ",r ~[ <lJ {:- ifJl ,'f:7)- 3-.31.., ;;}/ 0J-ti .2-/ ~ 

~o] -<J t)-"J, l)<f!i!o] 0JoJ---<i if)jtJ !!:HIJI.lt!!-£-"1 "1 li}tl-4. c,J 

7] oJ] {:- oj "i 193 0 'ii-¥- Ej 7<)-~5:.2/- oJ ~ Aj-o] tJj ~ oJI 7J-_ij. 

.£ .iJ ~ it1J 1.7 ~ m ;,iJ .tJ oJ ( !, 7H oJ ) o J ,iJ -<P•l :tl 4_ .:::i. ~ ~ 

t:-/-~ ::<J ~ 0 ) al 3:1~ t..J- I 960 ';:! t/J oJ) JUlll ~tJ(moJ] ,<i ifJj J)J4!!,!,J; 

Ti:- 1970'il_tlj,¥-tj -"];;J-£J'l;l4. 1974"tl,oJli:- ~e:J-.:=.S] SffiREAH 

,<)-7} o}--<J-aJ jf,ljtJ~11t cal•ll}ta--".l zj.£,: t}9;!2, ;;}j 0J~T± 

{:- DQ n fl; •oil t/J <ti: oils] E} t}-<.J ~ zj .£. i<J: B} ~ 4. 01 <>l -"i 

~*•• ~£.1~(4I~A), ~~-~ t/J<tl: zj.£,~ ~~sj'l;i 

=v•' E M '"T, 

C 
T 

2 ~"+- .:::i.ta--"l •11~ t986';:!.£oJl -9-r-lt..J-'i!-J- -<i;;}J 0J:oJl 400 

MWi!- -'ll:>1l~t!J.Q./ ifJltJ~<lf.li~ ¼¾-"li7l~{:- .:>l "'J-<tl: :>11.tl ~ 

.:::i. ~~~ A~~ itJltJWW~#I% ~~~2 ~~~ +~ 
'i-~½ ~"atl-i:- 5Jol'l;i9-. o] -<}~~ !978"tl_ /liiftliff~ffl 

.2/- -;,}t..J-t:-/-.2-/ Tidal Powe, Consul tan ts ( T PC) .2/- ¾%~£. 

4--.»sJ'l;J.4. TPCi:- .:::i.'i!-~l ola] ~l'jtfr ft{t~~ti ~:ii½ 

t~ ~•91~ ~¾~ itJltJ~~~ ~<tl: ~•m•: ~i ~ 

'l;i~aJ • .:::i. 1~% o] A~>!] ¾¾tl -t}¾~ 4- ~'l;iq_ 01 

422 



7. iil11 bill••• 

-"t':l o11 -"-J 4:- l!!l m lsls - m-21 1 s ,ij "l 'll ¾ ,ij ;:J'O!J ~£_ ;:J.!E.t}<>I ~ 
01 '-
.M "C 

m §I; J111Jlll '.JI 7'1-1Jlll , t: JI I ift , 11 !II! §I; , ;f ill /l!t ill ~ '.JI -21 ~ • 

l1l\ ill lllt, /Ja it tt: lllt, 11 *- ll!t ~.!L 7ij •J: -9--<;i ¾~ 4:- ;fill /II . t: JII Ill! • 

/JO ii tic ift O l S;l. "t. .::J.. cl i.+ ;f ill ill! ~ >I] 2 >I] ~ ± '.JI ¾ o,J .lJ- 0J 

"]£ ¾_l;l_.>IJ V.:il., t:JIJ/l!t~ t:Jll~~o\] ol::<];,j) ~"].r. 5'..-5. 

4:- 0-I- 'll .lJ' all ¾ o\] _l;l_ "fi" 51 o-J ~ ~ /Ja it tic i'!!! 0 l iill jJ ~ -it m 0J 

::<] ..£. -';i "J 51 S;l. 4. "J -¥- Zf -¥- ;;.j 7J- .Q:j ~ 9-I : ;,j :<c] /Jo 11 tic Ill! , 

ol 1:.l 
M C. 

m E.}t:-J--<J 7,:1 .!E.-'t':l ~ 1 gso ~ -¥-a, -<J"I 51 o-J soGREAH "t: 

--'r ~ ~ £_ it"l E-"J- -"=- m llt: 111 ~ m it lit! '1i'. m % -21 ~ i.ll 7J -'l!: o 1 

¾ % ~£_ %"1 t} '.:tl 4. 0 l A ':lo\] -<-j ~ i.lj 7] ,iJ: ~ -tJ. "J-c'E--'}: A.)_ 

A] t}c,j ".i :>I] o\] 'ti _a_ ifJ- 7] ~ ::<} .li_ ~ >I] -t- t} .:il., E_ eJ- ,.,_ ffi ilt: ii! ~ 

~•tttn. ~~~~. ~~1 ~~: ~'.:tl4 A':li.ll¼~ ~ 

"d" e.J-<} '.JI [Ill ft , ~ i® ~ -~ ):jl lJ:\ ~ 'JE , 7] ~ ,4 :>I] , ~ ~ I t'i! , 1 >I] "J 

o 1 i;.l 
M C. 

ffi 12 0 ~ , * iii! & 6 . 4 m , :ill~ ~i "d" 2 km, iii! itll im ft 100 ~.!L 

it1J jJ ~~ OJ::<] x_:>J_ ~ ½ ~ ~ oj 9·. 

/Jaffi;f iil!JJ~'l'/!f'YiS/ ~{Jlt!fl•~- 480 MW( 20MW x 247]), 

~7J-•Jaj_ "J 893GWh, :>J.~ ¾-<}•I 6 fl 3,300 ~'\!cl, @ii'.l'.IlJ 

423 
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I 75 rt{:- ~l O l ae -% 'ti O l "'l 'U: 5.J .2 '.ti _£_ nJ , !!st 1la: Ill :i.s ~l O l -e 12 

,n, 4-¾ ~1°1 ae 20 ,n 7} { "l~ :;;1°1 c+. "O;i•H 01 A".l ~ 

"cl- 7] ~ ~ ,H '!!>11 ~ oJl .,,., fl-" 'll. ~ 

~ nJ-o] tf. 

"'l "a '1cl. <!l ~ <!l c.J ~ • n mH~ tt ill ~1 °J .!/- 0 1 .2 . 7 r 4 i:+ ~ 0 r 4 

Y c.l ,,_ •J: ~±..s:. ~ "1 il!t • JJ fill • H 1!1-:r ~l '11- '1cl. ~ ~1 -'l '{:) •J "l 

±.~ •~#4 ~~~ •.o • m••~ • m%~11woi1 ~~ 

7]'9~ 4 '.tic+. -9-~14~'~ 1-9-5:. lm~fl: .:E;i;j•J:•,i>1JtaJo] 

ol o n 
,M--

-" ?,J.1J.A"J_£_-".,,.,~ m~tt-g, ½i:+.2 ~ 4 '.V.4 . 

.::i. pj 11- ifJ! JJ 1i tit • a ~ c.J , c ~ ~ % ~ '<J' "1 °J ?,J. -ii A "J o l o} 
olac.010., a o 't:1-...:c. 

"'ij-"¾ 7]½,H'll:ol ,,J,.~>Jlot ~c+. •n• ~oJl .,,.J%oJ :>J~ 

i?.J 'll. oJl 1----] "'l ¾"'l 7} e---J "'J :tml "'l ii 4, 0rl-J 'll. Ilt!l ~ <d:~-'l 

;,] ii 4 I•'lt2.J };::~ffij~o] 7} 'c;- ~ ;IJffiI~~o] i,J. '!!•,i 71 71 ~ 

,ij •J:t}aj 1 ;,\] -<J ¾;<!l ~ -=l'-'1-mJ ot ~ :;;lo] tf. * 
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I. Ff aifu 

11:11 tJ moo oi1 A• f!. 
~-~, lffl §t 11(§~ 

•ufJll~.g. +;,-11] 'Q, lij\'fjJflll~o!]- ~»ii 0J.¾2.] -"J-<lloJ] "ii".3lJ-

~ cJ-% oJ: o]-~ J112.£t.J: .9.] oj-;,j '!j- _!l.:il .• £Jj 'IJ :.]- ~ 1)_ ~ ~..£. + 
;,] 2.j •~ ~oJ] 0

.[ "Jal] ..2._.:il. 9J. t-J-. •/$ 2.] 'ti~ .g. :ltll~~rnitl.9J "f 

7 1 % ..£. .:J.. * r@@l cJ: ti] .5:. 0../' 2 , 7 0 (I ;a\" kl:6 ..£. ;,j 2.] o ]-~ ;,] ;,)- t!J ~ 

oJ] ~'?Ji= '{! ~ %- $1-.:il. 9J. t.J-. oj :.-1 ~ "J-t!J ~ tlj 0JoJ] i=" z}¾ ff 

• 0 1 T"J"J- cl]-"J--"-lo-1 9,l.o-1 o!]oJ.g. 'U.¾.9l "J-::<JoJl Vo-1 ~°1 

,.(-1 i= 0J:-'ll. fflHN ~ 'fi Jll 11 ¾ "1] i-tl! ;,-1 9J. cJ-. 

• i'.F-% o] ¾11] 'Q~ 4 9J. 4:- ¾ 0 ~£ i= 3..7!] • if!t.~Jl IW, • 
*·•~••• •~~~~ ~ -~~M~• ~..£. *½ 4 V~~ 
..2._ 'e 'i -'l] >1] zJ--;:-.g. -"J-:<]- t.]-7~ Jj ~ ti; /g oJ] tlj "] ~l- 7] ~ ~1<9 tlj 

oJ11] ",!-oJ] 4-"J ~]-.:il. 9J. t.J-. 

+~*~.5:. ~ ~'i-¥-~ ~rni2.] oil~¾·~~ ~~2.j 2¾ 

't -"~"-.r2...£.,.<i.9J tljoJ•~½"l-~ o]¾ %, tljoJ~..£.4-E--1-l:- ~*~ 

.g. ~] ~ 0J °1 * ~ ~ ~ 1 t JI~ fix oJ] 9J. °1 ,.<7 .5:. ti! 0J 2-J °a -oJ,0 ] -&- § .:il. 
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204 

~~ ~¼~~ ~i$½ ~~-~~ •i 4t½ 1~V 4 ti% 

"J.'i:.£. •i!ttll:JCJ~m~'::li:+i 7lt + ~i:+. 21 tttl'i:.clJ.s:. 4-i'.J4c.} 

.9j m ¾ .ll.£. ¾ .;:-nJ ,g ~ 31} ,<J °il 'l! "1] ~ ~ c.7 BJ :,J • n f,/.! ,< l 99 

4~~ ~~~~ -~~ ~±~ ••~m~ t~ • i$~~ ~ 

;,iJ~ ttt-i, 'Fttt-J-9_..'f..5:. *cl1 ,J;,J ~ 3101 7]-><J *_a_~ 31}"11 oJ c+. 
;$:l;li cl] -'1 ~ 4--',i ~-c.9.J /$Ji.Ml ~cl]-'1 ~ /tii$fffl ~.9.J .ffl;tt:31} {-

~ ~ tjj~~ ~R~ + ~-9_£. 1~½ ~Alf. fi~ ~~~

~%~ cJlfi~ E~fi~..'f. ~~ 

i'/ifi$1fflff0 1 .<Jl"il~-9.-..'f. "ll,,J% ~ 71 -<14~ ~~ l 960if:tt 

+"J-¥-"'1°)"'1 i'lifflt:fiilli, •lli-~ft;jfj(, l}(~Ji'IW, • rt"l"fdlSl 0 1¼ 

'!,/ ifijl}(~l}({t %0] ::i ~".ll. 7ij•Jtjj"'J 014.(~l $/!l,!). 

19 75 "f'. E ;$: .£.7,>I 11-.2./- ( i'Vi.il!) tlai$ •-r;,J-:u.) cl) :,J-<l ~ 1Wi+E:l 

,ff • o]-.;;;j~i'.]~ ( Aquapolis) • ~ Jll.ll!lli~ ;l/-~,r>l] %-9.-..'f. 

/flji$-~~cl] tjj-q} ~,<Jo] .:i!.~-"li ~~ o]itl]cl] ::i ~~g% 

\.\] <;!-£:, ;;!-9_£.-<7 ~o] "iJ 7f5.Ji ~ c.J-. ~-9__;;;_ o] ;;j ~ ~c![j.2.] ~J, 

Jll?t!f_s;_-<, 7]cJlii 4 ~H:: 3!"F~ '5'}471- • J:»-i!1]7]~.l!l'.Il.li'; 

'sl_"j'-o]i:.J-. 0 1 I~cl]-'1~ £i!1]7j;\7i'.].2.} %-<]oJl BJ,g~ cl]t-·P:J ~ 

o]¼'5"}~ ff'll:i!} • ;1(~;1(11'..~ '\lg~~i:.]-~ ~§~ttiJJll.-9_..'f. 5'c 

i!tlx-@l~cl]Al ~ £-"l .:i!. ~ tl-. 

•i$ol]\,p:] ~¼BJ-oJ-9_£.,7~ NJjJ, iJ!l.jJ, /$i$/NI.N'.itR~'s~ ~ 

4 ~ t:.J-. NJ1J ~'ltm~ 19 6 6 if E- rJ-~71- All ;,iJ 3'] a..'f. 'ii-"'=- BJ 
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"' 0 

"" 

'-" 
c.n 
'-" 

-
/fjj 

4 
/lll 

(• I) • 4~D~ ~~ 

(• 4~D¼ 0.) 

j;:,1',M~ J~~ 7B l:I[ 

j Ill 19 i't il'Jl\ ,B 'l£ 
f,/! 1/ifllf.W,' i/ffi 9.J 7» 'l[ 
ll/i ff! il ~ £1 ,B 'l£ 

A '£_ 1'!J 'j1t iJ 7 B 'l[ 
:,J( fl !it;l,\i ~ OJ=~ I 

R i; /r NJi 1J R fl 

£) ~ • {to!Jc·P'i,B '\£ :~ Uli 1J R rt 1 

\\ rl'l!lt.½R'II, 
¢ ' 

I \ 1 K ~1;,,,.-1 & 7/( ,t I 

ltfi * ii i!J 7B 'k' 
IS* a;,pm'lr £1 ~I 1'-

\ / •j{tl'tcJ)3.cl)0]--\17] ';;~ 
7 '!,' 

. 1e {t '.'l' rdl fu m 1 
,~ "'J, ,rtf7l 'o 9.J 7B ".t 

J~ iili! 11111!/fl!l~~ ,B "l : 

< "l ~ 71 T > 

( H 191 .'!!.£.'l!J .!L) 

/liJ Ill ll ~o I .'!!. o:.J- 0 J , • ¢ ll'r lih1l!Ult • I 
:011h T;;J-i!] .::z. 

I /!,/!• illHi/l{J 

: • i-'t oo Jaa , il !i:I!, I 
: JHilil Ii, ~1"1illi !Ji I 
: NltJRtll'TT I 
I Rrt~llftl' tr~ll I 
: 1te1i 1&1!lt~'!.'~± I 
I ~:,j\.1(.½i:-'1__:§_ j 

1 ~M: eH~ 
:~~~J• ~}oJ, /liJ:,j(ffi~, 1/ifcpi;LtJ,j 

•J:.ffllrn, 4J:.~"I '-l-JL I 

• J:.•·~~~~~. ~~--. /liJJ:.ff 
Di, /lijfif. ilE"'i".!., ;l;::,J(Ct'[/ll;i'-, "'] - ll1 
.,_, CTS, • J:.~/ll: 

\• {t't1'!J*, -~~~*• ltfi~±*I~, llii4•~•. M*&*, ~~I¥1 

a, 

iif 
lii .. 
"' » • • I 
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~±¾ ~~. ***• ~~·~ +~4~~ ~~~£ ~&~~~ 

¾7} ?'J..<i ,iJ>tl'!1~5L£ -lt- 0J-~ iillhRtE~fflil1!!5L..<i 1:-'l\'-t].:rr. ·~ 

"t. /Bi iJ !ti; .!E ~ , B ;t;:, ~ l!il % Ba ill! ~ ~ oJ] .,, ~ "J- t] 'tl -r-i-

4 .. J 'Fol] ~~ 9 7 0 ~ 1 2 0 wm ~ ,J, ~~ ;/J R1li ~Ill i=- 0 I 0 1 °.J. 

~oJ]..<i -il.¾~t}oj Riti!l'-:il'll~.£. -'l]>l] z};;,oJ] ]!~5Jo, ~..9-

9 ~~Bi=- 2,000.t..Vk~ V~;/Jfftii~/1' (-cg KAIMEI )oJ] <ll 

~ ••~ ~1• ~•I*• ~4 
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Implications of the Recent Benthic Foraminifera 
in Gwangyang Bay, Korea 
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'II'~: l\'.~illlllllra1ffl9+ "fllllffl(subtidal zooe)sj Jiillf "1'1'>:21 i/Uli1a./Lll.-iH- ,ti>1\,tt>IH-9J- '£ fl 
'.£ffltil¾,:J2.J .otl-1'114:::- Tijj'lll :!\(-)21 JfrAloJ) '.Ur:+. <=tl-r'-A]°'~oJl-<i ,(j¾'ii-E-~~ 9m ~ 21-

30m Jfo\oj/>i il-zt'l} ±'\J'lj.<\-/f '.ctc-f. ft'!f7)-ifioj/ -"-oi\>i -;J-zt-r-.c 'HI~ 3'/,lq\, i'silll•f 0,!% "1 
,j e,! ;1'#,(:ti'llilt:llr.) % 3,ttsJ 'F"'1Jil!(Biotope) 0 I 'r-•~ 0 1 i"-JC!ilc-f. ,t ~'.H <lc-f "~tl\ e,! J!l,fll 
.q~7do] t:-L~.ui. *~½ tt-/-r-f-....:i~ 7'1-ffij.QJ ~tJ-~- itLi=-r:f. 1: ft ~l!JJJ¾.£ -ft-4-~I- ,.(Jqj;,;i ~~¾~ 
-,1,,,i,,1 'Ji ;f>I :Ml sl 0 1 ;c-sisi '.ct cf. 

Abstract: A total of 40 surface samples (12 frcm the intertidal flat and 28 from the sub

tidal zone) from Gwangyang Bay, southern coast Jf the Korean Peninsula show a strong ne

gative relationship between the total foraminiferal abundance and the ratios of the live to 

the total (L/T) assemblages. This suggests that the foraminiferal abundance is dependent on 

the dilution due to the input of detrital sediments, and that the L/T ratios show the relative 

rate of sedimentation in the study area. The inter:idal flat and delta area are characterized 

by the relatively high sedimentation compared to the inner bay and shallow subtidal zone, 

and three major tidal channels where relatively lo-.v and no sedimentation is noted, respecti

vely. 

Bathymetric occurrence of the species shows d stinct boundaries at 9m, and between 21 

and 30m, respectively. Ouster analysis shows three biotopes; intertidal flat including delta, 

inner bay and shallow subtidal zone, and major ti Jal channels. This suggests that these bio

topes are formed by the ecology of the foramitlifers as well as by the sedimentological 

setting of the study area. 

Several problems in relation to the relative rate of sedimentation inferred from the L/T 
ratios are briefly discussed. 
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l't\ll!ill!~ eJ,iJ,ij ,j ,;jj 0J~t7il JJJ- .±A7f 't'i'tI\ii' 
I 260-335ca)':_I :<\sj_0_.s'.(7;!-"J-\'-, 1973; .'l.•J 
-~~~I '!!-'r--<1 ~ >J, 1982), ,uJ<-!l, -"d- 7{4-, Fi'tI\ 

Wl(subtidal zone) 4'_,a.(ti'tI!iUill) ~"-\ -'-1'-f 
.LJ-1o] -Ti;JoJ -~-AJ..{i~ UJ~~..I!. '.U9-(H %, 
1982 ; I 984 )_ ±7J<I\ ~ T £. -"J 0J ~[ -'i-','-ol\ sj 

·tl-% itj-t:-~ -'S-711 lcl)~t~~. -Jzt"r-C 1.c-J:4-_£_ 
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2 

Q)- .R.5c*4~ "foJoJI ',,1711 "J'\t~Je-1. •J-4 
"i'-"l 1!.':!¾(topset) t 7J3: 7J ·r':!~oJ) .x.½ 
sjoj cj 'c-°--"--2 4-':!"tfo!I 'ti':!-¼( foreset)o) 
"J'1t~e-f (ff :; , 1982 ; 1984 ) . .ll..5c ,,~e.J 
4JuJ-1'c 4'>.Joj 10"' uJuJ_<>.~ tt).it-s\ '\)'.:i1., 

4"l"<l-7-t'\l oj)ci-')7f <1j>l)..s'. u] 0-hl aj,7J'\] ttJ 

rtl, 1}-2{"~.9.}- \J-i5~.X.Ato)E.) :r.%1=-4-.£ ~ ..R.5-.Q.l 

1:f~l '{--[ ~ 1tl Ji£ lif ' * T _£. -t- 4' ~J O I 3'j tjf 

40_.,,f \J-tccJ(Fig. I). "]7jaj,7JoJJ '4e.f .liffi 
ffioJ -'r':l!•J >fo]-;l- '--l-Ef'-IJ_:i?_ '.l,l-2 cJ) s}7{"T' JI 

ttl ½-£:- _,.i_i!lJ ?t ~~\ t}u:J T~ "5}E-l 7it ttl t- ~ ~J 
oJ M'\l .'i'.al/(muddy sand)7f ~;JJ,\fe-f. '-ll'\l 

of! -t- 51,i o I 4"-Aij ~\- et:f , lL'r.. T ii.. ·"R- 9- e~Ai ~ g i'1/ 
i-i 0J ~~ ( sandy nrud) 0 I ~~! "o~t:+. -1-- £.. ~ <5·! 

.x...~4-.£.½ tt.\-2..\-Ai~ .£.~~oJ stJ,..._,A}7Jol {-:'I 

,;f<>j 4~"0J-c,j ")-sj.;iP,je.) oJ)ci 7 l7f ~t aj,7c 
oJ{- .>i.'9¾"-f(Fig. 2). 

ff %(1982)-g. '{l-,"xj"'jEJ "1"/-IJ-7JoJJ "ti' 
4::- 5-} ~ AJ-, -;i--a-~1;,:~ -R', ;&:,[_j.2\ ¼-#·, ~ 5._..,!J-g

~ Ht~ ~ f"t}C9, ~1~~ ¾~ -?-~A].2f o\-'g 

7a£ ~ A~J~-fr¾¾E.) 5'.].Q.j ~ ~- ~-f"~L--, 

., 
·•-,..~ •1 

~-~ "'f) . " 

40° 

GWANGYANG 

YEOSJ 

Chang(1984a) t /K~oJI "t."'.-2 sjA\-1\--t-1'"-\ 
3:';l, '%,!£i't(Diversity), !tli![(Dominance) 

:; ~ '{l-,""tf'.(l.".oj, '!:,!J!/~(Biotope)oJJ '4.".-t 
4~J. ~ft( Substrate), 4°,hl. JcJ~/lt( Equ
itability) ~ 0 ].R,.(~~<if-~-4 ~?:~-l <tl_T~r:.+. H 

:; (1984 )-1'c -"J 0J'\l--"\ "1 '4 '-1- %"4 •I '-t ½ ,Pl 
.2.J ~-,,(d -£- ~~i-~-9.J -t-J, •i..l1 2 ! ibD'Jo!) t.-1 ~1-1 
~ ~ .A:l~ ~oJI 2 1~ 1Ptl~¾ ~f~si-~ ~)(-:/ 
~.e\ -C~"' £ -"i"f"1c-/. 

o\ '{l-,'-e.J ~,~ ~ '{li'"l"1"-1 •Pi-lJ-7J"4 -'1: 
~. :-:~-<~-fi-l·t~l ~1 2 1-~ \ff&]~ r,JJ<>1l '.Ut:{. 

~-,'--"\.li.-2 198!'-;l_ 11¾/ 8~!0°,loJ\ 1-'1 ;ij 

41-"J 40'lJ(cf.7JcJ112'1J, il]sj 28'jj) 0 Juj(Fig . 

l ), 5:-7J-t-lj fi.]£+:- .1:.7Jr.tt Jl~o,J,<1 Cc!{ 20cnl½-

41"1-°-"1, il]aj.,)J;.~~ La Fond >ijt.-j7\£. >ij'iJ 

oij <i, -'¥- "\ J;. Y-'¥- Murray( 1968) •J'l/ cil -"- 0 1 

~ 'Ji •J_ '-11 cSj ;,\ "1 c.f. 

so' 

NAMHAE ISLAND 

z 
0£P-TH IN M£T£1U -~ 

l11nrt1dol ffot 
0 .,. 
"' 

Fig. 1. Index map. F means samples coll ~cted from the intertidal flats or deltas. 
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• Mddy 

~SG<'l•J 

f-.::->l •M 

., ., 

z 
San• -~ 

0 
1,11,.. ~ 

3 

Fig. 2. Sedimentary facies of the study area (after P, rk et al., 1982) . 

I) ;/J .fL,i,\i illlll!f< 
~ ~ A\ .li. lO•l~ ,,(J 0 }9,l ~ 7~ ~l i:- tl ~. 7J 

~ 58 711 (c'fc7J'1l-'1 _,;_ F9 )<>ii -'i 'tl "1 \rt~ ;;H
.. 'i .. :V .. 0 .. uj, qj11i-l:: 10711 uj •JoJtf. >,J- 0f :V-;c 
7 11 >ii st +;,.. 7 11 ~1 {- ¾i':-l'c 'Ii >IJ ,11,iJ +-t- 600 

"11l17f '.i-t· -'lj;_(23, 25)<>11-'i 10,11 "i'tt•J 7J 
-1- _'r_ '.U _O_t~, 1~- jj] ~.;'{9.] 7~ ii] +7~ i..i-¥- .:a:/-~-
-'I __fi_ 3 'lJ ( f 47, F48, 14):' 0 1..f -l'-"-1<>11-'I ,i1•1 
·"'I ?jq_ -~_7J4J 9l- tLJ-_tjJ ¾ 81 .ii!..i"l-l{f 1()~ 5'.lt-
711-'II t- ~f±cJl<>il >J_l,l_cf 'f_7JqjoJJ Y;.0 .. uf, ,;1~1-;1-
,.0:J-~- J uJi:tJ0]1,l .:-;1,-lj]•;t;>;J.Q.j %-&-6- 7~jj]T'i:

llS-}'-\ t,}Ail>l\~lo\\ l:l\.:U!J:i \'!-~n\, -'-Jzf-f- •1jjJ 
oil-l::- ul.n>'i >jc+(Fig.3). 

A,{ 6~5']-C T/J 21 1l)cJ!-i-1loJ] 411! tt)~-( 1!-:tt 
"i>~)..g.. 0.0%oil>I 44.6%(Ft2) 0 1"i. ct.,1'11, 

-½-0] 1:t_1:_A,i 7~n~o)ol] 7J4'-~ -~f-~ ol k_-_l'J_~, 0~ 

±..1.tl ,.(I .li_ol] A• t· 41 °J2-] _as... hj ~ ~ 1,J,q ~21 
<5~ C:t /~7,lf-8_- *jl~ *7--!-"T°oJ/ BJ ~,J. '. ~,

0- 8] +91 

•1"-~l-~.- t-fE~i,}j"C ~!11, r:.!l-11- ~.--"I -r_s_ ii· <;._2-] A] 

..E..0 ll"'C ,.,CJ"('.)1-iH::- ·fi-¾--t-('.)l ~~ ~t-~ (Fig. 4). 

±_7Jt-Jj .<!] 1-?-, PJ_:E,ti ~llJ_2__~ Jj-77J-01 7J4-\;-

'E.l!HtfflJt7f ii_- 0 f-'l-i° '}.<ii-lo ojnj ajc,J .±'(} 

<l\oJ\.<j 3½HJ:-"\-lc i\1-'Jolc..K_>J-S;--"1-<[7li°'1;! 'i,\\•j 

'tl-f±.1981, 1982: J//i·$, 1983, 1984; Chang, 

1984b). :ic,Jc+ -"J 0J'lf 1'7Jc;JeJ ',j!/:tct\->1l"i-l 
o\ 1711{~, llj-~}PJ ±.zt412\ .L1_~C~ t:1\..iil_;i:-4 

~-'?-l'9, o]1 ::'.. llj-nj-~ ~~E-)jzj.,12] -.:i:~o], •fr-&

¾!!] Jl~. A) .h.41 *! {;-9] ;.z:j-oj C~il. ,(~ ztsi 4 °J-
0 .. .£ .>i..cf >HI 'U- '\l .. i"' ,f -',l_Jl..sfc..f. 
« -t- ~! ~l ~ ~ 21 3.. 7] -t- o:i ~ 7~ ;i:J -~ ..,~ ,(~ ... q 

-l, :i 1-oil "i <Ii 'J ,q "1 -li-"I ¾•~ <>11 "I ~f liKiff 
o] 7j-AJ ---:!: ..R.0J_0_~ <SlJ,.,e~sJt:-f-(Walton, 1955, 

1964). \r 0 }'.V-( 0 T"1J°'J ~;JJ y'\Joil cJ1 <J u]il 

;,.. fflflB'J Jttlll'f•-"1- -'l!'l1:V cf.'i' .. Phleger(l95J) 

,I "l•ij '\!-,'--',) 0 1<11, ufcl7f>I uj~\ 0 1 'V 0 A 
(Bartlett, 1961; Murray, 1973; Boltovskoy 

and Wright, 1976), ~1,:J<>il 0 fe.f>l.;c: 1'J"I 
u,.J•~ 0 icf •~oj ~lcJ. 

1!_".(1]T1J.01 ,'1---f-~21 ~7].2t- 1 Jt:tf~l t:1]½7J 

)l .aj-?.1]4- -g:- 11 )~-~ tj 1-~- .!il_<°9~t~- _r.;,JL-Ji, 
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Y£0SU 

NN'hAE ISLAND 

O"'~O 

'<;:951-1(10 

'lg1IOl-300 

0 )01-500 

• >,00 

Fig. 3. Foraminiferal abundance in 10ml of we: samples; Live (upper-half circle) and Total (live 

plus dead) assemblages. 

i58x•l ~:- ~t-E-tt_:i1_ ,(~ ff-tl.~l 1:1J 7} ~-7tt}rtl H 
i'7H>ll"'t7f ,4<>J'tl~I .. ci'/>-f "H-'l-'J_,;_91 1f 
Po~,i>1l·r7f \!l'.:i~ •~Jt~cill"i"I -t7foJI '"1 
e} ¾-l-}01 it10l ~-Jo-J~l--E- HJ~. :£_7J-4J.9! 7J 
-?.oil +:-. H- t-Q] 18 ~l 4--t- ~L~n:J. ,(~ ft ~l-~l tt

£1 -~-7}oJ] 44 ·R--R-t-18A]-1·7} ;,:~oj;,:j7]-i';- ii~ 

4 _--i 7t}::f:Jj_Y_7}, -r~ol -'t!-uJo'},z:/-~- 1~0/1: 

(Fig,5). ofej 0J <f>J.;'_- '(17'·:<l"i~J :£7J4JS 
7J-?-, ¥1~lit7} ~1..iL .--ioil t4-~~:- 71-*.-6°9 
18 ill "7-, 1 ft;,:,{ ail] 1:1 l -½ :; .2-1 1tt §} 1 t ;,:~ {'- 1ft 111_, 

aj>i-"-1 ?J?·oJJ•: 0 .c-"I:: .-1.~] 'jl-.;f<i 0 ]-ji_- '\'I.ii 
1t 3-t"H:"- 1~- _it_oH~-t'}_il_ 0,J~~h-L 

'\'I. r·xJ"!oJ) ,1.;c. ·~ ;j>;l>I) "i·i 0 1 ~ 7fiJ-oJI nf 
c+, t-}A] l'.lJ-·O}ttl /4Jiij ~l ~ ;,:i ¾oJ -5"7},yol! u} 
c+, -frH-1-7~:iJ]T1} ~ A_:\~i]o-\,.(i ;,:io-\~1.-,}t.- ~l_ 
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aj,;,:i ~ ,(Joli Ai ~ o-J 1.,l ::i:] '{.; ~=- t.+. C, l i;! ,,:J- ~- ~i 
°1.£ ~-T<:tl<?4o/l <H:"-- ·P,t-t,2J ct 7 /DJ/ c.JtJ. ~ 
0 P]~ 4-Jl~l-t- J:Jlfi~-.1i-J;,:4-f:gl -fr~l 0 lu4, ~~tt 
~~]ll]i--~ /4J-r.lJ~i ~~i½-t· _l-}_o.JTr:~j~ 0Jo-J~] 
Lf. "1-c-l-'i -E7JcJI 1f •I •l'!..r.f .-J +t0J ,;1 ~f 'i 
__ 0_5:,. ·£r~.}I_ -'~}iJ~lcL f:7Ji::~o/l-<1 To1j:d 0J·r 
7f Pfoj _</) ,J 'l} ;.J .ii. F lJ -0 ) 7J q-,,1) : , .-L '!.') 

,{l~g1 ±~lr:+1•11,{i_ii..t~-t-- ~-r.ll~l !iJ:zi½-oJ 1:i-?--
1.0-~- ~~rJsl1-{-, olt A!.~_F}3oj 4-:.:19~ ,: 
~S cfoj 9) +-~ 7f Pf 0 loil 'l-1 sj 'H "i tf';j "1 
_,1-.4i---S>] o/]LiA1-:} ij;o] ~};,] l1!j-J-~l ~_S,_j~ s:1J_rJ 

-'{/i::-~. A/J£1-A~7~ .)(i.7/~- •~Lt {}YtT.9] 1-?-~:
.±7,lcjoJl"i 'i.'~ •l•H- 0 1 ;,t_o_,+ ,j,joJ]-'i~ 

r~,':-- t-~ ~ _O_f; __ 5¼Jt:J!t!t.L 8~ x-j2] 7J q.., Ji.\:_ 

,{i *]4 LJAl-¥- 6~ .:.:1 ~· ll] JIL~i ~ ~ i-01 ~-•-t.--t. 
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GWANGYANG .-..,;;;- "" _..__ ..... 

. . 
·a 
,.,.,,~ 

.-.,. 

Live/ Total(%) 

0.0-2.0 

um 2.1- 10.0 

IIlil 10. I - 20.0 ~ ., 
~ 20.0- 30.0 0 

1, 

• 30. I -44.6 

40' 127°4:' E 50' 

Fig. 4. Areal ratios of the live population to the total assemblage. Note high ratios of the intertidal 

flat and inner bay compared to the channels. 

4- _,;_2] ,j -~61) -'f'-- sj ;,:~ ~l 1o] ~ 2.) ~-t- ~ _0 ,.~. 

_1,1_".;ILL ..'f:i;J f_7Ji:H£] 5'j.i!/ ~ffl~ ~i-.-1·% a:+ 
4<1: (<Iii.Fl. 5,6.15. 17,21 ). •l~hH/ 0 1 •~ 
\J:ol ?1 /IY ·1~1 ?J-:_ -3]_ 0 _,;_ .DJiJ~lcf_ 0 1cl 
~~ 1;,11-?- oJ :;.:-21 f-_-l-f 91 31J-,'J•.(~ .tH \~_e>J- b '11 ~11 
-li--f-..<]_1] ,(l. 1982 )s,J. ttJ _ii'-V n.11, ~J;t-fo] /121 
~l ~1-}·- ~-~- ,7 J!>I olj9J'itlol _f -"jo] 1m1~1 I:
'i! ::- -11-~ •~~l ,';~ ,: ',] ~1 r'-~ 1: 1 -t LL 

(Jchio ( 19tl0) ~--- California San Diego 0:d_ 

,-,B -<1-'="'l AJ ,<J n- g &· ~-- ~1 --r·(;f 1~ ,<J s 1 ;,:i-s- -~- ( o} 

t- f AI-S- '-;~-',,'3:JLL l; R T-c L;P,)IU-l R 

-~: .!.);;:i-~·(cm ycar)o]nl, P-~- -'rJ·_0 c;._ ff/I-";! 

ii -tt-01 ,g ~~1-,,1°] 1~, T~4 L-?- ,'.I "l il ~l-J-
1) •~ -Jo1'1'.-: ~,t--~]0]Lt_ f;l•f-A]~~] /}-,;:J -5/

~l] <'.;} Ammonia beccarii 91 '~~~I· "1-::- :11B ·\~ 
~ 1t~JC;}:11 .!.J;;:l-~<> t-(ll-1~, -f;,;}itl A]_G_Ft3 

(L.T 13.0%)oil'I~ 0.520cmlyear, Fl2 

( L T 44. 6 %)0 !1 11 ~ · 1. 784 cm;year, ~J- -;:tT 

,.q ,~F52(L/T 11. 3%)oJl<I~· 0.452cm/year, 

,Ji,J<I ll_4(L.T 5,77e)oll't-;-: 0.228cm.ycar 

_\_ 'il"J,lc). ,ic~'-1 °1 7111!-~- qFfzJ"jo1J>l2.I 

A. beccarii SJ '+-ffi!!Wl7} ,t'¾1°1 -", A. bec

c arii 1} 1:llli1Ji.Ni0 l71-~- ~f•+ .:i<!l'L "1cl's'.0 -

,; (-fiJ~loJ '.U_-11_1 ?.Jl~~oJ ~~~.I- '.V% 1o] 
~ ~,;_ r,:l---;r-~~ 11 .Ac/\l-?.- ~f&cl{tt-k ~6J Uchio2] 

}: fi~jj]7t 0Jn\if- ~--;r.l~~-l.f if-}:- -W<~lLT- '.(J_:i_r, 

ii, ~;! 5] .0::H~ 2-J ttl J.11_.Aj AJ- 7] 7J:-A) s.j ;.(~-~_I_;,}- <\l l~ 
"l ·t\.~9\ ~.7;l%31-J 1H2-~.1.] ~!:.z)~lc[_,,_s_ -~- -7-
'ii.-~- ~ --'-i-.0J -:r:-~J;,:joj '.Uif(Matoba, 1970). 

2) 1/(f.ieoil '4--"-"L- l'!I.IJi. 0) jc_!)lgl;\\ 

Chang(l984a)<i "1. Ml "ltl',I "1_T 7 1"1oJI 

-< ~H)S;l ;,;Jjj]T.-<~ '.-H-i{t~] ihf-5-7 -y"-.-:J 9m 

~ 21 m9} 30m Afo]oJ]-<l -r~tJ .:fAJ2j J!-oJ;,t 

~ cf(<]ii_l4,59-;c ,1].ej), -<J,Jj 0 ]io\1f >fol•:" 

-'1- ~ oJ] n} _g_-t. ~~- kl\ ,t:Aj '¾.2] 3:_...t,:i"~~ _1,1_ c,-J 4- :-
fig. 6 oJJ >i 'L ',"ij,]e-1, 'Ei{f Chang(l984a)oJI 

2 ti':! gm{ ,1r 0i ~tHL &:site.I $.iiloil 
Q;._g_{:- f:--<,J, f.lb1iJt ~ol1 -<!.~ T~ r;} j~oJ7t 

t,: ·4. s_ :tJ~H uJ 9 m _y_ i 1- ~~ -t-- i)j A~ ),I _li_ %-f: 

Fisher-ar} 0J-<,J:<]-~·-7}- 3.0 °!01-Y. ·f'-~o] ~i 
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Fig. S. Relationship between total foraminiferal 
abundances and ratios of the live to the 
total assemblages. Note the increase c,f 
the L/T ratios with the decrease of for
aminiferal abundance. 

_R, -frel-t! ¾i!-% 0 1 -i-~ 0 1 ~-~u.l, -'f-11- .-:
·'r':i!c/ ~Gt_ HJ~ 9m]lz::~ sl,--E:- 3ij~/A/.li. -}

~ L} 0J_..tjol T~ 0 ! 3_jl ffit~ft ·fr·&---to] ~i uj 

Alt c!lAJ, ~~n iri?·-1,'·11} frPrt **1-0] -i-
7~t}_p_ -1--fi~s.J~ t.:J~lol ½;to}:Uc:.t. 21m_~t+ ;;J_ 

+- <lii.-\,-'L 9m-'l_<f 7,)_f': ,lic-\',.i'f ilA<\Jc •cl 
,-,!J~_- -~ oJc:..f. 

Sanders (1960 )"-I 1/Jc!l!JU il!J!i ffillll(Faun ,I 

index of affinity)-~ A] li7JQ1 ,.{J-,(1 Aj"]-~ l} 

M~IJ-tiioJ] <]'tf 't<t/!J1ol( Biotope)_'L ±.7J:'1!. II 

u.J:, 4-£- ~-_0_s_ -r~ol f--l~l_t+. 41°JoJ]-<i [
.£_;;_ 7J.cf-~ c~oJ.,.-d~ -zt--ci""S--t- -tr b~.~J-~ ~~r;f, 

-1--~.I..t 11c}:;HcL +~Jr.tJo11 ,{• Yl 0J, -f-~g 1} 

i::1,,:i ¾-2-] Ti~ U- 0 }x] .il -fr~I ;,;J fr-fi·-~ ;t~ ~ 
;,;]t:r4 ,,:J1jl} !L.7],,<J ·&·K1'··t T~ 0! ~-7}i;~.<i 
4-"Jo\] 9] -qf .£.'a 'l!.§f-"t '\hi nJ:Lf( Fig. 7). 

1-S:1 J0 ! ~-__¥__-8/~- ·fr·t-,t--2/ ~j./lT;tJ :t.-<J>tl 
t:"7~~L}-i:':- .<t-,tJ-i- Jl~•J-oll{l_ ,(j*xJ* -ff·-t¾ 

21B 

Ai,,<~ ~ ~~~1¾ i{L}~Lfj]_ 14-~lr.+ . .:=t_7J 

qj ~ 1}-7.t"r lf..ttl½t 47]~-~~ i-1~Jq~-=-
1iol]'i o\l,j.ej+ cf.;'- aj-7,Jo]cf. aj.c<j9] c;J~ 

i.ljoJ f:!J. Jl.3_ -S~E/ oJ+ t,ijx~4t;.,-J~ _,t_-fr9..J 
"'r-i- _£. 0J 7-_£..-~- T ..£. ~J .ij 7J ..-2....£. 1--t-it ·T ~ 
r;+_ 7·£Jf!-7A t %~'{!_·f";(l ~1oJl \J- --l_<?_~ 1U 
'ii-'tf "-'it-,- .sc 9.JoJ] 'L. J.l-5 -il· 'ir · *o\l 'i ><Hc
J.l.'L 4-.\'.o\] ,1 'L -'H,! 0 ] .+EfcJ:icf( Fig. 8 ). !\!'!<ti!) 

½'if".L-l'c-"-1 '?'FH15)-./fi.'i. 0 1-"l •1-x"J ;;t:4-i!- ,,,_ 
oj-,,<f(/'.t %, 1984). 

3 l 4 ~\;;J ol] 'i "-I s.i >i "r 2 
Ill ~7J:'1i 

H -;-(! 984 )oil 2-J iif,;!, 'l)-;t'"i .± -tl 9] -&- "'i 'I' 
_5)_.£-t- A~ 7J !E 4=- Yclf _£_ s;{ ±if.£. iiijllJ O I t!J 
'ii-i;fuJ '11-'/-¾ •1 qPJ "1oll 2] 'tf sl c,J-,1--"- ,.H 
~-•-~ o\_:o:~-9..l ~·<5J-f::- ll}rt-~...2...S. 7JoJ] 144 ;,;~ 
o-jAJL-k l:lJ~ .X.~..oJ) E).5ij -:t-~}5)-i::- ~1J?g;,;J * 
~~-~ .-;~oJ:~ ~-~.£ 7~i::'!Ai rl~· ~\1l_? __ <;'_ ~]o-J 
>I van Straaten and Kuenen(I958)<1 .c<J";!Jt 

.ilj.(lag effect)¾".! .>1.0 1·}.t ,Vt.I. <,1-'i'-'ti ± 
1J:,j 7f S\I q\oi] 0i 111f ~-fc -'] "1 'jl :<\ cf'i. •~ 0J: 
/}:9~0loJ)A~-t- ~-~: "Jr-A~i ~~i-4§-~· _!.l_ 0JL-k 
.'E•J:, cf~' 1'.st'11-"t oH_\?fc<] ~- <J]q\<>i\>j ~<>j 

'>ioJI uf~f 'JL\J"i s.Jajsf 2°] ;toH!'f(Fig.Y). 

(2) "J4-'r 
s] J;. F 47, F 48, F 52, 61 -'t~ Jl.<;! }o\] >i ,j 

'J-'1:U-0-ul, --<lie 57, 59-t s:l'tl·}-OJ]Aj >ij"J!i)';d 

t+. ,.i.J44--C fr*Jo\ ;,;Ji:}-{.- ~o\],{j +r~~i 0 l 
°i, 61-~~-1; -fl--g.-"t- 0 1 Ul.ill."i ~1-· Aj..\=i.F52.GI. 

59 % 0 ] ·l,<ioJ] T.'i.. 0 ] %-s:J'3:lt.L ,{jJf~hllll]¾ 

-~ -~o]-Ai"C £7Jqj&rf+-" ..'i-J~ii-o\ ~S>-i.-1-, T 
. ~ .it L H-=- "if--~ ~ _ C____.£.. .i1J 1-Jjj r.+. o J-t- AJ zf"T .s~ 
4l !;_J;,:l-~-9\ -R-if-~ ttc;_]~ol UjjL v-g-~- Al 
-<}'l}r.t~J7_ tiJo-{xJt--l. _¥,_f{t_-~.'?\ ~;,;iAJo! y_r~oj 

2, ~ itl .cg.sJ !.l ;,;i --<Jo l .!lJ +\ c:.! _,:_ ~-'t. ~, _-f <i.l 
~ 5J;.1:lAJo11 ir·l1'- 6 \ tlj.J].i_;,;i Wi~l u-~+--c ~,I.J 
-i· ."il~"3tid, ,{9Ell~1qJ 0 l·fr_r.. ~~;(litL s.1~1~~ 
½S-- l:l]JU.~i 7J-V-½ 0J 7·S:.. ,Ur+, i1~"-'tl. 7H~\ 
7 7} ,j<>j,) '1]£1~1 .-<]J;.(F47, F48)'i. ,J,Ji-;f 
.;,;J.9\ 1lj)lj:j"-7} ~i-~~ 1!~i' :;;J-- 0Jt:}~_ 1Lll~i ll~ 

;.1:i-§:-0] ,{J-rJ-61 ~..9-~c,J 4;.:J~l_i.:}(Fig.9). 
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.R.~Ji*El w~ t.\1°J u; -i~~ 0
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Fig. 6. Bathymetric occurrence of the species in the total foraminiferal assemblages. Note the 

distinct boundaries at 9m, and between 21 and 20m depth. 

>J±(!llltll-'\ ~ft--t•J-"I >J'\1. 0 \ ,H!- 4'-'I\'\! 
4)-::Jolcf(tf ~. 1984). %·/K·-"-1 Jil'il,l::oJI -"-l'J 
AJqj;;_i ~,Ai 4¾+- ?,-_7,}rllol],.q _t,!_c.+i::- ~ :JI. -1-.£
oJ\ >L~- cf~ "I .£Ct( Fig. 9 ) .. R.5_>j ~JJf '-J>\ "I' 
'fol-"\ fl l/% 0 \ -'r;,! 0 1 I'/;~ '-l!uJ,ij,joJ!Jj 'J 
qJ ,A-.:i ~~li- 0 1 ~-<5] 11 ~ &, lLt tJ~ 4-£-~
¾<5}-o=j -fr 6J, -R--½_t;J ~ tt] _itU!i fij ~~ :t -ft-2J ~ 
OJ _O_..£._ .D'.,} i::j-sj r:,}-, .11:. ,U ~fill~% rtj- e,}-)1 AJ-r.-,j ,A_:j 

~,A-.:f½o] 11-~·.L A]~ __ \1.:u}.!11 7J_±9}- ti].iil_~ ·k
-l'· oJ\ ti e<loJI 7\ oJ iH: :,l _0 __ ,;_ nj 7c/ ~I cf. 

(4\ 4-" (\:'i'll!l;sU'll) 
T£oJ!+:- ¾i,l..1'-0 1 tc!J..iiF---l ~..Jl, -<J-o} 5'.}{~7~ 

~\7f "1-"\ ~cf-t· >Jo\ -':;,jo\uj .<j,j'Jo\ .'Uij 

;j 0J "~(sandy mud)o\,+ >HJ:-"'-4 ±,J~J 0 1"1 
115-;>:J VrJ: 0 1 ½tt:+-t- ~% JL~tl-ttl ~~~1-2-

.\I.cl+ ·i"J:, ;J -'1 71-~0\ ~-'l\sfcf"'- '\t•J:-'Jcf. 
:.-~. -'l\ 0Jic'll-"I -•1'4°\ 0 1'-d. .t•J·t'd-"I "1•i 
-~ AJ &- -<JI 4<tt 4- 5'.1 tl O l cl~ ·<">J AJ-£:- T _£_oJ] 
.t72] X""fi"' ~~l],,:j.L %4"4} T '.U 1 K±~J--t~J
-~\~-'r-"~"1'f 1982, 1985). 4£-2 ±"i-"I %.'!. 
.•f -'\ 2 '~ -\<-'J- 0 \ ;,fo\ 7f '-Jt-H0 'J<>l\'i uJ"t'll
-~1 7'1-W2l ~<5J¾ 7}-1,l- %0] BJ-C *-0_____£ .D'.JtJ 

.,l cf( Fig. 9 ). Choi and Koh (1984 )!'\ ~ 0JuJ: 
•I j,t!ffirfll,'{17'-oJI -"l~I~, *ill<>ll-lc '--f-l'- -3:

<i] ll]t}-0:j 7~jj]1-7} 'i:J_O_~, _L~--f':- o] ;s,iAJ--~ 

}.'~: .. 6'l ·fr0J !i-H:=: %~- 0J£\ ,htt!l¥li:i1~ :ifr~. AJ_ 

•~:\.'/cf . .:::i-),-.eJ ".17'-4 °1 <tl'r.<!"'I ~fol~ ".1 
f-"J %i,-;i'- 0 j >1 Sc. t-f?~uJ u]-cf,j ct-:' 1J!!joj 

,'] iqJ ,r-oJ 1-~-~ -<~ 7tsJ t.+. 
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Fig. 7. Frequency distributions of the total assemblages according to biotopes. Dotted lines indi

cate very rare and/or sporadic occurrences. Bar length indicate the number of samples 

having the species mentioned (after Park et al., 1982). 
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.kj ~~¾-~- &c.i~.-c.+~1- Baja California 2 
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~. Uchio(l960)4::::- ¾¾-!-_()_£. 54,.,_~½-i- :>i\ ~-
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Fig. 8. Environments inferred from hiotope analysis. 

S(- %91 o]-f]-_<r'_ Phleger(l9SI)9] E)\1 ~- B]-'{t 

,rtLk :L~1.-l -'f-t:-ltl1.'] -0-r~lr!';J'r'l)j!i\j},lj;, tll·if-b-OJ] 
.l.j Malay~j,3~, California (.fj sl, nil A) ~J_ 11Jo-JI ';-1 

-q.! ,'~ ;t 1
') Mississippi AJ 7 } t-. Canada 9] 0 j 

~~ -~- 20C<-J J:'9] -~,J;";- -~·1:/1f· ~-Lvt:·-, 4]7\] 

El ~~-?- 11:.ft'J•~tl] ~"l -.~- 1 ~d 1~J,<j G-t·k 0 ] 

_>:jc>J 111~-'.-- jol';;)L}. er1l~J-:- joj<i 0Hl 1;\ f_ 

~l4j "1 1;.}o-j) \]-'Z;. ,_.Jl.{l~, o-J]9J<'I] ~,-~lLf. r:! 
.½- -\f--'g--Zj llJ- Hill':}· t!j-~-X-A 1~] ~ {}i~ ',-_ oil S>j 

oil 1; \I c I ( Matoha and Nakagawa, 1972 ). 

Matoba and Nakagawa(J'l72)'~ 0 lcl~I "1191 

"l 0,_l_ c,J "J--~ ;";-g- 1~ ~ 1!9] t,1 ~. Ii]~; ,:lc:l ri,l -<J 

tf_-;-. Phleger.01 A 'I ~119\ ,'i <1] -~- 0 h•l 7} "\ 'i'_ 

'_I} /}':..'1 O_ul, Li ~_:{,) ~) 8_ '~ 11 6 1j --fi -,!( 5 
11 ~J_ ~\ fl--o~ J~ /~-;} .,.L _Q ';I 0ll ·i o_ ','_ "i) 7};;,_'j 1-L 

,~1 JJ~l J-J] u] *01 -1-J -<I 1;l -<I -fr-t J, ,11 ~l ·t-71 !1°1 
1J1.,}_1,.~11--<I •~fHl~1101-g- 0 1 1r.11~1 ~l"l-/i-'.; -<'.I 

-<l8~ni, n--.,;- t 1\lli]-1··~- .Pl"~~Jc,.! 1 1 ~1°1 ~l(t 

51 "l V ~ 0 ~11 e] ~iJ ~-91 ;,:f ~. -n / -;, ':i !! 9I 
A.:v) 11) ~iilj, ;-;~AjoJ],q_n] -3_-,n, 1.H \'-oJ] :>],~H f1t 

;;ry_,,j_-u, -.U-<Jr,]_1 1 s~~i!i/7] aJJ-;f.-olLf. !E<;_l 'i] 

~JoJI ntJ:-'.-- 11',:!9~.'.";"_ 'V-~.- ~o]nj, li'tW/Jti-h'i:'171~'1 
~/Oi\: '.U ~'- ~ 0 11-}(Phlegcr, 1964). CfloJ1 ';!Jj 

r;! (J.l1~c;\-<'.t-~, 91 -t,-8-1'!.r-+- n}_c,.,_<i__ <;=i_ "( !>)oJ,,r 

~:- i!]-~-1]•'.: 0 ]4. ;.:Jo--!~L ~j 7 1] 0 1 :J-?- 131J";lil]u] 

-:~<'>\ ~--/\ot 1~ .. q ~-1.~11-,n~1-1·-71 ;,:io-J-t\ 1 l '],:;)1'.jl

H( ):'.>1 ~i-,11 :·:- _!,! t:lt+:: ~·~)- -<Jl.Jo] ~1 11 ]~1 

t}_-1~ nrlo]~]r-1. 1/c~fi'J.0_','__ •~7},U nlj o)> o) 

cj~l,f:C i-'ioll ·-1-!Ji.l•'i, •HI ~l-'.!oil nJd'I 
I_ t",-oJl,<J o-lqj ql-,!r';lfi}7} ·',~] 1 : 1J§<;}t] 

,'f ~'-: ~f. J"J0 'i"i ', ';i /sje<j,1J<f oj ', 

-·~;if-<! 6J, -?;- f;--g;; 7\j ~1,1·.91 ,<~ 14 -0 ,Jj t1] {i-<1! 

.~=-i;:j l'>j- {'i_i>I "471]-~;.. lil_';l 1-J--:-- ~!,'."'- Walton(l955, 

1964).9] .01.-;~t.1l .;_ TT--tt.0] \'1;,,]oJI-;- 0 \~1.9-';l 

7}-J-Ll\oJ)Aj lJcJAl xr §-<1] 7~·~ ·~~ . .8_<\l~j ;;- _l,l.ol 

~r~- ~ (") i.' . .!HlJ.'{IL-1 3.:.-ql Phleger(JY51, 

1%4) 0 1 °1 {1,11, '~1111,ljtt)-,i-~ ,lf;jOf ;;jq. 
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Fig. 9. Foraminiferal implications in the study area. 
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_ tt_oJ 10J7}_T... ..:g:-a\~t..L 
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Terra Australis Incognita; Antarctica: Its Natural 
Environment, Petroleum, and Mineral Resources 

Soon-Keun Chang 

Abstract 

Seventy-five years have passed since the Norwcgirn polar explorer Roald Amundsen put 

the first human footprint on the South Pole in his South Pole Expedition in 1911. Natural 

environment, petroleum, and mineral resources of J.ntarctica are briefly reviewed. 

No petroleum or; mineral deposits with economic value are discovered yet in Antarctica. 

However, it is thought that pctrolt2um (and probabl: 1 including minerals of Dufek stratiform 

gabbros) would be most promising in several decades International stewardship of Antarctica 

associated ,vith systematic investigations strengthcr ed by modern ~techniques and facilities 

wj]] show further possjbilit~ in olh1cr minerals. 

-~-6!-c 1911 '' 12-1! 14f :,-_~Rl] 0 l2I ",'.0 1 
1/"lrl7r Roald Amundseno] 1J_:~¾ ~.1·'.-2J <) 75 

.:;=- 1f SJ "C 5H c) i.:J. q 1. -;[-o1j .r!I -c '"i::;-l \F+.9! c:-t "'i 
"'·l ·,1 ?.;'-::': 1~ (Terra Australis Incognita) "_0 __ ,;i_ 

c:1·:.'.-i·H 1rr~~.9l --;-1!~1 ..::.l~}cj ,11---;~- t!-...J·<) oj,i] 

15 1,.1°1 ::/'Jlr:i. 0 /:i;fJ- ~ 0 /1 ~0· --i--rl .·: ~-~-

."1~ -\-i1l ~J-~l, ~:l 0 ) 7} -~~ 1,iJ_-.x_.2.j 60 ~ lll] \) <=?} 1,360 

,~: km2 (Lfl-&- 12,045,000km\ c:-1-f-_0 _ :.'.1! t~ 

7i--~L l,542,000km~;o11 o]i~-;:- ,1i7.J]ol]1.] 51:]_,;(H 

.9l rH ~o) 4. \}--:,'-tH .,,--2- 18 -i(- --1! ·:I)~')· ·-'r1 )~ 2, 

lGO m $j ~ % _0 __ ,;_ 1_,L oj <J,l _o_ c] (Radok, 1985), 

';!}6 -~! 11 •~ q-1-S- T 1A]-t: '-J-'fl 69J54', %7J 135° 

12' _ '3. v] 4, 776 m 4 -<! rj- (National Geographic 

Socety, 1981). \r~-~:- .:z.2-j1.J~l-~ ,;]1-f~--~£:. 

:-<]~_,1<>1I ufc] !-lf!¥i/.i>l jiyfij/.i.0 •• ½'. Lf-t 'r ~ 
_Q_ t:1, -~1d--:;-o] i:J ;,-j 2 (9,856,000 km2), ri ~ 
_:;,_ (!, 653 m), 0J -:l-o] rj -';->.;j cj- (2,638 m). ,j\j

-=t-:~- J;l 0] 71- 2,189,000 km", =:J T:- x_',:_7)- I. 342 

m, srJ ,,r- q!-8-\- 1'1] 7)- 1,782 m 0 1 Y· (Drewry ct al., 

1981). !ii !?I x"l<>I] a/ -~--'., 0 / ';l f- 0 ] Sjj ';! 0 15f 

1.ij-11--;,'.- -:,;-o;) 1}-"J)o-j 1,j ''4 '})Sc) {J_O _ _i;_ ~~ ~o)tj

(R, dok, 19851. ,F;- clh- ;1 >ii 7]· ',I \i WI ,11 i'
·1] -;,- ~!-r°:-_0 _ _-,'_ r::J_~ ,?;!-2- 0~1164 <!, O~-~oil-C .:ff 

2°;,-=;I 26,-...7\~km~ ~s..~ "<]jf.'l- -.'., .. :::'-YJ1·j X-

2J -6--~" 1
~ 1--J4y- g u:}-i!.~c 1riti-it£:!Wf!ll~1f. (Trans

ant irctic Mountains) .:,·f -'c;· 1.-J-?- !?] z,11 <;l-oJI ~1~~ 

c]- (Zumbergt', 1979a) . 

21 ,1 -\'-
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"~,;:2 -}El 2 ~ (The Home of the Blizzard. -" 

o l l.,l "SiJ "'+~(White Desert)" % 2-..5:.. -i-2-1 -9- ~ 
¾¾6] .::z.~ rtl--6"J oj %7} '.V- tj-. .:Ei'ft 7};g. '-} 

¾ <A-ll--"-5'.4, ·1 ~-oil 1=- J) <) 0J or 88. 3°C Ir 
1960°;! 8-'ll 24°d 'il-'t'1l-l\- '-11-\'--oil 1Pl<i"!· .i-. 

i;:i_ 0"Hf7]>1 Vostokuil>I ,4-,Js.J~-"-"I. -"1>1Jc:
~1sJ ,J..!i!..4 r1½1.+2 ~Lo}c} 7{]:-r:}. 7}-:-:J :;s-&-
8-'!! •(J-o], tH q}o] ,J-f °ii 4 20-30°C, '1J "'i- 0 ] 

-'lli_i- °ii"H0-70'Co]c.J. 'it oj{;-.e] 7J-\'--, 'd-~ 
'l}.x. '4,;!oJ oFJ IO'C7f cj_o_uj, '11-l\-s.J ajoJ 

~- 0°C JJ s_o] '1, <IJ-l\-;<] uJ--@;- °ii isf 20-35°C ~J 
5:..o]r:L _g-3:..5:. 1)·z]1j tl}\j·o] ~~1--} J,J1oJ;,] % 

-"--"- -'=-'1I 't- 'i'~I '~- +>J 'ii .g._sc_o1] 1.J _11_,1- 4! "'i1 
r.7 -~l <5}r:J. 7]-~2i -~*z;J 4.$-J 7} ¾:I-~);g :ttoJl ,q 
7f>J -f'- cJ-o!l_?0 °JoJuj, ,!) uH}o] 7HJ-5il4. ~ 

~-¥-~-~ ~~q};,;]i{J-2:- u}ifro] 7J-"6}•·1 -~-6] -'ttd
~ oij '{~Aj c1J-Ej uf-,J .g. %1d-S-! .:J-"6/-1.-~. 7~~}1i)l I:) 

!fl. (Katabatic wind) 0 I cj- 0J 2-j cl, ,j 2. 7J ± ti 2. 

*~4!2..J.7}-"C-, o) u~iJ-~ ¾t'J•hjS!_:}_ J~7]cJ, ~ 

2 ·,fr 7.1 °l oil '-'(-~l>l 'c /.J -'i- 300 km (l 1;- 80 m) 

i'-}-Ai ~-~=-2-'t! .g. c:l \1 7J--t-~-0) ~ 50mm (-?-i.1J 
1.li.o}" l,200----l,400mm ;,J.x_) -~s;_oli-7, -djjoJ.g. 
Ti;:! 0] ·i 0] '-] 500mm o]-'c}-0] -'<-,__l_L]·. 1a"-=l"-~l]7] 

oJ]-1=:- ·\• 7f]-;t" -~.::,:.7]~,}o] \1:l°l·'-J i.J-~!. Jr_1j9] CJ 

o!J 0 1 ,1-c -\]Afcl ,•JJJ-i;-.0_.,;,. -'fc\,'4. 

';l-:c9I ·I :\'-7f 'ti ·ii;"" --~-¾-6f·,J ·J lt!!'.till"tf(o1J 
-';:::-.:L\J7-] ft9J;t·j-. 1985\111-'tl 16°Jf"l] 12-'t] 

9 °J oil ~! D IL'lc~ 1¥i Miill!,Ullt'i:F,H'!t (Korean Antar

ctic Research Expedition) 7}" _,-_ ',] ~~ 'i:f~ i1~ 2.::_ 

.sJ -',·\i 0 P ~i <I ii- King George Island oil -'I-:-:- '\' 
0j 7:. .. ~ .!.>,~]. '1 °] 'l-}:'<j 1"~ OJ''}Jitfl, 1986), 0 ] ·b 
s.j ,J~''·i<H'~- Barton(1965)<>1 9J·i,f•~ tli'Ei~ ',; 
:..::_r,c 01igo•Miocene _0 _:i .. +- ~ ~1- q_ ufi.cf·Al :<:] -~~

::_ A.j.9/ 95° 1 <1/ J-<1/ 0J-~·.l:'.i~ ij{l KingGeorge 

Island~ 0 1 •J- 1.] •;l ol] ~ -\)-,'.JJ ~-:'} ,3 ~Jtl: 1l £ 

King GeorgP Island 9~ \}~~ 1:}.:.:.. ,'. :7'-ttlS>] ~--.. '-i 
oJ] Aj -C:- i"- ''8 :B -- 'j 'j rH 9] -2:-~J, _j:. ~, .:,J.J A}/2j -~-

(Torres, 1985). 

7} \i~=:- \}--~-;¼-to] 5'ji..}. ·_z]~-11}-:z] 1JpJ2J 7] 3) ~ 

-~-~ ""l* 140-..-155*_i-:..(±ir 72--80m)2! ll} 

<'J-.£._Q_~]. -'t-i.J-~~ 0~ 0,}~l ~~ Australia!!! Mc:w

son 7J ,J oil-'1 1960 \I 12 ~ 9 °d -"i>J ',! u] 91 

q_ ~ A11 Amundsen _i;!..~} 1 "d" ~-,il] 1912 1d 1 

-%! 17 °.! l;;}-: ~ :1i ~ ,-'.d -1-f-q} ~ -~ 2] Scott FJ -~ ~ 
o} ..2..i::J £-i-, L•Jrlk~ 2 1J%;:J]S>li.}2 ta-t 3 

uJ o] 1912 t..j_ 3 "1J 19 ~-/. ·~ "cJ _;::j- 0J il-7} ;={,~ -'t!
.g.'i)-2 (•,HI 79'38', -'iH! 169' 15'J"'i '1 11 "f'H 
nJo-lAJ i.J-SM 79J5Q'7'}7-] ~.9-•]·, 20~)ol]Al 2\1°J 
7;};,;] u} <'Jo] ·6}.5:.. 7J-51] ,q _L%.9J 1,1] _!_;_c,ij J,I •>1)]_· 

u} 2J.g.. 7J-ii}t:.f-(Nichols, 1982). ~) 111 -}<~1:. 0 1 -:_~:. 

17,_z1m 1;!- s\o-js-_ u}q}% ~~-~ ;;:-1:,,1+:- tH;-~:

.£ o] rtjJ9J u}~J-f!:- o] _:,!._i.::j ~11. -~:]9Jc.-l-.:,~ '-2J7}1~ 

'T 5:Jt:f. ~-%-, \r~2~~-0i] {j.91 11) ~L-~ 0-}2;],11 

1J~-1J.9] 7J--'f-, u..l{-'\l. l2-'ti_0] .'?J-"J ;'· A]-~- 9 

*.f::..(3':'S"" 4.6m)ol] '-1 rl-i-~l 6---7~J_o] 1''2-i;

~-(_<:._4;--- 8.8ml -~s_o]L!·. 

i-J~~l~~.91 -6"'7]-t- *}.i:., t4~'l '-l _,:._~C/1-~· -:?_-

,;] ~111l .:.~.·,101 01- - ] /] L. 1•~_2- 7- 61-"(;ij ,·I 'I~-"11 o o - , IO u ..J.. , ic'. - - ,i c.. 

~ "i1--:~o] tl].';-,;-.:;=-~:_'-01] ',J ~-.9-~'- 1..-t]i!-l ~li.::]. u} 
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tJ-~fcJ] A-)/2:"G·}-C :~-k-f:. 800°9f,=-_O_£ 0J~ ,1 
'.U-''Yi, 350 oj .1' 0 1 <J 21-\l- 0 1 cf. 100 oj ¾El 0

] 

JJ] 7!" 0ij '\}.A] 0~ oJ1 A]~) 6}i:1, o] -Yj o11 £ 0 ] :::=..!:.., -;S-

.i:fro]-fr/} Aj ~1-oJ-tj-. i.J-:{"1~£€1~ ~ r;,I Tit! SJ~ 

oiJ ..\1 £ \&-~c ;,J -"'l-f/-7f -'Fi '11 c.J- (Redon, 1985). 

\}-~;-o11 _E1_1,:,r<5J- -s--~r-2- _:-j'"- £ T~ ~%-E 0 ) 

rj. 7] ~on ;;:;J -1: ·-:.1 i:::] -7.., 1~-]_ :-;;! '8_ 5'] ',: %~·r% 
2- ,;1 I-o/ it) Aj z:;t ~c -~-~- t:} 2! •B ,-\J iiB Ai~ /2] -:-i

_1.d.. ct \i ') ~i -1- ]j_ 1l t:l. 1-l -tj -~ -'.{·. AJ .2.. ** {
-'HA] §-:~- 0 1 ..:~~l -~~--£- y,7~~1 ,,,,l ~ ~4. 4-'J
o!l ;~o] ..-'.·1_-;~, 1J}t:}olj ~'i-~- nJo]/} ~°"JAL 1-,J 
.:-r-<5\lq}~: _;;J1v21 1-,-}-\~ 0 1Ll·. 'tl--:~-r 2il>J a11rr~1 
-t- <-cj: 45 ¾2] ,(J~i7} A] ~J-s]- 1·1, .'"-l-&-oJ]-2 u]-tj-

7\-- <;l ..:.:..c;_ ~J;::JJ ;,] i! % .-:1111 if~ :7_ .f:- ~ ff-7} -11-

~:. __si_ _;~_ opfrifl·L]-. '-'2Jil-~-:- 0{ 5 ~~1;!1.-jAJon Aj ).J

oli -:HI 9( _o_ cl I Rich and Berra, 1979 : Rich, 19 

82), 1-l;s1] 6/f, 18:fito] 1J-0_,·J, '·1£~<5}~ Ga

lapagos-£":,_ol] '-l \'-l--=~1~-+o11 ·1f-<! "'-l ~15}9 °} I 



~ 2,000 1;_} i.:~:-1 ·d .s:..~ +AJ5i:I if. 1d"·-f01] 7 ¾ 

o] ,1,j~~}ui ;:1] 0J ..:,:~ ~{_g. P,}xJ] -:Ji.l.9_S'_ ~1)7t-

120 cm 'll £, 'iH"7117f 40 kg 0 1 \1 ·24, J~ '<! :'_ 
1..J;:-:J ¾t}t..}, 'T~ ~ ~ tl]Ai 3.. 2,L -~-27], !L 

'l) o-J % ~ <ej ."_Pj, .:;;_1Jl -);"7iJ (Leopard seal) 2f \j

"'i" .sJ Pj 0J Skua oJJ Jlj 'c '"c{- ~ rJ <i} 4. 
1.-JuJ 0JoJl '.:= /2.J %--J ii i:!J-.=i~S- ~'k-~rr] 2-~l. ~-

7\], %27], 5...~Jo-j -'-0C..oj ~}9-. o] ¾ol]A1 7r;-J- ~ 

0°0q} -,! oj .<Jl-?--c ofcl y- -<JI -\'-HJ ,x"i>f7JI ,3 {I 7.J. oJ 

3_,6cm.9j ..=!..2J..,_'), .zc:Jjc,]tj . .;:2.rj_,Aj~~S'] ~]{1-:>"j

o]-§--, J?-~ 1~;:::)S'j Aj6J2~ ~)J'}-9} \J-UjoJ~fl½ 

1~ ~-::- 7-4'-~2 .21 (1985)oJ] ~ ~4•Jsl67 JJt:f. 

4) ql {-

:ll!!J: 'ir'r-"1 99'.,7f 'l:!-~9J "Jrj_ii_ sjoj 9,l.£. 

~• :1 ~ g21 90°u7} iJ-~oj] ~4- t:}-2- PJ-.£ 

-/ifPJ, ,.Jjll] 7J 'J-.ej .-0:.-r, 7J-, 2i.. 0J, '-117!'-lJ.sj -l,-

2] %-eJ'-l?:- ~-~;-'1]_t-41 i-~ 1°; 1:]cJo]i:\-. tJ~ 
oJI q ql¾-f!.- tjl-lj-.,;)- -1-'i!i;Jl'll--"I )}(]f(icesheet), 

1}(ioJ (glacier), 1)( fllij(ice shelf), j/!J;)j( (sea ice), 

7}( W-l (iceberg) % .£..5'. -"l o-J 9,l 4. ;)j(!,; .g. "'il-'il
~~ -'r7J]] 9-}- 1ij ;: cj .3J Qj DJ. ~-"o] ~ A] ,AJoJ] ~ \} 

"iA GreenlandoJJ 9,!4. ';_1:<joj 50,000km' 01 

i>}ql -3! ~ "lf(ffi(ice cap) c} ,¥-.f_..i:.j-. %0-~uJ-"J 

;: i.J--=?- zj~]tJJ/'J.QJ rj_,A_:j2_~';: 82%, jj)~2...£. 

-t- 88%½ "J"iif•·I, 1J2'l].sj sl:-ol-c 4,000m7j-

1-j-Cri. :A]\}7; 1~·~-::':- :±]2~01 2,500ec] mo] 

4. ';t :'. -;Jc _o __ \'. ¾"1 '-11 i!J i"c uJ,<J-o] uJ ,;f .5'.4 % 

•J-~-.sj -1-\- 40~60 km, 7.l_ 01 !, 300 km, -','-nil 700 

oj m .SJ Lambert uJ il"f-c >ii ;,i] .i1'1] .sj •J "iifoj 4-

o] .2J oil 2c. ';}";- ;,I "1 oJI;:: 260 aj 7IJ .sJ •J "iif7j- 9,! 

rt. ql g _<>__;;,_ ':J. -.;J tjl Si-¾~ jj(l41Jol ie-]- "ii}oj -'f
"1]-c .I!.% 100~300m 0 ]nj, <;Hj :'. "Oj-7<foJI ufie-]

cf_scf 150~!60 ~f km2 oj y-. c;'·.s'. 'tl-'s-1\£-'r

ttl ~ CJ-¥- %\}~2] "8l]CJ- -§-10XoJl t~1[~}o:J. 

c!1: -,1°1 %-'I \r'coJI :;)~I Ross 1MI/J, -"I 'tl-"'i-.sJ 

Ronne 7Kt!I, Filchner ;)j(\ffJl ~ %';}-':;-SJ Amery 

;J:{IIIJ014, ufc/7f 'llo-J-'i ,;}-~-o-J'"I;:: ·oH"J :'. ;,i] 

7;:j_oJ] t44 uj_,A~o] cJ2-j;tjAJ, \}"~..9] ~""t-2--~,'}j 

P-j ;1:_:j o] 2'] ± 0J ulJ, c;q- 350 iU---450 ij- km2, ~-£
oil ;:: .ii clJ 7r -"l o-J "1' !, 800~2, ooo 0J km' 7f s:! 
4 (Drewry et al., 1982). ufef,>.j illJ uJ 01 .ij q] 0J 
ulloJJ ~ \-}~~~:,,j. tl]UJ2l -U-lf~.3i ~ 0--t 3,400 
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1~~km::_'-L"·], ~uJ--f -ti 1;1~EI q+ 13~ooJl o~r-J~ 

cf. oH•QEI -'i-"11-c J0~ll~oJI Ct)cJJ7f sjoj-<J 

110~ 180 cm oJI 01 -;" 4 (Kou et al., 1983). 1974 

\[ 0J -%.\'I -'J ,Nimbus .5'. o:!:"l"'fr -;Jj uJ .sJ "J'ir ~ 

c'nJ, 9-'il. olJ"JoJ:;;1tj17]--")9;J.% 7,j-j'-, -'i7el 60° 

,,-1\'-;;J 20° ,;}7<1 .sJ cJI -'1 °J tij "1 oil-<1 •I 2:sj 01,-~'ll 

';f.\'1 53~57° ;;};,j 0J'1l;,;fnj, cJI ,lJ 0J~ -'17<J 150° 

,-.,130° .A] °-=1 S.. 1:1] .ii?._:~ ~L~7,1}-;;c] o] _sol, OJ£ OJ= 

21 7j f • %7J 40° ,--,8Q0 '!}A] °C· /'J t<fi;] ~-~7/}A] 

~f'il:~"1-- 2~3 -'iJ. oil::: "1 cc.7f sJ "1 -'i -'1 \r"'i" 

\"eddell Jw:9t, Bellingshausen-Amundsen-Ross 1w: 
1-21 <5H<:tl-% u.1-~1- 1:1].z~l 1~71] 1l}1f<5l-~. %\t 
~- "6]l cJ-_O_..£-C, tij ~ ~ n}c} 1:1j Ji!..~ ¼7ll 1![~ 

~:4, A1 i.J-~tl,}£91 -\L~i5Jl 0,}, Ross mj t-;1 A~ 1 
1 )° ~{-7<! 30°7Jf7<] .2j- 'JI cJc-c'- 2~3-'il. oJJ-c ufq 

7f 'li."I ~-c4 (Ackley, 1979). "J-'J :'. nil '-'.i "1' 
L 000 km' (7j-.5'., ;Jj .5'., sl;-01, 7{ 10 km <J o-J 2j) 

'l' £7j- vJ½o-J :<I::: .:,\.£..5'. 0Jej ;J. 4 (Radok, 19 

8;). "J"J.sJ *.!t.-c 9~10~ 0 1 JeJcJl7f -"lo-J -<I 

7,150° ~%7<! 20° .sJ clJ-'1 °J tlJ "1 oil "1 7f-"J- ~-~. 

~~ ¾t.!fl 42.-....43°77}-?:J *±ii}u~ ,zJ..x.. 0J~ %1 
1· 0° -'/--c-oil _sc_ 'il-.\'1 54~55° 11}:<I *.!l."'fr4 (Fig. 1) 

(Kou et al., 1983). 

i;Jl:<joi]-<1 it~"'fr >ijll...sj .',·/li,1/l!' '{j'j'-ol] .sjtf 

' r 
I "/'··- :n," 

, -4 
. ----.·. i 

'~""· I ---~ 

Fig_ 1. Seasonal distribution of sea ice and ice. 
bergs. Circles represent glaciers in suban
tarctic regions and mid-latitudes (based 
on Ackley(l979) and Kou et al. (1983)). 
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s:L ·i.]~..9-~,'_i/·ll 3,soouJi,:! {!<{l oJ1.2..Al]/%t:; %- •Jc.I"'{~ -i.r·r.c'J.$/-/,~ ~T/Ll~-i -~'-- 01 4.;'{toJl ~~ 

2<11.sj ~~I_;;_ '/-t1 'l-¥-7} ij-"'j.;-1 •~7-J-sj7J X {) 0 ;-,1I\:] ;·,]+•·\"f:0\9I (I sf 1963\1, \} 0]c:'. 

"]-ail >I (Savin ct al., 1975), \:t"tcllst<>il "Ji>f7· elif ~1°\.CC_ >H'c, R.J. Adie )>,l, 1964';1. '!' 

uJ-;j-ol cl :,l.".."C. ,g ,}.sef9, H aijc'f~I ftij,l;~ff! "!I; 2 'i· 1970 ',i ~ci'.tll 0 1 _y_,•s., R.J. Adie 

;/((Antarctic Bottom Waters)7f •,1%ol"1 :,!.' c,nl, 1972\:! '\P] ;3•<]. 1977'.1 u]o;- qj-'c-c' 

s... '!17-1-'t! tj- (Kennett, 1973). >1 \}~ cPI] 7} ~. "J -1- , ii 'l t, C. Craddock oi •:11], 1982 \i •:: 

{;-2..£ ~tl 7,~..g- 'i-7J Miocene..Q..Q. ·']7--}5)JJJ ii,!]: 4;<]- 19820 1:Jjc.J-i- 0 11}1;·!0].1.=.., R.L. O1-

(Savin, 1977), ',]'-;~~ Hd/-Jo] .:-g-'-i}-~ 1LlAJ2i!_i.::• iver, P.R. James, J.B. Jago :!.AJ, 19831;'. '! 1
· 

~~~ A]7]7~ ~L8-~·l, aj_A~"tj ~-q}-_AJ'f{):- ~.£._<;_ l}·';t ~-6~ '/J:.f., ~~c•j.A]7l] ~j<;ftj-, 

A~ 7-.}sJ 4. 'i}-=t~ :,;] -,:,i -~ 0 ~ ,-~ ;_J ;_•i.~1 ~-an Aj ~ .:ii-~1 S) 

1912\:! 1-'ll J7°J ';},=;-::; {i,!l-11 ag.;:-.sj Scott 

',Jo] .3'.';!'J<>f·t, J]-9"-y?_},;f"i .\':-"J~l Beardmo1e 

"J .sf.sj uJ "I ;~ <>I] "l •Hl ~ 35 ,1f,\'-E..sj 7<] 'l!, I 
lio-J]A1 ll."X0l. t.J--=f~ l@-'feii~"t _5!_-f, A~'tf%-:~ 
\}~.sj ,]';!<>ii ~ s;HJ ~ 7}~4- o]cHI oj,j 

A.}?J-{;_-.9.j J:.i:,.) oJl s... -1-Tl5}2 1tl-~f-.9.j A] 7J 2- 19:::5 

\-l 0 ! "1<>1],t- 7f9] ~f"i"i"l ft'.V,-_0. 0 /, 1925-,9 

\I_ <>I] 7)_ {), cg .;:-o] 7-.sif~\ ,j <Ji;J o] "11, .x..e..11] 
0 ] (1926-37), ag.;:--j:_+-,,· 7J~!.S(l92J-31', 

')l.;:--uJ.;:-(1928-30) c;- .;:-7JI ¾¾%'lJ 0 ] liJ'Y 
51 "1 sj -<j,',ji;] ';}ttj .,] 7] /] /4 9!( cj,. 0 ] i'1,i1 .;:-, IJ 

-E--'g- EJA}oj] /,j {:- 1!\ 6~ 71, "'J /J 7-} {;'-·~ A}-l}ii}. '] 

/.]~f6l]Ai ~~-~"- Ll]~-'.} ~~L'j 7B2ct·.:t./-H} '6t7] .q 
"r~ q. 

2 A "lHI ,B <i ,t, 4- 0 1] .1:. ';}-:;- <J<a ::'. 71] 'i' 
5i~,z] .7.]7J, A]~, 1Q-.'i} {;-o] ~f~:x]7] A]~}·::l 

q. 1957 \'! 7 '\l. 1 °J -'] 7 (SI] sj 1958 \'! 12 -'lJ ::1 

'll. -;c'!l l,l)J~Jtb.J;jt"7JJ'Ulli111Js'•rf!'(lnternational Ge,

physical Year) oil c ,g i;f. ·,] SJ , :z] 1!. :z] ,f 7 , 

¾ 2~, 2-'}r.lf~'l {}-oj ]:.~A_:(_~§. SJ:fa.J, -:~:-:J i1 
s:i t:-r. oJ ~ JL-t~ t.J--=-;- ~ ,.(A -"J<~L.;:_ ~J i.:Jii} :1 
.,,1 7J 'f·e:•cl ~r 7~ ,.isuf •1 ·;-,1 'sl ,f. :i 0 14. ;1 
.£ fi] 4-~ \} -1?._ \fq] O;! 2/ JJ A) C:: o] ;-l ;:,;) ~~ s,) ~~ 

1;.]. A] T-;-i:'-] tf ~ :i.] ir.. ·C -<J vl '.rj 0 1, ~fj~ 1 : )0 
i;:1· =E·C 1: 100 ,J- Jm'.ffet!1l1L'.t .. _ii--1-¥--!t- 1fH-EsJ '] 
,;.J;:,}0,9...2._uj 1972tJo11-C 1.,J-~~11~Jl:-z];;,;J.i:;-:_7} ul~ 

.i'} ~ ~B rJ (National Science Foundation)~ :..:] ~-1 % 
•Jof<i Campbell Craddock 0 1 '1111, u] 'i;-,J ;el'< 
.al (American Geographical Society) oil .sJ •1 .c},- ~ 

1 : 500 t;} _o __ Q_ ·its] s] Sd 4. A]~- 'Q"f, Al T~-.:l ,;} 
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..".u]. ofeJI.\:- +-"'- Rowley(1983)-\1- ql%11: c;! 

.!.!.~l 0 1 1Llilkl1ll-"- "1"1 ,u_o_,·J ,]7-J-£ 'f-;,HJ.<I 
40 km ,<J 22._oJ uj, .1-j iJ ~~ : .:~ _ii_ _;g,..,i.E t11 - 1,,_& tjj 

.'£. -"I "I 'V,..".cj "i 7-J-.g. 23-30 km .lJ £ 01 q. -1'.

'rl-~.,_·f- A1\f-_:,:. A}ojoff ~f~l-qf ia--:t §Jt;}~t-ttJ?-€_

%-7] (?) ~l"]r~,_.,¾7] _-,~,,_~it.9] <?:!="6)--7-1LJ-- %-~~ 

.::-J .x_~ ~ ..zj ~:t%% 11} ::>. WHJ: JY-~r.li ql s] ~~ ~~ 

x·t ft},.ljq}.E__;;_ 2rJD-j _'V_t'f. "t-\}-:-~ TJ.JA/'C <{! 

AJ .::<j~C.7} ~l~]:- ttl.J-JoJo] t~-\3--t{-o]Ci, _zl.7~_u__c] 

oj--;;]---:.2.1;!)1:~~ T~-7°f'1i1,),1-jqj-o] -¥-A~o]~~. 

o] ~-.9-J :}AJ-:.::- oJ 4f,.AJ C:l ~:_-J·- 1 )-- fil2, 7] {,~o] s] 

-c -'Z- 01 fil2, -?1_r~ 0J<'d -=\-~ 01 61~.qJA·l ~ 'lt 

~x:i ~l::z] ?f4. \f-':-~4J\+ ~-1 1:Jl~ 1!:l/8 .::<j2,:_7J-

cq-.s}7Ji-J-- _:z-7J- 1£0J ~/] ('!)~,~tj]-- 'i-7] ..:;-_ 

,,_E tjJ .9] ~ ~i oJ.,•} i}AJ Od _o __ ,;._ !i:] 61 ~-5)_u~, o] ~

.g. Beacon Supergroup c'f Ferrar Group <>ii 0] 61I 
Ai 3i1-1~}_Q__r;___ \}.~t:J--. a]%{~ <5~-j-;~o],·] -R--;_:J 

.9j :N~l_ 0Jo] <'d;,:}1~{9-. <5]~1
- ·i'-lf- .i.'..~Lli9/ 01[ 

,,,_j-~·-o] 1~i;t.:rJo-J 9)._0_,·i, -,!__:.J-,;l \}~:.oJ1 ,,i-:::- 1.·1 

.:lY}-9.j -\!q] i'j tH ts ~r-2- 01 -<;,J ~J 9-11 "1-. ~~ 1:-'11 Bea

con Supergroup .,_'t Ferrar Group .g. -t- }l_ TIJ 
-~o] Di, 'tl .. ~ 0H}--~- oJ 1fr-3" 5·11 ~ ,,(j 1,q 7~ oJo] 1.·j, 

A]-JA]L~~~- .2-\hl'--H.<?] :(:71 t!].:~7]- --t-~c-1121 _:"-_ 

7] 'TT·tct7]o]t:j. ~-l,,.;f-t· "J·},'_ 111J/JXfgoj1.•j {}~- ;]: 

Jt:U 1
;'. ~}~l_-'1} _:,_ .¥. t-!B 1.·J-. Ferrar Group .g.. ~";-_ 

o-J 1] ,/-d Aj ~- .s.J aj_ -;:- qJ·o] 1rJ :\ ;:,.}{~ .1-j- o~ <'/~ i; lilJ, 

_,'l l1Jf_'/} 0 ] 1~ Gond\\ana L-\] ~ 0 ] ~,: ioj 5J j:._ ~'] o1] 

oJ-:½-~AJ ~_u_y_ 17--f5j1.·j, -,,]~]_A]rl1-:~ l'tj 8, 

000 <;}'--.-1 ~1,,_,I Q-J 6. 000 1J\l ~'t C:.l .±.-···%·1] "IT 
t.'}7]!i.. -\B7-f-'t!C-f-. Ltj2f-~-~ 1,]\}-~t-9.j oJA..i-2- -'t
\[.:..:-,9~ OJkj y_q iJ_0_1+, ~ 7]] ;:i:]Ajo-J]Alt /C 7J/ 



J:!.2.l0~7] oJ~o] qfl-"jA~ '.;)9-. tjj""i1-~-21 .1,71,J---~ 

oJ~i-~ Gondwana l;~ 4-oJ -;(-2-J aj, o] ~. rlj 0J :;{] 
7-}oj yj-lj-e<J 7-} ofell _;;_ %"1 /f•:P1 •J-'.ic°1 ii, !; 
3:-A.:J ol r11 ~ o1: :z. ,,~rtl 91- .i'l-,i] ~-•_J.J:J, A] ~J. -'] rfl -t· O O '-'. <.-fl O O _,_ , '-· 

{!7J i'/'ef7J-';I \I) cj El -f 71 ,1 3 7j ,; __ 'ii 7fel c\. 

Ai'-J--:t~ tjj~A]q:Jol]'-] -'.C"t'] .. 'd T1Jl.9.J r)l~-'°';"i! 

(plate)~.'L sJoj 9J_o __ ,·1, CJ_ ¾oil/·IS. 0! 4 ,11 
(Ellsworth "Jr:q, '-1 LJ ·:-,u.s .. -;:R Ellsworth "] 

°'I, @ Ellsworth -,1 °1 , Marie Byrd "i °'I) ·c 'c. 

½5] 61 S'.,l c/-. ~1.g. ~H·i ~1 _z::f 0 ] Scotia #ti9.l ~

~ ~ 1a-~-oll -f .. 't..iil--~:- ·tl 0)2~of] ~-0- 1·1, /J<'f~ 
1tl Aj ~-}% ~ JcJJ_g.. ~},5-J -~o] 1fJ Ross mfol1 A1.9l A] 

4'-Jr .. ~~A-i '.V.t:.J-. 411].9] A].>!J-~--~ 0J~..i-'J T 
.:1::.7} Ai .£ tj- .£ U-i , '{i ,,;H -:g .. \} ~t .9j up1a 0J *oll '.V_ 

')j, cJ 7,! ~.£. ,E 7-f'i:[ cf(Fig. 4). 

tJ-~ t-li*.g. A]~_?_s_-V-El Qf 2°~~ 11.C>l!-C 
-"l"J-o-to!J-<i 0 Jof1/14-t-- ,IJJ.AJf Pangaea9I ~1-'/-
o J 9J ~ nj , ,i -"Pl- -"J oil u]-af -:t "1 -~" ..-q "'1-9!! :S. "11 
oJJ -c Gondwana '11-li-.SJ 0J -'/-.'!.. rtL'k, 'd- 0 } 2'. ie] 

;,}, oJsc, <1] 0J'r9f ~-l]-sjuj :U'.d~c1. c!l 0J-} 
9f -l]-"11 -<1-•I oJ oJ %<>f 71 -"I ~}9!! 4 (Craddock, 

1982) , -"J A~ '1] 3c 0J 6, 500 uJ \'HJ 77]-"J .£ yj 0J T 

"f :;i'lJ-"1°1 '.(.(')j,~•f, 5,50QcJ\1_ -"J-'/Ej -1/-ej 

-~- -'-]~9R.9_1d, DrakeoH-qJ-:} t;}-;½IJj,,q iJn1v1) 

-"i ft-~ sJ -3,1-~ 4-7] Oligocene _<?.__y_ A] 7--}~ tj-

(Barker and Burrell, 1976). 0 1 -~ Yl-ll- 0 1 °·! 11 
oil cl 0J-"1"1 '.U5;!4-c 7,1.g. 1969\1 ,r<c:;J'i! 1i-
1..:Q of]?,~ 1

)~ <i, ~ lystrosaurus fl::{i'of] "] .5:.. ~-f T 
'.(.(9-. 0 1'~ 261•-;11lolj ;,]>Joli >l<J9!!,,i, c'!.7] 

7} ,,!,fl"] +':>1f 5[%-i/f .,fi+o!J 'lfr-2- rJel-;;- 7f 
~! ,J! 0Jol] .q S'] T°S ol] { :- ·Y-_A~ q~ '1} 1rr T1l -'"l· t 
%-S:_-'~ \:r 6 l-.E:.i:iJ7L ~lS:.of],qs_ 1}t~Pt!4- 0 ) ,,} 

,.>)_ -~- o]-~~o] J·j 7i ij~ iil1, 0 } 2 ~] 1d_ "71 ol] -:-~ o) 

.~; rl]-fi-oJ <l;?sJof ~SJ.r1 c -3,I~- :.{]/.l~~cf. 0 1 
o] .2] o11 .':,:. 0JA: -;;-, _'2._ .:;: 11: -~- ·-:_ '] Y-'.'J ~! } :.,_·_ ·/ 
-?- 't! ,,J-~- ~']-'-l -qj-c:;.(Colbcrt, 1982J. 

1-J ~~on A] 6] c.:}.zl o] -1/-~-"6] ;::] c:} oll -',-8~ -~~- ::.~ -3:

i.i !i=-i.+ t:J~lt~i.:J. iJ-~c] ~}2 ~l-}__S:_S.. iJ°'i~ 
2, -?-~o;j7f] AJ- <tJ~;;;:J '.i)_A] 'i:'&-~- -~to]Al, J 7j 

c!l•i.f '1I.Jl-oil :<14:<J-'\.! 0 1 ;;l-l\- "1 \s/4. ~1711 :<I 
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1/Jiyjoli \} 0 t,'f '.11r5 J°1 '.U\1 ';}o}E_;ej'lf, rJI 
0J.:·,.., ~lX .!;s-A] oJ] .:=::- ~i ,0r ';( ~4r3tl,,,,.J 0l t'-§ 01 -Y
;tel y (Wright and Williams, 1974; Behrendt, 

19F3). 

1) ~~ 7'} 

i} -:;- c-H *~-l 1tl_ -'f- (Continental margin) oJ] A1 El ~ 

-jr-;-}~ -1-,£-7}~Aj .g- Y&'-2- A]-ifr ~ (Wright and 

Wi.liams, 1974; Zumberge, 1979 a, b; Holdgate 

anc Tinker, 1979; Dugger, 1978; Splcttstoesser, 

1977; Ivanhoe, 1980; Cameron, 1981; Mitchell, 

l 9E 3; Quigg, 1983; Behrendt, 1983) oil 5'I oij /J 

aJ,I ,:r.o .. '.'. ~1-i'-"l'JJ,4 . 
11--:~oJ]Al "]T-X-i::]4}:.q uJ-,~ ~ o]¾·<ll EJA}-t-

19:.0-40 cJ cij <>ii .'c. T <] 9!l ~ '-'}, :,j ~ sf"] 'j;-11 

5£; 0 </fAf 0J- 0J %iif7j q -,s'~j g -i\-1] ~Jq;,j q 
A}t1% ""1-.AJi'l"}'C % :-:J!A]:<]-2_.Q 7~~ iA}-~ ~ 

7,! ,', 1950 <;:i ,j oil f.- 0 1 "f.-<J S1 y-. 1950-60 '" rJi 
jc_.q .A]·~] 31} 1H '-H~- o] ¾ <J .::EA}T.:- T-~~ ~ %21 
-fsl] -:',-:iJol ;--.J.'.lJ,.".,·I, 6:1% ofeij.sj :<j7--J-oil yj 

~ ,,i-'._=- 0J +/J .:;;j 7} 1-1] .:,'.. -31 ::{~ 9;i. cf-. :i c.1 Ll-, -'{!

'[I "' >] ,, o!J-<I 11 c}.sj '/1 +r- 0 1-il-Oil Ai 7I ~I~' 

"1 7 j'@--:} -""'i:i!l-0...-1, %-'-loJI -"l:<}71 -'\-1 :' 0 1 
·:Z- o] %, crl-~- ohH 9] A] ~l oR ~i ~ A] ..:,?_i5]l A], o] 

nJ 1960 cA cij ioll t- 'I\;-··; 21 Ellsworth -1i- 0-1.2I 
Aj~•¢-oi]-:~ :,·] ~l 0d-2l -'1"-·1fl7} 5km oj.AJo]iH:- -',} 

Ad-+ ~l~Y-. ~S-J_ RossjhjSo] 7.Ktrm 0 l-c!J 0 1J.:c .',j 

-0] cJ _o_i;:_ --f ~J ~ -C ~] ~}.9-] t-7J1] 7} 4--8 km EE-C 

:i o]-"cJ-01~1-c ,?,l.5:.. ')~~;,:li:-j-. o]c~~~ A}--tl-3-

u]-:~ 5ij OJA) ?J .:{:_l,},';l_ Eltanin~..'?) A~ --;-,Aa r.;; 

tJ-) J jjr in A} iiJ 21 _:,~-J:J . :1 ;;·J 9/ JB ~~ 2-_ -~.3.__ ;.;Jl ,-:::} ~n 
6i?lr:J. A]\}-·;- WeddellM, 'rr* Filchner '~ 

Ronne 1j -~i__vl1 Aj 9] ~:.~ ;s] T-'.J-i'] °9·AH~-$j -BJ-i 
A]-L'i FJ-A] ~[ J·i, ol ,:] °-12] rH-lt-¾ ofc:1] oJj -¥-111] 

12~~15 km 2] _q ·11 c;} 01 9J 4-C A] 11-r- ~1 ~ rt. 

oJ-:~ iJ--~ d:_A] .::::: (British Antarctic Survey) J_ 

Ror1ne 1Q%2J :n;~ 0J 7-7"1]7} 14,_,15kmi.:}-t- 1,] 

--tl_-:~ ~]·~_Q_.Q..~ oj i;]12] s]J~q}o] q-1~tj-t" 

,,q~i.o] tJ}Ui::B,cf. o] ·'<]~El ij:qq}9j :-<]~1-'-]rH 

-I~- ?,~1-2t:tJ i!ljQ._}y] ':~1 ~-lA~tjJ ;:-J] 37]7r r]l~l_-:,~-01 

9, 7J] .:B 1}l :i 0 ] ~{ .9] .A] t-x 0 1 .::::_ ;s~ :.i... '.11 

~ cJ cf ,n zf,J "1-- .:1.cJ •I ,j ¾- 01 °1 f--cf7J cl 9J 

t,~\FIT, +'ti rli-'i-oil-'1-"I -lHl9I '/lc'I, v 0"c, 0J 

229 



122 

¾ -E- ¾:1-~G>JI ,,.q $J .-{1 Zr 1~ %¾ .2 i;./ cg- utJ, 1rl· ~t 
oJ]Ai-9] .A~'fr J:t..tA] }-t 11j2•5j ~-~:- 1~~}7]-

sJ] 3 7] "l ¾0J 7,! 0_:;_ >J 7 1'£,_I y- (Behrendt, : 9 

83). 1976 ',! o] + -'-~-111 °1, -'·I "'c, _'c.•'.~ % '] 

Weddell/1\f :-<]ej"1]>-! :<j{l,f,· 0 ] 2-, 7]-/if 'T-L 

{- tij ,~ 'iif2 <JJ: q. 1976 •;I ,.,i.',~l] 0 1 (Norwegian 

Antarctic Research Expedition).£ ,,,<J ~-<"{~ -'1'-~11 -8:

~1 ;c~ oJ%9] ~;,;~ ~- 1~·}0J 9!J, ~~-'-·], A-]-~1 {Federal Jn

stitute for Geoociences and :Natural Resourct s) 

-;:- 1978 \-! -'i-"1] 3-5. 2 km .ej ;I "g "! 'L-tc .f7I 
itl]Ol/]£.. 4725-\t !.j3J•ll-¾% ~foJ~_?_ir, 1 

or.:µ, 9\ .A]¾-~:- ~ ;,;~ q_j o] c:'f-/] .J.t!...tj--t:: §}AJq[ _~£_ 

8A ~H-1-o_uj, i-tj-21,,'-] ~] fi-7}':-/J-f:.- /2j-f_- -;;l_Q_;i.. 

.;:j ~ 19. ~1-. 1976 i;:l_, 1978 1-;! _:;;-"''fol] ,q ~'- Ronne 

;):{II~ 4'.;- Weddell mite .:u,f>-j :-<] ('!;<JJ:_o_uj, uf 

-''·I "11""l 7]:<f7]•il .eJaB +1Jsl-'."' 12-15!.m 

7-""l)~ ~-~l9J~ .::i:.-'-)·S)A) ?i~Lf- .:t.<'~1::'_ u,so 
,_82\:!_o]] 7J:7:=j o] _.'(1q1-t- £AH!l_c_i,,}, o1 .1:•'-1-

~_,'l'C ¾7~Sj.A] U-9.l:i+. 0J~ ·foj -'--4%3']-'+ 
(Japan National Oil Corporation) S. 1981~11>82 

C;:l°'l >J;,] Weddell/tit· 3c•\'i!,q. -'i~-& 1!180 

t.,_l Ross (PJ~- S.."+8il ,1,~ 2 1H sq -i-'{1 <;- 1ct ~- 11J-~ 1 

';'•Bi.'- >}!11-'I (Deep Sea Drilling Project) "11 Al ~ 
u,__1_ ·4~ -Y---1l <'LJ-1;! (,.,.J-.!f-1:,1-0] _Q_,<J -·4-11-~~tc/ _9_,,:1 21-
~"'=-Ji-n}cl .£_;1!1 --.AJ-¥-u\-C] _<r__ <11) ol] 9i 11] 9!l_~uJ ;lfil 

Hb;Ji!l.x. >II 'I 'iii. q. ":'. \;-;- .;J ·l -Hu~ oi] ", cg 
6~ 7-ff lJ-* HJ •lf _o_R._ 1,1'. I'.J ~~ 3 7~ 9--/ ~J ~- o) S). 

Fig. 2. Map showing location of multichannel 
seismic reflection surveys associated .vith 
structural features in the Ross ;;ea. 
Numerals 270, 271, and 272 show th~ lo
cations drilled in DSDP, Leg 28. Bathy
metry in meters (after Eittreim et al., 

1984). 
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1-l.:J 15"} 7) -'fl!?_£_ 1=1J oi .A] ~ SJ ;(~ 0J ¾ 52..5- ~JJ\l 4·,_,5 

km "11, "i "J. -'] tll ·c ;I ,g tll Vi' 5'. ¾"12-<1! 0 I +) 
o]vl, -'i's- Victoria •H-1/:--~ ti .2..ell-'<l "i½.<:>..£ 

'r'Ai -c 77 "I "i 1c 'il 7,! .<:>.s'. -'Hl -'<l q (Fig. 2). 
~l-1"-'f',l-lj {l-Jll ,,f-c 1981 ,;_1 Bellingshausen //!fol] 

-'I 3, 280 km .9.] E.}-';j S1J- .:tc-'-Hs_- Sil -'1 °] -3.'.- "I :sj 
OJ .9.] -'f-,.;] 7)- 3-3. 5 km c] -c· -'-] ,J_ ~ i,1-·:i:l, q. o] 

9! oJ] 5. -i~!,,i_.J ,q -frq! T ~ (lnstitut Fram;ais du 

Petrole) -C- Ross #Ii, -t"Yf-. ;"- %Al oJ] Al, ~ 7--C 

-i-\r~ Amery 1Jcfliliol] ,i;l, ~l-t ~~ /2i %§J "-] .t
Ross /fJoJI -'-i "PJ 4 ±. ,1 i· sC0 • cf, o I -,c.9.j ,, -"I 

{
0 ~L'i."l"i ?t'l.l:"1-- 1972,;: 12'll-I973•A 2 

·11 ''I,]-'." --:J •I i/A~I •l 21 28 'I 'tl 'r•J-tl] "11-<L 
-'h~-if- 270-273 ,,f<! 4 :•A ~- 0 1 Ross //!f"1I ,,_l -;_?

'f 5-J '.O tj-. 0] ufJ -,;Jaj ::jq[ -fl-7]~·.2] 2~}4%011 
7Jq_1~~ UilEtl- ~ oi]tB-:;t'.:::7} ~}t}71] ~½~°1 --z
>f01 ¾"1"19;1.q(Mch-er, 1975). o,]c.}7)- 2 -:I--% 
-2- ~] -6]j it 4o-J] A4 ~ 8j ~ -~: OJ i;_ ;,-:1 ~ -fl-.2] 'tl_ ii 
·J ~f >]-'I ,}-c 0 ] •I •'I (Heirtzler, 1975), u\ cf •'-1 

L]·-E- q'!T :~].fr..2\- _\l_LJ- 31.-~- q1-=?-7} JJJ5l<5]·4. 

:r_~~ Ross~joJ]A1 FJ.Q~f-~7]- 1}.g. A]%-?_- A]'il 

-'-I c!I 7)- ~I-'] til u]-0] _9_,.:1 °1 ·'i, u.f ':-'l 'J ~o] '11 

oJ. :.;-- ~l ,q -b:- io] !"d -~~ ,yJ u J -~ c] i::J.. .:z. c:J i:~ i!f s_ -'f

'~l 4_,5 km .2J -f"";:-'] ,?_- 11 1{ ·'t·-~ ~l %- -V-~oJI ,'.:J· 
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Fig. 3. Generalized· map of potential hydrocarbon 
areas in Antarctica (after Zumberge, 19 
79b). 



rJ-6] -ft-oJt}L-}. J:j-'if-lJ4 A]_E.-'._ ·H-'B7J- AJ 'll
~j t..l- A] i;- '!} ;:: _;~ 1,j ~l _:,;)-li {- ~:t, ~) 6)1 _y_ ''.·! J,i -fr
·'.· Weddell #J-Bel!ingshausen #J -Ross /hi % 
--;-~£ Ai\}~ ;;;~:'<]71- {l--oJ<tl: ,?;(_c __ ,r_ ~f-.ftJajtj

(Fig. 3). 

-f-i5] \t~oJ] LJht 2,.'...9.j -~ %91-- J;J 'tf 7J-.!::7l- PB 
>Jsjoj ~if.,:: i->l]sj 0J '.,;"A}7f :<l]-'-]sJcf, 0 ]oil 

-~- 7] ,jJ oil cl) ,'f',)- < _<Hij 7} ~ i" :;;! _o_ .'cJ] 7-} sj 

oj o]ol] ;-},,ic] ~hie/. 1973';1 •·I'~- 7-]ci,cA 
".:(U.S. Geological Survey) oils] , I·";· s·f •cs! ';:I: 

(National Scil·nce Foundation)¾ ~J -q}" r.l 11-,l- Jl..'i!. 

2..1,4 Antarctic Mineral Resources 0 1] J,j Ross, 

Weddell, Bellingshausen i1'J -'d·"'I ~ ¾El "J-0(! 

7}'5-nl]1)-',f 150"iui],;)oi] sR•J',ic/11983'. 1 2~ 

c].;:--'-J¥: Platfs Oilgramoi]-"iS. 150°1°1cl·'2-

'.xA;s. •J:-'H'lcJ). 1974,! 2~ 21 ~,"1 Wall 
Street Journal fi, I •d oil J. Spivak 0 1 ;0 7]-'-f 

'Now, the energy crisis spurs idea of seeking 

oil at the South Pole' oil Al -i'- -'II "i-"-- ,;;_ •;J -'-l ifr 

-~]%9.} .:tl 0J7J-29J X;,;J-5:.. 1]2] 1'] t-1J·1-~2A~ ~ 
'c'.·7-J.,c ~ :;;i_o_,-;:. ,,,_oJ4(Westermeyer, 1982). 

o] tt!joJ- Ziij.S:. ;:Jj 1 ~~ ,-\~ 7'}.,i.}% ~~4-o]_P:_i,"!_ A,4% 

7~ ~{:- 1cB ~j ~] oJ ;j! o] ~ tj- . .::Z..i!1 i-J- o] ~] ~f7J-.!i!._ 
2_,1.~ .2-j PB .7J eJ +~J 1-g-~ oJ] tj} ~ Al .AJ- r:J~~ ti] Jfr 
0 1 ~-"-9 (Holdgate and Tinker, 1979), -"J>il 

1974 ';I N. A. Wright 9f P. L. Williams 7} :i,! 

~l "1} u] ~ Al~ :LA}!,:.. 1Q ~ Geological Survey 

Circular 705 Mineral Resources of Antarctica 

0 11-"]ic -'r-'l]"l 0c1. 1:'~J "1]-'-]\11°] %-l]'-~ ;<l_lc7f 

;0.9-.2 nJ .'/ . .2il"f'.);!4(Zumberge, 1979a). uJ:"1 

,·JS;- ;s] 'l/ 3'JI ± oil cj ;-J ';l-',1- •-~'ii;,} Charles 0. 

Masters7f 1975 •~ 3 ~ 6 °J_ ,ft} ~}i·"l Science 

oiJ .l'.\l! 'cl-'I oil 'l 'c: 1973 ,,1.sq -HJ 0 1 ",f-§-~ 

_2-of'./;( 4- .:::1.cj '; 1976 \[ 6 'li Paris oil ,<1.sJ ';l

c .:E 0f7}0J-i;-7f·:C·.SI ~-"JoJlu]:,;l>Joil >11'!:-'il J'. 
l"-'<H'.t'.f'i' i:]1t...,·. ~1-.IT..oJ] 2J'6t 1J. '·t-uJ1~1,1]i:'jo] .-'i~ 

-?- 7}-'o-~~ ~f2._'.'... _1L<1lt:f'2}2 ~~i>J- <iJ-~- 0J 
>J ~ _,, _ _cf 7'-ciJ sj ~! '.>:"l ·'.c !lj "1 9;! cej- (Zumbcrge, 

1979 a). ~¾, 1979 •;'[ 2 ~ 22 ~! Gulf Oil ill 
1f. John Garrett ~ Washington, D. C . .ej ~ .5'. 0d 

oi]-'-1 Ross mi '31 Weddell /a.eJ 7}7J- -l,-nJ% 2 "l 
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-il Oi] :::) -2J -/ ;{!] ::J <:tl X -:H~- ;:J] A]~,!>_ L} ..::1.7} 'd_ 

;J-~1 -J: ~]7} 1:\~l 7}..':0:.~ 0j-oJA], ).ij~ 7}-'5-~ 

'J "1 -'I 0 1J "11 311 -<l '2- 1 "Hl -.;-} 4 (Mitchell, 1983) • 

--uj cf J.C. Behrendt 7} ';'[ 'll, 1983 ';! n] ~ ;s] 

1.:U,1·±7f '11•~~ U.S. Geological Survey Cir

cular 909 Petroleum and Mineral Resources of 

,\ntarctica oil£ -'r-'il ~: 0J '.x""r.9J 0J i}-.g. \1! q. 
_cE.A}7t l-%~'5}_:i.7_ .:z.;j!o}A1 ~ ¾7ij5'fA] 'PJ

_,_o], ucfel-'-1 'lJ,;f"l."...i/. nJ{- •:1:-o-};,J] -f''l)i5}7] 

: ;_ <il ½ cl, -'r ,11 °~ "1 '5c-'l .ii. '1! x "1 "f 't:· \1!-"'
,] 'lHl cJ >tl,:.-f4'±. ;sf~.ej -'/--.'= 0 1 7] cJi 'jj 4.2 

ap..]-"iif-c 7}0] 'iJslJs.")::C- 7f1f ~.ejsjoJcj uJ 
:~q. 

2) -;;-4r"f'li 

1970 ';! cJj + uJ '31 80 ';! <11 .£ uJ:oil -,,-oj .9J--<j -,} 

"~4-..B..7l- ~7}-t}ttlAl \r~oJ]A19l °ii"4r, B)ii-4r

;c] -;,f"l'li oil "11 ~ -o;->11 "1 -\1:1-l':- .2'"->'l "l ~4, 
CL 0 1-i'r~ o}7joi] cJ-'i"sf ~l~-"19;!,i t--"-~'-t 
t~~.2-] ,¥-¾(~;;tB ?.£ tjjoJT, \}u), \}o}E.al 
0
'}, 0J.5c.) oil ;sJ "ii};<f~ o] 1:io] -'/-- ;'.:>'] oJ ~7] "1J 

'?::o]c], u1A-"] 'ir'i°oi]-<].ej :<]-/if;,<f~ -'/---'e7}';;,-<J 

'I ic"."..9, •J-h\£ ll'll £·} rp~~q. c::z.ej~ 

if4r, ii) i}4f- .A}~ %A) l@-A} 1. :ioft° lij ~- 1!} 1£~ 

5!.<".9, :::Z. "Foi]-'-1 7}1} ~-•Jsj.03. o,_!7'-'jj :;;! 

-: 0 Wright and Williams(l974), Rowley et 

al. (1983a,b)o]cj, of<Ji::C- :;c.\'. oj ~ 'ct'r;,;J,f 
{:- ~~~ :;;! 0 ]4. 

'il-"f-oil-'-1 il-4i-"!l-:.-1-"11-t- 3.7/I -'J! (%-'il--c(-~,HJ-:.-1-
,;J, 'il--cJ-;oJ';J-'iJ-:.-1-"il, "1-•l]6J,l-§j-cJj)_o_5,e. '-t-'E 4' 
:s:4(Rowley et al., 1983a). %'il--c(-~,:J-§j-cJj ~ 

"111 <;-"l -"--3'. 7}"J- ,<2.<Ji "1 'l/-§j-"1J oJ "1, 2 -¥--lt
cc£ -"l oJ :V, 4. -o-f>.f ~ Enderby Land-Wilkes 

Land oil -"Jct!, -"l 'll-'-1 "11 ,f -'-I ,g •~ -~l ,g "11 "1 /il
}L 1l "d" 0 l r>G 0 1 --¥--f-aj_ ·¥-¥ 0 1 vi, q ~ <5}-1.f ~ 

C ueen Maud Land oil -£· .£ -o-f-t- -'l "J-'-l "1J 7f -'-1 -'2 
tj-~~¾1"11~~"1. • ~~§j-~'iJ-~cJJolcj~ 

/4_.,,..:f tJ.! ;y3?J.,>.J-:,;} :.jlJ)9,l.'C ~~3'J-%~- ~°1 ~ 
r-. %'rr'i"~%-<fcJloi]-'1 ::= i}, "9-2)-'/f-, '-1.,,-, 
.=.{i- tf .::z..£} ~J?J5J 'ii°·ir~-;-½ 0 ) ~L~"t}9 4 
{- ~ "J--"J-.eJ "J-0(!£ 7] til-'<! '-f. 

';J--c(--"J';J--'if§j-"1J£ 2-'/·-/,'-.<".§. -"l"l ~4- "ii} 
,., ~ +7] ~ ,g ,jJ (?), ±7] _:;,_,g cJj !E ~ ¾-+ 
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71 .2 1~ 4191 Ross 0} s;J- J;f 41 °1 "I , T !L T C'l, l/. 2] 

.!!_t:~, of-"f:! 1Ji -?) ~·1;- 0 / -¥-t~ 4, r-H:~- -t]-tf"C 

Ferrar oc:,}J;l-'11 °1 nj :<] ""-"l '11 't:- %7] *47] 0 1 

14%, ll~if" %DJ~, 4"?5) ~1t1~·1} ;xJ6~o1] 7J.~J 
¾.,_J- BJ:aj oJoJ Dufek C\'J:OJ oJil] olj ;.j ~ u-1"'41 i<J o.} 
91 i)-4,';sfkl_o[ 7 l<Jl"14(Ford, 1976, 1983). 

'Z!"t:-l] ~.J'J-~ti:-tl 5_ 2 -¥-.ft-_9_~ 1-+~ ~-- ~.£.9, 
uJ,iPJ 7'-2] >J >ii 2j- qj 'J"'ir"~ ."..s'. sJ 7'-c] of'iJ-J;f 
'11 ')) 1Euf."2°f-"J.,_J 7]~91 i/7J-AJ-_o_3'_ ',l 1) 

of-'J-J;f4I o] 4. 0Jtil _'c>;}j;f<J1 ~ ';l--"i'U:.'r.ol] -<1 ll'l 

Ellsworth Land ,;f ;s] '.l. ~! "1- (Fig. 4). 

Fig. 4. Map of Anta.rctica showing metallogenic 
provinces(dashed line boundaries). Mar
gins of ice shelves shown by hatchured 
lines(after Rowley et al., 1983a). 

11-€:- \t~oJ1 Al 7}~J .::-2- -~;-~-A~ 2..5'... ;.g 4 5j 

"i. 7)-~J ¾ 3..i\J ,J>ll 't:- 1iio:lk'i!;;} (Jaspilitc) o] 

4. \t ~ .J] 1:~ AJ :.j..J.J-2:- -'g- \; --~ Prince Charle~ 

Mountains oil ~ r::+. .,3-,{l] r-,1ll-:...:- 70_,400 m zJ 
Milx1l :;:iJ-:.t 4 ~}eJ, 0 1 25,_,46%ql -~\~ 5---10 km 

$j 2 11] $j %"-1 oj '(I-~- ofcJl .\'.. ··] 7.j- 120, 180 kn, 

7114s'-"l ·c :;i 0 1 ~hBJ. cef. 0 1 °p,1 oil .o:. ll ."- ., 
_£_ -S-\r~% 1-~_2.._r,'_ 7~.9-] 20-k011A1 <;I-~ .• ~ 

2,ij cd 0.~1 (Fig. 5), 'ti 0! ·c 7J ,;J >J 0 1 ~1 f,"I 21 

5c. 7}7J -'\- 0J-q< ,iJ- ~- -l;9] -/;}c}o] q (Mitchell, 

1983). 
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Fig_ 5. Map of Antarctica showing mineral and 
coal occurrences. Note the major occur
rence of iron in the East Antarctica. 
Dotted lines show boundaries of ice shel
ves. Inset shows relationship of Antarctica 
to other continental and oceanic plates, as 
well as spreading ridges(solid lines; in 
the ocean basins(aftcr Rowley et al., 
1983b), 

I• .• • • 

• oope, 

. ! 
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·~ ~-----~·rec----·~', ___ _:w· 
Fig. 6. ;\lap of the Antarctic Peninsula showing 

mineral occurrences. Note the major oc
currence of copper and related minerals 
in the mainland Antarctic Peninsula and 
islands(after Rowley et al., 1983 b). 



T~. ¾~.!d.i:;ll i;; o]9t ~rd.:cJ. -J4i-<,j--~-goJ 
7"-"- ',J--S;-•J.5'-o\lA1 °J?1'1 <V_tj- • .:1.c1'--l c\l-'1-¾ 
oJ {l iif;,J) 'il /2] £J '.1171 °1 x-'-171 rJ :aJ °1 "'1 i;! ,ij 

s',;: lJ>i)-"jo] ,,Jc]. 7PJ % 0J~ -'/·el -1'·1::'. 

\f~tfr£ A~~~ AJoJ!A1 ~c-iAi ~J.9_r:'~, -·rii. ~ 
~1:1J-_x_ Al4-S .. A·]5>} 1-J~tlJ.£-~- ¾.-JS:__;-g_ f[}- <?.} 

40"1 ,ij 6:o\)-'-1 -·fr¾o] 0,J-i'-j >) '.V, cj (Fig. 6). 

~oJ] ,,,_7 ;;i;J;:7J- 'i]_ -J"-f{}- Dufek Massif-~ oJ ;,] ~ 
:c}-'.l 'll-<l.! •Je-l 'l)-(Gabbro) .91 /l,r:t/;1',J..f-i_o] ct. 'i/
cc.71 '1\'if-.5'.o].:,,_ Ai11]E.j %"i'-'\r -':}:ofclj.sf 0<)~J. 

oJAJ- ~ 4"1:lJislt 32-€" %0) 1:.1] j:"5}4-C 7Joj)A1 

7t,J % 0J~ 'l/-:>I] .91 iifcfoJ tj-. ~t Pensacola ->t 
0~ oJI <V_ c?.. 9 -'¥-'111 :: 7 km .'f.. :: :.i O PJ .9_ .s<. ,~ 

7-}£1 "l. ¾.!I'.':!"~-:::- 0--J' 50, ooo km' 0 ) >JoJI ';t~ 

11-(Fig.7). '1l-'1-* 0 l 'll.~c?..s'. 'Jl."1 'V-710 iii 

1+, :>c.½'1! -¥-*.91 'tl-r-oJI .91 iif 0J -r-eJ • .1¾, 
1-J-,r, 3'..'lf.!'., •fcfir, •~ic. E-J-oJE-]--1,- ~o] ->t 
½-"I:: ~~-"- 0Je4"1 '.llc.J-(Ford, 1976, 1983). 

7J;<)7f x.½"1"1 \'€2, ;<]iJ-7,7f;,j 'll-'r-71 ,ij,tac_ 

-"1° l 9 °}-"1 o\] -'-11+ -"J '-ll oJ) -<) 1l 0.l x-"Hl- 7] '"171 
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Eury 0 1 -lHHI. Bushveld -"JAi ';l ,J El ¾-'-J- 'ii 
; 1-'J 0J'~ ~.s'. 'ii 'et.>il 9.\- •l ~~ ¾"J- :.HJ 'll-"11 
'r::C- 'll ~ 2e-jiif'{l Dufek 'l/-'ilr ',J--Sf-tlJ-li-oJI--') 
7f7J t ""J'il7f '\I ;;;!c?...'i'- 7J'1J'i!tj-(Zumberge, 
1979 a, b). oJ] 1l '11 diamond drilling o] -'<! tj-'il_ 

.! 1.9' -fC,IJ 7j 'l.! 'll 7}{- iifi"- rll oJJ s_-g-oJ 'ii ~ 

..:::..5- -oJ ~ ;i;J tj-. 
oj oj.9joJJ£ ic, "'lie %.91 'Ilic-:';' (1071)±), 

l -Th .91 "J---'J-'a'-"J-·J;-(4-7H ±), ';j-of'tl-PJ-~f
'7 -'--1--U] ~"1c'.c.(97~6:). %2l.s!.0l1 (4 ,ij±).91 -"J: 
-'/'o] 'l)-ej ;,cJ '.,)_ tj-. 

il-4>-><H-l.g. 71.91 l00"lxoJl-'1 -"J:¾0 1 'll-21"1 
% c?..uJ, :sf'tl ac_7J 0 1 7f~iif2, uj-e]--<1 x-'-17} 
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a· '--1- -"] 7J0 l 7f<;i-'-1 x--'}-il.- .>110'\17~ ~-"- :al-:; ii,} 
"C:-~. -1-f]S:¾ ~~ AJAl~ ~{-4-~~ ~ 0 19, 
s; ~1 -"1 'J-'f-, 7J 7) oJl-'l s_ 'if"'l"'ll:£-"1- :i 'r'l! 
s.-<joJ]--<181 >,)::(]_ 7f'o-"J 0 ] 7f'<J -l';:q(Wright 
and Williams, 1974). 

3) .-\~ t,} 

T7Jf ¾ A-i !:fr¾oJ \}~~ ~AJn.Ji ~ %\r~~ z 
,~ c\l cJJ -\"c-7] oiJ-<1 <\5-1 tlJ 'ii'"-1-71 oil 7,Hl ;,;j ¾o1\ 
-¥ ~-"I oJ '.,J. 4 (Wright and Williams, 1974) . .'f.. 

~ .:;,csg '1J z,] ;; 71 oJ]--<1 ¾,g '1J .Fe c+oj of~7] oJ] o] 
,g_Y: Al {'-oJJ Ai S:.. o-{tjj ~ 0J$j ~i 1:J 1f-~oj oJ~ 
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4 ,l]•:J: 7Hdl 0 ] '.,)_cf.:;,c >P-1-"dct(Bennett and 
Taylor, 1972; Rowley et al., 1983 b; Mitchell, 

1933). 

\Ft-"I "i 'l! ~ 1930 "1 '1l 0 1 Cf, 50 "1 ,J- ·J-"I 
ii) 'l)-e-j :s] 7) -"] "J-9.'[~uJ, :ic) 1!-"i ef£ oJ -,,-oJ 

Flg_ 7_ Location of Dufek intrusion in Antarctica ~-tl r~ 01 ~ *-¼¾-ii}.ill 3:.A)-~ 9J- 4. '5 T7} ;:ill 
and its approximate outline under ice 
(dashed line). Dotted line near Forrestal 
Range shows contact of the intrusion; 
queries indicate uncertainty(after Ford, 
1983). 
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< f.111 H'¥tt ifift i1ii i-t=if Jl'.~li > 

An Ecological Study of the Intertidal Macroalgae in Kwangyang Bay, 
Southern Coast Jf Korea 

Song, Choon 3ok 
Biological Oceanography Labora,ory, KORDI. Ansan 

The intertidal macroalgae in Kwangyang Bay were investigated in aspects to the flora, 

vegetation analysis and phytosociology. The influ,!nce of turbidity on the algal vegetation, 

caused by dredging and land-reclamation works, vras also studied. As a result, 171 species 

of marine benthic algae, 8 blue-green, 24 green, :n brown and 108 red algae, were iden

tified. Vertical zonation was clear by the representc.tive algae such as, Gelidium dimricatum, 

Ulva conglobata, and Enteromorpha compressa in th~ upper tidal zone, Sarf?assum thunbergii 

and Ectocarpus confen}(Jides in the middle zone, ar.d Ulva pertusa, Corallinaceae, Chondria 

crassicaulis, and Undan·a pinnattfida in the low tidal zone. Species diversity indices ap

peared to be higher at Hangumi than Myodo. The period of higher standing crops was 

both in April by SarRassum thunhergii, Hizikia f~stfonne and Enteromorpha linza, and in 

August by Ulva pertusa. According to cluster anal~•sis based on the coverage, algal vegeta

tion was recognized into three groups; spring type~. summer type and autumn type. From 

the phytosociological point of view, algal community in Kwangyang Bay appeared to have 

intermixed characteristics both of west and middle to east half of the southern coast and 

of inland-sea and open-sea. On the other hand, the increment of mean turbidity less than 

20 ppm seemed not to affect the intertidal algal vegetation in this area. 

Key Words Algol vegetation. flora, Kwangyong Buy. soulht rn coast of Korea 
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JL~ ¾ ililil-"1 '11 •H! ¾7Hc 7}'9 ~<+- :i 

•1 Li- il11ro1ffl' i!;iillt/i'E<>il E1l ~ iliil!'-"1 "a 'J<>II 
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<l:1- .q1. Ytftf!!i!Pfj· -;1 '@ -g- ~l ~ i3tit 0,.1 !lfl_ 1'.. 
L •/;oiJ -"I~ ;r,1iJ'ribu -~-"I 0J qJ sJ ~ J;l.!Ql/! 
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'll•l2•f +"ll"l'l:!t:f. 
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121°40 E 
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il;i/il/ili'joJ '!] 0-}•ft:f. illl-"l *~<>lie- t.twn: 
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tal factors. 
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1. ~~ffl 
.,'. .lll1ioil '1 '!Pl,, ;l,;;iU(H: 1!1!- 17IU,.0 • .£ 

~:JHii 8Hl, ~,i'.iW 24!i, i,\JiiU/i :lIH, Hii'.i 
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0 H} -;;- ~~ 111 -~-t1·~2.s_ HV~6}~- t+.t
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0l ',t U1f.t~1J H*1t1&e1 ¾:it~:- Fig. 4 9f ;}cf. 
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Fig. 2. A profile of the substrata in two transec.s and sampling stands in Kwangyang Bay. 
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Fig. 3. Bimonthly variation of water qualitJ al station A from FC'b., 1983 to Apr., 1985 in Kwang
yang Bay. 
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Table I. A list of marine benthic algae at two investii,ated locauties (Myodo; A, Hangumi; B) in 

Kwangyang Bay (T; tetrasporangium, C: cystocarp, S: spermatangium. M; monosporangium, 

U; unilocular sporangium, Pi plurilocular sporangium, R; receptacle) 

'83 .... '85 

Species Feb. Apr. Ju"" Aua:. Oct. Dec Feb. Apr. June Aug. Oct. Dec. Feb, Apr. 

A B A B A B A B A B A B A B A B A B B B B B B 

Cyanophyta 

Microa,/nu SOJIClatcnlcil + • 
M. cllllttntoJ,l.stes • 
~ ttnt/,.,,.;d,, + + 

O!cillolorM tr1r0lli1111t • 
0 . ... ,,,m"/ijm • 
0. clialylw + 

Sp1ruluw lt.ibm11thvform1.< • 

Rhodophyta 

Go,uotnd,"m ah~di, • 
Erylhmtrichw aJnll'Q + + • + + • + • • • + 

Eryth,vcltufw s11.b111k1To • 
E pa~UJ/is • + • 
Acroclsat'ti"m crassi/}c.l" + + + 

Porphyro s"borl,1allata + + + + • + + 

p '""" + • • • 
Riwdoclwrton dnmtm +M +M 

R rob.slum +M + +M 

R sa11ch tomoc 

R hyolos1phm,_,oc + 

R dat-iaii +M +M + 1,/ 

Gclid1,im d1vt1nc.ahlm • + + + + + +T + + + + • + 

C ptL.~ill"m • + • + + • + 

C amansi1 • + + +C +T +C • + 

C oogwm • + + +T • • + + +C • 
C J)arii"iatm + + • • 
C mnalis • 
Plmx:ladia co.pillaaa • + • + • + + 

H:,alos,ph.onw ausP,tosn + + 

Melobesioideae • + + + • • • + + 

Amph,roa ephl.drtUtJ 

Morgrnisporwm cm.mss1ma • 
&sil!llo creliJ(",l'IJ • 
UJralJ,na of(inna/1s + • • • + 

C f»luhtm, + 

Jania orbnre.sc:ni5 • 
Glowpc/t,s fwrcato • T • • T • • 
G ten.ai 

Colpcpeltu a/i"t11ts +T + + • • 
Grotc/Qu.p,.a ramos1ssima 

C lir,uJa + 

C dnxmcata ,C +C • ,C ,C 

G /11111/11111 +C ,T +C. • +C 

t.i. prohmgata 
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'83 '84 '85 

Species F,b Apr. June Aug. {kt. Dec. Feb Ap, June Aug. Oct. Dec ,F~b Ap, 

A B A B A ·B A B A B A B A B A B A B B B B B B 

Pachyme,uopsis elllptica 

Poch_vmhuopsis lanuclakz • 
Ph:t1llvmfflw spano .c 
Prumtis palens 

Kall_vmL7luz miss11tScxla +C 

Callophyllis J(Jptmir:a 

C. adhoerrns 

C ad'N1to 

Caulaa1nthus t>Mmurai 

Gracilano ocmu:osa +C ,c 
G. f>MTlll-jJa.Sforis 

G tutorii ,c 
G;mttwlf'Jfll'f'S 

_flabelliformis ,c • C + • • +C +C + ,C •C • 
Chond"'s oallatws +C • ,c •T +C +C ,C • + 

C crispus ,T .c +C +C ,c .c ,c •T • ,C +C +T.C ,T ,C 

C. /muudatu.s L annatu.s ,c • 
Stntog,omma i'lltcrrupta • 
Gi8flrhNJ 111tmmtJ,a • • • • ., • • • • • • • 
G t~lla • • 
Chrys_vmncia wnghtii ,T 
Rhod.\me,iitz 1nlnca/a 

R. p,almata .c 
R. n1•rifolia • • +C ,( 

Cl10111pia panwlll • • • •T • 
l...tnnt11farid Clllffltlla • • • 
L. UMJtltzJnuis • • •T • + + • • .. +T • + • • • • 
L l11hrica ,c 
A11lillulm11io• r1ippmrin,w, • • • ,T +T • +T • • ,s • • •S • • • 
A. S/ttlnlltN • • • ,T ,c • • 
Pfa(tllramn«l11 yrmntY • 
Coflillramnio11 +T • + r.s ,s ,T +T ,s ,s • +T +T 

rallophyllidirola 

Camph;vlMphora • • • • 
ltyt,r«o,<ks 

C. mmo • • • • • • • • 
Cmunium japoniou,c • • •C ,c • • +: + • • • • • • • • • • • • • 
C. btiydnrii • • • +T .c ,c • • ,s • +T • 
C rnnlmOl.m +T 
C ltmtdoi •C +T • • +T • 
C. fastigiah,m +T 
Mid«ladill tll'"1'1U • • • +TC +C +T • • • ,c • • +T 
M. dntlaftr • • • • • +T • +TC+ ,c. • +T,C +T + 

!Jt1J_YR .voifi.i • 
[Ja.~_rclnnium flarrid11n1 ,T 
flrlrm.,iflhnNUI pukhra +T 
Am~mllm .wlldoi • • • • • • +T + • • • + + • • + + + + + 
A. IIN<iNtrlHf ,c • • + + + 
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'83 '84 '85 

Speoes Feb Ap, Joo, Aug Oct Cec. Feb Ap, Joo, Aug. Oct D,c, Feb. Apr. 

A B A B A B A B A B A B A B A B A B B B B B B 

A pt1{_1·nrM111wt • ,c 
A. flobrl/1/rm,ris • 
Drll'.t.~ n·ouura • 
Snrrll,a rr/)c'm ,T 

Hn,ri11rMra schmitzitl,ea • • • 
Sd1imst•ris sMbd1clloloma • 
Mnnbnnwptrra 

rob/tnrif'11sis ,T ,T 

M.imtra"'""' crozini • ,T • +T +TC • • • ,T • • + 

pl,_imdry"$ radlCOJIJ + ,T • + 

Nifnpl,_vlttt"' strlltrltJ. • 
corlicoltt• 

Rnr.11till'Jftll Jt1t05lli•nuis +T+T+T+ +T +T ,T • 
Clrm,dria da.t.,p,nlla • 
C <m.oimHli., • • + • • • • • • + • • • + + • • • • + + 

l.aMm1citl i11tt'nfff'dio • • ,T +T • • • 
L vn,•sta • • • + 

I. 1tippnrcico ,T + + + 

I. olra•11rai + 

L. ""'··· 
+ 

L iNlriftlla • • • ,s ,s + • + 

Pm.rsipho•itI "'""""'ii + +C + +T + + + + +C +T +T + + +S 

P. japo11iftl var. japm,ico + +T +S + + +C +C ,TC + TCS+C + • • + + + +T +C + + 

P. Jrara,.dii +T 

P. ,avolWri + + + + +C 
S_VfllPh.YOfllldill loli11sn,la + + + + + + + • + + + + + + + + + • + + 

S. "'8rchanlioidn + + + + 

Rlrndmnrla sp. + + 

PhaN>phyt;i 

P.rl1K"nrfHts ronfrn'flitk., • +,. . ,. • • ... + I' + I' ,p ,p ,P 

Halotlrrix aMbipa • 
U1fflpso,rn,w Sp + +U 

Ral(sw l!t'TTUCOSO + + 

Spluu:t'lano op,rolts +U 

s rocsplloso +U +U 

s Jincaru +U 

s _vaffllJdai 

Dictyolo dichotama + + 

EIMhista tamwcformi~ +U +U +t +U 

/singe okomuro1 + • + + p • 

1. sim.colo + + + 

Myeloph_w:us simpU'X + +V 

PuncUma lat1folw + + C ... l' 

Co/pomfflio SlttlWS/1 
+ p • + 

C bulioso 

PctaJon,a fas.cUJ 

Scytosiphon lomniwria +P + +P + p + + 
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83 '84 '85 

Species Feb. Ap, J,une A"g ( Cl De, Feb Ap, Jun, A,g Oct. Dec. F~b. Apr. 

A B A B A B A B A 

Unda.ria prnnot,fido . . 
Pe/Vt!tw sillf/J«JSO •R ,R ,R 
H11.ik111 frJ.Siiormr . ,R ,R •R • 
M_var,ops,s myagroui,c~ • 
Sargassum amJltSllm 

S pilMl1/mm1 ,R 
S f1i1lr~Ilw.m 

S tJr11nbn-gii • ' ,R • • • 
S torltk • 
Siwn,,ri •R •R ' •R ,R • 
S m1craca11th11:n1 ,R 
S. kj,dl,na,r,an«m • • 
S riJt.ggoldianllm 

Chlorophyt.a 

/Jlotlmrfla«o • 
M(}111Jstrumo nitui11m 

/Jlw/)mw$a • • • • • 
U. amgJoba.Ja • • . • 
U ams/fJi 

EnlmmwrpM mmpressa • • • • 
E ittlesliMlts • • . • 
£. clolhra"2 

E. proi1fm1 

E !i,w1 • • . • 
Bitdingia MM 

CJodoplwra p,tsilla 

C """° 
C jt1po11.1ro 

C al!Jido 

C. stonpsm,iz • 
CWd<Jplwropsis wi/ingm 

Urospora pe,t1nJ11fonni.1 

Brw,pns pl1t.mor.c 

B hyt,noulrs 

Oiduoiz fra,:il. 

C adNJt"ml5 

Psn,dMlut/14 aJJUOaakl 

•» Oil so 7f 7l 21 ~'.ti~ uJ Ulva pertusa. Chon 

dn·a crassicaulis ~1 oJ j,JJ ~ 11-~ !2-j ~ ~Jl O l ~I 

'ii ~j '.ti i:J-. 12 II ofj ~ Ectocarpus confervmde; 

9i ;;i;~ A~ "J 'Tf-S_{f- Navicula sp. 7} ~fJlfm,:;:. rt 

• Fffli¾ t:JJ!. 'il'tl2..~ Porphyra suborbirn

lata 7} 45cm ;(J _Y.. £1 T ~ It-~ 1tJ ~ 5- 3::. 7Jt.1 
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A B A B A B A B B B B B B 

• • 
,R ,R 
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• 
• 

• • • 
• . • • 

• . • • • • • 

,R ' ,R • 

• 
• 

• . . 

• . • 

• 

¾-¥-of! <1"1~f211'.tli:J-. ::iej.2 Ulvaconglo

bataEJ, 'il>II ¥-'/-{;'- 0 1 ";-2. 11'.tli:J-. 1984l-
2/Jo!J;, rjijffi l21i"f"Hf7f~l.£. Edocarpu,· 

confen:oides 9+ /\.{lvicula sp. 7~ &.l 1-1 ii'] ttl ~- 15} 

'l'l-°-"1 41lofl-t •f~".! %"1'l! -l_'ofl Champy. 

laephora crassa ~ Phycodrys radicos,77) '!:ff 
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Fig. 4. Total number of species ( - ) and florist!C comi:os1tion based on algal division in KwangyangBay. 
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Fig. 5. Vertical distribution of major manne algae b~, a quadrat method at :..1yodo. Kwangyan.12; Bay. 
(Cb; Ccramium hnydcnii. Cc; Chondn·a crassicaulis . ..:o; Caulamnthus okamurm. Cor; Corallinan·ae, 
Ee: Enteromorpha mmprl'ssa. El: Enh'rmnorpha linw. Et: Ectocarpus mnfcrroidcs. Ga; Gdidium aman 
sh. <;<l; Crhdium diran"catum. Gi: G1!{urtina intcrml'diu. Gp; rrClidium pusillum. (;t; Gi;tarlina trnclla, 
Io: /shtf.[r nkamurai, Li: Laurtncia intrimta. Mm;Af,·J>[mpsismyawoides, Pm, Poly::-1phonia morrou:ii, 
Ps; Pclvctia .,iflquosa. R\·; Ra{t_.;,n 1'Cmff11s11. Sh: Sarpas::-um horneri. Sk: Sargas.~um kjtllmanianum. 
St: Sar;tassum thunhar::1i. l · c; f 'Im rrm{[lnhala, lip: {ffra pcrtu,a) . 

ii}2 qJ9Jr+. ~L~l.t!. 21Joll tJ--!-'r--6}\l F,, (·oil 

fcrl'oirlcs9} .'V'at·icula sp. S>l hf1 t: 0 1 4 Jl 611 ff~ 

;i;1t] -:;:-o-J -:;.,v_<?... 11:j 19H4'f?- 1.jljfpft2}-:-·- i;-J

~1 i~IIH·ih'" l.trli 21 S. tlumhn-gii ITT-{fi: 0 1 <'t~ ;i;J 

ii] ~ _'.',:. 6} 'il LI,_ 

itFf- u l ;;i:J °-1 9l 7J -'f-- l 9R3 ff. ~ H ol] S. tlum 

hergiiol] Cl'mmium ho_wlnzh 7 } \'1°] li'f::-&-1 

j"°!. 9J 'rl ,9_r:r1 ifijll\J,~? I .tf!J<>l] fJ'utcrnmnrji/u1 tin• 

.:a 7 } ttl Tb\ 9-1. r+. ~1. i'j .J1_ E. linza 2} Cit-a ca-

11g/oba/a9I {"-';--~- 0 1 1H!<l'dcf. 4)jolj; 0 S. 

tlmnhcrgiioJ.1 Callitlwmnio11 cal!oplz_rllidicula 

e1 ?i'L 0 I 11,1,f'l.!.:s' 6Jloll-c4Jloll ,,H,}"1 

;;i:] '?J-'3.}t:,i -l1<lcm 0 ]~}2] I'orphyrasp.7} A~ 

~<5}<3,1.0 .~ L,tl;°1J 'l·fii5H_:. Ufra fxrlusa~-

11;/;fP,'-i.LoJ '5} 0,' ~] •J "I>] ~J 91 'd LJ-. 8 JJ ol]-c 

lfn f·:i1 ,J<;'.t: I ~2molJ i..J:i'}* 1}11 Rlzodwncn-
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ia 1·uneifolit1 :,} !'f~/~oJ\ 't 0 i '!· fl <SLC. 'll ~ 5,_ 

ttj ~mim-:;; ~ft/t •.1.1 HJJ:ilE-1 t 1.rn;o11 i'f:I'~ 1
} 11 

'l xi <>J 'l/ 9:l cf. ID!) oJJ-'<- 0J 'tl ?I oJJ -'1· '-l 11 'l 
0 1 oi ~~ tHl _o_ u:j Lm.1~ Enteromorpha linza 

M{So] 0}7- ttJ ~8"11 }j_:ir_ :1__ .,,f,ftr:1}ol] i'fi)~ 7} 

~ '1"161 'll 9:l c+. 12 H oJI ,, ifllllll·rtl' Y' • fl$ 
oJ] Ectocarfn-1s confervoides 9+ Navicula sp. --,,} 

l:t! lj'-8}9).£..o:j Clwndria crassicaulisoJl Polysi

phonia japonica7f 'J';}s) \1°1 cir'!:. ',)"'l!i•l 

'ct 4. 1984if 2fl oJl-c ifllr.JJ,ll' 0JeJoJI i'fift7f 
'al' '11 'il •~ s,J 61 'l.l 9:l _o_ uj E linza E) -lt 's-% 0 I 
-\'l'it5'J'dcf. 41JoJl;c 19s3q, 12f1.i!f 0 f'\f7f 
Aj 5.. E conferl'mdes9~ }\/(wicula sp. 7 ~ tti-Yi>~<{i 
_<?_!9 Chondria cras.,icauli.v} l'j~~8}{-:- ~}!}! lfJJ 

rJJ',l} fl\il21 L'ndaria pinnatifida ltl'-{~ 0 1 ~ 

•J•f'tlcf. 6rloJl-c ifllr.i;r Lm;o1J ~Ji: 1cm 
a) ~IEI Porphyra sp. 1f •1 "1 sf-rt .".uj IO Jj oJJ 

:· iilili21 l1Uc/$ '>'. 0JttJoJI r.,,ill'(u'•J-" . .s'. i'J'ift 
,1 ·11 -<J ,1 <>J '\.l 9./ cf. 12 JI oJI _,;_ 0 1 11 al 0J~loil 

rf:;J~7} ~~1;.-1o-i 9J.qj,_0_Ir.J -~51 ifflnum Fr:1; 
oJ] 'tffi5L-:i:!. '1.l rJ Hizikin fusit;,nne<>i] -'r Ll 
{] ·~ 01 <t! :i;i ~r:L _-LcLL.. Ch,a pcrtusa9j fl 

~-% ¾ ¾ T 0J 0,J _c_ 9 I'mph_vm suhorbiculata 

oil ~ .g. ,] "J 0 1 ".l- c;-! ,J 9./ ti. l985'f 211 o11 :· 
Chondria aassicau!is. Comllina piluhfera, Ge 

lidium divariatum, G-e!idz'um txznficwn, Gra· 

teloupia tundunl 1i- ~l iitt!?.l if Pr-¾t-<>ll .q ~ 
<tj ~ •J 0 1 ~H!-,1 'lJ tt. 

2 . ii ii: ,l--lli 
-l'- ,l!J'i',:JtllJ.-1<~ iflli:\7~71 :kiflla,\c 'fl:J 3m 0 1 

"1, 'V·!OJi!ii/li(M.S.L.) 0 1 ifllfi I. 9m~I -l'--°-
5'., HliiliMEl iji,iaoHti UN.g. .R'i'_ 7f illlf:r 
250cm ~l7'nJ7f illlfi'l:290cm.s'. ~lr 0 J1I .R 
,;:.,;_q 40cmol£ ·;t'lJ:.°-"1 /l',,Jlf+oil •1 Hlf·t 
11!,:1!!'71 5% 0 1 <J- 0J ilii,UREI ¥1~·'.,)"'1\i/tfll-fc 
Fig. 5~6oil <1 '1..-lc •121- Qq. 

.R£: ,'- JtlllA,0- ¥.l!S:"i 7<l <f.'r- 7110° 'a£ 
-"-"1 oj -'t- ~I nJ ~i i': ."-S-., I 983'f 2 ij oi) '1 6/j 

cfz] ,YlYf!,fL'>Sllm thunber!iii 7 } ifllf:r22ocmoil '1 
if13f(i.20cm,.,t 7 \ uq 't- ~ rll .,,)-:(fj5\ 'U _o_tt 61l-¥

f1 c 11'1 i:61*'1 •Pr•f<>I 8fl 0 ll:: ifllP: 
135cmoJJ <140cm 7 l 'I ?i'61-~·•H '1, ilriiiU~•l iJ£ 

til_ oH ,f I · ,j, · f /ms. 'i'- 'l! ,K 1 •J-~ c+ 
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cf 'I! t I. Cl e1 q IO )I -'~ EH.0 cf <I S. thunhcr!iii 

El -'r "1 -!/.- .'f. tlJ 7 I ',,I 61 -"I 1984 'I· 4 H oi]-,c- iflttX 
250cmoiJJ.1ifm1.40cm>f'<I ~-¥_Sf'd.0-;~ 1983'1 
oil 1:1] isl! ~i BJ~i ~-5- ~ot ~ ct. Ull•a pertz~1 

21ljcta',ftji,!l'{0 198311'- 21Joil illlfi!:200cmoiJ<1 

•1-¥-•f"i ',,1~1 oJ-11i•l'd-°-"1: 4JI. 6H 0 I ,1 
'(j '1 il •I ',,I 61 ,tj '1 ifllfi!:45cm~I "180cm•fol 
oil HHt,'.'/l'½ ~FJ •f'l14. ;ie.L,'- I-OH oil;-
q,J f!ti'JlioJ -r,ol-,!cf7f 12/loil-c ,l•i-a 
q, 1984'!'-ft 21JoJl-t S. thzmbergii2] 1-'t-•f 
uf117f"I-". jji,tJt',)'{\j UN°1 (i;ji!fitoil HJ oil 30 

Cffi ;.:J _!.:. ~o} A] In A~ ~ _g.. 4'- -i.} ttj .$J {J· _lil_ o_j o_ 

cf 4/L 6fl"i s\'(j<j cf•I -t 0 }jq. C//on

dria crassicaulis-:-:- 19831:J-'- 10 JI S. thunbcrgii 

oil -i'i''Ltl 711t ,;~oil •1•1•1"1, S. thzmba 

J?ii:?) _iR'ifi~)-.ft,,:1}~-~~ -g-_c_y. .::Lf-i't -?~~l 

-t-~ t"t.(t,,;ri,~ 3Jl"J<5}rl:,} 1211°1 ~1~A~ S. 

tlzunbcrgii ~Hfllf.21 r·m;5r.0 ._'t!_ t~,Q,-~ 7 } L,i 

0 t~JrL .::Lcl..:1~. ;f'Ji~Ui HU:.!.,:t'9] !·~\;-~- <~-. 

;❖~f,',_250cm<>l] ,q l90cmo-1) ::- .'-). t/1101/io"J..;l!, t ·r/'11 
f>t'rfu::-a, Cau!amntlzu.\ ol,:amumi, r.·ntcmmo, 

plw rnmJ;rcssa, f 1f,,a (,!I/J!J1b(lfa -~ o] 1J~ ti'US 

1YHjlj_9_ llf 1t.4'~ lJ.:)6}'{1.1.~ ft,(1,6\'0,rL 01 

,;. ,~_i" ~~ ~\ ,j ~I ;11,l!ri°-l iji:t/l_',Hl,tHIIA-:: 

i:.-t LO] S. thunbergii, l '. po1usa ·t 1t ~r ·6' Ei] 

M: L $ 17~ ~r 'JJ-11i <5} j~ 'll ,'--:- ~ t- 1m 1t JtE?.ks>l 
itFJf;oJ 7.t.q7} ~t 1;}8L-t.1.. '-J lf-°1]s= ~}t;~21 -r 
0]1-t ir-~~ 01 '1.lo-J /f<Y)--~- Vil"~tJ'. qJ 1l atl-!,'
~, 7;/ ~-£ )] 4 'd c~. 

ql-?- 01 : ~ti.tfulA!?.1 f~-~gJ 7J A~!i..{~- 52° 

t1l 9) 0 I "1. J\'.fl/;i~ El ,t<l'l',oil ~Pl Sf:,'. '\.l 61 ;11 
ti~~ Fi- r_,1 ~} r~~>;.'1]'" {b-* 1..t Et4L11_ '1.J. r.:L -?;'- , 

iWJf,!. 165cm 0 1 "c}-g· lifflnn,m I.mis __ iflf P. 165 

cm¥-Ei50cm>7t 7 l-~- 1f1 gjL't'., _1. 0 1 BH1- f;'.H;.'i'_ 

k½tJ~ -'r '\.(cf. 
;,i:;U/i£1 i!i@:,Hti IJN."- 1983'f 4/loil if!lj,t 

255 cm 'l1 cf 7f 6 )j oJJ ~ 225cm;,_ t1l ej 9J-°- uj, 8 
H4 10Ho!J;c250cm~l•I cf'·l ¾"1-1}~ 1211 
oil;:- Ulva cong/obataoJI !?j •H290cms} ,J !//.{!. 
,:i;,,1 'I· 0 l-<!4. ici_-,.,_ 1984'f· 2f!oil-\e cf<I 

255 cm§. >I 'ct cj- 'I 4)] oil;' 225 cm 7 1 'i uJ "i ~ 

.".tr\, 6/l-'/-El !985'f 4Dryf•R· 711-s' iffii: 22.5 
cm-li· ,fcftjJ')jcl, 



Song Ecul-ig,col Study u! Marone Alc,Je ,r. Kwungyucig t3oy 213 

ifllrJJ',!l' UliloJI l'Jt,(1,.-ft t,li-2, Gelidium di

varicatum:4 Entervmorpha linza7} tJ,t-~ <'.>] 

3?:.i!. 1l'tl~n=l .:!..SloJ] Ulva pertusa, Ulva con

globala7}-i!l'ic:lt'1,i-~- 'il-"1•l'<1-'i '.>Hfi•l'lJ 
c.J-. ifJlrai1!l' q, Ill,% cJI .lHH:- Sarga.ssum lhun 

bergii 21 l'Jt.\l!,,!l+ 19834- 2 IHI iffl<: 165cm oJI "1 
50cm '\JxryfcsJ 'rl'tli•f'rt-°-"1. 8JHlt 1Pl 
-"l"1"19;!c.J-7f JOHoJlt •l-¼ 01 U!.e.•:!l"1 J:1.U 
j,1( 01 if)!f:,, 195cm.s'. 30cm'J.'r. -'a- 0f'll-°-9, 
19841f- 21Hli'' c.J-<] ifl!f,: 165cm.s'.'l!<>i"1·<1 
6)1, 8/HJ;:c.-'/-•-1- 'll~J,fifJlf~l65cm<>il•iifl! 

300 

'83 

Feb. Apr. June 
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B5cm.s'. c.J- -' l ll' 0 I JI cf. l 984 >!'· 8 /l oJI t cf -' l 

ii!ft. 95cm5'. •,J- 01 :ll cf 7f 12 H oJJ t' !65cm.s'. -'a-
01:ll-"-919&5'1'-21ioJI iffl,):J35cm.s'."l'l;!'-\. _-,_ 

Auo. Oct. Uc Dec. 
1 El Up 

Gd Gd El Gd 

Ir 250 
. 
' l Up 

SI 
~ :wo 

~ 150 
~ 

100· 

iL JjL ·:r l'r -·· !"' 7' : , iS'I M
1

, SI,., Upl 'SIi Me • , , • Hf , 

! ! ! Vol ~ 11'1: · H.' u~; 

_,_ ;_s;c,_ ----
; Me Cor 

: I 
' ' 
: : Hr 

' ' ' ' 

· · · 1r: 
50 

0 

I I • 1 I • 

Cor ':c0r :, !co! 

I' I I ~} .... l: 
I 00•.4 

Coverage %) 

I 
I 

; 

' ' ' ' 
j ~ ~ 

300 

'84 

Feb Aor 

Gd EI Gd 

I 250 · ' I 
June 

Gd 

Oct. Dt-c. 

Gd Gd 

'85 

Feb. 

Gd 

Apr. 

fl 

- iue Gd UC Et E! 

! 200 -1-1-.t,,----~.t---

" :: I J '.'' '! 1I 
0 

Coverage ('%) 

Fig. 6. Vertical distribution of major marine algae by .1 quadrat method at Hangumi,Kwangyang 
Bay (Ay; Acrosorium vrndnf. Ca: Ca!lophvlh., adhacrcns. ,;c; Chondn·a rrassicau/i$, Car; Corallinaceae 
El; Enteromorpha Linza, Et; Jictorarpus conJt'Yl'UtdPs. ud; Gelidtum dwanmtum, Ht; Hizikia fusiforme, 
Me; Melohesioideae St: .Ylr!!(lssum thurthergu. Cc; lllvam,igfobata. Up; Ulvapertu..-,a. lTpi; Undariapinna 
-,;Jida). 
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<1 L-f. 0 1 Hi-"I Ult.(!.!,!l'~ iflll~ 5ocm 0 1 -.,'lJ _o_ 
"1. IOH<>IJ li/!'1' 0 1 7 HJ- ~1"1'~4. ~H:!, 1984 
~- 12/l <>II i" 0 I ,a-eJ 4,',)'/\,',ll',f J_ • fltt,-"- ,)
;1,1 ~- -:i •Jt- !/_<l;ltj-, 1',HH1952H'- H. ,i1-

siffJrme£] ~t~Jf(l~J ftJHtoJ] ,1,~ o] i'-9/ 't-:H.Jt 
.g,. S. thunbergii •f 0
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~- 195cm-". '-1121 rtcJ- 7 1 10/l<>ll-c 4•1 ifllftr 
225cm, 12/loJl.;cc- 280cm"l"I -l';-0 f,lcj-, 1984'!' 
oil -c 4 n oil ifllliL 165cm, 6 fl oil 195cm, 8 fl oil 

Sarpassum thunbfrgii 

f 1fra nm;:lobala 

/ 

o'(..:-: 
'\O'Q$'r/ 

165cm, 1ono11 225cm :i,i21Zll<>II ifl\i:L 165 
cm§-'-+4\&c+. Chondria crassicaulis'c 1983~'-
10/l oil i-f!ll,t 195Cm'/-<iitJlf\'[ 40cm,,f,J,l'fli'l 
ct ,1 12 fl <>il-c o@i[ ,Hfi J·JJU.1! 0 1 165cm.'i'-ct 
J:: 0,!-0 },l_:ic, 1984~'- 2/-l<>il q<] 195cm~--li-0 1 
'lJc\. :i~12, 19841J'- 10f!4 12noi1-c if.lli,t 
165cm-~ L-f•fcll 'tl cf. UnJaria pinnahfidai0 

if!llt~,'/1' •l'/lll<>il"1 f/ttl<>II 1'1 {1-Y,of'llct. 
q-, 198311' 2)1<>11'2 if!I!" 95cm<>il"iifllr,!J,'/l' fgi; 

,,,,1 'll-1'"1'--l'f 61-loJH.c. 'IJEli!:;Hii J-JJ/l',ijt 0
\ 

ifflfi[ 135Cm'!. -li- 0 \lict. 1984'f-2)loJ\;--, 0 ]-:t 

E] ,)-{fj l.mU!il 0 1 iffl{,t 135cm5'_ 1983!f' 21J oil 
•l'11 -li- 0 f,t_o_t>J, 4/J<>il,, ifllf:t 95cmo]O\<>I] 
•1 'll-'i'-;;)-q,)- 6H 0 1 £1~,, s\"-\iil'lJct. 1%5 
'f-<>il %o-J 0 1 ih"- ifflf\'[ 135cmsf>] ',)',Oi•H.l -°
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Fig. 7. Three-dimensiona\ representations of major algal species at Myodo. 
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0 l•Hf 0 I iji;UJ.,t-fli!Hlli;· ·i'.•1}'11 ·'.+ crJI ,;~ 

1i:1J-;rJtJi~ll3L t:t'.~: .ti/!~.;"- 6J3-l-t R!t9.l rJ.i 
~vflrJJm L-$.£4'-H E,m);assum tlmnbergii, (,lo 

iopeltis furcata, Gelidium J;van·catum, U!vr1 

conglobata, Gau/acanthus 0Jwmum1,Rntrrom 

vr/Jha linza - Sargassum lhunberf?zi Jshi;?e ok 

amurai, !shige sinico/,a, l:A'tocarp·us confen•,Jj. 

des- Sargassum spp. , Uln1 /x:,1usa, Corallinn 

piluhfera, Chondria crassicaulis, Undarid pin

natifida, Gdidium amansii, Gigartina tenella. 

Gigartina intermedia, Ectocarpus ronfenioi

des!;_ y,E},J:."..oj, ~+o]S!] 7aq.ic Ge/idi• 

Sargassum thunbentii 
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Mn riiMncatum. l :lm (nnglobah1, Fntaor11 

(J{lha /l}zzr<, Enlcrummj)/w com[Jressa -· Sarg· 

(, -:.sum thunbergii. Ertocarpu,..; nm_t(,,-roides, 

( 'Jwndria crilisi'cauhr;:, · · (f!va j)(.·,tu.sa, Coralli• 

r1aceae, Hizikia fusijvnne, Clwndnil crassi

r:mh~\ [TnJan'a /Jinnatifida£ L-tt:}1;)-c}. 

3. lllJl 
-,,. ~11'<>11'1 /J',fJH! ilijiJ'AA<l• L'l!! ilijilll\ 

''I h['J)'(stand)g1J, !iiilJZ1) lili/J!:"1 ~fl::" 
Fig. 7 ~ 8:.I} ~9-. 

.R..5'."1 1+ S. thunbergii'c 1983\1. 10/1% '11 

~"\:"·"' lt1i.'\l' 5,6, 7 <>il'i uijq. '"'.g. liliil!'fil% 

Gelidium dirnricatum 

Clwndria rrassicaulis 

Cndan(l pinnaftjido 

Fig. 8. Three--dimensional representation; of major algal species at Hangumi. 
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.'1-'l.l-0-'"1, 1983'1· ell, 411<>11-::- M,t 2. 3<>11 
-<1~ '{,"- lllilltfi/(91 fl'if./i-/;- <-}E-j-';!!cf. Gcli

dium divaricalwn.f: 1983l· 4/J, 611 ,'J- 1211 

1984'F 2)14 41l<>il M,,J- 2, 3-'l--l'-4 lt~'JJ- 6, 7 

'h' <>ii -'I "1 'l ~1 'l.l-"-uJ, 1,n: ,J- 6, 7-V- i.' oil O I 
{j-oj llLl'!.~f;:. -'.i! ,"- 0 I CJ;- 0 1 tide pool q.g-ej 

:i:}i':11£ t1J.ii:'.~ j1;{Hoj 1?:{.g.. "1;017] uJl·:f.£.._'i._ 

'JI <H! cf. Ulva f>erlusa'c 1983'F 8114 1984 

'F 6)loll M:lt Soil "1 7H} cst.f: lllilltftlt ¾ 11.. 
'l.l-•-4 1983"1' 2/l, 4H.i!f 1983'!- lOIH'-,j 

1984 'JC 211 "f ,, ;:-, m:r-ta'J-"-5'. v,.,_ 1&1itt,.: * 
!l'l./cf. Ulva conglobata;:--19g34' 6!PI 1984 

'F 6/loJI M'it 3611<1 l't-;"- lllittfi/l% !"-9-Jcf. 
~-'(-ol"] ';J4- S. thunbe,gii;:-,19g3<f-, 19 

84'1' "~ 19851f. 2)1 oil 7H,l -;i:-,"- lllilltftl[-;i- '-I 
,f'!l-"-"11983 1F 10/l-"11984'!'- JOll. 12H<>il 

ll/ilil:71- ") ~I '-l•h/::i, 1983'f-oJI <1 198511---"

"- ,/<>ii trJ-af !1/ilit,f ,Pl ,,- 0 1,1;:-, 7.FJ-¾ 
l/_ 'l.l cf. Gelidium dimricalum,"- 1983'1· lllfl 

4 1984'F 12JI <>ii IMJ- 4, 5oJJ •I l't-& llliftMit 

L}Ef';!!_0_uJ, 1984'!'- 0I 1985'1 !lcf ll/i/ltf1/Vl 

cst'llcf. /'Iva Pe>1u.w'2 1983'F 6114 Sil, 

1984'1- 8/14 1011611 ';;-!'- ll/irltf1/1.% 11..9-U., 
1983'! 10/H-E1 1984'1'- 4/Jnf<j"] *70i'i<>il'c 

l&Y,Vl c,t'l.l-"-"1. 1984'1· 12/JoJI ;:o r;c,; ~ 7.l'J--!'
* T 'ict<tt.£..i-} fllY,t(1'.J.~ii- S:.tl 1..-J-~::- T.7-]½ 

<-fEf';!! cJ. U,.·a conglobata.C• 1983'1'· 6)1 ,f 

19849 811 oil ltn',J-4oJI ,1, 198:lil 1211 .i'f 1984 

Table 2. Dominance ratio of major algal specit sat two invt::'stigatec\ locahties in Kwan.1,n,·:rng Bay 

(specie~ with domt 1ance in less than :'i.O wert:" excluded from the list) 

Sarga.ssum thunbergir 

Ulva pertuso 

Geiid1u111 d1vancotum 

En/('T()morpha l111w 

Corallmaceae 

Hizikio _fus11ormc 

Undana pinnatii"uin 

Ulva rongiobota 

Enteromorpho oompressa 

Islugr okan1uro1 

Phorph1'Ta suborb,cuiata 

Chondna crrmiautils 

Crrom111m bo.vdnrii 

Sargassu m honirn 

G1ga'111UJ IJftmnedia 

Ecfoa,.rJnlS ctm(l'TVOidcs 

Ralfsw 1-rnucosa 

Acrosonum 1'C11do1 

Mclobes101dcae 
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- - 9.8 - - - - 20 (1 8.1• - 11.8 - 712.J.3 10 4 15 (1 - - - 19 0 
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- - - 14 6 - - 14 2 

- I 2 -
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8.1 - - -

10.2 -

- - - 82 
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iJ' 2/l <>1l-e M'.,} 3<>1I <i ',t.g. llliJJ(ii/i-it !;l.';l;/.°-

9, ~*fii<>IJ-e 0 1½"1 UJ-ffi{t-7} ',t 0 f>]uj 
i:'!"fii<>il-e ';1- 0 f"l-e 7<j ~J% '-ftj-,9_ c]-. Chon

dria crassicaulis'c 19834' 10/l<>il /ii'.,J- 6, 7<>11 

<1, 198411'· 10/l<>il ft/I:',} 7<>1l"i ,,,.J -'.rt llJi 
·1Jtiili½ 4tj-'9..°-9, Undaria pimwtifida-e-'£: 

~l!i'Mra1% 18-'11 JUI -'\'-Ei 11Ji0Ciili7f ¾7f"t'9 
Hl<>II ,H/- -',t.g. lllilltiili ½ !;l. ';I;/ cJ-. 

4. iil.s.Jl 
-l'c- illll!i<>il "1 /llfJI.~ iltil~'P ±'Jllfl~ -'I 

l!l'll#ltJJZ1J jf]/;OC-e Table 2~ 7J.°-oj, ,ll!J1,' 

ll#ltJl»1J fl,e, '>1 illi.flr1ifl"1 !i!lt.½ !;l.'l'\ cJ-% 
:il} '1-c.J-. 

.R..5'."] 7<j ~ 19834'<>1I Sargassum thunber

gii > Sargassum horneri(2fl) ; S. thunbergii 

) U/va pertusa(4/l) ; S. thunbergii > Por

phyra suborbiculala ( 6 fl ) ; S. thunbergii > U. 

pertusa (8fl) ; Gelidium divaricatum) S. thu

nbergii (IOfl) ; S. thunbergii )U. pertusa(l2 

/l )';(/.£.oj 19844'<>1l-e S. thunbergii) Ectoca

rp,c, confervoides (2 ti ) ; S. thunbergii > U. 

pertusa(4FJ).'e., 198311'· !OH% >ii~~ 1':,ll!J 

:iHJlru1<>1l S. thunbergii1f fl,1itf-°-.s'. '-ftj-';J: 
cf. o]~ ~j,'J1!JJJ,91 7<j<f7f ~H]:"}2 tide 

pool 0 ] "JcJoJI 'll-°-9, ;t/lllf#<>l].5'. ,j('.,}% 

'iHl- '!£ 7'- 9l ;c,. l'l ~ •! {I- 0 I '-+ ir"' 0 I ifJI r.i 1ll' 
_Ul!, ryf •I "J 'i!c "1 o.J 9l o.J •i S. thunbergii ~ 'it 
-/fiflilfl7f ~'1l"1'll 71 all~-°--"- "»zt't!c.J-. 't 

if Ulva pertusa'c 9lel ±-'f¾ 5Je]1f S:S:{lt, 
H.°-.£. 611% >il 9 l•f'1'! .'i'.-'f-f,l.½llt5.0 o]AJ 

-l :- '-t tj- 1-Jl 'll q. 
~,'- 0 l"1 'al~ 19831!'<>1lc- S. thunbergii > 

C orallinaceae (2 H ) ; S. thunbergii > Unda

ria pinnatifida(4FI) ; U/va pertusa > S. thu

rbergii, Undaria pinnatifida(6/j) ; U. per. 

/.,sa > Hizikia fusiforme(8fl); Corallinaceae, 

Chondria crassicaulis) S. thunbergii(!Ofl); 

~- thunbergii > Chondria crassicaulis(!2H ).£. 

12/l, Ul, 411. 6/l2! 71½1-Jl"i ¼<>ii S. !hu

r.bergii,f ~<',½ 0 1-'r·cJ-7} "l-ll-<>lli=- Ulva j)er-

1.,sa ::i a.j 2 7f½<>il ;c,. Corallinaceae £} Chon

o'ria crassicau/is7f fl<'i½ 0 if-'llc.J-. 1984il'-
01] ;c,. Enteromorpha /inza. S. thunbergii > Hi

zikia fusiforme(Zll) ; S. thunbergii > E. /in

rn(4H) ; Ulva pertuso > S. thunbergii(61i) 

; Ulva pertusa > U. conglobala (8/l) ; U/va 

tertuso > Ge/idium divancatum (!Otl, 12FI) 
:c.s'. ZH, 4/l<>II S. thunbergii7f, 6fl, 8/'l, 10 
ll, 12/l<>il Ulva j)ertusa,f ft),% 0 1-'f-o-l 1983 
1r<>1I •I '11 ~illli 0J Ulva pert1<sa ,f 4-"1I •f 
;IJ '-fEJ-';J:,:.J-. ::ie.!2, 19854'<>1I'<- "i-<J Ulva 

J>ertuso > S. thunbergiil2H) ; E. linza) U. 

/<?rlusa(4/J).s'.>j ~il1l\7f flr'i~f'l.lcJ-. 
5. ~Cll 
~ ~l'l'ltJJF.~ '1• 'f- ~ •f "i 'll <>ii '1 "1 iltillll 

-~ $/tilt ~ft.-e Fig. 9 ~ "q· ~ .R..5'.~ 

-• Mrollo 
,o 
60 
,o 
20 

>>--,"-.. ,,,,...__ ~•--
-~-- ...___ ,..-?····· ··---~·•. 

•·--·• Hon9um, 

,o 

30 

20 

o, 
0.1 

06 
o, 
o• 

., 

·--........ .:.--· --····--•----------• 
Ho. of Spei:Lu 

------· .. _.... -··:_:...:;. .. ..:..._ _ _,.,,..,,,.. _______ ...::·· ----------
.____ • ...------- H' • · I Pi IOfa P, 

.-·------. 

.... ,._ / ·,, 

J'•H'/1091 5 .. 
A ' A. O O f A ' 

. ., 
A O P F A 

MONTH 

Fig. 9. Composition of diversity (H1and eve'mess(J')at two investigate(] localities. 
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Hizikia fusiforme'c 1983'!-. 1984'1·, 1985'F 

4 JI oil "1- ,, 99. 2 g. 104. 8 g. 76. 4 g -"-5'. Ii 
'l.! 2, 1983 4 10 f Pl ! 984 'I 12 If oil;, 10. 5 g • 

12.8g o __ ,;_ aj'l:lt:J-. F:. linza):c 1983'F·, 198-l 

<r, l 985'1'· 4 H oil 7-t zJ- 86. 8 g. 44. o g. 58. 8 

g_6_.5C r,-t-fJl{{l,!·Z-!i'.'l.1.0-'-f, 19831!' lO!J 

,f 1984'1- JZfloJI 7,t 7
[ 4.:l g. 8. 1 g _O_.s', "" 

-I'- ++:t _l,l_'J:li:J-. Uiua P,·11usa~- 19839'-,/ 

l984if-8Jl 0 il 7 t 7r 95.6g, 74.8g."-5'. f)l{i-

1-il O l ~ 'U ~- 1--t 1984 q-. 2 ll 4 12 I l oJ] ~t 4 1 O. 4 
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Fig. 10. Changes in biomass value of major algal species at two investigated localities. 
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Fig. 11. Dendrograms (cluster analysis) dipicting the percentage similarity between periods group· 
ing of the floras at two investigated localities. 

lrf"~tifr· l1-1ni!:(Fig. 11 ). ~!-={-uH~· 19s3:r21 -'J 
-'f-60?otiifl11i.t ,f<,1,<>11 1 1 211. 4/l. 1211 

611. 811. IOIJ9I z,i ltf 0._i,!_, 65?o Ui/Wfl: 
,f<i\1-611 ,1 211. 411 611. 811 1011 1211 
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~I -"'- 1 "1- '<1 c+. 
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+;--~- -f'- ,V,V_o_v~. 6()l'() U{(rJ.!'}_ 1}(lfoJ].q 2}] 
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tl 7 l n11T_<?.._~ 1~~)ct. 

t'- .Jlli'\'611 <1 ~-~ ~1 iiiii7ii~"I ',J-~tfg,1 fUll 
i&<>il <1 R.'r. ,f ~+ 0 1 <>ii "' <ll ~.i10/lE1 /:!',.£Ji! 
ffft,f f.t'l./.0 .oj //\fJHt'f1S. -li->II '-+"1-'dtcf. 
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oJ~:- ~',' • JeJ sA •11:1°1 rl-i/u:iic •H! ,j( 

ll1\'l!oil ~Pl •fJ( 9J<>i R'i.oil eJ '1111-ilu:"1 °J 
6J:{} 1&0] t:iJ-£,~uJ- o}Ll ~}- ~1i:Jti!JJi9.J liJ-~J 

o/ Jft~.£..£ '8:J~J..J..!., .}';·tt.9) ~ A~_li:_ 7r 52~:.1:_J 

£.s'. 7f 4 ". oj lf/.1 -.!i'l11!!.i efx 'i1 oil -\'i--fc w 
oJ 9J t" 1:f '.;- J1!lff;U''.) 0J ~[JgoJ 4Sc2f 0J so 

AJ7J %~) ~"8"J% -f-2917] o:llT 012+2 "'~4 
'ii 4- ~'11 Lee-2} Kim(l977)-& Jl:'J,;illl-"1 
iliJii~oil Ill!~ liffli'.o!J •i R£ •I Si W.-'Jlf•Pl 
%ftMg1J fiJJflbx% 'i:f.s..-W-2.1%. ~±.% 14. 
4%, Qs-_{}- 21.600, t-3:% 61.8%£ !Jt~ 
.£.9 °)t· {-;,1llJftJfi*<;) 'i}-S..~ 2.4%, ~ 

:t:.f} 14.8'?o, ~S:* 20.3%, -!-S:"fi- 62.S~o 
91- 71SJ 0J >J of_:;, 9Jcf. 

_'fc,f "I 7 1'1! Mli,llh\i:"1 ~{t¾ l/_q1 1983'1- 6 

)J -~- ~I 21 •f'll ilrill: · JT ,[ L 'J>l11!~};_0 _,~ -'/

,, 7 f~f-.'/- <oJI ~PJs-U 91<>1 ~l-? 0 loil Jt 

. 

1 

-~ .. , .... - ........ -

'11 ilil!Uf ftl'.f,t(!{J2._i,_ -\'i--i'-(Fig. 12) R£•) 

"1oil•1 mii~"l /l',.fJl.1t* 0 l it~I '-1-ii\l-4. 
oJ~ '\!•J•~-"--"- ili1J!:7f -l't-fc f'lilfJ1!ll,!!oJJ<1 

illliUf 'it-!'- J1!ll~oil lt<I/ l!:i1Mi 0 1 /l',.1Ji!lt4s 
"I 0,i- 0 f"J4~ r'iilHfoJl•• eJ 5c,f '.j.i!f(i~i· 

'},, 1982; fi · -~. 1984)2H:- 4_:;;_ tlf/M~ l:i: 
fll % !i!. 'l.l cf. 

i¥iiUJ\oil '11 ~ illlil'-"1 °J •Joil llll•Pi J.;IIJ! 
• • 0981)-c Porphyra yezoensis!?.J ;;j~ 25-75 

ppmoi)'-i x/J;fSj '\!'<l 'i!'J--~ !i!. 0 )2 !Uppm 
o]"-J-olJ_i.7 b¾:Ji~ Aj~-~- _i.!_o]~. Undaria 

pinnati/ida-i'- JOOppm 0 1 !HI,, .ijJ'J' er 'Hi 
,tiol, 200ppm 0 1 <,!-oil '1 ,',l·!!lft:S) 'Ui~s 0 ) 'I 
%~ £J q J 7_ ~ i'f;f 1. ~. !E it! i'tW( ~ <>If ~ o-f <1 { ". 
!SOppmoil •I JI:. {\-f&e) m:·;1:·7f ~I o-J cf,f, :11 
!UJ,;ri, :lI~oJ1 ,q 'LfiiiH_.:- ~ ..;•J 1-¥--~- 500ppm 
0/'J<>ll,\l Ye{~!& JJ1'.t;'.JQ~ 0l 0Jo-jlJt· 1[6) 

. 

1 

·•--- .. ~ ..... 
. 

1 

Fig. 12. Distrihution of mean turbidity in Kw:in,l.ryang Bay from Jan .. 1983 to Oct., 1984. (Unit: ppm) 

258 



Sorg Erolog,c.ol Study of Mar,ne Al~ ae 111 Kwongyang Bay 221 

2~~B~~~~W~~gffl~~•1•• 
7J_>;_r.J- ililtoil <!l~i-ttt•I ~~~".ii~-"-"-
2-0,2 ~r.J-. <4"1-•1 J'tFfiitlll"l~l ill:ilt • .tl!l,T 

_T.'I>-"- •J •I<>! 'Jil!Jfi-"- * u1I J;i;:Y, ZOppm 
oJ 0J-"l •J-<J,j•J iliilt-"l ¾7f7f R'ic il•HlM 
li-"l tUllllltoil 1•J% ~".ii-"--"-~ "!/ 2 !"1•! 
U-~9 °1-i° T.'J~•i-"l x•f ':l~HLeeandKim, 
19nJ2J- ,._ .1o,1 1471 7-J-"l nm~ "1-"--"
s_ •J "r ~ r.J-. !f-~ ii>lffioil •1 1iii;,tt~ "121-
'l!-•I iifil, J!fil:L~oil -"l ~! i'1-ile-"l "a •J¾ 
,i .ei 'llc ,, u"'° ,i,-~-"- 1 21"1 "'° :n~«n'sl ~ 
'i'- 0 1 ,J•HJ£ x•I •I 7]'!!-"- r.J-o:: •1°1-tc ~ 
~'-t .~~4 iijilif1 u11;oi1 i-¥-111:,1 il '1 '<! 7A 
% * 'r ~ 'l! ~ "1. -l'\- •I 11 »J-'J ~ .'a- J'tliitll 
-"1 ililt 71 ':;!-•H! 19844- 5tl rJ.f&oiJ£ ::1eJ'i1 
,J,!jt•J ~l4;-5'li°- ".i!-:l- * u11 •1% iij.0.ffii:
lU£il'!•l"l-i':- 1-"lill!a'-J -l'\-'.loil•i _£_"'° ~_g- ili 
Ii oil ..2.. cJ! % '~J ~ ¾ 'Ail ..g- 7} _C?.. .£. "M z.t ~.1 4. 

ifflllll~ iliJ'ilU-"l @ii'7tfbi"- 4£, x-W-, 
5:~i .:i1f ~_g. %~} %-~.ii} :ki\.2} ilfi1J<£1 tlf 
~WHJ~ -"14 11"1"1 4£-"l -~~ -"1 
4 !t.(!.,ll'<l J-JNlill•l Lili,-'\'-"--"- 0 1 % '\I 

','- ~ cl(Doty, 19571. -l'- .-J1H,\~ ilv:ilffi-"l 
iji,if!:,l--/fi I:-JJ.!_g- 'il'i'- 0 1 l11!li.<•l R£oi] lt4 
40cm•,l£ ~-~! cf•l,±r.J-. •lie ~l'i'- • J7f jj

iij.£ •J~ ,J<n'lHI ~Pl -012 ~2 .-iwl11! 
J./;-"l 7;pfs_,f "I <I !!1£-"1 °,PJ-:l- "J<!l-'l~ 
s__ U•l »J7] u11-l/- 0J ".i!~-.'a- "§"l'<!r.J-. cuJ 
2 c@i[J)-ffi!Ull_g_ r.:lll-"--1'-<i Gelidium di

varicatum, Ulva pertusa, Enteromurpha com

pressa- Sargassum thunbergii, Ectocarpuscon

fervoides- U. pertusa, Corallinaceae, Chon

dria crassicaulis, Undanll pinnatifida % 0 1 .,=

£ •f •I 11 oil <i ~;ma<J~-"'- cfcf ,±cf. ~,'lJ, 
;'o(l983),& -"-%S- i<i.0.nrft.e] ,Jiel['.,}-/fi-l;- ifll 
ra1~ L{m.£ -¥-Fi Gelidium divan·catum, En

tervmo,pha linza- Chondria crassicaulis, Ulm 

pertusa, Scytosiphon lomenlarw - Sargassum 

sa,gamian1,1m, Undan'a pinnatifida, .Ylr}!assum 

thunbergii,,_ "1-'il "f'l!r.J-. 0 1¾ *.Dl!1H.'iJl/c 

2} ltt~ 4 * u1I G. divaricatum, U pertusa. 

C. crassicaulis, U. pinnatifida, S. thunbergi i 

%•I #i~*§IJ~~,,_ yEJ-y nin'il :iffiii7l-

t!i ¾ _>;_'l/ cf. ,:121 Lt, f'- x•I •I 11 oil •1 i"- ifS 
m {l} l·./lll'-1! "l 'P /llloil •i 71-ift1 ffii-"l tfltt 
M 0J Scytosip/1011 lomenlariaft 7i E-} * T %:l 
'l! <!. •IC- -l'- ± Af >J 'IJ-"l !,/i1_t 0 ] -"-%£oil 
"i•R -.'<!1-'l~,,_ l'litll11% uJ7J u11-li-•J i~ 
.:,'. "!l "l'<l tj-, 4c ~,'toil ,1 j;m:rJti"- RS_ ,, 

"1°1 J,t,lflff•J ~'i'- 0 Joil "IO!i 'lJ»J•-1~,,_ ':;!
~I yEj-,fE_uj R£oiJ •1-"l :i:cm:rt"'° S. thzm

b.rgiiffff,•l "J •-I~ 1983"1'- !OH oil 7f•J -li
~ 'll'lloil 0 1%-"l ~illl#X!loil-cc <!!~I-"- ':;!-~I 
cjEfLf, S. thunbergiiff{f,-"! J}fbU'tU>I l'I! 
II! 11 % Lt El- 41 'tl cJ-. 

i/Ji.0.Hl'E-"l 1'iria'J i1'/koil <!14 T-1~(09701 
~ i&i:;l~l ~&!U.\1oil utet ~of i¥,l2J- t, 
- t!JJli/Jiil-"- 'i'-¾ •I'll~-"1. Jlf il'ti O 970 I _g_ llJi 
I:, .e] llfi-"<oil uJ-4 fj ~(Scytosiphon ioment

mia, 5iargassum confuswn % ). $1_"!1}.(Chaelo

Uiorpha mvniligera % ) f'X ~ ( Dictyota diclzo

loma, Cvrallina ,~fficinalis % ) _0 _.£ M 1: ¾ T 

-l!:~l'llr.J-. -l'- .;<c•foil•i l/Jill!'.% •!¾'!! 11,{f, 

,Hit (cluster analysis) t'i'l! i,:11,U-\'JUJ•f tijjilj

oil nlrl r+:::: <Jaf•d 'r ~~-Ll l\:F~if!.ej '.j 

4 Lil~I-"- #'l'"l"lZFJt:/0, -il'f'."<7Htfil, f)( 
f'l'1(J1JJl:fi)_•_,,_ 1u,~,~ ffrr..e11"rirn<1 ll! 
it% * "r ~ 0 ! 11 +.eJ 7,/ ~ •f ffi{,Hf •J •J· 
~ .!l '31 c}. 

t' ~(1975J_g_ J\:Ffiil'!oJI ~~•i i/Jiilfffft 
-"l lH'l:% !i'JJ-•l ',t_g- l'lilft't.eJ 1.\-'J % 0.!-\'
LJE.\412 ~~-Lt .. l,'/J [l.]{f.el r.'it't% •I ¾r.J
-3! $1,li';~l'll~"1. Yoo•f Lee(l980l i"- mi¥ 
~ i/Jiilfffil:-"l ~ '\l % Myeloplzyc1L< simplex 

alliance.£ -rr- ~ ~~ .Y.. i!§ fffift~..g- ls/zige okamu· 

rai - /shil]c sinicola association 5!...._'£., 1f1 • 1'( 

$ .tmt~i- Colpomenia sinuosa-- Ecklonia ea

rn association5!......£. ,A.:g1J<t!- 1:1~ 'UL-t. ~ x_,q 

7i i'} YCJi;w Hijil~{i-EJ ~"J-~- Taniguti(l9 

62Joil utet 'i'--l/- 7H1 * u11 iAiil!ltf ;&i:;;t; 0J Ul

v,, pertusa, Enteromorpha /inza, Undarw pi

mzatiftda, Sargassum horneri 2f 7Hrtt i/ii..O. 
0J Gclidium divan·catum, Corallinaceae, 

C.ondria crassicaulis ui Sargassum thunbe

r, ii7 1 {\ti~~,,_ yEj-y f'li114 71-iftt ffii 
•] ~"'1 L/EJ-,±% \'1' 0.!•l'-1 et Yoo 2} Lee 
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(1980 I oil .eJ ~ i"i /;fl .2t 41 • J!(lffi .eJ t#i,iJi O I 

~'111 ¾.'f.•f2 91"1 i'§llll•I rp • )l(llll ffffi: 91 

ittt£ ~"" '-f.+"1-c-f. 
~'ll Tanigut1(1962) t:- iiiJ/11.eJ 0J .-J½ '11-i· 

illl 9I 7.l+ tj\-\'-~ i!,j/lffff;.eJ ff11.g. Ulv1 
perlusa alliance oJI .'f. ~ 5J cf r.illll/1~.£..s'. H 
'.,)- 0 1 ,H's -~oil <1 c- Enteromorpluz l!f/i 0 l ff 
i1i sfnj, rf.i+.eJ °a•.}½ ,l(j!,J-B(J.? • .,;. ,io] >g]'

illl.eJ J-.n.¥roJlc- $~~ Mli.eJ -l\-'J 0 l '-f•I 
\l- 'r 9J ½ -'!l'-uJofy 2-t iJ\1]<ll,¥ 0J -'] al .£..s'. i-~ 

*!ii °a a-J¾ 3.~l ~~ *•~ 7Ji---::~ r.t~r~·l 
'!I >toil .eJ <ii t"' lll ~ ff /if O l •,Hl 'ii 'rs. 9J , f 
2 -sf9 'J.g. illlriqoJJ •1 s. l1!!Jlll/11 IHt- EE,,. 
i111.£J tlft1 oil '4 4 4 .t: -Ill ~ ~ ff ii .eJ -l\- 'J -l
cf "1- 'l! 'r 9J %½ '11-~ c-f . .,c so •foil-<1 s. + 
so•I "i"asHI q.t: •f 0 lc- 91.£.'-f mil/¥ ii>i 
;Jffii.£J ·'Hl½ i"lllll.2l- <I'• )l[/lil.s'. ~?l-"l'i1 * u1J i'§flll•f •j, • Jl(-:l!J.ej -l\-'J o] ~'liJ '-fEJ-1+ 
"1. !!!!+J- 0 1 y.g. IA/iffoJI <l.eJ M/lf.£J r'ftt 4-
rl-i+11 Milf.£J -l\-"J 0 1 ~"11 i+EJ-'-f1=- 7}.£. ,,_ 

A~ cq- 'il tj- • 

~ 3/l fl ?.!, oJI •l .£J "1 't! lll.tt;, ();I oil tjj ~ 'E 
1JNl!it~ 1 ;!();1°J½ f-tlit.£..s'. ~"4 ~ ,n~ 
lit½ -ti •J sf 7 I ,;Jc ')) •J al .£..s'. 01 + o, ,i + "1 
B]'s- 1% .a0J 0l ldi'£<!.!ft.£J ~I il. 0J.£.s. fl' 
f!J•f2 9J-i"l4£"1r17f<I (J?.1"..! Afi,/J\J 0J 
:iJ1°1 *~~-0-£. q%<5Lc.. 'U7l a.1l¾o!l ;w 
;iUHl',oJI tj\ ~ "1 'tl -l\- >J .a 0J ei 0J •Joil t.il ~ 
,,,)-ttJ:1 <H 0,__1_ ~~ -f: .. a-J -:-c.. t}. ~ s-_ "! 7 I ~~ -C <>fl '11 
'Ji 0.:i ~! % %½ •f2•l frlHiiiilfil.eJ JV!< "} 
i~ltt1m ~~o!l"-~.Q.J :i1]5:. 7~ :t,rjj -'-,:l.±_3-fqj % 

oil .£J'i!-M1·£J "11-E ** -~-c-f A) 1l ,J.0.s. ilti: 
il~'l:o!1 oJi5j-:} -r'-'C ~_o_.£_ ,1gz}!@tj. 

1'- ilf1.'. ;-:- rtii11J'i1' 't' /llloil -$1 •I~ J\:JtJHI 
.<j i11J'iJgrni:.il~tt•f iifit ~ l'I'. ,r. 1:'1> -'.;-.'c.sc 

0J 11 illfi91 iliiiUfi !il\'l'oJI tj\ ~· 0J •J ?.- ~}i>J 

7 ] ~l•H'i Uilt!l!~-0 -5'. -'/-£1 7fnfoJ ~Pl•f 
_-.i_ 91;:c R5'-9} fj-_l!fll1fq) ~','-nJ¾ sA ,jiJ 
_o_Q. ";j -~ t}oi Pi¼H g1J iill!?f-i ~-l ,1,l ~}oj c}. :i 
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½Ii *, tll fJ.\ ii ii lJi 1=- ill 1 7 Ut .£. .>'. fi il lll 8 

It, ~'ldiU 24lt. i!!illll 3llt, Uillll 108-lt 
0 / 9J .£. uj. ~ :i'l'Jlll!ii»•J tfllJl.ftft c- RS. oJJ -'1 
1281+'. ~'i'- 0 1 oil,, 1321+' 0 1 5l-ll, lol:.i:"19J cJ-. 
:i"-1.2, ',J-IRMZ•l lUJl.1&:,',:- R£.£j 7il + f-tfl~ 
ff.'i'.L} lili\Ni.ej_ /f',JJl.1tl' 0 I st-& aJ'l_! H 
/ill~ ~9Jc-f. ~~?l-ffiltffi_g. ~~l1!!U 
g,J. ,ill:iti'U,\,MZ•J.s'. c-f.t:.sJ ~~1=- 91.£.-'-f ifllrJJ 
m- _}--.$.£.-¥-Ei Gelidium divan·catum. Viva 

conglobata, Enteromorpluz compressa - &irga

ssum thunbergii, Ectocarpus confervoides -

/!Iva /)erlusa, Corallinaceae. Chondria crassi

caulis, Undana pinnatifida .<g-o/ JtiJ!i,f-§rJH: 

.£.-"- '-f Et "1-cJ-. ff,', rt % * u1J .H. s. ~ S. 
thunbergii) /!. /)erlw;a, ~','-n] 1=- U. jJerlusa 

) S. thunbcrgii.s'. /t&"l-2 1/fiil'lH'E¾ .'i'.'l/ 
tj-, !i.Htiln:- f•t/!!lff 0J ~','-nJ 7} 1L'i • .'i'.c-f 
if.rj-1 st,J '-ft4\l:.°.uj ,llli,'/1/j,JJJ½•J.s'.-:C- '>tl-','-n] 

.£J 7il + 2/l tj'joiJ. R£-::C IOJJ tj'joi] 7} >J "'° ,1 
YEt\l:c-f. ~ll\''il½ fUt.£..s'. ~I !Jl{ilt-& s. 
tlzunbergii. Hizikia fusiforme, Enteromorpluz 

linza.ej 7il + tj\ ,j 4f! tj'joiJ. 1"12 [//va per

tusa1=- g)ltj'joiJ ~!.:kfrli½ -"'-'3.l<i. 
JliffJ/i',J-.fli ;,',!l!: Nlll'i:ll.¥MZ1J.s'.c-f.t: >f 0 J ;:o 

9J.£.cf JUti!!! iliiil#fil-"1 ·}li7il'·J i/ik-t- # 
1"12/11:fi) • .!i-f(7/ll:ii). j>}(-f(lllll:fil-"I 3 

7}7.l 1.ti~!2~- -=f-!f:-Bil ~- T 'll'n-0-v:l. hfilm 
ff<lft'['U'J 0J lll!~oil •1 -'!! nil, rl-iiliii' 21 r14/;f;, 

,1, • !lfm;,,1 tti\'i n1'1A 1AJ:;,i. r1-;r-11 r.rril' 
Qj t.'it'l:-~ <\} ~I c Ir I >.JI 'Ji rj_ LI. I ej Jlj ft,,'; '.le 
iifill'., J~ >/. L 'h.s'. 0J sf 0 1 'J't'.J 20 ppm >'I ~•9I 
0.d Aj ~ 0J iiJi ~1 -y 7 } 7 } l~r&Jm r;·~9j i¼~ 
ftf{'toJJ u\~]-~·- 0J"O"j_g.. 4-~-1U"r~~V ~~-~~~ x] 

U'3J:c+. 

+A·/!- il4~'l!oJI .U'l•f;lic !fr;/);i!Jl-f-11 :tti!i 
i~~1,1~ \l ~l [n]ljl-~- ~! ~ _o_s_. ~ii}E.i'.lu:J o] ~~ 

i\· ."- ,J '-I tj. <E ~' + ~ ,u1 Is{ ff.'tji JI: oJI s. ·* -~
'r ;J •H- k'J!I!( hfi.'l>J'l!H -'fL:tc, 'r' 'il. i/H\'. 

-:a- ""1·C•r4'l1m-0 
.. "- 'r.9J'r1' ililffllf1i:Nr tr'l-il! ,~ 
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7loJl .9-J;;J: »-'-l- 0 17\- sffi/ic ~ lfiiiJi~ 0J-!/-oil ~ .J.JsH :a. i'-.:il. ~c+- rnou,,;_u; 
oil ';;_o-],<i::: 107H czJ.5:..2.j i"., 7 ]czJtl 0Joj -%-ailoil-'l "l-'f5:)'3J2..9, ~-'f-"--l 

7] -'i- ',; oil .9-J .sl-'c:i -<17] ,01 y_ .!/--~ "]-i;-77·"1 °--l' 22 7~ "J S:.7\- -'§-cl oil '1 ~ 
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<~ 2) 

-I 

0 

2 

3 

4 

50cm 

lm 

2 

4~6 

10~20 

30 

\ct g 
Dij-f- 7~::. ~11, 

mi$': 'JI !i~'ffl•-21 tt1i 
~'f-21 F3~±77r"l 2] t'c:~S-i- J,a~ JU7-: 
400km t)J:.21 itlk-',\'<>l] /'licjf~ l!z'\!; 
sookm l:)J:.21 iful!',1'.01I 1:,r,!'r~ ll:i1!1 

i'z7J:.::Col ",;) i&H':15:'!:vJl~~ i.fE]'l! :;)oli::-J-, :;:t};,jofl "el:-'/l:SC]'.,;ltc;J, "l"Jsij 0Joil 

~l-e;J: :ii ~B-<J-:o:J- ",;] 1 7}"1 ~ -'J-sii .!i..'tl 4 g :;:t} 7Jt:-\-. 
1) 1960 ii 5~ 22 °J 1¥J 0 }"1li:J;,}~ iJ.i!1] (Chilt) 'aii\JoJl,.(i "J•/j~tc;J, ;sj;,:J 

7J-.£ M=8.5(richter scale)oJl SJtl- h<.i.fol ;_: J:i~SJ ,£,;,J.!c,y 0}'r, t}sj-ol, 

-'}Y 0r-';l ; "11 t .:>j ~B ~ 0J ~¾ ~oJ: 01-i--J ct :z:+i'F ~ .:oJ ';:]:t}"l B *77}:;s] 

:i -'ll i'.'j ~ ol ~ ;_: t1l ol ~ SJ 8 ;;!:SJ :;,.j t~ ;_: tj-; :;:t} 7,):t:j-. 

270 

-?7] : ~lhr 

31 tl1 :i}-f3rol : 6. 4m 

,+-'J-"r = 1, s63 o.J 

7}*:s,.l t~ : 22,693 % 

2) 1933 ii 3~ 2 ~ B;;!;; ~t!i':lllloJl ~l 7 li.\- Sanriku lli:~"11,,,i "J-•/li.\- "i 

;,:J7J-.x. M=S.S(richter scale)oJl SJi.1- s:tSJ :iltB -"J-:od-t tj-;:;:t} 7,l:t:-\-. 

y7) : 15~20min. 

"1 tlJ :c}-f-½i:- 0 l : 24m 

,<},J;,:} : 4, 160 o.j (,<} 0,} 3,008 o.J) 

7r*"'l tB : 11,841 % 

-'i "-l-"-l tB : 8, 204 "'1 
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1983 t,l_ 5 {! 26 °,l. 12 ,.l 7J 7--]- r: ;j.:$.J 0 t77lt-\- i,1+~.£. -'1-1e-1 °--l' wokn1''.l. 

o-17J. --;- -"J 2, 5Q(Jm iilrr.oJ] -'i "f-'~ s] '.)i 10;j_ ~,;~ (7., richter scale) ;·f;jij,, ::_ 7)-77)-

o "·"'·"']-'''- }5 .,.,,,,,.,OT 1:·•"·,.Jl>Jc - ol 7i;,i,L"' ,,c-,1,/JO) ""i!:" 71,;.;+-"'1 1-c ,..,_. m, ;1~11;;.1-r-, ..::.:tx...,11"'1---1- "-'::;,n1-1 ti,_~,:.. ,eW...7J,1.:.:..-, 

-"J-~ g_ ¾"J-,,_j~t-j-. oJ.£. 0J.ti1 °,)_,i'c.oJ]-'7-i'c 1/1:(l;,~ 32.J"<J (-<j-tJ- 104tJ), R 

Jii±:;;.]tH 12.083tf, JiJ~·~w"'l"H 2,051 _!i. ; u,r11Ji} .,;J,,;, ;;_ 0J5,;~9. -f-i':-)1-tc} 

$.J y(;'ej)fc'(";;e;!,,-i,,;:;i;;:JoJ]"i.£ S"2$.J "l--"J-7]-~ ;([~nj (A"J- 3), 42 ~$.J 7\

*"l- 81 :"~ $.J -",i 8..}o] ¾-"J Xi':" .a.].:,;.] .sJ;: :a.] sj ;';_ ~ t-j-. (.:l i%J I~ ::_ oj-:7] t-j

it)J~o l :;;: ilfi\Jtl.£ -'/- E-7 °'Cc ::}sj o-1 '1' ii':" 01] ~ c-1 ;: ,,_l 7J (5i· 10,H·l .£ £_,<]) ~ 

7,:l_-"J:7).£4 >a),.J:isJ: 31°\t-j-().,Jf1:, ~, 1985). 

0 1 71\-"JoJl $.J tr~ Jl£iieJ$.J 1Li1'S11ioJ] '44 :,;1_;;;. • 0 1 ; -"; s_oi] .x.;; 1 7f 0 l 

7} 5}7] ~ i'}Al c,_l, .:;•-.t;~-t;~ 450k1n .£.Ji ¾ ~ .L77\<~] 5-~t~ ~ ri] ±__s_sJ. --"l 

7J::_ 92¾, Ji<:;Jr{pfz\7)- 102 ::'_, f';JJrfT77)-zJ7j- IZ8 ;:'_ ;~.£. i,Jcj-c-J ~q. 

eJ ti'.'i ;-: 1,'J 7J: 40 ¾ 7l-"o'$.J -"I,}"~ °'1 ¾71- ~ '.tl g oJI"' :; Tt}2 +e-l 4 
4 %tiJoJcj ;"_ :a.],~~ t ~::. ~,4u]oJ] cJlisJ: ,jl:f;'jn:;i\0]4 cJisJ•~oj ujej 

rc;j_ l:'.\!G\;~::_ )t(;i\c$.J 7]:i,:~{l'."1] "'-E- Jo.4u] 7J.is]$.J JJJif.£ oJ_t:J "'r-¥ \J"f,J 

oJ] 1-1-"] :9-J /¥,j;'J (\\"an: energy focus.ng) fil,:t!;:a} ~I oJI ..(7 7] 1-o-J: ;;, l?$.J 0J ::_ 7.1: 

i'toJl $.J~ ;:Ji 0J;~~~'.(shoaling effect), ;-/j/7J;;1J1.W~!zlf,7)- -'\,-eJ-7~~.£ 41'-}4 5m 

7 1- ;:,lol ""--"- 61101.Q.. ol o,,;~1,., :cLio' s]~T 
c,-J ,:;r. \... 17 C. C i:'..-M"'T-"- \- J:" \..'..'"T•. 

3\-?:- ff'}ll!iitiJt::~l ;,p1o11 $.Ji~ ;'iliiti,Jt'.Jtrrroil-"1 o;,,T1H"ii'il !f:;/JJ::.£1 ,;,. 

i,j-uj 7;1_:o-j- • "f- 7~.5'.. 0!l_();_Qf;!r~, H85) ::_ ~JtJ\t$.J -94;;\7)- "-t°-f:s:];:: ";-"] 0 ] 

~ ".i-"J-71 "i ~ ~.£ "'1 W-:5.i-i.JJ oil .'i. *--/-oil "a ,.I 7J::;:} :a.) t,J ~ -to'il g_ 011 ~ ~ 4- 31 
.5:. ~ o-J: 31 ~£, I?,):.~.£ 7] 7J t~ cJ 9.j :a.] t'] ~ ~o] ~ r'] .=1.71\ 7] c,j ~ 4- Jl g_ 

31 ~.£ -'~ 7--]-.5;1_ q. 
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"] iJ- 20 oj l{l_ 7JE-j 0<] 4f"~ 0J ~li!fnltttJJJ- il:'.l\t1tMtiJ,li:.2..£. ~tj 44 i'cl )~H~ 

:: ~'~ 6JT, !illilJift. m;JIII~ ; z'lH~Ei'itE-] l\;l-1!!£. ~BJ--t] 7B "J-s] °1 {}.2.. 

ni ~.2..£..5:. ,~£.¾ il:~'l!~m9!;Bl: • arH:;mE-J !lfvlli • •~· ll&&I*iill-1!!5TI 

F,'i:_, il!'::.iliiiiu ; .2..£. 'tl 0J:'=l 2-J "] ~{:- '€ 0 ] ".!:4* 'fj ;,] .:u_ ,V. t:j-, o] iSl i>"J: 'tl 
0J:'=l 21 7B "J-"11 _v. o, -'1 J't:'i!tE-J ~~ ~ &::1!'..t}.:u.., !'l ~~ 'ii\'£. 41'12-J Miu 
¥D fl',.t'.9-J- 'ti;ii':1ll=la ~ll: 131 AJit;:;,J- M;i;J::21 '!lit!~ tfil,J,ft"t}7] fl"B-'1::: 

_'!_:oj. ff~BJ 0 ].:u.. ~ffiB'1°J i'f};¥1!/J~ol] tlj-q} 'tl_7'"7} -'J;sE:s]o-jojc ~ 3Jo]t:-j-. 

"t] 3' ~ Gfi 9-j- 7,£ 01 °-{ tlj -qr ;;ij 421 ° 1 % i 'll_..S..Sc. t} ::: ~ Jll: IJl'Ucti a'¾: 2-J "a -'J-
7} %-.::J. oJ:;,,j_oj].5:. ;". ¾;,J]~ 0)c7]-'] 7J 4 J.14, "'1;:: So$: ,)t,a'.,!'iol]-'1 '.:: 18; 

/~~;,)j":J/1,3:~ 4li>"J- '~£¾ T-'}.2..Sc.-'7 .::L',Jol]-'7 .!I..::: ~}.Q.j- 7J-o] "tloJ:'=l ~ 

'1/ d 8'J f-11 ffi "2fe~ ( marine-multi-zone) .2...s '1 "'1 tjJ i>"J: ~%t}::: "J- oJ: ~ c;l ."e. ':;' 

o;j :;l4(.:l.2d 2), 0 ] T-'J-"1] <>j-_is_'tl j~;t.s 41'12.J ii'J4ii, iJ:tiJll~ il,xf'):-<]7'] 

::: f,'L'ifJ i 4-'J 10~20m ol] -<J;;] t}2, 38 °J:oJ] i=' ·c8 4-*"J-, .B...'e."J- ; 41 
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i\l!:Z:~ • .:ii!-J .:rr. f!/6. tVin}::a:.9-J i?dt ~ 'il 7tl: wwfilf::;.9-J 'r 2-.£ 7~ •J-~J-4 

i::- 3l..£...£.Ai 7eg':.F,)ijz.9-J {?,~:at ii'}ifw1k ~ o}-t~ 2;;.j~J- c:J_ 0J7h"J-7il~.9-J 

½ ~ oi] tj- -t}7,;) cj-. 

:t,:Jtc;!!;l:EJ2} Jl}?-J .9-J 1k :.1B!!,!!QoJ] t:Jl-itl: :9-Vr, "J-7) 7J-oJ1 :;I ;;J iJD i:tlll)!IJ 2:t/-~ 

;ff<>J] 21-itl: ;aJ~/Jijj[,tfu llrr ~ ~.£ t1 ?!.\55'..it;'..£. ..!/-~ C:::~.9-J Mii::ot J,~µtiz 

~~ l,.J;:,J,{I:'., -"]"J 'T ~.'i.~ -t};_: iU\'.i;/J)ffj1,ff/;\J:\'.,: 0 ] ~~]-'\l2-.£"'1 ';!_oJ-'Ej 

~ ]il..i;.j- "lj7.cJt}.:rr. oJ;,J7{]: •~~ ';J ;.J'\l~-%.9-J ¾7,}:2-.£. 7}"j'-oj '-]-7,): 4- J} 

~ 3!0Jtj-. 

274 

•R 0J ';! -'r± ct 'r .!l.:Ic-'' (BSPE 0-1057 -88-6). ;,j-"0)-7) i- eJ 
~~eiHL 9:!?~li~, 1985. '3'~i.J. · ~H811 :,J)~AJ.:=.~~T. 

tA 0J'';!-'r±. °ii'-.!l.:ic>; (ESPE 01)056-87-l), :i!)-"0)-7)i°~l 
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20 years operatic n of Rance tidal power station 

* 
' - - _, - - -~ _,, ---· -- ·-· -~ -"'·- _, -· -· _,_ ,., - . - - -- - _,.,_, -

I. It- -,:; 
2. tt~?,1 ~~ 
3. Hf~JJ:i\ 

;H/}"1] ci ;,j Qj ,¥1]/ll~ 0J ¾~ .2.,i[ 'l;'-o] '.ll tf, 
0 1 "I •~ ;1]1/1 't[-'/-tsj iMi:7"}0 1-i=- *l'lI.ll!IJ;j;j~ 
ji\ ! J •'•)~£ tlJ/ll 51 :U :u., 20 -'1] 7] ~>j};<>i] i':" il;/J 
R:t,U: 0 1 f4Jl!l'"17]~1 c]je_'Jitf, 

-feJ::-'i 2I Rance J];IJ!!l'ili'./ili-l=- 1966 ti l!l'il!:/Jll 
11/;UI: 20¼1.:-:1: ?ii"; fi!IIIJ"1:u. :U~"1. Chausey 

&,1; oJ_r.lJ:9] r~cJ:~ ,)jt.J5l'ii!J}8ilit½ 0JT6ll 'T°2 

Prototype ~>t%!ffl ;~1J~·ftf.i:ifj£ EM~Z~ t:+-2 "G"J-t~. 
RancetJ:i t~i.:cl ;~1J!f41'~·r_g_.,,:1t" d:.~2l 

Kislaya ~·1[i,11f, -'~"~t.f-~ Annapolis Jfif!'.13/r¾ ~ 
+ '.1)~cL Rancefi;;,'.pJr!,.tf -'\/";I_ ·"1-:'. Pilot 

Plant oil -}:ill-s}cf. .::uJ:: -'1] 'ii 7~·t~: >i /J -'I '\I. 
;~~JjBftQF~~-~ e. ~'§~Hi Aj rJ, 6 ~~~ .£. ~}~'ti 

l!J',it.'Hl'i;;. 0J"1"i"i *"l-"'- ~J,J-. :t\llPJ'l<lill 
,,;:>c- ·\1:-'d:-'i ~I Chausey &li½ f1 ,.q t}cj -,j-442] 

Fundy~, 0J.;;-,q Severni.Iiii)D, sPd"] ~;,\), 

oj-_g_c;jl_ <I 4.'l] San Jose ill!, -he] '-1-"1-"1 llll'itttJII! 

'1f¾ % 4' :U~"1, i 7j'l[it.5'.3'. Rance!,.,+ 

~"'J 1-'i "~-"-¾ f;;~<>1lci"li1ii'\~-"-"i il;/J~~ 
.S Jt:\!i:o] 7] 'lJ ,tl nJ-o] ,+. 

;$;~"11 Ai -e- Rance m1JM'llt 0H Qj i'l:Jtti~ft, ~ 
'l!':/ifi 111:'ll!. R1!!'.flfifft1J:;J;;, "I 0._1: 20 i;i 7J:E.J ~ 
.::'.JtatJJ\. jfl$JtZ.'1':½ ~fr~icL 

Rance ;,~~1:('.!"t~Mt ¾iH:,{1 Jt~~ Brittany 

:11!!:l:i St· Malo ii!' t"") oil -'l 1J\:f<J'i/:jl!/(~.£. ½"1.S 
i:- RanceiI 1J1JLJ~l ~1*]-tJ-t:l-(!:511 7-J-_r~). ¢:J7] 

eJ ii,J!1J~b,i'.P'i7J- '1'./Gt"l7I 7~c:lcf,l•J ,,£ o] 

J:1111.ieJl-lc- 2 :Zl~I iiAi:7'J- 0 J-,]- E:~51 :c:. :u '.ll~n1, 
:i:1Jfiili'.r41Jlll's. .vi ci-¥-sl ,11 °J:"i ?i cl-. 

l 906 1.-_i Gaston Boucher :z + ?.-- Rance IT ;q 
t f-f-ttilll!st½ 41 ~H il!;i;1i. ~~ al ii!1JR'llt 
l'Jr lil!.J'½ l11,'.$,,]-'.iJ.~oj, ~IJ'!ll,1;:,t~ 150kW ~ 

'il'.11!! 192;\!i'.l!tf. 1921 ¼1."11-e- Boisnier7]- Rance 

eJI iWl1J~m'.rfi Jl![l:½ J!l:~,J-'.iJ.~"1. 1943¼1.oil 
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. - ·,: ... ~~ 
.. : .. : . -_ ~---
---- - \~;..~~CHE ..,- ,.- -----------·----;-------~-

1 
! 

Ill !. Rance M!JliHilli (.C,i~ 

Gibrat 1!}A};: SEVM ½ .:1:.~ t}~ ;~~)J[f,[ic,il 

~ -BJ- ~~ ~~ 6J ~ T~ :'f-4°-"6}~ ~ ~.Ql Rance 

~'~fi.ff9l 7] .1:. ~ I;-f9,t4. :l]ifr£l Rance H'~PJr 

'.\ \ 

I 

' 

La Ran:e ti dz.I barrage scheme 

£,s:;.;2'."'( w,d~n 

8asir, z:e3 

S.:~!:!r.ie de~J·,s 

7:iJ:"'"'elr<.?S 

::::· :,c:;~Jre ~ ,omHres 

3 S metres 

SEJ 

BASIN 

{:- EDF(¾,}>1 ·;;_;'JJ~td:)7} 1951 \1.J/-,1 'r~i 
"1 °J Ei'1<rJT ,l!;;lUtillJ~ 4-?J "''9 1961 \1. I ~-
11 o;i_ 0-1-¾, 1966 \1. 11 ~ 26 o;i_ >il I ~717} 7} 

%"1 :ct .9.oal, "r"'l "--r >ii 24~719J 7}%-~ 1967 ';l. 
12 ~ 4 °,! cl :ct c}. >1I I ~71 7}%"'1 ~I{:- :i "t"i 
de Gaulle c~ ¾';J cl ~J->~ "i;}'ll t-}. 

Rance barrage :~S:..ftk~& :':, :kifill-f:E.J i!..!UJU?_£ 

-¥-•1 °J: f!,':,I") oaj, St-Malo ;'f9j J,,fjjjll' itt~~iH 

.£ Al 11-½ "T'-Al ~j]_. Barrage -t-, Brebis i!J!p.'il~ 

Briantaisruljl Ao] 9] "i-',i;,j ~l -le- 750m, i¥'1itl!llfit/i 
Ci$]:tJ&ili Rr#il!J) 22 km' _;a_ i!ll;IJJiitw'.JiJf_;e_-<19) 

:.'.01/l!~f'H, ½-€c -'\!. 0 1 i+. 
iill JJ l@'';j,' Jiff 9j ±. ::ll!" !ilij,l; ,11,)-€, ;ti: 1¥.eJ Bre bis Wljl 

61I -'l r.,ri, &lll'.Ji!f*ffi, ~~tit :,Ff1r -2.._;;,_ ,q 
"1'461 0t-Hi:!1 2 ~J-&.). l\llF~(Shiplock)-€, i!ll 
il!!.17'l Mfflilt±lk~ iSJ~t-sl-711 ti-'ll t+. &~rii i,:1.'i'i 

(Power house;(ll!I 3 %&.) :'. •11-2:- -i'-=ir-]~ T 

a__;e_ '1 :i 46jl I OMW Bulb 7.pjl: • lilt ill:111! 24 ¥ 
7} -',Pl-"l 61 0 t-}. Bulb ;JU!f.t, 7K T·'1h Kaplan 

-lfl~_£Jl "ft~~{:.. N'j}j[(iJ,:n;=.,\-jf(<rj 1
~ f.(lfif,d· 

·)jH ;_'2..__'i:.. l'.] ~ cl 7}"Ft}E..5:.. ~·~ ~ :r!J*7~ 7} 

-t=-~l Reversible~ 01 r-t. M1[1i~-~ia'P} Chalibert 

·:t;. /4}61-2-1 ~j~!,£(Dyke)(!E41f3-_)~ A}~~·-<Jl 

C"al1bert 
Rock. 

I 

Tur::,ner .. - ··-: ,-·,,.•e: 

Siu1ces 
I 
J 

\ 
::-~" ,.:; r.1·.•1 ~ulb fype K.:,~f.m 
turb1:.es v. :;) rev~ f1ow 

and p.;rr.~ c-:;; S3patllii~ 

5 }~ r'€'.f€5 
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o 19 "a' 0J-oi] Concrete core 7} :tl "1 -'f4½ •J-;,] 
%J:c]-. 7.kM(Sluice) (Ill 5 ~J-1) :'_ Chalibert !e;SI\. 
;/,)le$] Briantaisl' ,<}o] oil 4l ;>] -.}9, '9 7] oi]-l=c 
6J!liS.j Fixed-roller gate(l5X!0m)7} ,,i_o>J"1"1 
:ti .TI., jjji7.kWJi\:-:': 9600m' /sec(Sm 7.kli!i) 0 l q. 7.K 
f'9-l'.- j[;/jfnJii!l',[i(Direct generation, illitll-71-11\f) 

iii: i'l'litl!ifiJ.Kff\.C1K;Jl£ J. 2m), ~JJfoJ~"'(Rev· 

erse generation, 71-/ro:-i\\llitll) iii; i1lJlitllJ'r:7!:ll'i (;,/: 

,ilA' J. 6m)oJl ,t ;":\- li/1/tz-',l_ c+. 0 1 <11 Reli'.Jtl/1,-l=c 
Orifice .ss/1 ;J:F~ci 7]-'g--½ .'i.11'}'9 iillitll.<lJ 1f. 
;K,+ Jielt½ °':"l"l"Jcf. 

38.2:1 

e:..s1.-11 si:;r i •15CJ iS~t.SiQE 
PHE 1.150 ' . ~ ,_ ~ • ~ ~-'.J 

CROSS-SECTION OF A:J:X-Flll DIKE 

__ ;;k .. --,....c~ 

35,50 

BASIN 

• 5. Hlliilil 

-13.50 
phe 

SEA 

Rance Ril!'.i'/i $J i!!M::/ft:;oil cf! "S.I: o 1 ~•~ 0J. 'ti. 
7'-l=c 1943'-i:,;l-!/-<1 ;p-J-")"1 ~J!l'.)Wfil):/rr 0 1:tl 
-'I "1 a} .:il. ~ 4- :tl q. a'.7] oil >I] oJ:,aj ~ c;l_ 4"J
"\:l· •J--'l {c ~"il 0.l:r:.J."1 ~ 31, 3'.;>}oil "1-al- -aJ 
:1J ~ •J-_,,~ o] -<;! •~ "1 '.ct c]-. Rance ~·,1;'.Jw.<lJ iil~ 
-e'· 3.5-13.Smo]nj, >illl.'1J.:.J.-l=c ;,j.<lj \l).;,]uJ:, 

2 ~Jtlj'1J.:o}-l=c -'¥-~ %}'9 *iilS':4 '1'iillt.<lJ Jt-l=c 
2. s 7.l .'i. -'l "1-. 

Rance ~-,Ep,lj-l=c !\'!iilitll'il:;.9.-.ss iilitllf(7} I fill 

o 1 E-.ss ~"-' JJ ,!A: Ji'! ilif ,J:; C i\\ll itll-71-$) SI\. I& iJlE 
;:!. (wilitll'*71-wl -"--"- 0--':r 4 :tl .TI., £,W!"il u+al-
1'£ J/((l-3m S.j fll;J!l!~ fii\lt)Sc. 7}-'g--.]-cf. 0,l_ uJ: 
"~ ."..ss ¾ 't[ Cycle :'_ fi'.7)(-•/:ill\t~J;/1'1j;,]- >ii c'; 

•J-!!-"1"1 i'r JJ:i\;u}q -'l~l "J:'1:\i!'~½ 0J.%'Bl
'9 j'j,Jl\~IJ.sc _,,J ':J il-'lJ. c]-%-4 7J-:+. 

1J i\'(;-!E:J:; fill'ci:'.1%3 ,;1_ 12 ~ 1:;-16 °J.) '.rlal G 

;;>;J it.) 

Cl) ;.~g;tb,7C1J~~Basin filling): Orifice mode.£ 

Ai ·~s!i~mt~ ~1lit}Al u.2, *F~* ~1r11 7~ llJ
"14. oH ~-'K.'i. 7}-i;-sf,+, '1i'4oilt-i-"l 4-JL 
-<I 0J4'\J. ~9, o11 ci -"l 7}c<l %% 31"1 •l-'9 ;;Pd 
-q} 4. J\IJ 7/:~"1] ic' iVJ it1l P'l 7.K t'l ~ s't oJ_ 4- :tl .".E. 

"" ,J,iVJJtllo!I Ji:.Sl\-7} :tl c]-. 

(2) /;\'ji!j;(Standing period) : 01 :,!-& '\l. '1711 * 
.<lJ '\l, "I 4-iLoil u+e+ %-'t-"a '.Ulll 3'. cl \!4. 

(3) i@lithJ:/f;,/( (Basin empting; : /11-ib~ ."..ss jijs 

,Ki}'lJ.>1 M0'1,:tl-"1, jf,ll,t~J\71- 1.2m ~Jr7l- "1 
'lJ. ~-,1,'.o] 'f'J1:¥<f. 

2) l!ilift'.;~,l,'.(1983 'd 9 -1:1 13 'l!) (L!!I 7 ~J-3'.) 
(1) i¥1!;l!!)t,K(Basin filling): 71-i&itli:'.1½ 0 1¾ 

-.}oj ;~ii)/!~"11 ;iJlitll½ :lt:Jt•l-.:L, iV/;J:4 /ilrt!JP'l 
7/:(,L 7J:9I 7.K~Jli£7} I. 7 m o] i}'l/ '1j 'f'J!:1']-E. 

.ss i\\llrt!JP'l ,t i!L -l=c 7'1-lr.lii!li!l.'l. t+ ,;A. 0 l '11 #l * 
¾ t}Al ~--2-~ tj-g CycleoJlA1 ITf;-U:~01 7J-± 
¥4. alil!1E1 --toK-l=c J.Kri 0 l.21"11Sc. ~/li:J.Kra½ 
Orifice mode .ss il-7] ,+ ,,i,t(.'1H=30cm ¢,l_ '11) 
~ -.}oj 7}'"cAl "i 'r :tl to+. 

(2) f\'~(Standing period) : l\!.lm:As4 7,!:4. 

(3) i$j;,t,.jijs,t (Basin emptying) : J'l[/jff'il:; ~'!It 
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LEVEL 
·~1) 

_·;rrur 
?Ht') 

IWU! 
(MW) 

CiJ7i'UT 
(:-1\.'i] 

278 

r:--;-r-u1 
(HW) 

THURSDAY, l:i;'i2/1983 

I 
·1 t' 

C 

"I~-;::• 

·~• 
I 

'""! ~ 

FRIDAY, lb/12!1963 

/ 

0. C 
C C 
"•rl 

"'" C 

" " ~ ~ 
' 0 

" 

C 
C 

0 

,, .. HJUR 

~- L::::::; 
,Cl _____ _]~------"~,--- r,---...J------,,.,-'S....--.-,.. 1-!00R 
l -- ... ~ .• , 

oo\ 
·1 

Sfl\GLE EFFECT OPERATIO~ 

TIJESVAY, 13/C9/l933 

.. 
I 

. ' 
i ~ 

~ 

--''---"'"-----"J--"---"="-....:.:..._::_-' -.:: 

I rl ,, 
I ~ 
I ~ 

' 
c, 

C 

, .... ~ -
>, l,., .:..-

¥ ~ -~~ - !!OUR 
I .. 

,oo, ., 
I 

0 
I• .. ~-, 

oo I 

··I 
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f& J/(f~.4 liiU,'.1/11 1U-i, ;;_ Orifice modes_ '-,i oj 

JleJ/(-<] ,J. 4. 0 ] nlj ct g Cycle SI j1'Jj[,,J'.i!l,L:o!I 

ilf!Jt}.Sc.-l\- i!!'Jii,J /!/i;,/:-;,- •l-"1 :tlllilr'J,t(.):-11-
114-ttl ~1 -E- lilJJ-~ 0J ~ T ;?J.i:L 

'1£oJ]Al .J::71]~ ll}9} 7Jo] Rance~ it,'.;,;~1tl.L1,\; 

liU!:JiJj.;e.-<j !\'!vii,!:; 'l! 1!11~(.A; /R,l,:0] 7};; cH, 
. '\l .. 8J]oll i=- 1ltm1'lr!/; J)( C1-3mJ.;e. lf;H;~J";,;% ~ 
"J 4-.Sc. ~<>1 \!Moil ¾¾"a~ 7J"J:-+ nc+. 

lliilE;il;;'>lM~ 1.KJiJ'Uil"'" I crJ -'i ;k;_!Jllt/l 3-4 ".l 
7.} 0J: il-<l .sJ .:u., '-1-n-l-"l 7I 7.} ;>. flivlt;il;;'>l'4-&- ~ 
c+. )f,!1[pJj jl'41i,yoj] i=" --r/] £ 'tl "t]-;:: ;,J:J]/f+,/1,f/J 

<>I] '11"1•!0], i-}E..;e. uii'.il:"1- ~¥½ 2,j"t]-9 ill 
11% ~:kit-'] ,J.4. it!l>coj] '4-l'- :IJ)Jlil!,Ji/)2...;e. 

;kli'J.2.J- ,J,li'JWJ£1 /JI )J ';/ ~;f,'.ll/i'ro~9I li!ilJ*o] 
.a.4. ",; lffll 8 ~ ,!Jl£7]- llm .2.J- 5m 0,! nlj 9] i.lJ 
11.4 ~K:1i3l::2...;e.-<i lli1JJt "1' 4 eij, ;ki1Jt/lo!I 
-1= 6 ej 77J--"I .Sc. .sJ "1, J)(Jilllt-l:- ,J,i\!ll9I 3 eij, ~ 
'il!'.IRfra,~ 2 •ij ';l CL 7,l_ "1 "J. cf. 'i ~I i\!lll>:7} llm 
-0] sJ.sj ',j_ 1!!iifi;iJ;;S!j ll:\;/JO] '\l_;<j 't]-71] ':;' 7)--'tlcf. 

.. ..wl 
• l40 

II 8. Rance i111hll'l[J,f lt;it:!,sl;Jtl\1' 
(llmts1:, ¥mts1:l 

k:,~JIJj7]cyJ1-l:- c);Jji,i'l{\,);~}l.1'_4 r1 1i ~,!r{!l!e] 

!:JJ tUfR "ii ¾oll JJ,:,1:9; "' ,4-;,. \rt cf. 
Rance Fbl.L !~~ SJ :itf!¥. Jj:-i.~-~ .:r-5- i~~ffiol] n+ e--]

:,pj .sJ cj, +& :lPJi½ .ze,t]-.:u. 'V.c+. 
lJ k.Ml\/lC,•;~;t ll m UJ:-.) jll(j:\11;: ~,ti:J)())fi7} 

-l"-l/:AE-.lc 1J;v1[;1:;o] *"]-s]-c]-. 

L) q,;,i1Jtll(i!Jl1l, 7-Ilm) il!111: i!!'Jil"lllit;rt .'E 

c- J>,7)(-1[- .:U.ej3}9 ~,u'.,,\'/61-e.- ';11)-.sje<]o.}, 'll_ 

;1] 11:l'-;J;:1l!:-l':- n};<j ~fop ~4. 
3) ,J,,0JJIJl(7m UTJilHJ: 1\\7.Ki=- llit.1"1- oil :..j 

:c]f!l'./il!;;_ Jj,!IJu•lsl. 4 n2..E--"- ,jj·.1c1Jt}cf. 
4) !!!!Jiio] jg)J(-\:- jj!,tJ[i,J ~,[t,4 oJ_'l!,-<],];:: 

:j o] :f,(fljt]-4. 

0,l_>j}>j_o_.;e. :IJ1J9I Mi:k!l:-ll- -11•1>1 i!-1,,,7} 
J lm o] "'Jo] 'll_ jfJj\nl 'E-l:- i!JJl••J ~·i(i(.Je/.\7,~) 

-~ -.}.:u., .::,_ o] t]-o] 'll_ o<j cJ-,Je] Jt\7)C \;' i-}'lJ.-'i 

jE1Jl"l ~,tt % ~4. 
ii]1JR,JiPJj!'-] ~" e_ T-" X~llsol! n]-_,e_;<] 0J,, 

,11 t-i-"l f!l'.fl/i(Value), llrsioiJ-l:- ~a,a;.,tii% -¥1 <.} 

i I! ii!! pg 7)( tl: HU~ 1\'91 1'l! ll: oil nJ- ii '11 ".l .sJ "1 'r 
,11 '<I 2...;e. li!lil!!*ti:, i\!llt,'.>:, !till ncritt, it&. 
IU/J ilil''<ll'.!!11 ?,l:i/lj:. ffl7)(rt!'.J; "c;-¾ ~- + 'il 4-

4. ~--· 

Rance ~·,U:rfr£1 ilil'',li'lU,/i ;'. ,;,i:~f,i(JroWJ(l966 

--67 s!), IE'li\"J;j:i!JJIJJ(l968-74 s!). Mi!tl!I! Ov

erhaul J!Jl(l975-82 's!) ';,! IE'iilf,i(i!IJ!Jl(82 's! 0 ] 

C~).;e. '-1--'f'l-<i "'~ZfY 4 '.1.!4. 1975'1! l~-19 
t2'1! 5~ .<J- 0 JoiJ "'.!AJ.,l '11'11'<1°J. *-"l.!i.4 'l! 
<~i''] "-r 0J nlJ-/H] ~;!,'.'.J(Afi1loj] '11 •J: 'it'J '<I 0J .7,j_ 

,,1- .5c. ½-s}7] i"- 61 'll 4. 
"'-~ o l 7] 7J:c,J 'V. '.;l •i oiJ i-i ><l 4% 2...ss oil i-i 

;:] 7},j £1 >;! % ;'_ lf:t,liPJi£1 ¾'11 •J-oj "1] CL ',I ~o' 

"~ "'i'-'.d 4. 
7)(:Jli!l/f'f-',l;i £] ,rs1J i!li=- il: 1f (o1~·.;,: (DT) "1- t# 

,~CDP);;. '!i."J-s]-.z 'V.c+. 1980'1! 0 1'1:! 4-'1!7J 
};\#7} 3% u:f'i!. cj_ 7,j ;'_ ½7]-5']~;,] oJ: £1 CL"i 
s1 1 .5c. '.1.l 4. '\I. ,ij -l:- 1R·;i,:rJj rt1t11Rtr.,21 1 s-

20% ,+ .sJ "1, 24 1;oi1 '11 •B s! 7J: ~r 28, ooo -<I 7J: 
-''--"- -'r--<l y 4- \rt 4. iF.1i1t.J~·,l,'.(DT)~ "1' 60 
?,.;e.,j SJ' 93,000 -<I 7,} 01 '1- -'\[cf . .::i..Bj ,f jip_1J 

ffll!ilj;\' ifi± 111 "" - 6 2 --
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ft I• Rance 2 ! tilJYf [;! ,l;'.l(t/l'.1980-84) 

Production (GWh: Period (total for the 24 sets)', 
YE"ar ,----- -- --------

Gross Net True IlT RT DP RP 0 Hours 

1980 503 495 485 5, 5 3 0. 28 II 6. 800 
1981 570 56:::! 

i 
500 6; 2 16 0 21 134. 700 

1982 tl07 599 - 5ll 5!• 2 18 0 21 151. 0()0 

1983 610 GO! fi03 5;· 6 17 0. 1 20 255,9110 
]984 609 601 494 5/: 3 18 0 21 : 257,500 

(l00'"c; (98. :re cs1 ,,, ~ I 

(1) Major normal maintenancE:' works: 1976-82. 
(2) Net-.Gross•auxi!iaries: True -cc Net-pumping 

(3) DT-...:. Turbining Basin Sea DP --: Pumping Sea Basin 
RT -Turbining Sea Basin RP-= Pumping Basin Sea 
O--Orifice ~generally Sea Basin) 

ful M·1l!:(RT)]l~ +!~J1k RP:-isU'.t-i:' ?r?r 5°6, 0°b 

.£ T,,zJ¥ 4- 0.i:+;A I %.L). 01~-t M1~mt 
o/J -¥-r::/ ~ -Y~.E -~-7'-~t 1 f6Jj oJ -1A) Of"9 -t 
~BJ--~-~ ~;.'.av :.Ji-C -::] 1;-~ _::._i..i:"4t~°F t,}t:f-. 

Rancel:!J-1}__1:::7} -fc:J:Al 7d.kl] ~ 7J_ tu].9] ~t~ 

lcl] ~-~ Y AJ [JJ-, q1 7J- 8, 000 A) 7t~ ;:J 2".:..9] J!i!J5/i1J 

~1[(5:.. ;<JT-¥-01-A].;~}t~&,]-<ii::" ~ 7]'9½ '5J-tf. 

Orifice mode-&-~ t ;~ql'!Qpg ic:Jt½ 7}~tJ- 1;:§ 

o I ~} "1 :: ,11 9-l ~--"-.5'. ;,k J!i:£1 .x.1l_ >tl .5c. -"l '11 -"

?H "J- •I !'J -~;;;J-fr?c/-½ "i•A.5'. .'?.~I •Ji+. 
'i;l,ll'.li~ 1966 's! 1 :t7l f:&:Clrol:U: 1968 <-;I_~, 

"i ;,114c ¾7}'4':l-"-"1, 1968';!_ 5-6-'d~I ,_;,; 
<tlJ ¾viJ ~'~ME-1 1ilX 1}'7} ~?ctr:::.__ :i ~ o~ \_."~ ~ 

1},;J"1 1974<-;[~J ti06GWh'.;l~'-}. :i 014- ;,) 

;.1r. 

= 

= I 

=-
I I I 
I 

:--J"l I 

--f-------------------------==:--lCC, ·---·-·--· __ . ...__ 
----;-t---;i~---,-----~-------------;,L----'-l\ 

/' l I '',''l':L~il!a..!.:t'::,_...., .-· ----,'/-7,,.L:------'----'------'"--"'(s:-_-____ --=.~~--,-===-------,-,2 
70 

-+---------- -_:_:_:_:,:_:_:._----:_e--·_:-._-•. ,-,-c•_~--__ -_ -: .. ,-_-__ -._,_-_-__ ----,---< O :--r:om:-a.l ope:r:--:1t.;;.o:1 ~ ..,,, • =- • _ 

• I 

I--J'-'--+-+---1----'--------,-------------+ 
' ,-,--,--,----------------------~ 

?.ul':r.ir:~~11 1 ,......,,...., , _,,,..,-- I 
- - ~~--'-

:pr:r ioc~.-----·==- ~~-~"~'-~"~'~ ,- '~"~----,,L-------
,__.-, ; .......... -·-· -
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7] £-] Overhaul <I] ¾oil 7J-±"1 '.\l 9-7)- 1982 >;! 4-
"1 4<] 600GWh½ ,J<>J>i2 '.,l_c}. 97]>1 R 
',1;'.Prr ±'11 ± 01 '>! 0J4'-¾ 't\ '1 % "1 'sl 450-500 
GWh 7a.5ooj 4(11! 9 -%±). 1983-84 ½l_.5osj 01 

%½ 0 ] 97% '1' 51 <>j 1976-82 ½l,.5'-sj 71-94% 
91, ,j_±c,jojc)-. 

-Rance ff,11,P,Jisj ';!7J: "a •l .9.J T'J ;:_ '1k, 2 9)-

7,)_-c}_ oi 71 >1 "r"f-~ 'll ~ "t-l1c"l ¾4 7J-7HJ-zJ

•l 7)- '1!•1J9l 78%½ "l-"1 -t)-.:rr., ¾'tl •1 i= 22%.£. 
, 7 ej *oj ,;!-cJ-i= :,! cj cj-, i~1J&m'.oi]>i i= ';1.li. 

•l-"-1 4-,H \Ui= '11>.loil "l--l1c•l.9.J •1*01 "1"1 
oJ 7J: :<1 >)- "r .5'-'°cJ 9] ;j-oJ 4'-;<,l ~ >J -'j-91 >,j '1j .aj oJ. 

;,].$;1 o] 'ilJ_ i= ~J: <>j 'J >I] -"I 01 '.,l_ 4. 

¾~J bl (Running Cost) 

I) o~?,:l_e](50"a 7]¼) 

2) 4--""1 .!l'T~l 

3) ~] ~ 

4) ~1 ;xJ i,j 

5:, Ja _.tJ-ll1 (Overhead) 

¾~ ,,_J-~"ii"(Amortization) 

1) ,f -I'- ,] 

2; 7J-7f",(J-7--f\ll 

11~ ¾¾(%) 

3. 3 

6.2 

6.6 

2. 6 

3.3 

~I 22.0 

58.5 

19. 5 

~I 78.0 

Rance ~-i!,'.,rr !fUIJ<>1l '4-le- ml,ll/!z!f:i= 4 g 4 
7Jcj-, 

1) Bulb ;,l(Jli · ~~l!t.9.J ~tt '>! JJ!fltijlj.j% 
fit'/~ 4'- '.,l_.2.,9, /$l1J~/ll'.l!li.£.-'1 Bulb .9.] #1 
~17} :9",1-2-s~-;J ~+. 

2; .'~t;t.9.] iffi;,l(!/J!$~~5Hfoil .5o -'}>%~ &~ 
cj ~ '.\l<f, 

3) ~ ,t,:,rr <r'tl €11 sj oil,, .9.J .tt;l;:ililftz:7)- 13. 5 m 

<>11-'i 12. 8 m £. ,toj-;,J. •J:'il, J!llfsi\\lf{L C: ~;iJ_ !i_ 

4 ~ c~-;J 4. 
4) r.ir9 <Ii ¾<>11 <i "-r½ 0J oil cJ-± -½'\l. ¾ T"i 

t1J., 1'1.f~± ~ ~ 0 1 .f- i$WiEfl i'iEi!Gf1_k-C ¾~ 
,ul- fflBhs,t/i~½ TI'.£ .. }>il ~ 4. 

5) R'isliP'[ J:ffi~½ :im.J&tH::- 4 .qif.i::::~Jil~ St~ 

Malo 9)- Dinard 7J:.9.] §itllji itiiNQlltt-~ 40 km 

<>1I >l 7 km£. ,,1:-;.,,_l ~ <f. 
E) Rance fi';[Jifri= ,;,J,ij {i_A,ej rl'll/lJ1~h)ii,li 

)\Ff<IE..£. illl.J'ti',/i/j.£.-'i uij½l_ Or 20~'\l 01,J.el 

~;;} 7~~ol tj-l47.]:c]-. 

<},;! l'fiJ-q} :/!z!l<.5'- \U -ic- :,! :'_ 0)-1-j Ct, 

1J ~-;,rm91, *r~ J::· ri,!E -c•Hl"i ~1'.tr 
'.:: ill\iifcffi.*.2..£ lill~ililh:itlitrl:mM0 1 ")_ ".J s-J <>l 
~,)-. 

2) ~.itfifr.9.J 7.l'"-h':.'<l. ~ibY'!l:: <Ii ¾oil J:: · 
TiiEoil ol] 71 -'I U~ Surge 7} &1'.•JA. 01 :!JI. 
~,'c Computer £.>7 ~,{<:;,l(F~/iief'col '1' 7.f;Jll~ 
li ,\-5'- Wallli-2...£. lliEs-J 7] .5o %cl-. 

f'.ance ~'i!l'f\'ii= o] 0 1 >ii 2 <} tit!/i'-:kfi!\:4' ~if 
<>ii eJ-~J li ~ -¥-~oil '11 ~,i, '11 •l ,~ -2...£. "11 °'151 '.i;! <f. 

19c9 >;! 'itli± ,;Hi 0 1 ~ 1l s-J 'l:l ¾ <li-i:- Suez -fl:
-.J-s17l (*% ~¾.9.J •l'J-<r¾i.'. -¾,iJ)7} >}',}~ 

.9.] 7] <>j oil-', >j -<j-i!};,I 7] .5o ;iJ, oj 'l:l 4. ol <Ii~ 
¾<l:>1 .9.J <>I] ci "l "a•~ ~"a 'll"l- ~ :'. Rance ±'1 

'if'l±½ ,;J,--\l_-.}<>l •ij.£.¾ '11>1loilt.i "1 '>! Clean 
oil i l ;<j "l--'\l. ¾ ,ij '\t;t}i>] i= >,j ;)j "1 oJ .9.] "I o] ~l 
oil!~ 'a ><I "1 °J •ij "1 .5o '.V. '.d 4. -'}"J ¾sl:.kJ oil >i 
.5o Brittany J1!!1i~ 7ij 'l[oj ,,t oJ:aj_ -'<] sj-2...£. oj 

;,j •} 'T'".l ½.9.J ,½oJ:ol ~-2..9' :i '%,.>.] c;; :zj-;,j -2.. 

-"- "1-4'-~ + '.,)_ i= ;,j sj ,ij 'l!>}"il oj i!}.:il.i= Rance 

i$l;J~11l'.M @:~ol .:il."-ro] 'l:l 4. o] ,.>.)-";J ~ :i<!I 

77}-;.JoJ: •ij.5'- o]ol <>Ji>] ;,)-al] .:rr.i>]s-]'l:(,,joJ: ;;!>ii 

"a <Ii ¾oil ~1 £ 0,t ~ 4. 
l'.ance'l!'IJ.±7} 'itli¾ 7ij>I~ <!loJ: €115'- ..2. 

~ •k4i= 'il:'1 ;iJ,,ij "1 ~£. oil ci e<j 7)-:cj o] ;,] ',l 1'( 

'.J.;·j <li¾<>I] Rance±,j'l!;iJ,±oi] <!l•J- ",lc,Joj 

½:c] -'¾-~ c)-. c;;, Rance 8J;1J,±7t 7}% oJ- ,j .:rr. 

~ ,j-, •I "a :<ii"~ o] 4, de Gaulle '11-'8-'ll oj ¾"Fi 

9111'.l-½ ft0]7] #J•ij>7 °J:.;,, -<}";Jo]<f, %; 
0J<I 1:BJ:<f. ;iJ.ail\ll-e- -'J.olJi= "1],ii"~-2...£. >l
'1-·l:.9.J 7]'~<>11-<1 7J 'l,!-.,j;,j;,ioJ:, "a¾o] cj>J

c'c.ij 2 s] 7J -<J-;tj oj :,14 ,<Hl_ oj oj-cJ. ',) c>J ',j !I_ 

0.J_ ~ ,t. .::L~ i -1f-.:.:J "6}~ ~ T~ ol i.}AJ- '.;} 7J of-
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';!_o]cf. 

':l-'-1 71-i~ ll}£l-. 7!fv] Rance r:}-~ t-J:ifl A}CJJ 

-fc Chausey Q, 71\ 'll: 019, Caquot 7} 4±"1 ,}\ 
"l ,:,_,o11 ,J\ rJc ';l !e. li 'it •I- ~., 1-. ajJB ·lHFPl 
EDF -i"c '11 it .5'. -i!."i-'9 •,t~± ;r,l>,p]- 0J (2, SOO 

MWJ-"1 ,J\-ld±1r ¾"11'11 iril-tl-2 ~71 "11-lr:oJI 
J:."~A\-OJoJ1 -r-1 ,,(J.1% ~ f-l~oj <j.E .. :~, ;:rl]~ol 

uj_ 6 5,! ;;! 7J:;<]5c. ~4- .:nj'-1- '\l~-"1 Sev,rn 
ii:JJllll~. "i-'-1-"1--"1 Fundy ;:J; il!l:tr¥#f %21 ;,m 
:t.J'.i;itrJi ,u:'l:01 ~"P~ -"-.£ ..<J "1-"1 'll. ,J\ .:c.'\l 
4'-Sc. ~-½ ;;!0]9-. Rancei$1lJJ~·'1,'.JJi-i"c 11:;l'ioil 

t.-i .::s] 7~ BJ: ¾o Foll Al ~~ .£. ¾- ~-i-- ~ ~ 3!., 7-. \! 
20 'si 7J: &!rJ'.JHl\ :'. ft!liill:t.J ;J'Atoil 5c. ~I ".s-'it "i
_,u; .. ~J%5d <r ~-"-"1, -"l-icsl 2=i1°l 0 f 0r "' 
'l)--'1tl-4. 

Rance o!l-'1 ½ "r ~ :;'. 0 1 4-el '-1-<l- iffi/~~<'11 

M./ttl-i= i'liJJJo!lt.i"i'i1fi!f.£ -<1\£-.i- "il<i-"l'./Ui, 
2-.£.Ai ,:'.:° ~-% ~ "T" 9J. g ½ 0,£ 4- ~ r:+. Jllti+ 
oi'ci"l~i'!;\ol •J"J'ifr 4-"-144"11-'1 ~l'l icy;:;J',lt 
i!,[ij~~ ;'_ <>JI C] 0<] ii!ii/J'"1 P)-tf 7J *"1 ;;l ;<] P,}, cf 7

~ 

~-{,.:.)_~,} 7,1,ii?J]i.]{:- ~4. tj-n,l- #JJ{f:1i}f7t:q1f~ S.. 

~hl: 'l!c ,:i 7 I 'll:o!l ··'1 A '\l s 1- <J- -'j oil '11 '<fr ±A '\l 
7'-7]- "114;-"1 o1 '3 °~-½ -11--"l •I 1Ht ¾ 01 <I-. 

-Pl 5c. -J::rttt it!:t.Jl!f,Ti-½ :.t:Mo!l -lt-t 1-'ll. 

Rance ~:aj_d:: 7.J-.g.. Pilot plant ~ zj_ _..tJ -t}o:1 ¾~ 
7c1 'il-½ 't-1= 71] o]--'r s]-'l)--"~ s]-tj-. 

Rance ~11\'.e)i-1= 0 )-"i .x. ,i] .,,,] oJ]-'1 >ii '11 it cV]

"" iffi;./fl ;,~:t.J~<[)i/j .!U1 Jl.JJ,B'J i'HE0 1 "l, i'ili 
:i.J~,[0-ff-"1 Pioneer .!e.Sj "'i <}oil 7,l_ o] \j-~j 5,l_ 

,:.jo]tj-. 

I. Cotillon. J., La Rance tidal power station review 
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(£<-3)t /lti!!l'#rl,'/f7} *iitl:7Jlj.5'. li!J.i(/lo] s] o; 

:() ~ CJ I 111!.9.I '# fJI ;!<;- .9.1 lt f;i ½ 2l oj ·r .JL :() e-}. 

¥¥ii] .-:i\ 7 j!j,/\)')i.£] 7cJ 4- 1979l!'~fc! ]f!/Jllii\c.\7\ 

J982"f'•oil '=' 1'ir.\ i!1: 1J>iif ::J_ ~ sf O I -tc lj'L\.£1 Jq 

iii-Sc llJelif·cf71 ~I~ 'IJ~'l!if;i\!!IJ.9.1 ~ !!c4 "" c!.t 

cf, 

Lf. >¥ilt'lH!J'll'QI #1/J ~ -~•"'1 
1) l@ci'Jl!ffil: 

ffiil!!'J'i~ '1!1.£1 l@c'l'JJ shif tl'(e+ il' :il't ff' '1tlil:, 

\ 

7, 

···--- - --~ 

--- 1 • 82 

I " " 328 • 323 3151 316 287 -r ' 
? II 407 358 377 364 356 

' II 319 290 289 284 276 

I II 459 338 315 302 302 
oi " .;c 358 266 250 231 217 0 ' 

.5'. 266 245 230 205 192 

Y. 527 595 623 341 348 

>J 878 678 633 603 574 

>J >J 283 188 179 165 162 
7] 320 374 384 270 277 

'\! 177 270 2881 1481 126 

1 4. 3221 3, 925: 3. 8831 3, 229! 3. 111 

. 7 _'fll!'I 1978 ! . 79 I '80 ! 81"T· 82 -. 
. -

I I oJ c:\. A 
7 ~ 

I 2 " 
I 3 " 
I 4 " 
I 5 " 
I 6 " 
! 7 " 
I 8 " 
I 9 " 

,' OJ-~1 2c,J .::r ± ... 
-1- .. •I y 

Jil 

2621 
305 363 

294 329 329 

282 312 363 

280 318 367 

341 373 393 

130 134 129 

275 334 309 

- - 231 
-- -

139 139 136 

46 47 -

210 

354i 
260, 

235: 
457; 
1051 

1981 

203! 

171 

1231 
-1 

22 

27 

25 

1 

4 

24 

31 

11 

3 

6 

4 

21 

19 

21 

2 

0 

6 

114 
--

I 2. 0491 2, 2911 2. 6001 2. 3161 2. 151 

lf.HfhJ\Q, ~'9H't, i'E~A.!a.i·t· ~f(.'1. 'iifoj 

:Ji:I \£1 ~ uf <Jl<-4);:: ~LD. C/11/l!~ .9.1 /, 'I'~ 

WJb shift!!'(;\ cfsfcjJ .:iL 0J cf. f,j;,] :i:liilil-"I f1< 

~ shiftf;.!s!.cf.£. ~LD. CJl[ffio] R)J!J Will shift 

f;:,f Jr+ :;12..?. 0fsf4.2 :()c.f. (Jl<-5)i"" 1980 

IJ:'''-"1 1982l!'~t"l.9.I ::&111 tJllll!!.9.1 fJ)JU Wl!J 

shiltll:;;. 2l"1"r.:iL :().;c,. sf 1982"!'- ~LDll!!.9.1 7i! 

+ 4/l o] 29. 1 shift.ii'. /t!.i\li, 8/l o] 24. 0 shift.ii'. 

Jjl:(;£¾ 7]->\-'iif:::(2.rrj, CJll/lt+6Jl 0 I 41.lshift 

-"- @:,%, 2J'l 0] 27. 2 shift:;. :!\(i/!I;-~- 7] .ji\-'S\oj ,g} 
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(!l-4) 

'78 

'79 

'80 

'81 
. 82 

ll!JIBIJ /l 'l'I!! aaJJ Shiftll! 

&Ji -¥- "I~ >,! I ,1 q I"" 
23.35 ]1.57 20. 21 

30.36 38. 77 22.55 

27. 54 30.06 22.69 

32.09 37. E 25. C6 

26.41 32.9 23. 89; 

·f 

22.97 

27 43 

25 27 
28 92 
25 92 

-- ---·----- - --

<E-5> 1,W.,, C/1111! /lHIJ !UIJ Shiftfl( 

~~1--·1~~-i'~I ~'~~•-J 
1) '/] --=--- ~~-J~ I '82 I . 80 I . 81 I . I 2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

i 24. si 21. 

26. 71 26. 

27. 41 34. 
32. 0 37. 

27. 1, 37. 

33. 1/ 39. 

28. 41 36. 
27. 1 33. 

24. 6 31. 

I 26. 0 26. 

4 

7 

2 

0 

2 

4 

0 

1 

4 

5 

28.3 

25.9 

29.0 

29.11 
26.9 

26. 4f 
24. 7 

24. o1 

26. 3! 
24. s1 

26.0 27. l 

31. 2 34. 7 

35.6 42.l 

24. 1 39.3 

28.8 40.6 

30. 4 38.5 

29.9 42. 1 

43.8 43.8 

27.0 37.6 

30.9 39. sl 
4 21. 2' 26. 7 31. 8 23.5 26. 

1 
I 

_29, 81 _29. 41 26. 8 26. 7! 35. 0 

,3.2 

~7. 2 

,3. 4 

·o. 7 

1.7 
' 

• 
: 
l.l 

:8. 2 

11. l 

13. 5 

12. 7 

!0.9 

J9. 9 

n~ ~1I E4! *11 ~~ ma -----~-------

... . JJ 

(.ll-6) 

~i 'I- -J i oJ al r * .'f_ I ,1 ,;,- I ,J a:-

~ 171. 53l 196. 368 729. 958 197. 6551 131. 866 
'79 231,994 248,555 145,054 280,3181173,212 

. 80 262,337 244,405 214,021 278, ~16i 205,987 

. 81 335, 56 361,446 293,199 332, 8521 264. 790 

'82 329, 421 378, 099i 293, 354 372, 033 267, 578 

l)H' 17. 71 17.8/ 11.61 11.1 19.4 

~cM7} 1£1l_jffio/l ~Joi 5:)-:/fis) ol ';} cfi=- '!1'.!!f-il:-

0,J- 4"7t ~l ct, 'E-.J 1981\L'i'."f J982l!'.el 21'!'.J 

~llJ shiltt'(7} 7~ :'_ r,1.g. ¥,J~Ji!:o] 1981lJ'clcf 

7i -c.H::.- -3! "~- E] o] 1}-t:l-, 

2) :!1{;,:'.«!f.!' 

ll!~"'lt~;'t91 iii>::'_ _ll','/i!)JIJ_,,_ -"'-~I '1':! 

cf% <tz-6)7} 7J ct, :-t:rilii", 4l!'r., 4'±'.J 41. 6% 

91 'l ~- Jii!J;n;\,s~ cloj ~-2.u\, i)!f·J-i'lffi:'. 17.1% 

91 Jl'l!Jii-'t' ~ -"'- 0 1 _31_ Jj_0 _nj i':,lll /i!'i!!!EI lfJ:Y;.\' 

ft:'_ 1982\f'EI 7,1 '/- 26THI __o3_ lf-'f'J:j 19. 4% 

~ if}JJUO~i::" jj__Q __ 'i_ qE~~t:-~. 

('t/;-7) :'_ '&LW, L:Jiili!'91 1980, 1981, 1982\j'E] 

(.ll-7) ~W... C/llill ~JUI]. /l 81] l'l'• (·HI , ~1) 

I 206,290 

2 220,489 

3 233,201 

4 316,096 

5 235,689 

6 302,700 

7 281,927 

8 250,4 

9 262,187 

IO 282,074 

' 2-!5,928 11 

12 304, 6751 
-·----··- -----~I 

'a ,_ 621, 8551 

288 

___ "_J:_ I __ -.--"ll -\1. 

_ _'_Bl __ _I __ _'82 _ ! ___ · ~ ---~'~_I __ -· '82 

303,674 

291,270 

334,750 

375, eB3 

353,586 

330,€45 

259,€32 

332, /,02 

311,809 192, 166 322, 0561 

294, 664 258, 055 306, 679 

330, 774 255, 110 397,803 

329, 528 202, 561 353, 386 

337, 192 222,307 378, 3511 
297, 4751 275. 698 350,620 

346, 245 264, 406 366, 944 

321, 6961 265,910 384, 08 

365, 2041 243,621 353, 1391 
345, 588 283, 106 384, 098 

305,235: 247,402 334, 4nl 

384, 9021 225, 882 366, 94~ 

313,508 

310,678 

358,983 

337,240 

378,435 

495.337 

327,853 

335,445 

416,338 

405,415 

393,394 

449,952 
---

335, mo! ----~---------
330, 4751 246, 760[ 357, 388[ 375,166 

- 2 7 --



•• 
(.!l.-8) 

~t 
I 

-l'- "c -'l- -\i-

T .£] ! 

"11 1 " -'I 423,801 253,920 -,:: 

" 2 " 596,516 260,460 

" 3 " 264,701 200,813 

" 4 " 573,210 412,602 

i' ,, 370,513 708,816 

oJ s - 393,480 ,, >J 236,850 -

" ".I: T xJ - 179,518 

"I ·1 - 355,230 

J'HJU 1~#,,"i1J}l1(l\- L}Ef'J! ::.l~-"-'i '\i'ilJ/l!'£I 

7cJ 4- 1982"f.£I ZJ'l Oil 295 H1, 12R oil 385f-~HI 

!\'£Al -:l:-cl2 ~_o_uj, tlillll!t 198211' 6fl!!I 
0-1' 5Q~$J£I ,, t !\',CA~ Pl-"- 5l.<>i'-i 'f''/frira1 

/l!'i!l!ra,•11 -;'L ;,;,')1\7} Lf"fL}.:iJ .. S)~cj ¥i"I ~[[! 

.2J '\J4- (c&-8)0ij>j _ll_2 Df9}{;"•'1 J1)fir15JIJ ::/,; 

1'1[5JIJ i'i1':9l :f'./t;} _ll_ 0 ].v. 'J."i 21\1¥.lief 41\l:lfi 

1}£1 '\I .q. )lt.j\ji)llj_,_ hlii~ 25/ls;~I 'i 'i El ljl(}\.EI 

Ji';,\!,7} lliFHl-"- ';J <>I ±i;lJillil •JH/J I\· tHb 0 I ,: 

A] U..:il- Sl-'c J,Q Hkot _:,j] A-j t Po9m,~-6-ii.. ¾t~ 

~JL :U~}. 

Ill' il'l1Hll c\'f "'I 1'i ©: t "I' i!1' 3c /!!H 2 I , I i:J< :,t , I 

2, :,! o] o}L-] et iJ&J/il7} '»feEI 'JlHUf 71 El- ~I 

'll: ~;;/'.l!t!iH ~!f.,-f"l i:l<'.iE frif,sf2 :;'lti/'¾:t'l 

$.oJ! 9-ej. i:J<)E5J cf, o] :;cl t >1!,'1,!" J;\;,jq',lj/'l: '/i". 

{i'F} :;'ltii'¾:tU:tE] 'fiJil'~ 'l! 'l'i'J!ll~e} "1rl5t't-"- #I 

~-'171 uJ!~o]c}. 

.:i"ic+ :fJ/. M!l,\ffliliU2 A:/Jfe#l cJ-'I½ :!$;$ 

:iJ-

Cr,l~l: s~) 
·-·- - . o, ¾ 

I 

c 
3L 

I 
o, "I 

i' 7] 'a d::. 

242.602 244,460 83,438 -
241 747 276,031 - 307,649 

246 050 - - -
274 073 - 120,685 259,459 

- - 64,253 -
- - - -
- - - -

283 285 -- - -
- - - -

tf '1 J~,£~1 H4H:- :\ls~~-"- "l"i hilf 1iJ:sl 

~ •I 0! ~"'I 7
~ 'f il!i'l!./illi~';tM,£1 ~/Jilit, JJtf'c 

{t ili1 n S>.] Container Pallet Ro-Ro System, Lo-Lo 

System -§-_o_ "· ,J 21 .'i'.-2 fi/fl\';7f 1{11 tpl tltA'I 

-" 5/ 2 HJ;iJ1°1J 1] 2 ~llttit,! l111-&-& litf.'!;-.1 ~ 

/,} t4' 0 I cl e.f;tj of ~}tf.:iL ~f"1 1!1f<~c0-lta!,\S 

,111c;1,01 1hffQH$:ol ''/}~.i'fEI ~Mli2 $:l!:1111 

H\11 ~}71 •~~~ 0 1I W'J<EI ,j[ JJ1/,i 0 I Cj.'c. f'j'i!,'4 

~I oc[cfoi 11'/)i,0~ glJ:4\'I ~•,t,Jcf. (;\;·9)-fc 

19''71H' cj 1983"1'-'71<1 £1 :/iljf,l'f-+4\ 'll l:$ ~ L} 

sf !12 9Jcf. 

• .!1. ·9> ?,lHUl>l'~ IJ:"1 

'1 -"- I ' 771 ' ~sl · 791 ~of • 81/ • 821 • 83 

1.; _1m ¥(%) 1 21JI_ 2j_ 221 2zl~31 rnf~.8 

-'. :& -1 0) t -'i': liiH!II jJj i1'l ff '\"i 1&) /l'i J: JI·$ £- L} E f 

,~ :;c1_o _ _;;,_ 1\lfiltH'i,l,;ll:$0 1 1&1/l'il:c>Pi,1.l'.cf -'it 

o] Jfi''.iE-',l }! ~- oJ -?- 9J t}. 

<.!l.-10) l!J ii J: :Ill- '1' 

'" It' 1 • 77 I · 78 I · 79 I · 80 r· 81 / • 82 

~11r.J It:l I 10. 1/ 14. 41 18 31 28. 71 21.3/ 7. 3 

- 2 8 -
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i!i!l!!IJ!i51i.9J f(sil7.klll<+ ~]EB\7] 1] &loj f 

1ll-lt.9J 1'..lt$1: ,l',tlm;lll.ft ~ :sf~. t:.J I l!l!i611 '.Jfliil: 

~l'.::l-lc-"f ~~/!EJ 7iJ +ic- ~!il'-11 EJ <J>!J!i-,9;- 'f' 

¥. iblf if"f(-l=- 19if'--"-""- 1r,i; a 11:-l=- ~r-1° 1 rn 

" :&'rdl 0 1 7 • .? .. Iii!lJ, 21'-.lio 25EI fl',i,tlic- 3 

(.li-11) 

•• :II 

--"--"- \.,1 •f ,te-f. fe~ll¥rdJ,9;- lliflll 91,1.r",, ~r.fl 1 

lf.¥F.fl IHt~H 'l1~1 it 211~r-1 fl:~tlaj BH'-

1 it 8. s~r.ll f1''$~lic- 01--"--"- cf •I :cl:•+. cE 'l1 

1 E3 11'~11" !/!'f{,9;- l!lflll 0 J 7, 987•d. ilir"9°J 7, 799 

'1l ~ 'll--"- Jl o-J 'll'il:1 'it- l!lll,ifPtfH 143, 766-1;1 

Zfl!ll/1'!//<0 ] 54, 593~__<,_s_ ¾ 198, 359-1;1__<,_s_ '-+ 
•f ;d:e-f, 

~ 
-7-j .. ;-1-".l 'J 7• '.i 'i' 7-1-".l -"I,, 4".l-'- 'll 

~ -2--l'-\l-r . 1 --;,,, !~ 7,1: - -1'~~l i of 7J T 7J I °F 7l 

~ .. j -...._ -'/-,:~; o]M /-1-A I oj.;;J /--¥-'I- I ol.:::-l -1-4 / o]i-i / -1-4 Io)~ -';1-{/.. I oJ'il / -1-4 / o]:<J 't! ' '-......_ 1 • I t..=. ,_ ,_ L; '--" CO. _ 1... L. ,. ~ ,_ C.:. I L'. ",.,;. '- I <-- ,_ • C.:. L. ,_ 

21~30 I 5 I 16[ 6 11' ! 10 I 9,000 19.857 
31~40 11 6 11 isl € s 9 10 1 9 9,999: s. 096 s. 332 s. 143 

41 ~50 15 12 18, 14 7 7 9 10 7 9 8, 628/ 8,083 9,073 8,520 

51~60 20 18 171 16 6 7 9 11 6 9 8,50618,628 8,417 9,084 
6!S)oj 7J 30 H 19 10 S 7 8 11 6 114,813 9,000 5,37511,300 

1 -i- I 19 11/ 1sJ 151 1/ 1/ 91 11/ 11 10/ 1. 9871 s. 561/ 1. 79919. 381 

<.li-12) 

'ii? ·r 11 hf(!) uJ¾ I '11'\l(I) •I¾ i '.i -ilc •I i- I E.P.8(2)"11'· ! .x.H3) si¾ 

--;,-
0J / 334, 5671 100. o/ 311, 150

1 
100. ol 321, 915/ 100. o/ 349,114 _ -~O-_<J\ 

-!.-,..~~ -,J -

1 

;60. 705
1 

77. 9I ~81. 630,

1 

88. 6

1

268. 9821 82. o/ 280. 755! 80. 4: 
2. ,1 Lf(4) 73,8621 22.J 36,120 11.4 58,9331 18.0j 68,419 19.61 

---~ 
,1 -;; I 331, 682/ 100. o; 310, 6341 100. o/ 323, 35~ 100. o/ 279,428 JOO. o/ 494, 906/ 100. o 

1. .,(~ 

2. T 
3 . ..'ii!. 

4. :;:1] 

"1· 

46. 9 144, 272[ 44. 61 105, 47S 37. 71 166,170 33. 6 

22,853 6. 9' 41,282 13. 3 30,143 9. 31 31,384 II. 2• 117,788 23. 8 

48, 792 14. 7/ 31, 757 JO. 2 42,054 13. 01 30, 72( II. o( 60, 781 12. 3 

143,346 43. 2 145, 686 

•I I 26, 193i 7. 9/ 24,622 7. 9 25,572 7. 9, 21, 69( 7. 8·1 36,598 7. 4 

5. 9] -"- 'I' 'I "' I 25,512, 7. 7, 25,204 8. I 25,390 7. 9 20, 77( 7. 4 31,365 6. 3 

6. ¾ c·f i} 16, 9121 5. i' 13,039 4. 21 15,386 4. s' 19,306 6. 9, 30,661 6.1 

7. 7J__ ": 48, 064\ ~: 51 29, OB ____ 9_.~3_4_o._s_40~_12_.-'51_5o_._o_79~_1_ 1_. 9! __ 51_. _54_3 __ 1_0._4 

43 42 

i!,J ?!_· 7 ~ -.\·· ·{- 5. I 5. 1 5.3 4.4 5.0 

Jt u 1983. s ·'i 7--1:..y:.:J 41-'J .,Uill.:t.4 
2) 7J ii[ 7( j! !;J -~- 71! ~ _ii. 1983. 6 (SJ! ~-'f-7) "-J ~.!fa~ 7tAl T7J) 
3) .!ic..~--t.~%o-J"3 SJ] ':I..·Y-:zr J1~ -'ill] 11 l 
4) 7jEot9J -?-"'~{- o/;,:~11~'c!-il- Y·'tl 1:ot 0J5-1 -'r·'U¾.2-/ i};IJ] 

-2 9 -
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... Jf ------ -~ ~ - -------~ .. --- ---

(li-13) ililt9f~'l'9.I !l 'l'!!J9f• 

cj s_ 1977 '78 '79 '80 I '81 '82 '83 
I 

cJ1,,:1,j{;-7f%(%) I 
201 301 

201 22~231 
131 

-101 
4. 8 

• ifa y 0~ i}(~) 91,800 117,420 169, 4161 176,611 236,220 259,842 272,314 

t:I I li'1P1 1 +~ ~l!l'i-t- '11¥ iblllffl:,f lllf 

ft~ El ti:-2- l!l:r,IJ 0 1 15 B, ttrJJ 7 ll-"'- 1}',t'\l .,,-

22 B f'i'!li'<~f ~ ?.! ~-"'- 1.-f sf \J: cf. f'f.Jllllifrdl~ :II 

1ellfe;\,; 0 J llila'1.!l, til1.llfi=Ji; 0 I IOl!#F"1 ~l.l!'-"'- 1lc 

·.t '\I :t 2351lif1dl fi:Ji\:4"1 tf-'PJ it 10~111,'ira1 

ff;\,;crf~ ?.!~-"'- 1.-fsf1.-fjj_ ;Jcf. 1D /'r'Ji;'i;; l!jlj 

.ll:~ i!lFe!JftJ{; 0 \ 8, 561-'-d, t~'rdJff.;/'; 0 i 9, 381"d ~

'l! .iL ;J~uj ,hl: "a ·'it l!lre1fe;/'; 0 i 128, 4ll •d. 

&re!lft!l: 0 1 65,667$d~-"'- -¼ 194,082"d~-"- if 

sf ';;l: cf. (£-11 W!!!i) 

0 Ii- 1iftl j£i-lJ, t:J I 111!.eJ 9Jfili1't 'Ur~9.I 

£ l,'tf(7f '1 ~ l\l(A:ef .s<:tll.eJ f'J~% czf>,1 ti 

.'l';'i, <Jl<-12)"-f 7.-!A. l\l(Affilr,.eJ 71l.+ j£i-lJfft 

'J1¥&i"i l&Arr ;,js:A/3/ii~ :'_ 77. 9%, t:Jlll!H, 88. 

6% SC 2jiLJ 82. 0% >fC<l tf.iL \I i=c ;! ~-"'- 1.-f sf ';;l: 

~c1. J<:Hlllllr1~ 3£0.1, Lll\9.I 'f'±'.JJ<:til~~ 

323, 357"d~:,_ 01 t· ft!t:7f 44. 6%3'. 7f'\J- 'cl~ 

n\, ~fIJ!U)- 13. 0% 1.-f sf \J:'-f. ~;;l!J!:JlJJlic.ej czf 

,;;_oi] .eJ "e's! :i'dl:7f 37. 7%, {U&Jti!!\'/,l:7f 11. 2 

%.'!.. 1.-fsf';;J:-~oj 'l'Htoi\ "i .s:. ft'll:7f 33. 6%, !1 

h1 Jt:l/\:/'i' 23, 8%, :t1.ff'1l: 12. 3% ~- cf sf ,Jcf. 

lfrl!:llU .if;:ltl~Hl,-l'i .eJ Jl 1'±'.J '.'Zfe-ll "J"i .'I. •cl 

<J.i-13)0'). ;£61 '-H'.i':'.J 19. 8%91 .tY/-J!.l%- .'1. 0 1 

cc.~ ]i.Ll1l1! W-:uUJ!lijM "1--~ 1H½'lf.eJ ~JE 

:,l';,zQJ 1!~('4Ml.ll':i)oJI <j 'i. 19811:f'. llfl ;lj;!f, 

. 0 o_ -: 0 1 "i. 221, ooo•J :: t•,J!fsf:,J,.".•i .,:[';';!'}} 

s'!l "Pi ~i't1lc 1982,lj'. 5Jl .eJ :'i':l,lill!JIJif!l.lJU ZJiJ:'.,:11( 

:;i,. !<:- (,l:-14>oJl-'i .'l \:! /1l'jljl,#/f!l.7f JJ 'f'.t\J'!>}'.ffi: 
0 ] 242, 081~~5'. '-1-ef,ltf. 

(li-14) iE• •-~IJ 'l!'lllA9.I Jl '!'!!;J9f. 
=-=.==-:- - --

r *I ~ i:- .X.1! I i'- {{- ' .;J.j ~1"--'::c...°,--l 
I --- --- -

-~ s_ 350, 7821 ti oij I 295,665 

'1 0 152,218 •f ·~ 204,282 ,r 

31: {! 313, 0621 
.c 4 2-13, 908 " 

'" '1 261,772 ~ .,;J 211,300 "' •I ,1 424, 012I sf "· -! 327,048 0 

4- ,,! 332,654 'cl v 2\0, 922 

"O"J 0 242,081 -'1! .ig- 277,629 "' ,, 
~ 482,293 

'ii' % 284,584 "a -e 261,434 

t.1i /al J;i; :$: 1:. J I '111-2 -½' ~-ll'-11 ~ t!J Ml 't' ,ic .A. .eJ 

1\1.Altl!,\·il:- *cfcj 11:ill~fcj cf g <*·15>2f "' 

0 1 272, 000"d ¾ }'l:'.@tl'.d, cf. 

<li-15) iiilt9ff9i'l'9.I •*1:tt• 
i'- * ,1 ~- c~ ,g •I ui 

u >J 331, 6821 271. 979 T 

oJ ;;;J 310,634 254, 720 

",j ,;. 323,357 265, 153 

cl~l'i'Vd 277,428 229,131 

1', /l!1'0 ft-f .iL%.eJ ~Hll:/l:%'Jl!l9.\ r"9l'.l!'41 ~ 

0Jr,;sl.iL ;J~41'/ftl :i.JIJ, t:111.eJ 1-+¾ 'I'{,

~_;;_ ~~:/l:1'U/1l.eJ r"~J!ll'41%- -J"i _,;_7] _?_ ~cf. 

'll 1'1i ~ ii 1-€:- "It .fJ5 ~7 f iQ :T.li lJU-"- ~" 11!' s I "1 ~ 
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7] rr1j -~ 0 11 :tf,l~Jjl!,1-"j ~~~;&7} >J 7] JL fuJ-t l 

ITJ1N"t-"- 'l"'l i!t.Sc ,it,1'l!r,IJ-"-I ~~ ;(:'% ls_ -'l 0 i 

-"- .::Ll-f"f j!i;i,:-"-1 .!'.ft¾ MtJ·!;cf7J fl '\1 '»fJ51,· 

-"1 ~1il!fo1 Jlii]ljjf.JJ-"1 ttJlbol '.lil:b1."1 ,] U-"- '.U 0 1 

~!)I'll' r,f;/!l<>I] FoiJ!.!11\1°] l(jjj'\£J JL 'i_/ cf. 

x~ ll!~Bi'IE-1 7i!+ ',l,j 8is'/r"1 fl:Jt',:J/,:/fU,_ 

-"- B'ili 9, 840-'d (411#FJJ *iiil 4, 920-'d, 411//-/L11'-Lc 

9, 840•dl 0 I xMl'i"'- '.U-"-'+ '.111:ll\'\n,_o__'C_ 1ti''fi'tt 

ol 1,-7I "11-lf-<>1I __2_-clel #~oil Jt,11 0.1-:H 'I 

cf~ JISJ_;;,_ ff_l;\e-"j ,\,c,;i]!,Jl}{kol •:&faiSl-:iL J/ r), 

'£Cf-;'- ]!:'!\';,-.} !/!-~,"iflJ/!l J::.9.J Fu1i!ril'.\ ;'_ ~y(!j,lj 

-"- '»cll)-1'i7f ~crli"i o-1 'iJ7J ·-'II ~~011 •~it-"-1 if\J•/1 

tt,f mt~tt-0 __ 'C_ '1J cfoj ''iHJ,1'i7f ·~ 1-i 0 11 ,r;Jc 

'f1'tifl'i-"1 /i!i/ll 0 1 sf ;;;l--"~ <>f :;V,2_\f U Ulf:'l}f%./f-f

£_~ 'ii +7f ~!t_-,fjj_ '.U o-1 :tlltlilFo1-"1 #:i!iE-1 r1a 
.&-;;- 7J>J 717]71] '\:):cf. 

C! I l/l!E-1 7il + 11:ll\'\s',-"--~- !ll(A' I 1ii_1 I I ".lo/ill 

'lf__l!_cf -'li- ;>_ ,tt 0 1 af 82"!'.9.I 38/J);<d, 831!'--"-I so,~, 

"d ( B 2F Jt,g !&A) E.1 !&A% -£- c I -"- 'iJ o-1 °1 -'=- ~ 

_I_ 'i<?E'-.l 't);t;% '\l "'f 'i_/11I 01 o-1 J, :IJft:t r 
;lie{- ,<cJl!Bfi=- f)!)lkol ,M!.[(jSJ 3L J1 of_ o]-?,! g_ 

AJJ~l:fl:.Ji< ;>_ 'i'l'~'tlfi!i.Sc \.1--"- 1"P-i1'£~ 1 
-"-9 j;:!!'1~1!\'l\it!tlj;\.Sc -'./;of ,-Ci!li'tfJL '.lJ7] ~ 

-5'-_<,_s._ .~. *31--".l cf• 

lli'll'!/ill111J}!'Jl'/'i ,Le 1?til I jjlj 'lo/J!WJ :;;:, ill J] · A JJ 

fFJl<lVi,\, !'-i'll'fc.JI< :,i, Jl'.19i'!l'Fft ~ -~ lltlfx:_,;c_ 

:Jf.t±J3l'./:!ic- "}, .:i -.tfrk[- !l':! ':;!•fl-~- '9"1itf.1J. 

,lHl!JU o/JJ~w: 5' I J jjijiJli,tii·r1-"1 ffli.il\11. ,,-,, ?_ '" 

'l',(!fft -,,1 "'~' t<H,t\ft9.I m~ 'J.l ,q:mJJ!J, ,·,:, 11 lJ1J 

ii-Jl<tJtlll'illiJ ~Mft_sl J!!~-11- /Ellt'"J:ci. "171 <i 

"f)_[jjl] ~flt\lt.9.] ffi~-2 '.d(i1£~:l't'\:r j;!;)lc ls_ ±: 
#J_?_ Jti'll'Bfoj &f/t)Jlj_c;_ ~t!,ftll,\-~ :\7-W·iif'.I:! cf 

-'II •fl _'C_ lQ tE-"1 ,,b ll )Jij, fr:lliJltJll'i)J!J 7g(Gang)'iil 

l'-i'll'ii;!lr:Jit 'a! '.li{fTr'l\:A~ ¾ 11:fuM"1 °I -;.i-1 

f'F;!lr:f&Jll'ill!J rr§l<:li!: 'tl'!il'Iifr'll'FAi ~tHsfoj fl 

20 El , 25 EL?_ fr-JI, 'd 7il + _c;_ [l_! :5)-t l oj ".,/: t!M :I:! 

~f. <½-16> ;}3'_. 

(.li-16) i:~. t::Jlli!i2-\ <!'ll'.g1J ;liE'9f9i'iftl: 

1985 

-~-------·- - --~ 

I :"__ 1J1 i L 

J. __ 240shi_(tj __ 300shiftl 240shift. 
I 

2,858 2,287 I, 996 

ill 

300shift 

1,596 

!986 3,002 2,402 1.99!' 1,593 

1991 3,411 _!_·!= - ?~:i _2,~3 

,;l-.) 240shift~ Jj 20",l ;,j ,i_, :rnoshilt,_- Jj 25C::l 

_:.uj \f oj 7J "19.) AH;: !JI-ti t0ili"'i-"- ;di=

{JiJJXl-$~J::E.1 ±J:.itJll'i-lt i,i,;jt_-;__c;_ Jl-W 5.l -?ii 0 1 

7] nil ch'-oJI i\!VKE-1 1,lit,i,:ft$-"1 ~!Ji.<i l.itil'liE-1 :'i( 

,,~jL-'L '11'.lti'i-'I J/i'li!AA-fc- _l).tJj({i-'lLI "d 'j '1 

t )\.~.2_.s_ t1EJE'ti. -J! _si __ ~ it:. N-'iJ Lr. 
0 Je.f,;J-;>_ 7}Jl~E-I ti:Wt 'Ll-"--"- /){~"1-2 

'/iiffiliftoil ;d ,-1 'I .ej 1,,1:_-;__c;_,cJ E-1 JtH 0 I '\! 7" 

7] J-77fe<I ldJ11'+-Pl:·t1-"-1 tnll:-~ qJ '\1 ~:iE~fl) 

'II· Jl-11:ii/i!f'i'>'f _-,_ is!f!d&½ _1f1l1, C!IIE.1 2/@ II! 

c1o'J f,!B\oj "J-"i__l!_~cf. 

/4l'1'!1,;1111Li'/'.f.tE.1 l¼il':ii=- -/cH11itU. /ill t, I/} 

l,5./:1-'.,--'I ,~/1·011711 ttr,J-¥U.Ji0I -'\! '::'·0J 0f\]i-'f 
1U•'H19I JJU1i-:'t qi%.} i!!iiE'i}fllll-"-1 'l'l-11:1-& 1'tr11 

11r,UI '/l\'ill!ft91 -iif,fE-1 J);~•, 0 1 '\I 4' J.l-"-"1 

9HIL~- cfoj-;J- 'i}l,bh-'I ;/HH!\li:i~- inJl<l"l-2 

cf\f£] Tf!1°I 0J "(- :Jc]. 
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1J 7f3'.ic-lc 0J"il 01 •J.Sc. \J-'t!:<>11 ~VHl 11 <-t"t-"
+ qj £ 0J -:,J 7f _±_ !e. 11 '4 7\ IS} 54 7H 9.1 31-.g. ,jj ½ 

£ 'r'.i"1~ '.Uct. 'li -l\<<l'lPH, 620.Zknl.s'. 0 l'>f 
9.1 •17'f"'-rfr<-+ "!¾m 'E!-'1"1 "ix~ 1£-"-i 31-.g. 
"s-7fo\y- 7d'i\"'1.g- "\.ill.'1 oJsj £1~ '.(/cf. l oJ'e/ 
··~

0JS:.~CG.>iP )~£ .ii.ill~ mi ~ 7 t-£.~"2 .::z_ef 

•)16, ~)l\1 ~l, .¥_.5_.f-7J, -'fi---9-- J.jOJe,!\E_ ~Ct ~A{ 

uj 1983 \1 S:.. 0H ~c.- t1] fi11 22 -'fl ~ 7] ~ ·&} 9j Lt ( UE 

1 J ~ .±). 
1J 7}~~~ ¢~-it-, ?J~7}.:'.'.'::., ~%1. %9..! 'tl_o,_1 

/4~-'tl 6/ 7-/ .9.j ~ 7/ a:l/ ,!""oJ/ {'- _.£. t1- ~ i:! trti--F-.M: 
(coastal zone)-t 0 1¾t}61 8"tl-g·, 1l- 1tl, ~-'j, "J. 
<!J-T"Cj, <4-R--11~1. ,A__:j%Al4% 7J±_<:e,j %011 9.-/.:e
ii}.2 'V..£.9, ,';Jqj~_ ·~~1;-,AJAJ.:>Jj (GDP) U]-i-i

_\2_~ T~'tl~ Ji1%, %,'-Jetj¾ ~1tl: ~t-11-¼,..(~,.,_J-oJJ 
(GDP)o\ AJ~]ajJ9.j ~ 40%~ ;t,~*if}.11.. ,Vq 

([.ll.21 1/±J. -l/7f±-~9.I %- il¾-ls-"'i.g- sff· 
JOO 'lM'l!!-"- ¾'61:!3!/ 3'eJ\2- 'f!-<>11 o\ ~ '1\ 'i) 3 QJ 
oil '1jcJ£1nj, o]-lc ,;J7f.\'..<e. 0J,] '1]±'\l % O} 

33 %~ *~A[tit.31. ';Uc+. ~-¼.it!~ AJ°i;h'?- T~ 'ti 
oi\-"J B].ill.'1! ¼ n1J %- -?-'lJ 0~9.j Sf 28%%, ",'
½"'19.J Sf 25%½ 1Ji>f.:il. '.(/.9_nj, 4-.R. 4- 0J"s-_<e_ 
s,.-\c ,'-f--\'-C\ ~fe.fe]of, 4'-~]o].s,'l!cilo]•J.'i'.9] r 

'].:il., 'r.R. 4-½'>f-".£-\c 'l!-1'-, 'ltci]oJ,qo1, ¼¾ 
fj r-"-.SS o\½ "s-7f.2./-.Q.J .ill."'f'l/.g. 1i>I\ -'I¾¾ 
jl"'f'l/91 Sf 50% 7,J.Sc.½ 11¾ .. f.:il. '.(/t't. 

-lj7f3'_.!e_-lc <,j-Jl--'1J:.;1 AJ'\1-"f '1JOJ -'1J:.;1AJ'\I.Q.j 
,e.g. "i'i--"--"- oJSfoj 'll¾J!\ ~aJ-l,-0(<>11-'I "141'-'I 

'l '!Mi% 0I-'i-'11 ~-"-"1, ~. ½•J -t!-'J\-'lf-"--"
' I .ill. "11 ¾ '11 •I .al -'II 2 !/l -"-1 'd"'?-<>11 "11 'i<'li 115'. 
"-• 'l!.% ~-"'- '1i e.f_t 400 "1 o]-'J9j >;!"-to] 7] 

·ffci'~:il. ,V..£.9 uij 1Q~tI~t:+ 'ti<t./'"i -½""J<tt 78.£ 
,9,y 7~i51 %, J.-lOJ -'f-~9:1 _ill_~~~~% 4'1t,} 
E. ;{l c~. 

0 ~71Al-t- t!~-~ ::i,.t J,i:'~+•t::l- -~Ell 0 l'--i,<.JQj ~ 

,~. rH2J '11-,\'-'§"i"'I, •H-•J 'f 1'/-'J, .o/%".:!"i 
•lf"i- -.f~'l/. -'.:!-1:1:il.% ~ Ell %21 i:"''-"" -ll 7f.£:,e _ 
~ sj ¾'t!-'J% 1t>'I -"- 7).§s ~cf. 

,;i 7f±..£91 ~n\-eJ-€c 19831'!£<>11 ~1,1 13 

$1 oil "11 'J !SI 'Ji-"- <-t 'ti >I -le -'I\ "ii 15 -$1 oil '11 cJ !Si 
t- c:! -"--" + -ll ssJ 1 V ct. 1984 lo 12 ~ 31 'li 
7]½-"--"' ¾ '1i %-£1--'.:! "1'-€c %- 1, 5.)5 -'1"11 Sf 
686 u,__:"¾~_Q__£ -'f=-ifS:/o:j, of -?-;t/-½ 1983'd£ 

4-sl•l "I-"'~ ~I t!"-t-r<>il '.U~"1-tc 10. 8%71 
c/.±Sf~-"-"1, '3"',,"-,'.-<>il'1-e 3.9%7f '({.±~ ,! 

..£.§_ 1-tftX(t:~((_R3) -1}±). Ajl!f-f-"ff-'f! ¾..¥_~ 



'\1.,+~•l"i' 0 HEEZJ 
°a all 

200 '11 ,, 

12'11"1 
149 -'?-I EE Z s'!"PI ~!al -;c.il 

¼ ~A/•E{~ 

~OJ,<{!_ 2_,/0j 

620.2 ,,; (-!'-~ : E701<n1, 54 ~ : 50.2knl) 

13!. 5 km 

¾"J-i'-
.>r.%7f-,, 0J'/-'li-( 15-64 SI) 

kid' eg- "JT "'.d.£ 
I 0J'i! GNP 

25/J 0J'li ( 198.'J 11, 

67 Sb 

4,032 

6,620 Itel 
,1-f±7,j ( 1984) 7 1-t: 30.8°C(,JR), 24.0°C(,J-'J), 'll"ifc.x.: 74~. 'l!'li 'li±'l 7J 5.1'1 

7J, [:- 7J--9--<'J: 2,687mm 

Ali: 1. .Development Academy of the Philippim·s, Asean National Maritime Interests: A Comparative 

Analysis, Vol.[H(S1ngapore), 1001 (numeo). 

2. Yearbook of Statistics, Singapore 19&J / 85. Department of Statistics, Smgapore 1005. 

0. Information Division, Mimstry of Comrnunicat1ons and lnformut1on, Singapore Facts and 

Pictures 1985. 

4. World Development Heport 1005, Oxfor:l University Press, '.'J. Y,, 198..S. 

~I ± 
0
" --~ -~~

6i-· 
4' 04 I 33.0 
;,;~11.-?-%. Al°iojl~ I 13.8 

L970 ]983 

18. 3 18. 2 

29. 5 2L 7 
IL 4 18.8 

-11'..%, .g AJ: {{.5 13, 7 19.9 

'-fl 2s. 1 7/ 26. I 2L 4 
---~--

~t.li.: .Singapore Rconomic Development Boan , 
'l!~l.l'_.il-"I 198.'J/ 84, p, 4. 

"'~"-.'i,~-+-~ '1_"'._~ i -
1915 1.356 I 
1976 1,580 

1977 1, 780 

1978 1. 742 

1979 1, 58.3 
1980 1. 552 

1981 1,682 

1982 I. 780 

1983 1, 743 

1984 1.555 

'L ~+ __ _ 
6,224,738 

6,675,225 

7,514,330 

7,959,051 

7,689,900 
7,419,811 

7,776,585 

7,730,808 

7, 140,014 

6,864,207 

;r;Hi.: Marine Department Annual Report 11J84, 
Republic of Sin~apore. 
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1'l (dumb) t1J.or~J 

71 '-l 

30,814 

11 75,370 

I 1,244 

74 I, 861. 162 

2 ! 84,290 

7 77,566 
2 ' 

48 i 

, 24, I 

14 
· 16'/ I 
I 48 

5 

715 

102 

53,798 

621. 754 

1,475,221 

2, 141 

34,883 
7,895 

3,994 

513,168 

44,840 

'1% 

28.53 

0.44 

L U9 

0.02 

27. 11 

1.23 
l.13 
0. 78 

9.00 

2!.49 

0,03 

0,51 

0. 12 

0.06 

7.47 

0,65 -----~~~~~-~---~-
Ai .li : Marine Department Annual Report 

Republic of Singapore. 
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5'*9) A,jt!{o).R \.,t°i?:J L'/3-C ~~ 0J _{::{l--2-j 

-t:1'4%.s'. £1"1 9.1-i=c~I. 0 1-i=c 1969'i!J/-Ei 1982 

'i! ;:,f 71 11 7f j'-"- 'ii -'I- 7f -"l .;;- 0J al) 71) ,.; '4% ~ * 
1~ 11{§]-7] :J11{:-o]r:t. ,.i;,jlit.::L71Q.} ,.i;,i~1J. *Y·~ ll 



..3.~,g 
0-4 Ii 5-9 Ii 10- 14 Ii 15- 19 Ii 

Al + * ~ Al + * ~ Al + + ~ Al + + ~ 
100- . 499 90 21,731 46 11,92J 56 13,339 40 11,873 
500- 999 20 13,972 7 5,88J 12 10,722 17 15,573 

1,000- 1,599 11 13,620 4 4,993 7 10,516 7 9, 112 
1,600 - 1,999 3 5,278 2 3,!137 3 5,649 2 3,828 
2,000- 3, m 7 22,000 8 25,920 20 65,041 8 21. 933 
4,000- 5,999 5 21,668 12 57,988 17 84,942 7 35,550 
6,000- 6,999 1 6,970 9 58,984 8 52,455 2 12, 9f,6 

7,000- 1.m 2 15,916 4 29,853 1 7, 188 ... 
8.000- 9,!139 7 61,695 10 90.~5 18 165, 772 11 IOI, 788 

10, ooo- 14,999 12 147,665 21 268,112 6 76,950 7 8J, 275 
15, ooo- 19.m 6 117, 188 15 256, 8'4 15 258,003 5 84,235 
20,000- 29.m 9 213,363 4 98, Z'.7 9 194,669 1 20,222 
30,000- 39,!139 15 500,100 7 215, 5t9 5 190,484 ... . .. 
40,000- 49,999 3 127,616 8 346, ~5 22 930,238 ... ... 
50,000- 59,m 1 59,396 3 154, 5(3 3 161,545 ... . .. 
60,000- 69,999 I 66,413 2 127, S.8 3 196,957 ... ... 
70,000- 79.m ... ... ... ... ... . .. . .. . .. 
80,000- 89,m ... ... ... ... . .. ... . .. . .. 
90,000- 99. 999 ... ... ... . .. ... . .. ... . .. 

100,000 - 109,999 ... ... ... ... . .. . .. ... . .. 
110,000 - 119,999 ... . .. ... . .. . .. ... . .. . .. 
120,000 - 129,999 ... ... ... .., ... ... ... . .. 
130, 000 - 139, 999 ... ... ,., ... ... ... ... . .. 
140 000 oJ.;J- ... ... . .. ... I 150 471 . .. ·•· 

>ii 193 I, 414,597 162 1, 757, 4\'8 206 2,605, 741 107 397,345 

~ 
20-24\i 25-29\i 30 Ii oJ .;J- ~I 

..3. Al + + l', Al + + l', Al + + ~ Al + + -le-

100- 499 14 4,217 4 9t,9 5 1,047 255 65,096 
500- 999 4 3,315 4 3, l.O 1 518 65 53,340 

1.000- 1,599 6 8. 248 4 5, 6113 1 1,336 40 53,508 
1, 600- 1,999 3 5,317 2 3,%4 2 3,662 17 31,685 
2,000- 3,!139 9 25,651 4 13, 6!11 1 2,319 57 176,555 
4, ooo- 5,999 4 20,389 .. , ... I 5,853 46 226,390 
6,000- 6,999 1 6,718 I 6,894 ... ... 22 144, 'i!:,7 
7, 000- 7,999 1 7,567 1 7, 6118 I 7,582 10 75,794 
8, ooo- 9,999 6 57,932 2 18,100 ... . .. 54 I 495. 542 

10,000- 14,999 2 22,064 4 ~. 0:'1 ... ... 52 I 639,110 
15, ooo- 19,999 1 17,444 ... . .. ... .. , 42 734,494 
20,000- 29,999 1 23,859 .,, ... . .. ... 24 550,350 
30,000- 39,999 ... ... .,, ... ... ... 27 906,149 
40,000- 49,999 ... ... ... ... . .. . .. 33 1,434, 749 
50,000- 59,999 ... . .. ... ... ... . .. 7 375,444 
60,000- 69,999 ... ... ... ... ... . .. 6 390,948 
70,000- 79,999 ... ., ' ... ... ... ... ... . .. 
80,000- 89,999 ... ... ... ... . .. ... . .. . .. 
90,000- 99,999 ... . .. ... ... . .. . .. ... . .. 

100,000 - 109,999 ... ... . .. ... ... . .. ... . .. 
110,000 - 119,999 ... . .. ... ... ·•• ... ... . .. 
120, 000 - 129, 999 ... . .. . .. ... ... ... . .. . .. 
130, 000 - 139, 999 ... ., . ... ... ... ··• ... . .. 
140,000 oJ if ... ... ... ... . .. . .. l 150. 471 

,iJ 52 202, 721 26 104, 3i3 12 22,317 758 6,504,582 

us 



~ .,,,. f'I! ½~-'r 
~~~~-.~1~· 

5 'o 0
\ 

0J 5 ~ 9 'd 10 ~ 14 
' 
' ~I ~I '!l i!: 416, 268, 534 19 26 
I ~ * 7, l!xl. 940 17 18 ' 

¾ -l/- 10,S!xl,236 16 15 

! 

'li ~ 39,940, 135 30 27 
11 7r i _g_ 6,504,582 22 27 
o] * 19,517,571 11 28 

S'\(U!.5l.c.tl.6l 11±) -lJ7f±.£. -'J-l/,-i\l' 7H 0 ~1 
tll-'H1· 0 I 6,000%~ oJ\.J\£1 -'J"l½.ss 'r'S'1<>1 
'l/.£.ul, -'J'l!£ '\!•J: 7,/£7f JO 'd oJ\.J\£ ,.j<>J 
'Jl 0, Aj 1} 7~ £.E. ·lf 4--7~ -~ ~:&j 2....£ '1i 'if .Q.) _•c.+ 
:!:f~ •J c<J '!I -& ?;! % 'l£ 4- 'll i:+, 

1ll:~,1j7~±.E.i:_- -e_-.E\j0\1.-i Aj_*~¾ A]~~_:;,__£_ 

"'5'"7},-.17'=1 iJ:r+. te!:sB ~7J-tl.A 0J. £&jAj~ oJE.i ,.\j,;.:j 

\,I_ e.+ 0J~ 0 12,.,1,1,,±"IJ?il -e-~l 0 Jcj>,j 2"1¾ 'lt'r 
~ \cl~ 91..2..~. c+-& •:7JAJ,+·E:- *"-~Ra~rri:to.( 2 
-'12J ""'~I 0 1 cj -',j 7~± ¾ •I~ &f$ cf. l 983 'il-11-<= 
~++~tE-J ~¾ ..2..i'-]~_g_ i!t'tJ.(Neptune OIIent 

Line) 01 7}1,\- r -t-Eil 0) 1..-i ,ti 0J 2,500 tell it 2 ~ ~ 
o}Pl] 2-l YJ ~i!l.l Aj 1tl_.§.. t:-}- 0J (American Presic en t 

Lme)Oil 5,800 °J'it"10il 0 i "i-~ ~ !lif~il,J1',2. 

.£-'/-E-i 3,000teuit -/c~l 0 ]c7..<,j 2-'1% 5, 4110°J 

'it"IOII 'r¾~ •I 'l/2."l, 'll2.££ ~14 'r.~§/ 

'B -EEilO!l..i-t1.-& -~~ Ajl;!~..£__£ ½ljjj ~ oJi 7E}O)t:+. 

ClJ 2J ~ -"I 'll "i "11-~I ~ -l!"i * "11 'd 7U: .£.-ec 
1967'<\0il 0~£tjJ-'l 0f. '1£~' 0ic<l 0 f, -.[81-'l), ,jj7f 

~..E. E'-}q!i',!l~.Q.j 51~~0] T*c: £.lo-\ llJ~s;J 

~ 1984 '<\ l "el OJI !!.-'/-tjl 0 1 7f ,i 21 "-1-'l- .£..~. 7f '\l 
~ % \t 0 t-~ 71"~ §1 °J 0 tfa1! 0J(ASEAN : Assocw t10n) 

of South East Asian Nations)-~ s.l ~ ~ S._5!_~ 

<t'!/'ilOil {lc>j oJ-,j,- -'s-7f·ll-'2f ~>11-,, ~±~:;;,¾ 
it"i"f:a. 'l/<t. ~,i o};;i 0J .oi~"'I-½ 7J2I jSSj'ef 

.g, '\! §j-'t!"'I- -'/-"i~>iJ 0~9.J 15-l0%% ,H-Sf:a. 
'l/-lc -\17,/ 0 1 cf 0 1½ .m."4 '\i9.J Cll-'1--l'-t- -"i 'F,7f% 

o\] 21~ ±*, ¾°8£1-2 J.j~½0\1 2-13tl 1'-{;5:]_n_ 

9.!o1..4-J O~,A-JIOJ ~~~%..g.. Z~t!I T"5-£>l til*¾ ½ 
0 I 61 :a. 'r. "i iff :a. 'l/ .£. i+, 7 I ~ 'll e;J :o/- sf l'c 9.J -'/-4;

'\\ ~OJ~ ,z.J-&-} %.2.£. '141[~ 71¥- 7 ] ¾~}..l~ 9) 

cf. "i-"1-J.i 0f;;\ 0J :<Hl-'l-~t- J.i'r"'l-7f½J!J 1 7J 
t,f7J ~Sil-"! -e-~1°1'-1 C\17]>j:,j- /4!:%s:!%'J %% 
+~"o(pooling)iffoj {1-')ji>f<f-e, -"l 0Jo] >ii ']"1:a. 
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31 
32 
21 
36 
40 
18 

1985 'd 7 .. 1 ',i 'tl-<11, ~~~ : 4, 

'd 15-19 'd 20-24'd 25- 29,'d 30 'd 0 1 11 

13 6 3 2 
26 5 
17 16 10 5 
6 l 

I 
6 3 2 
9 8 6 20 

~~-

'.U.9..4 zl~*½ 7}~r:ll 1) 7}_¥_~ 0Jo1 .A]-~,?q,9_£ 

~Ejjo]q,u21 l:11*¾ ~°" ~ t\f¾~jAJ.·-tOJ 'lf~, 
..:LZ/ ~7r½~ ~¾¾Ofo//~J O~A--l 7N£~D/) tijr::J 

£1<>1 -:,:-f_±._;,_>jsf£j ~i- 0 1 <I* -li'J•n1 't!"J 
o] cf. 

,'cJ 7U: _ _g_9.1 i~ T·t!. AH:::- ~ 60 04 ,qs_ .:::iA] O .i 

-i'.9...£. -!t--W-<tt + ~ r:.~. -}!~-2 ~41t-A}.9I ~"it 

..2..2--1~.U~-- c.} 0JC\eptune Orient Line).? __ £_ 1968 

\'!Oil 'lt4f-9.Jo.J -"Isl 6'H 'J.se."11-"I -'r£ -i'-~/olcl 

#i-~ ,~_2 '.U-9_.o:J, {~~-'6..g.. 37 3:)0!] 0-.1' 1,200 
0J¾i\f-l'-oiJ '1jcJ'ij"' it.££. ~l~I 20 Cl! -i'-~1°l cj 

>,jA}OJJ "' CJ'ijoj "1-c-oil-lc 1):-,!:>,j.S:. ~'l/-'l7\'1 'l/ 

i:+. 'II¼ .2.c\°"1.'s. e+ 0J,"c 1981 '<\Oil 'd 7}£_;,_ ~ 

t!;.17J-ol]-"7 +~ -t--1~~ 8"}~..2-i.+,-¼ .A]{t- * 'l-r 
70 % 78£~ a:f A{it°! 13'..lj!-7~ ~.$-i.}Jl 9.io-j A-j 1:/ 
-¥,li!..±i}~ ~ c,j 2+£ -~ 1l ~..Q..£ ~ct--¥-7~ 0/ q_p,j: 

c\ ¾ af.Jl 'l/"' -'d ·>i 0 1 cf. -" e1 cf 1982 I:' s. 9I 
0 1"1-e '\i'<\.S:.£1 1,500'1!'€"1"11'1 6:!0°j 0Jci£ 
ii}~t}5:l.Q.n;J, 01% ~J1c1Jo] Aj'ij--n~ztT'{J011 9.j-q~ 

;! 01 9i r.l-, 
½!41 .:::z.. ¼-& 0J 7J s::.--?,Q1 78 71 .,,.d A½£, -? ~-

0J..s:. Lf( A( 0}4 %-if .itj- Q! .ill. 0j of] 9j 'E- 8"f 2. ;?}_ -t_°- f 
~Tr..£-~ ,.i,JA½.£, 0 1 ¼9l -t-f-{1.g. ~-01).3-~?>} 

"1 ·•HI ""' ;,J £J ¾ 'l'l sf 0
\ fl :s1 'iJ .I'. >i- ¾ '8- 0 I cf 

¾¾, oJ_s:_Uj,q 0} %9l t>J.£.~ 7}77}¾ ~0111-1 i:n 
-@--°J<5}e,]-2 AdCit:+. 

";il~ ..i-&-t- ,'d7),.¥._i!_Ol1 71A1~ -'f-,2. 11).:>11~ 

'6Jti~i5}~ i£%AdAt½£ 7/--'fi" °KL-/.Alttf£:.(Kapa 

Y!anagement) Lf JJ ,.{I~ 1~ c"-/ C>-/::3:.. cPaCific Carriers 
%-9.) Aj I-~½ cj 4, 

~}.Al"t}"C <11*,?.- n~.q.. ¼o~J.-i c}f-11oJ ~~~-~ z 
2J .iil~l "d' ¾ 0J.;:, .ill."! 'ti-& 30 % "i!Sc.½ 4,1 s 

"- ,U i:+. oJ-;,- 7J£.I "I~ N s, ",/-& 20 1K 'J <c. °' 



'i!-¥-1 : 1 000 ¾'\J-i'-
··--

•f -it -ti -'i 
'l!-" 

--,-'----
,J~ '11 '!/"l '11 ,J~ '11 '!/ "l '11 >II 71 "I 1!~-1! ~* 1!~-1! >!I 71 "I 1! ~-I! ~ -l!- 1!~-1! 

1977 39,833.8 11. 302. 5 28,531.3 24,284.8 7,501.9 16,782.9 

1978 44,832.5 13,237.8 31,594.7 28,506.7 9,002.0 19,424. 7 

1979 48,424.4 15,745.2 32,679.2 31, 383. 4 10, 762. 1 20,626.3 

1980 48.550. 0 16,917.3 · 31.632. 7 32,412.5 11,553.4 20,859, 1 

1981 53,598.7 18,419.5 35. 179.2 33,745.1 12,120.6 21,624.5 

1982 59,995.9 21, 088. 6 38. 9fJ/. 3 35,665.0 12,610.2 23,054.8 

1983 63.848.9 23,579,0 40,269.9 36,277.6 12, ffi'l. 0 23,290.6 

A~.£:.: Institute of Shipping Economics Bremen, 1985, p. 339. 

•f -it -ti -'i 
,1 "i ,i1 'J~ '11 1!~-1! ~I 

'!I~ '11 1!~-1! 

-'i 11 

%\J-Of 12,490.0 2,411, 1 

-a;-% 12,459.6 10,981.4 
\f o}-,tl o~ 1,262.3 241. 2 

¾'11 '11 -il-'Ul 0 f'll 26,755.3 150. 8 

,1 ¾'11 872.3 483.6 
0t..!!..C.]7}- 621. 8 277. 1 

'11-'loJOJ -l!-'li 3,179.5 1. 908. 6 

.JH-'li 200. 7 130. 6 

.i:«l 'lol %i- 457.8 142. 7 

~+ 1. 948. 8 1. 198. 4 
-i+oJ 3,212.1 948. 7 

¾1Jo] 383. 7 239.9 

,iJ 63,848.9 19, 114. 1 
------ ---

.:i:f-.li: Department of Statistics Singapore, Monthly 

pp. 51, 52. 
,;f'!,'-'j'l/3.~i!.g. Al-'-1. •1¾"111'- .'!.',/6 >il-'-1. 

"1"1 ", 120 -'!-'-I Aj'<j-oj 4-4/-% cJcJ-8foj, 71-'-I 
3 ',! 0 fcf 'tf'ti"i 0J-a;- {!% •J-'111>fic <j'<j-oj 'l<'& 
~ '\l.x. 0 J cf. 117H.-"-ic 'ti¾ "l' 87 °J+oiJ oj_,e_ 
i"- 0J£tjl >I of §J-%-'-1 ~"a (transshipment) 1/'r 
£"1.9.l 7]~¾ ~t:-J-"tt.TI. '1J t:t-. 

1J7f3'.-"-"I -'l-·l<- ~HIit"! fMlll% .!i.<l!C[.ll. 

71. UE 8 l %±) I 983 \:!.x-'-1 •f-lt'lf-g. "l' 6, 400 °J 
,i'-_2.5'_ /2j-f/--lf- ~'l[§f¾'lfOJ ", 60 % 0 1-'I/% >f 
,1w1/.£."1, 'i"i'll.-"-ic ?-"- %'ct 0 f,J 0 f•I %·-li\
o~,tJ or, ¼-ml, .'ll]~,t]ot~'t} %-fi-].2.}9..j jjl~t'Jo] ½.g.. 
~1*¾ .5:t"A)gl:.u. 'V.'.tir:f. Jt']:.U. A,j~t)rt 'lf' 

-Ir -'i -'I 11 -Ir -'I 

1,513.2 10,033.8 1,775.2 1,335. 7 

6)5. 9 12,001.5 2,260.3 318. 7 

l9. 7 2,180.1 627.0 155.8 

;1. 6 3,451. 7 1,823.5 I 264.0 

1 j()_ 4 700.0 348. 4 
I 

147. 9 
,j()_ 9 636.3 464.1 i 73.2 

9J3. 1 1,742.5 1. 115. 5 598.5 

70. 1 85.4 45.4 I 40.0 

6. 7 121, 9 112. 7 1.0 

2:!8. 5 3,309,4 360.3 262. 9 

430. 9 1,555.0 518.2 189.2 
;3_ 9 372.0 135. 2 14. 3 

4,434. 9 36,277. 6 9,585.8 3,401.2 

Digf st of Statistics . February 1984, Vol. 23 .N .J. 2 

3, 600 °J-i'-.£.5'. -'i-lH'i- ~'l!§f¾ 'lfOJ Sf 70 % 0 1 
11% ~f,J-af'l:!.£."1, 'l"i'l!-"-ic %\l- 0 PJ 0 f2J- % 
-!ifof;Jof2J--'-I .ill."i',1°11r.g. "I¾% ~f,J•l'l:!cf. 

~ElJoli-j§},.-([.ll.9) 'il-±).g. 1983\:!.5'.0ll 0--r 
1. 700 °J-i'-.£.5'."1 '\!>II §f½"d-'-1 Sf JO% 0 1-'I/ 
% ~f,J•l'li.£."1, 19831:! '\!>ii §f¾',1.g. 1973 
\:!Oll "1'11 I. 5 stt ¾7f'tf~I sJ-,foj ~f1JoJi-j§f-lo
'll.g. SJ' 3. 4 stt ¾7f'tf 'i!.£.-"- t.-fe:flxcf. ~~I 0 1 i-i 
.ii."i'lf((.lU0I %±).2.S'c ¼ !Ill 1/713'.-"--2 19841:! 
Oi "l' 155 °Jteu-"- ~l>!I 9~0ll '11 'i/£1;(/.£."1, 4-~ 
." ~I 0 1 cj 7f Sf I, 200 'l.H'-%, -"'-½ ,"-OJ 0 1 cj 7 f S! 
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l.ll 9 J 1/ 7f J'.-"- •I ~~1011,.,i EoJ<>lt:ii¼l!O!l.A-J9.l ~%;>. 

<I 'if 

'!!£ -E- Ell O l t.-7 "T' (teu) 

1972 14. 000 

I 973 97. 900 

1974 153,400 

1975 191. 600 
I 976 295. 200 
1977 344,200 

1978 493. 800 
1979 663.500 

1980 865,000 

1981 007. 800 
1982 I. 039. 000 
1983 I. 199. 000 

;r.t .li : Part of Singapore 

port 1933. 

1983 

+ '\I 
;o.J ~Ell 0 ] t-i 589,548 
.i,J_ ~Ell oj 1,..i 79,031 

fc 10,130,272 

+ * 
:xJ~El\o]i...1 520,931 

'ti -i'-•l o\ c1 150. 499 

-!" 8. 636. 404 

~I I teu I. 340,009 

fc 18. 766, fi/6 

¾•Io\ cift -'l-i-'il' 
(¾'l/-i'c) 

184. 900 
I. 404. JOO 
1. 900. 300 
2,565,500 

3,902.900 

4,90l.200 

7,347.500 

9,049.100 

11,030,500 

12. 859. 900 

IJ. 846,400 

16. 901. 800 

Authority, Annual 'le-

Ii±~: .eu 

1984 

683. 263 

95,748 

11. 829, 155 

600. 735 

172,438 

10, l71. 539 

I. 552, 184 

22. 100. 694 

1985(4--li 

654, 7 

103. 7 

11,403.7 

601. 4 

172. S 
IO, 568. € 
1,532.f 

21. 972., 

12 

54 
16 

16 

28 
76 
20 
92 

;i:}-Ji: Containerization International Yearbo)k, 

19:16. p.163. 

1,000 •,He·-£- *f"i trf:d. c.f. 
-'1/7}.£,.ss,e '1jOJ'3ilsJ.-<J'd-"1 uJ¾o] 'l\>ll 4-'\l"'i 

(revenue) ¾ 19 %½ *f"i "f.:il. , .:il.% 'l! <>1I J.J S. ~ 

.ss "f 11 ',/ ¾ 1 'lJ u]-&-.ss oJ -l1- o)oJI '8A ~ 'll s. 
'li-"- 4 ~ ~ -'.i ~ .:il. %<>ll A1 -i'- ,rf "-I Al ;; i.+ e} 'l\ .:il. 
:l) -e /41 7,j o I ct. 

1980/81 'd -'J't!.:il.%-'JEli½ 4e}';l! ~ .•Lil.Aj 

<>ii 21"f'l! '.i'dS. 'J"l<>il "1'11 21. 7 %"-I 7J±.'\'! 
"d-% i.+sfclj.:il. V.'lt.<>._cf, 0 I-e c.H', '-te.f"il •1'11 
1J 7} .¥..S. .J-j 5tJ. ~ o..J ~"'r¾ o] /J r.11 ~ ..9...£ ~ o}:zi 

71 ~T 0J ~..Q...£ ;)J~;r.1.JL ~c+. 
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~'i'.~~-2..£ 1tl- ~7~~l <5~~,,,8~-& tj) 7~;,.l <c! 

Ol\ hJ ,<f "J ~ "r '.lJ. ct. ,l "11-\:- li/lf;lj .2t 't! 'i! 't! 'a 
"I O I oi • -~ <ii -e -i'H-, cl! <ii -l:- -o\- •Hi ft 2-1 -"l- 'd Q\ 

:o:f{t-'i,:.J "i-i-, ':J!<il-e 0d''-t%~<>ll 31!'<!-'t! -ll-"i 
0 \cf. 0 1.2} 'tl'i!-'I'1 -'IJ7fJ'.ie..ej '11¾-ll"i¾ -of 
~ ..5l. 71 _!i-_ ~ c.}. 

1/7f.l'..ss-e- 1981 'd-'/-<1 1990'd<>il '11.sl 7JAJ,, 
"J IO ·H,1-'llt,/¾ +'li~foj 1/•l~f.:il. V,t-f. 0 1 ~I 

~-"i ,;-11~ 7il-"l+±QI .:il.S.:o:f½ ~H\ 78-'I-, 0J 
7J-¥-T.91 1{7] 1~1~% x]aj-2..£"19.J _,_j~¾ .:-:] 
'ii ~E...£, i:.t--e- lffi~lf.ilo\l ~ 0J tJJ§.j-1t} ';t~Cft] ,d 

a1J 0 1 o}l.J ~fHJi~(r-J 0J rne,o''] ttfiJ (indicative 

plan)o)ct-. 0 12.l 4-..a -&,.±f..{:- ~1~HDLlfft1~ -·H~ 1-

~ 2--". 7J -'11+±½ 'l-'li "} 0 1 '\!-'ii it 8 - 10 %£1 
1?~¾ %3/J }99Q\17Jf-A] -ti;tJ~ r:Jl"¾=!oJ) 

"1, 't!-'il'i!- 6 - 8 %"1 "iHJ:-\1 •J-'J·,l-

~-ff"~} 

oJ->\-"f-l° 
%-Al o\1 ~~\ TA\~ 7~ ),j ~Lil. % 7}1!" 0J ~ A\ 1] ~ q 
~ ~ %-o]c~. 

o] Q} ik-i'.· ~I~~ oH- >J:";j -l/:-Of"il £ 78 "I 'a-"
.ss 11: "J °a <I o-J V. t-f. 'tl •1 31! ;;J ,.;\ £ 'li <>ii "I -e
~ ~ ~ _2,.£. ,:)-*~~ % Jj µj ~ AJ ,i_j i>t":il. 9) 7] mj 

~DJ/ i:11-¥-~.2i T~¾oi: .:.J-1~~ -4,.;Ji}xJ 'rJ".iL ~ 

i?_l.f, A}~,Uqj ~~c.}-E ~'flo\)A~ ~*~1%, J:: 

,1,1, ,M. li!i:l!i % !81'! %-'\-<>ii t11•B•1-e 't! 
,.;\½ -'l-'11-~f.:il. 9./ Lf. :!!Jlii't'~ -AA!\14'. '1',lllHC 

¾.~&¥. of Al 'l} ~¼.$.Iii<¥ %2--". +-l!-£1 oj 0 f 
;J\OJ"i\-,;·½'1!-c>J ,'f-sj.tj-rJI~ ,$1,S-foj -!a'z-'iOJ oJ 

'lt % 7,1_ "i ~, _TI_ 9./ ct. 
3}/~"5'¾;,:j2.ljOJ) ~~A-J"C' -tl.~7.:114 {}?f5"'.:!l!J" 

"1 +'ll • .'t~~-'t! '.i "-l-"i rll>il %<>ii -'II 7f.l'..ss'll 
-¥-7} A__:j~~~.£_ "S%-A]-'f:!% ti}.Jl 9)-t- AJ1Jo1Lt·. 

'ii 7f.l'..ss7B '1!~'11 (Development Bank of Singa
pore)~ ~-¥-¾ qj.R_t;\1/.-j -U'4-S%¾ ~cJ-t}.31. 

9./ -e qi, -'ti "I,., -2..ss ell 'z OJ J1f 2-1 * OJ QI -tl "-/¾ T 
01 ~ llll o,J -a-% "'I ~ % "f .:il. :l1 ct. >;l "-/ "I ,J ± -'I 
"ii-\:- JOO¼./;- o)-'J-"i "J"r(S00BHP 0 I-'J-"1 "ii 
>j .'l. ~) <>ii t1I ,S-foj il-% "i 't! % ,S-f _:il_ 9./ -2. '-t -,':-~ 
<>il-l:- "i-'H"f"I \\!2-"1, :o:f~";PI- 61 7-'l-tl<>il t11'11 
"I 0J sJ-',! ~, .:il. 9./ ct. ".i "-l "1 71 ± -'I <>il-e ~I et-;:,- 0

~ 

oJ 100 °J-'l/7f±ie.'i/-2'\c>\ ~S. clj<>,\-', 0<['t!,S-f.:i1. 
9)_2._\.f J~if:.-'t\ Aj~.Q:,J %£t §{-¾ •;,.\ °9 7Jj ,&-'15 
"1 7il-'1-<>1i 0J 'if7,J,J.:il. '.lJ.t-f. >J"-/"1 -'r 0 i-'l"il-e-, 



•l ,;- 0J oJ +oH ~ ;;j -9-"IJ.;c. >ii Sf¾'"i e.J 85 %4 
2,000 °,.HJ7f3'.is'i!"i * ,t.g. ~% "1JL'\l:x.5'. is
%A!~% 5~__ll. 9.l.£.°4, ~~OJO! -,7--aij <fl 7g~Oi/-£:

a] o.t is- 0
~ "-I 80 % cf 2,000 °,HI 7} 3'. is 'i! "1 -5' ,t 

,:o- ~% ai1.3lq15'.5'. "l't!iifJL '.lit-f . .1"1JL +xf 
·J-% + 0J "fe.J >j "I "ii "I ef ,)l 7f Lis 'it 2j cf 0 I "';
·J "1 '5" iif cf½ "I iif 01 "i -.J-£1 .31 '</ cf. 

%At~.'2.J cljA)-%,& ~7}J:,_g_igcj_9.j 7cg4"~ cct-i
JQ %¾ ai1JL'if.x..ss 1l'\liif.31 'l/.9."1, 0 IS\-'it"ie.J 

;i -'/-"<I -e- qj-£- 12 %½ "1 .31 '\lx..5'. 11 '\I iif..il. 'U cf. 
-§-A~~ ~~.:I:.7Ji?:- l-!j~ 0Joj T'lJ~ ~.f-oJ]-C ,t!. 
0
-,

0J",· .f. 211 71>-J 1011% "1.31'\J:.x..£ ¾~,)i 

<J/ifjl 'l/~oj, e.J-'s-q_[OJ ,'-~~ ;;j-9-"l].;c. 811 

,j ,,-1,1% "1.31'\J:.x..ss 1)-'1±5}.31 ,Vcf . .'E'\J: "'* 
±AJ,•H-~.'2.J tc!J{L-& ~6}01 WJ~oJo] A}* &_,(j&, 

,;1 '1 '.i'4% 7J±~ ;;J-9-"<I-E 500 %-~ 0l1t-"l-E 
>;i '40!I rJJ iif 0 1 >1I <ar ¾ S!J !21 90 % "r "i ·a-¾ -'I ~ % 
i;}_TI_ :tl..£..9, -'d-.t!-~7J_.£_ A,_il:!..f"OJ-'r ~ 3 i,:t ;;t.j~] 

.il ..L 12 '1177} A]½ ~}.£...£ ~~6}£_~ "6H::- ~~1½ 

-'d AJ 3}..JJ.. 9j r+. 
0lei~ 1"1!21 'i!JJ.f, 1985'<1.x. ¾¾"l~.g. '2f 

6 ~ igcloti cJ.£_TI_ :Ur:+. 1) 7}±.E.. ,.i;JT€-& '5".12. 
>J +~ 0icf .<1* ±1:!~>fo/l-"l 'J± •J+'lc ;;,+ 
of! .I.. ~¾7;1 ~ i5ij ·€" ~ ¾ ~ 0J&}..I!.. 9.J._Q__ 1-t 1} 7~_± 

~ ~{!-"/:l(!vlinistry of Trade & Industry)~ 0 ]{!

'I:!-"t½o\ ;,:] U-1L ';J_r+_ 

1) 7}Y5..~ A~,,,rl. ~41-i-~ ½- 0 ]71 'f'ltB ~~ 

·5) AJ! 78 .'t_) ~ ~] it! "8 % 4 .IL 11 A] -t- u ..2.. o:J • 0 l i:: 
Aj4"£j 01~.'il-f- §{-4,fy <'.lj~oj liJ.E:_A] '1:l_;t]t'}A1 ~ 

71 '11~011 "'*".i -\Lt11±"1½ 41~ ~.!/-. -'1-"1'\1 
o/l +tc e/-'!% •Js/iif7I '1-1"1l-"l 0 lcf. icicf -lJ7!· 
-"-~ ,l,jift,;\W2l 0J£tjl>l 0f '9£/aff {1:01l,e- 50 
: 50 7I ½~i ii!I¾~ >j 01 >ii ,:-(£1 <>-I 'l/~ oj, .l'i-1 

01]-i::- ~11! ~ ~-3:j,Aj 4"i::1j5:.;;.] 7} \'.di=" ~.Q_..£_ 'l:f 
ej ,1 jl 'U c.f. 

')17f3'_.sQj 0J.S'.tjJ>l 0f-E 1954,i 01.f,-'/-E-1 °J 

1915 \:("11 -E, OJ-'s- Aj "r ~ §j Sf OJo/1 jj)_ "1 ~ii* ;ij: 
'i(5foj <'--'i"i~-" ~'!t'li rl211½ ii!I ~cf . .31.!/-QJ 
~-1,- 01 "r.£ 0J.x.~l'i 0fo/l'1 ')17f3'.is.ss 4-1/-£1<>-I 
~ ~ 1.-\ 2-'f-4-11-'ti ~ 1 985 '<i 'ii "I% 1 980 11 "<I 
•l'11 et 5% 'a.£ ,;J-±5.J'.ll~"1. ~-a;--'r'/i-"t.x. 
1980 11 65 °J-l'c"<I "1 1985 '<i 011;,. 50 ~,~ ~ 5'. " 
~5:j9J.t:+, ol~_g.. '{l.£L·lj,A10t7} :i:t~L-}j :1-_l:l]Q} ~) 

±'if% ¾,f>l,1-t· ~-,lo/I e.J"'l"'.i'fe.J +¾ •I¾ 

% ·.- 01-"- "t-'1--1:! caj-}1•1%% '5"7f>l,l29-E '\!>ii 
o/l-" 7J 0J.sjJL '.lief. 01011 "1-"t 198011rJJ i 011.;c. 
]20°17.S.Q.J ,:i"-(O/ ')/',;-:{! ~** 'if'1f•f:(1~Lf 
1985 ,io/1-E Q.J' 40 oj~ 0JoJ spj.sj"1. ~-E AJ'l) 

oJ c-, "1 i:;"<I -l,- oJ5'_ tjJ >I Of {I, 'll: ofe-1 e.f 'll:211 oJ ,q 
0f .'i. ,)l 7f ±is ·-'s--!j -1:! ¾¾-l'-% l:J c>f sf-'1->,j ~.£ 

¾i-iif"i-E -\1-'iHl: %"I'll-£ cfsf'<!.2 '.l/~"1. 1 
,f3'.is -'1-1'-½x. -"l<>-l•lc.¼ '1l'8-•f-E -1:!"-l" 0l'l! 
°1-" cfe.f Sj"-)-oi7,j -'tJ:>!J\ljoJ ¾1/-¾ £C"-!iif.31 ~ 
o-1~1 ,)l7f±.s-1:!~f½-£ -f-&-iif?JI 'll:½..il. 'll<+. 

17f±.se.J •J'4%~'l!'"I-& 1970 '<irJ!,1f"i-E 
-"--t·.E.JJ.fQJ -'1-"'1-'dt11 -1:!-'\-'if %7f-lj- '/-15foj <f{!
¼71 %~~ 4- '</.x.~ ,i'll•f'l:1.2.cf 197911-'I
E-H * '11 'ii A I :It 'J "1" !2j q}'j:! -'I) JJ.f * "1 >j "-I '\'! t1I 
-'1--i '/-1-0foj >J"1"%~o/l -'11"1!¼ 7fii}7I >J"!O-f'l:/ 

cf. -is-. -1:!'4!21 !r.-l-~ "J-'I¼ '1-i"f"'i 1980111 
-I,' 1 'li-'/-Ea 198111 12-1,/ 31 'l/'7f"i-E >J'l! 0I 
22 c. 0l1t-"l-E 'J"1"!21 -§-.;;;.-£ it>iliif'li~"', 1982 
,i.'i o/1-:C, 2011 °l1t, 1983 'c.01I-E 17 '<i oJ~ • 
191l4 '<i 1 -I,' 1 OJ -'I- E-i -E 15 '<i-£ 'ifs . .ss ·il-'I 
iif_:;c '<14. 'li'li, 'l!~'-l"'1-1:!-"-l ':i.!/-"<lic 1979 
11 °1.f.-'l-"i 1511-£ '\J:5'..ss it"1l'11 ~~a1. -1:!"1" 
ito'.7f 1,600%-~il- 0 l1t01I Cllii!I •f>I! 4-"J7l'1!: 
% ,;1_ "I tl: ;;, +oil ~, %~% "1 7f iif 'li cf. -'II 7f 3'..s 
-e- 70'<irJJ %.:,. 7!•J'1J"lo/: ~ ~<>-I 1978'd;;J01I 
-C --'-.:!*?J'cj 800 "I!-½-eol) 0 ]~..TI. Jf!~;t.l~,,,_j t!] 

% 'I "Sf 60 % 7f 'if £1-:C- ?;! ~£ 0,t "I xi cf. _"1. "1 
1.-\ 'J'4%.:,.% it-'ll'\l: 01.f.-'l-61-E {ic>f -1:!-'\-ed'OJ 
{1-0,£1.;c. %'101I -1:!'l!.x. (.l!.6)01I cfE-!'d HfQj 
'>t' I -'II >ii '!I -fr ~1 -"- cf ,t ~ oj , .!/- "1 4 "t-"- cf-le· ~ 
-t!. st c.f-i:- ~ -£- ~ y V r:+. 

'i~QJ -lJ7f3'.is '11¾'\i"i¾ %-~'11 -J1 J1I ')17f 
±1-~ 70,irJ! '!I-fr 10%"19.J ,c]4i--'10J ~>JJ-'3 
~fr .s'.'l/'i"! '1'1!:"i '1!:l:1~£-'1-"i 'IJ-4- ;;j-'ll-'8~ 
--&--JE. -i- ~ 4 ~ .s % 1.£.£. +11 "3"}.11. ~ t t:J74] 

01,1, -'1-l~x.7f {'- -'i·iHl-'\1'4 '1J¾>J'\J %9.J •I 
¾fr ½Oh':- r.Jl,AJ01] r+~ {!_-Qj -%-¾ ~1:!--'-1.r-l ,,i.J 
',j q cf.zj-#-1} BJ iif.:il. ~L<e.oJ, tB¾-/1- 0 Hl l<J-'r. of 
-'II 'HI,;- Slf 21 ;,, 211 o;J !21 -e of 7! _;,_ cf-E cf-e "i ej 

.£4 ~-7}½JI}.1£ 712-tl~ r+zf_t}A)7]~ ii~.Jl ~tj-, :i_ 

<LL -1:!rJJ+-'li"II '.l/<>-l "i.x. .'r.~~-'i! -1:!"1"% •J"'iJ 
>,j•t.2.£. rJj;JJof-l,- -'5-SlojJ ,;->Jj>jOJ 4,-'1l01J 'j{'l{ 

4c7 ~~] o1 L-i ~-l_Q] i:ij-'5",% ~ ~~ ~o].IZ.. '.U~ ~A] 

oJ 1-f. 

OD 

299 





%~ ~ J:L 1:§..jijtji:tjj (71<~~) ~ 

¥hJJ:Jtx~ liJf~ 

1 . 1' 

1986';! 0 f,<j 0J llJ 0J..j. 1988';! {-',J"J J!Rt:!( 

"I "r" .a /IIHJi 11 !Hl R.!e.J!,11/.Ji::: Jlii/.li;\/; + ".! 
11\lJ:5!1 El ~Ill,#% i1J/lltf2, .'Ei} i$J::t:J;!i1'£J 

a/f,titl/il i'e<>1I "i ,i-i "d-711 -'tl tf. '4"-H Jliit:i<>1I 
0J tfi=: Jl__¥_>,j 'r -11' oJ: 0fi-J e-f ct HIHIIU £J -!;l_~SJ: 

Jliit!iitfi ':',1 iI1'f% ~tfoj tllltil1/#:5Elfilral4 .i 

illl*il lf-icJ::tJ;.@<>1I <Ji ,u $iliJ/EJ/o31f 0 1-lHJHl 

i,. -q]: f#:jj!ijo] '.)\;/.1!:sJa,o[ ~ 3)c]tf. 

17].'il.s-i'· Yachting Class<>!] .cj.af [Fig. 

1 J oJ]-'i Qf 7Jo] A, B, C, D!!'l,% cp,L,.£..>'. 

-q]: Alpha( l .23miles ), Bravo( l .5miles ), 

Charlie(2.0miles ), Delta(2.2miles),Co

urse ( ,"/lil,t, l986)o]oj, /1/H./iBfil.g. 0 f-<] 

OJJl]OJoJ 1986* 9Jl 23 8-\'-Ej 9 }l 30 871f"i. 

%'lJ "J ll] '1J o] 1988"1' 9 Jl 20 8-\'-Ej 9 Jl 28 

871f"].£. ~-"1'1 ~tf. 

:,j;: /jff,t'.oJ]Aj::: '86 6 f,<joJ ll] 0J, '88 {-',J"J 

Jl_.!e.ftoi7} iii)_ '1iaUJ 7.lc'i-0115!1 ftl.li4\ /ll!il 11\l 

J:oJ] qji} 9Jl ..j. 10Jl 2i sf;;J-, /ailHH'li % 11\l 

J:~#..J. Pfi;i;:~ 5!1 ~fioJI ~ "i %-½ -"'-'11 ~ iii 

~11!.i'lf't~ mw Bio•.2 ,..1o1; n:l'!-d~ ,'FJJ:. 

tU~ :E.. tJ r:U~ .. ..::::...£. 7r EIT, ~ c~; ,,:7 -C 9 Jl ::4 1 o 
Jl T \{7J:-~l ..-,:~7-J ~~-;: .. ;ir~~- . ..::.:1:"C ttil1ldtM 

{b ~~ft ~;"·tf-'.z. ::}. ·~-t: 1981 + 0 ;9 15 iJ-¥-

.e~A.IJ:!x.S] 1e-it~l$iitfR.F"~oJ] +-\~~t~J:~~~Fig. 

J ¾ ,AJ:i:]'5~9 ~U.i;.£-:-1; L~ 6J l:l~?J-% t;tJ.J,5~ 

2.1 JI& i. 

1904';l.'/-Ei 1985';!_71f>J"[ •J 0J 82"1' 

r,, -9-el 4"-f<>il 't'iH'l tj_ [~/l\,H,-i !'i:JIUJ-ilftf 

5! c-f. il"J.'r.9f lcll~i&..L-½ -'sc,,f5i <;i t~ ~li\lt 

1:- 255@1"1"1, o]oJI cji} ,f]~IJ1'tal5l-11r~ 

I Fig. 2 J Oil '.;/ <-f. 6 }l ;'. 4. 7 % I 12 @J), 7 

JJ.g. 28.6%( 73il!l). SJJ.g. 39.6%( !0ltlll). 

il }l-f- 24. 7 %( 63fl!I). IO}l-:', 2.4%( 6il!J) 
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(Fil'. I) 1988-0Jympic yacht racq aite(racing cou.rses;A. B. C, DJ 

110 TOTAL: 2155 I t904- IN5) 

100 

.. 
10 

[Fig. 2) lllstogram of the t)']Jhoons passed the 
Korean Peninsula ( 190• - 1985). 

302 

3P:!lfil!l/l!'-lc 8 Jj, 7 Jl, 9 Jl, 6 Jl, 10 Jl 111/l 

oj cf. 

255 il!l"i li!l!J..lkc ht-±,i,Jl-ifoil "I o-f 'ii Olym-

sJ::: ~i/i!W ( 33' N~36' .'!, 127"E~!31'E) 

1ft. M*~ ~ Fig. 3 7 4 7J::.}-_ 

Jlj;rJ Jl-m·J .>L'l/_, 6Jl-i', 9.9ro(ll;]!). 7 

/l -€:- 22. 5 % \ 25 i[,J) , 8 fl-€:- 4 1. 5 % ( 4 6 lcfil) • 

~Jl~ 23.4%(26:eJ), IOJl-€:- 2.75'c(311!J) 

"I *~!i'iUft4'~ .>L'.tt 0 f. 1¥l1/l~oil liti-~ ,11 ~J. 

1!1,/;Ni/.J/af/J,ilJt 111;,,_9_,£ .'L 'l/. 8 ./l, 9 }j, 7 ./l, 6 

}1, IOJl.£ ,{Ef':;):.:;,., ~"I 9 Jloil-lc l'!j/jij.,;_cj

~/fij 'I'-~ "i \'.¾-i'c liill/li.\oJ *Jhf'.;! cJ-. 
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[Fig. 3) Histogram of the typhoons passed the 
south.em region of Korea( 1904-1985). 

z 
8 I 
ii: 
:: . 

• 
" = •• ii 

• 

NUIIHlt Of TY.-oc>N !'£It l0-DAY 

TOTAL; 21 ( 1104- IHD J 

0 .L--'--'---'-.....,....,...,:-:...__ 
l•t Z•f lrf l•t IN a,f 

- OCT 

[Flg.4) Hiotogram of the typ1,,_. passed the 
110Uthem rt'Cioa of Korea(September
October in 1904- 1985). 

1!186~. 1988$S] ~,%/fi;j;:~~jfi:-i,::J-Er.Afaj % 

0J:0] qJ "tJ: ~J[Uf. ~ JtJ·: ~ ;r: ;.i:~z ~t" ..::...£ ;j~ 

ilil/li\oJJ <Ii •J: ,matf.ttli% -'i-tr'-1 ;::• !!,t;v;cJi:cf J;; 

!JV¥% ;Jztf:d'-}. "11/;;¾ +:cf<._1: c,:,i, 111/@cr 

oi]~i 9Jl~IOJloJ] f.:cfiJ: ~-2 29 •.e:,ui. 10 

El Ml\lii.eJ 1s)Jjljjj-;/jj-2 ; Fig. L ~f 7,!'-f. 9 }l 

J:'a.J 27.6%( 8i!!l), cr'a.J 37.9,d 11:.;:), 

T-1,J 24.1%( 71J;i), lOfl J:'a.i li.9%(2/@l), 

cp1'.J 0%, T'al 3.5%( l,1'P-I if;;/i\;l"Y:;,iUlt 

.&;;~ .!t_o]..:i!.. JJ.r+. C Fig. 5---Fig. S ~ ~] i:. 3f: 

!fl!j,lll!t\7} i'<.if-.S'Jo-J ;V-9-oj, Table )o!j 7{7.j-S.J 

' 

... 140• 

LFig.5J Typfflon tracks passed the southern 
region of Korea for September 1-10, 
( 1904- 1985). 
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Atfl!;jl,~. /N::k/§lre1~;!. lltffi.ao] t >isJo.J ~ ct. 

41SJ :B-ilff.tlf/:oJ] SJ-o~'l! 9Jl '!'1u, J.:1u, T 

1u llll.~..5\. ii1JJ!.*IO!illl:7l- ';!- 0 t"l "1, 10 JJ oi;-t-

CFig.6) Typhoon track& passed the southern 
r~ of Korea for Septeniler 11-20, 
( 1904-1985). 

Yig. 7) l'yJitoon tracks passed the southern 
reaion of Korea for September 21-30, 
( 1904-1985). 

(Fis.SJ Typhoon tracb .-•eel the ooothorn 
np111 of Korea for October 1-31. 
( 1904-1985). 

304 -so-



Table 1 °Typhoons passed the southern region of Korea during 1904-19&5; 

• ) 9 R .l:lU ( September 1 - 10 ) 

'ti~ II(; ,\Iii. cg till r.ll ft /If J; IU mb ) •mroJi;i.rl! (m/ s J f;'/,,;;Jl:(a) 

1 0711 9. 5 ~9.10(9. 8) 980 (992,8) (NE 22.6) ( :J!.5) 

2 1531 9. 2 ~ 9.10(9. 8) 966(975,4) (WNW 26.2) (172.9) 

3 2563 8.31 ~ 9. 8(9. 7) 960(973,4) (S 21.4) ( 65.6) 

4 3384 8.29 ~ 9. 7(9. 4) 973(984.3) (N 11.2) ( 64.2) 

5 3590 9. 1~9.11(9. 9) 959(990,9) (SSW 17.8) ( 59.3) 

6 5612 9. 1 ~ 9.11(9.10) 935(968 6) (NNW 30.l) 
I 

(12.5.2) 

7 5819 8.29 ~ 9. 8(9. 6) 905(999 4) (S 29.7) ( 51 . 3) 

8 8118 8.26 ~ 9. 5(9. 3) 950(987 9) (E 20.3) (129.3) 

'Ji J:':J . . 953(984.1) (22.4) ( 87.0) 

b) 9 R >P!iJ ( September 11-20) 

-~ ~ 1 llil /lit cg i ltll rd! litl!!:>i.-f(mb) ll!;k!Jl. iuJJ;;\;;; ( m / s ) 1-tJt !I!'.\ N,.) . 
1 1736 

[ 

9. 9~9.17(9.14) -- (1,006.9) (N 9.3) ( 59.5) 
' 2 2870 9. 7 ~ 9.24(9. l"/ J . (1,008.7) (N 7.3) (112. 7) 
I 

3 I 1 I 77 

I 
9. 2 ~ 9.13(9.12) 986 ( 991.3) (NW 15.8) ( 68.2) 

: 
4 3385 9.10 ~ 9.22(9.20) 973 I 995. 7) (SE 10.3) ' 1280.6) 

I 
I 

5 4027 
' 

9. 5 ~ 9.13(9.11) 953 II ,001.1) (N 17.2) I ( 9.2) 
I I 

6 45 I 5 ' 9, 5 ~ 9.14(9.13) 986 I 999.1) (SSW 24.5) I 63.0) 
! 

7 5412 ' 9. 6~9.15(9.14) 910 ( 977.0) (E 12.0) ( 81. 7) 

8 5913 9. 8 ~ 9. 14(9.13) 990 (1,003.9) (ENE 7.7) ( 50.4) 

9 5914 9.11 ~9.19(9.17) 905 ( 951.5) (ENE 34. 7) (I00.4) 

1 0 7617 9. 4 ~ 9.16(9.13) 910 ( 994. 7) (NNE 13.7) ( 23.9) 

1 1 7818 9. 9~9.17(9.15) 970 (1,003.9) (NNE 12. 3) ( 52.9) 

'f JcJ - - 953.7( 994.0) (15.0) ( 82.0) 
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c) 9 /l Hu ( Septemlier 21-30 / 

I 
't!I Jill !iii. _g ltll llll J;,\ul;i,\1! (mb) ilA!lli&J!iil.'1! ( m / s l ,~,r1:<-l 

1 1633 9.18 ~ 9.26(9.25) - (!,0ll.3) (NN 15.2) ( 11.9) 

2 5522 9.20~ 10.1(9.30) 930 ( 994.4) (N. 16.9) . ( 28.3) 

3 5613 9.13 ~9.23(9.22) 990 (1,006,0) (EN 13.5) - 014.3) 

4 6816 9.12 ~ 9.27(9.25) 930 (1,011.0) (NNE 16.3) ( 24.6) 

5 6911 9. 22 ~ 10.2(9.30) 895 (1,006.0) (NE 11.3) ( 25.4) 

6 8120 9.14 ~ 9.28(9.24) 945 (!.004,0) (SSW 5.7) (189.5) 

7 8310 9.20 ~9.29(9.28) 885 ( 999.9) (NE 12.3) (127.1/ 

'F J::,j - - 929,2(1,004. 7) (14.5) ( 74.4) 

d) 10 /l ( October 1-31) 

llJ. ~ 
- !iii. cl, Jtll fdl e ii!. l!. I! ( mb J il.K'I\ laJrM,I! ( m / s ) ~,tel:(-) 

1 2250 9.26 ~ 10. 2(10.1 ) (1,009.8) 
I 

(WNW 9.8) ('5.5) 

2 8520 9.30 ~ 10. 5(10.5 J 955( 992. 7) I - -
3 0608 10.18 ~ 10.25(10.24) 

'F i'.cJ - -

2 .2 ~f \;I 

?i>LlJ/l!!1.i-"I 9, !OJl<>i] <il~ "r•J :iJ-iJilt!(/i!Hl 

11':Jm-of,] 41-.foj 1981$~1985!/e( 5!/e)<>il * 
~ ~LlJi!{IJ1iei,i tl!i!IIJJtJ!Sf ;;_ J[Ji!:iJ-1/r'ii}:J;! ,+_ (Fig. 

9 J ;:. faJWlraF] 9, 10 Jl IJ! i!{lj Ji: fl~ liltllt ;I,; 

>11! ~ f,l;J!e~ "r•J~•I ( Wind Rose ) 1'. 41> 

4J ~ 9-. 
•J";J ..9..§.)lllJ;i:IJi-"1 •};,)-{- !iili!IIJ1'}7] 4J-cr}oj 

%•~ •;l <J,cJ:<>1] tl:ill'•J /llii$t41JlifHl'.Br<>l]-'i A, -

nderaa Meteo Station{- ;&lfl:-o}oj ~ 205.c 

,J;,j-9.1'. 9 fl 15 SJ/-ci 10 Jl 15 877}~1 tnrJ 
'\! •}•,Bl:14-lt ,i/tat:il-1/f~ t'Hll:~ sfaJ,Jn]_;~ 

[j;j,ft~}':[ (Fig.!OJ-4 7,/cf. (Fig.!l]{:-t/ 

(1,005.0) (N 17.9) (65.0) 

(1,002.5) (13.9) (60.3) 

11.¥M~IJ J!i\loJ/la.ifil{- >O!jtj.!,. e-fcf~ ,;!cjc}. 'f'9t 

:ii<\~ ,J,!-"1 ~ w i!IIJ ~Bi iii! ililJ ,1l: ,¥,; ,1=- ~I ~ l ·~ -9.£ '-+ 
;,J 2] sJ-9_.!,. 7kM'rl!!-"1 ~q_.§.;fi-/:l:·;,:,} 'lJ_ e] ~Jc-1"1 

~½ ~i:'J 0 tt.-Jc.f iELirr WJ:.£./ tit<{[-& ia¥.ttg 

% • -J:: ~ gl 32'.lE tt %011 3.71] °5 tJ=¾ tiJ-~~£. 

*l!<'rll! Jilit.!i'$-"1 •PJ-4::. 3JIJ cf~ o;i~ cf 

•hl-iof(~l<il'!!, 1986). 

;i('ifi,1/-"1 '85$ tl!il!IJ.1/1;,llH,: c}¾4 7,/:cf. .'ll, 

.i:E 3m/s YT-1=- 76.3%, 5m/s tJT-1=-00.3 

%. Sm/ s~IOm/ s >}c],1=- 6. 7%, [Om/s 

~}c]~ 6.7%, !Om/s YJ::-e.J @Ii\{, 3%1'. 

e-fc};;tcj-, /1-(oJ)llJ ~/l('f'. t NW12. 7%, NNW 

I! .6%, WNWJ0.8%, W!0.4%, WSW!O%, 

SW8.8%, SSW6% llli. 0 ]"1, JOm/s ,UJ::£] 
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(Fis.9)(a). Wind rose for Sept<111ller In 1981-
1985 at llwun statloo 

(b). Wind rooe for October in 1981-1985 at Busan 
,tation . 
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(Fis. ID] Wind rose for September 15-0ctoller 15. 
1985 at s .... _ f:a,, station. 
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(Fla-.ll)(a). Vector diairnm of the wbl for September 15-30, 1985 n Seyeong Ba,·. 

SUYEONG 

10 ~---------------------------~ 

u 8 

Ill 6 

' ! 4 

0 2 

::l 0 
ll. 
"' -2 

~ -4 

~ -6 

-• 
-10 ~~-~~~==-=~~-=.......:_..._._,-..-':,.........,...~=-';'-'~~-'::----' 

r 2 3 4 5 6 7 a 12 !3 14 15 :6 17 

OCT. 1985 TIME (DAY) 

(b). Vector diagram of the wDld for October 1-15, 1985 in Suveong Bav. 

-ic ~&\~ -9-&. SSW, SW, WSW, WJ.il,JoJ 

'.dct. 9./l 15S~9Jl 30S7J:QJ 4'-"J•Ji\~-& 

l.8m/s, !0Jl1S~I0JJ15S 7,!QJ +•.t'JU 

~{', 2.9 m/ s&. 10./lo!J sf,.}ol Lj 7,}".l ;! 

2.3 >H iff 

..9..-5..;,~u_:;,,t -'-1~ :·~_t_c:>i] A1 £1 . ~,Hii~J\~½7/-

:.:Jt.J 'l"l. 7 1 mJ~oiJ ~~;' 8J :tiHJ}'TI¾ 0.:t T ~ 

5'...&. 4,f,{icj-_ ~/l/il\l-'§-(1985).sj 11~_!:l;i\ -Hi Jl;i-.}71 -IJs}oj £LlJ,J -L.Ll Fig.11"1) ;)~5J 

~i!li*oil QJ•f'\l. 'll:"fc.j.QJ sfaJ~ "1'.J:t]!iJjlJ?)j <1~.i,J;il!ci'11tQJ ,},:"-,:;, Jl',1,j&t ( SG\\") ll!iJllJ,J:lq 

2j io\!il!IJfi/i.!i!_C} 2~Jsij 'd.L t ;/5'....ls. c-j.tf';(! -:l- i\l.).R"5}oj ;:cJi/!,J'.!'"5}'.;J.cf. 

4 .. ::1.ei.!c.&. liJ!tl:"1! //j/J:.Q.j sf'l}{c ;JC'.§'illl S- l Fig.12 l-ic 1981 ~ 1985$£1 5.ifra1 t,iiJ<,, 

t_ation.sJ fllli!llJ/lt.!i!_c.J. 2 ~3sij ,J.S'. ~ ;/..9..£ s!itff\i. Jl)JIJ I 9fl. l0JJ )&. il,car3t11f•J: :;H), 

•~ zt-'i:! 9-. 111/:i!iM}0 ] ( Wave Rose) .ls. c-J.,f';II_ c;l 0 1 tf. 
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' ' 10 \ ,, ' I ' I 

I 
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I 
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' 
., -- - - ,, 

I 

0 . o.s .1 ... 
- o.s-2.0 .,, .. 
c=o 2,0-4,0 .1-.. 
• > 4,0 ., ... 
IEP,, 11-15 BUSAN WAYE 

20 

• 

(Flg.12)(&). Wave rose for September( 1981-1985) 
at Bu- Harbour. 

m::i'i: 5 J¥M.9.J :lfsilll!li 111i:ila.lJl.ill1J ffl!lloJI -21 

tf';j_ 9Jl~oi]~ Cfl"l!i\111i:,ll; ( Hs) 0.5 m tl 

T.9.J 'fifflSJ: ii'JJ::it!Ui!!;: 7,:!.>1].9.j 70.3%, 1111 

tlT~ 88.9%, 1 ~2m ,,ol~ 9.1%, .It 

f!//t:J -j"- i!li/J§!OJ 2 m t(J::-£, 2 %.9.J cf:iffl/1!,!1!'.£. 

4,e,f~cf. !OJl'/'oJ]-E 1l'l!i\111i:,ll; 0.5m tlT~ 

77.9%, 1m t(T-E 94.1%, 1~2m -<fol 

-E 4 . 8 % , 2 m tlJ: ·?c l. 1 % "-I ili ffl.ffi!!f. ~ 

;;\--Ect. 
'lsi.lJ/1,? fliilll;'l!l_t,j :5l-{)r,lf!l!:~ ( Fig. 1) oJ]>j 

9-t 7J:o] .2..~.I.., ~ TnJo) ±£.2.] lJU~WiffiJ;ttlr 

/!'.\:Of /mt..\£ it/AA.% 7}.£. 0-t.TI. 21"1 )!iii:,J;f,l /{ij 

J.:o;)-'l-'-1 Oii~. i!lil"l~l-t- 3-71) zfoJ7J 21¾ 3l 

o]oJ, A, B, C, D-"I _9_."'.5Lc':.oJ]-<i.,i_cf &ill, 

w ( 

• 
- - -,, ., ' 20 

/ ' I 
' 

10 \ ,, 
I I I ' 

I • 
\ / 

\ ' I 
\ / 

' ., 
' ,, -- - -

I 

0 ~ o.s ., ... 
0,5-2,0 ., ... 

= 2-0-4,0 ., ... 
CJ > 4,0 ., ... 
OCT,, 11 -15 BUSAN WAYE 

(bl. Wave rose for October( 1981-1985) 
at Bus111 Harbour. 

~ \;l 7] ttlJ ¾oil 111i:i!,.3'.'{l. ( ~Mm %, 1984, 

191,5)-½tUlll•l-'9 1985~ 9Jl~lOJloJ] tjJ 

"J: 11/i: 1Ja.?J-.ffi ¾ ;,j( ;!l.'1'!oJ] -'i ft illlJ-'iJ. "f tj-f.tft¾ 

1<1'.!ll•loJ lft••I::! ct. 

3. 1 i/iiJUt•!Afi 

#J..l:"-1 Iii.~ ( Wind Field) !1!1~7} -'J'll i!/i 

Jii.Sj tft~ ~ l!&:i'I-'{} ltllra,oi/ tjJ •! Ai-i':- SMB tt 
.;,$oil .9.J'll 111i:/Ja.3'.~J( ~AA!![%, 1984)% 

itfl"iif'.(! 4. 111i:ila.3'."J .9.J ;,t.1'/!r"7- Mri! ~ 6X 

= 1, Y = 1 mile, l®l'!'rrl!\\ 2,601 00.£. •11t"1 o-] 

21 't. 1"t'i'l-.9.J ttJl:il\"7-tf.1°19- ~~.9.j ;,j(/1/i, '?I 

i'7/e)( Fetch Length),Wind Fetch¾ 42-/

-'F>J'l} 'fi;i;J;,j(ff( Mean Depth)o] Ji.(<i].9.j 22.5° 

ra,~!.2._.£. 15,~ nr5JoJI cJ!<IJ>i "T°i"1 :V-4. l1li: 

/J§!J'_Pj[.9.j ,/,lfnl(:of rr;!'l:t,1:/lfl';: (Fig.13)oJ! ~4. 

i!/i)i.l.:i!!!:i§ls¥.9.j JJ!j/!-e Wilson ( 1961 ) oJ] .9.J'll 

i!lii~lttli:/.t ( ~AA@ %, 1984 ) o] i'1!/ll"1 '.3;l 4. 
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oil AJ- Buoy ., AJ- ¾ l ,q cJ- -'J ~ /" T 

,! .·. ,<.,ij.Z,. 
~ 

';,! ,+a-..,_, ~ ;(a 73 ?ii i 7r .}_ 

: 
i 

[!~ 
' i 
I 
I 

I ¾4;-(U~ 

~l¾?i•J(F)LJ ~ 
~ -

7ii. 
,, 

0 + ""~ (D) 

l 
[r1B MODEL 

,hallow ) 

1 
[1:il.· "c-7] 7i/."J 

;q- ~ ;(t.°AJ ) 

CFl1,13l ilt,l£'ill9.I •$;:af lt:IJl£Ni 
Flow dilcram for w.1,ve-model calculation. 

1985&,: 9Jl 15E.!/-Ej l0Jl 15 s.e.J ~Jc,ta} 

1.ld!filllo!]..<i sf;;}IJ/.lll1JJl:¥f ( Fig.11 J ;;_ 1/iU:Vi\ 
ol .. -_ 
»--

~J'!i.,i_~ Cl!\\ ( Fig.! J Oil '11 •l-'i iE(ili!.5'.'lH: 

N!!!l .. f"l !lf ieyr.,)j1J iE(ili!% ~Hftf:;;l ct. fisJJlll1,, 

'f' JO Jl 5 ~6 89.J !iii;~ Brenda"' ;m~iey,q 

:Ill:!/!!-<:- Wilson/t:;Oil 9.J•ij-'i i&:ilsP't ci¾% ~t;!!: 

"Of:,;lt+, [ Fig.14 J.2j- ( Fig.15 )-<:- lit.\:! 

310 

~1.e.1 ~t,HiUllo!I ,jsJ: S5<$9Jl 158~9Jl 30 

8. 85i\10JJ18~10/J15,FI l(f l5B% 0J: 

158.!/-<J 308 ..<fo]oi]i"c rfii,,',(,;lj(Hs) 1m 

J;J,J:-i'c 8.6%9.] lli!JlJl1/JU,;% tfEHl2 j,c}_ 

!0Jll8.!/-EJ 158 ..<foJo,J,t- ,i~2/i;ll; Jm J;J, 

..1:.g. 32.9%9.J tllmffloc'it tfEHJz ,JA. -~ 

j]j~ Yachting¾ -¥]6ij/4i"i:- i&:~ 1 m ;tJ.5:.¾ 

AJ-~~~ ¾ 1'- ~ 4 ( 'l'il'J~. 1986 ). 
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• 
4 

SUYEONG 

29 30 
TIME(DAY) 

(Fig.14) Sipificat wave calculated at SllYeoag llay(C pcint) for September 15-30, 1985. 

• 
4 

i" -!I! • 

SUYEONG 

~·~~l\wv~~ 
\ 

I 2 a 4 S I 7 8 9 10 I 
ocr. 1985 

12 13 14 15 18 
TIME(DAY) 

(Flg.15) Sianlficant wave calc•ted at SUYeone Bay(C punt) for O:tober 1-15, 1985. 
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[ 'Iii' 2 J 

a) 1985.9.15 ~9.30 %0J"-i ¾-'-i"P'- (H.) 

{f i'i ill! .. 0.0gj,,<0.5 0.5:S 1-\. < 1.0 1.0 :SH,< 2.0 

!Ii It 249 102 27 

"fr'll 64.8 26.6 7.0 

b) 1985.10.1 ~ 10.15 %0J"-i ¾21-"f.TI. (H,) 

liililll: .. o.o S:H,, < 0.5 0.5:5:H,<l.0 1.0:5:H.<2.0 

' lti It 100 58 69 

s 77 '1l 51.6 15.5 

i!i;/l\, JJ;/l\Olj- 7Jo] /l\~ ( Wind Field) "-I !II! 

1t,t •J ti: Ii!~½ ~71-t!: ,lkBLoi] <11 ,ij •H:- SM 

B /SUJi!ift'.iEl.&o] <11•11£ kilt!: :;i.£.£ '\fi9;oj 

~tJ-. 

11/H/i;\ll l•Hl/iliJ:o,]>1 7f% -l!- ilti!l!% ".l:·~"'l 

'[l 'r ~-i= •H}-'-1 1:/,.\IPJ ENE. ESE, SSW 

oiJ <11•1"1 Nl.i! !Om/s ;;_ lli<'.iEtH iit;;,;{i- M 

:l'l:•f:::1.£."1, iltiilif.l--1Ji~-i= [ Fig. 16 ~Fig.Hi J 

"4 7J 9-. 
.!L"'-Jilltt.,L:':. A, B , C , D .ttl!f,I o,] qj ;ij "1 

18.D 

..... 

2.0:SH, < 3.0 3.0 :SH; ~I 

6 0 684 

1.6 0 100 

2.0:5:H,,<3.0 3.0sH, ~I 

29 30 
I 

384 

7.6 7.3 i l 00 

WINO f 
~ 

ENE IOm/s 

~ _,l 

) 
2.6 > HI) 2.~ 

0 • 

'----+-----+----+1~ 

•·· ... 
.. ., 

"' 

Jl\lPJ ENE-"] Jl~-i= 1failtjffj H. = 2.2m ~ 
2.6m, ESE-"] !It~:: H,=1.8m~2.2ts, 

SSW-"l JJ!j/l!::: H,= l.6m~2.om-"] f.l-;/Ji½ 

21..0] t,j. ~ ¾;,.J e] 7} 7}'<J- 7J ENE ;/j iiiJ-"l !ltil!l 

o,] 7F'J- t; illz,;:ijjJ-;jp ;;_ 21..0] .:i1. ~ 9-. 

Table 3 ~ 16@1 /l\iiiJJJ} li\.ifil, 5m/ s, 7.5 
[Fig.16] Distribution of wave height (Hs in m) for 

wind •peed 10m/ s ia. ENE direction. 
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m/s, IOm/s, 12.5m/s, I5m/soJ] tjJ~ ~ 

WIND 

ESE IOmt, 

··• ·--
lL-----1------1-------1-li 

.. 
(Fig. 17) Distribution of wave hewflt ( Hs in m) 

for wind speed lOm/s in ESE direction. 

WIND 

I 
SSW 10ml, 

Z.0>H1)l.8 

, .. 

" ... 

I Fig.18] Distriiutim of wave helght (Hs In m) for 
,md •peed lOm/s in SSW direction. 

~ 3 J Wave-clanate information obtained by w•ve model for the sits of A. B, C, and D. 

Speed s.om/ s 7 .5 m I s !U.O m I s 12.5 m I , 15,0 m / s 

.""' H, er, l H, iT s l H, (T •) H, (T,) Hs (Ts) 

Directim ~~ ~ ( sec ) lmi(sec) lmJ(sec) "'I ( sec) 1ml (sec) 

A 0,5(2,7) 0.8(3.4) 1.0(4.0) l,3(4.4) 1.5(4.8) 

B 0,6(3.2) 1,2(4.3) l,8(5. 2) 2.3(5.9) 2,8(6,5) 
N 

C 0,6(3.2) 1.2(4.3) 1.8(5.2) 2,3(5.9) 2.9(6.5) 

D 0.7(3.3) 1.3(4.5) 1.9(5.4) 2.6(6.2) 3.2(6.9) 

A 0,6(3.2) 1.2(4.2) 1. 7(5.0) 2.2(5.7) 2.6(6.3) 

NNE 
B o. 7(3.5) 1.4(4.8) 2.2(5.8) 3.0(6. 7) 3.8(7.5) 

C 0.7(3.5) 1.4(4.8) 2.2(5. 9) 3,0(6.7) 3.8(7.5) 

D 0.7(3.5) 1,4(4,9) 2.3(6.U) 3.1(6.9) 3.9(7,7) 
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~ 
5.o m I s 7,5 "'/ s 10,0m/ s 12.5ml s 15,Qm/ s 

H, (T, / H, (T, / H, (T, ! I H, (T,) H, (T,) 
. tnl (sec/ (ml ( sec ) (ml ( sec ) ~ ( sec ) (ml ( sec ) 

A 0,7(3.4) 1.4(4,6) 2.1(5,6) 2,8(6,4) 3,4(7.1) 

B 
NE 

0.7(3.6) 1.5(5,0) 2,4(6,2) .,,4(7. 2) 4,3(8,0) 

C o. 7(3.6) 1.5(5.0) 2,4(6,21 3,4(7.2) 4.3\8,0) 

D 0,7(3,6) 1.5(5,0) 2.4(6,2) 3.4(7 . .C; 4.4(8,l) 

A 0. 7(3.5) 1.4(4,8) 2.2(5.9) 3,0(6.8) 3,9(7.6) 

ENE 
B 0,7(3,6) 1.5(5.0/ 2,4(6,3) 3,5(7.31 4.5(8,2) 

C 0,7(3.6) 1.5(5,0/ 2,4(6.3) 3,5(7.3) ' 4.5(8.2) 

D 0,7(3.6) 1.5(5,0) 2.5(6.3) 3,5(7.3) 4,5(8.2) 

A 0.7(3.4) 1.4(4.8) 2. 2(6. 9) 3,0(6.8/ 3,8(7.6) 

E 
B o. 7(3.5) 1.4(4.9) 2.3(5,1) 3,3(7.)) 4,2(8.0) 

C 0.7(3,5) 1,5(4.9) 2.3(5,1) 3,3(7.2) 4.3(8.1) 

D o. 7(3,5) 1.5(4.9) 2,4(5,1) 3,3(7,2) 4.3(8.J) 

A 0,7(3.3) 1.3(4.5) 2,0(5,6) 2,7(6.4) 3,4(7.2) 

ESE 
B 0.7(3,3) 1 .3(4.5) 2.0(5.6) 2. 7(6.4) 3,4(7.2) 

C o. 7(3.4) 1.3(4.6) 2.0(5.6) 2.7(6.5) 3.5(7.3) 

D 0.7(3.4) 1.3(4.6) 2.0(5.7) 2.8(6.6) 3.5(7.3) 

A 0.6(3.2) 1.1 (4.3) 1.7(5.2) 2.3(6.0) ,.9(6.6) 

SE 
B 0.6(3. ll 1.1(4.2) 1. 7 (5.1) 2.2(5.9) 2,8(6.6) 

C 0.6(3.2) 1.1(4.31 1.7(5.2) 2.3(6.0) 2.9(6.7) 

D 0.6(3.2) 1.2(4.4) 1.8(5.3) I 2.4(6.1) 3. li6.9J 

A 0.6(3.2) 1.1(4.3) 1.7(5,2) 2.3(5.9) 2.9(6.6) 

SSE 
B 0.6(3,2) 1.1(4.3) 1. 7(5.2) 2. 3(5. 9) 2.9(6.6) 

C 0.6(3.2) 1.2(4.3) 1. 7(5.3t 2.4(6. 1) 3.0(6.8) 

D 0.6(3.21 1 .2(4.4) 1.8(5.3) 2.4(6.2) 3.1(6.9) 

A 0.6(3.2) I. 1 ( 4. 2) 1.7(5.1) 2.3(5.9) 2.9(6.6) 

B 0.6(3.3) 1.2(4.4) 1.9(5.4) 2.5(6.2) I 3.2(6.9) 
s 

I C u.6(3.3J 1.2(4.4) 1.9(5.4) 2.5(6.3) 3.2(7.0) 

D 0.6(3.3) l.2(4.5) 1.9(5.5) 2.6(6.3) 3.3(7.0) 

A 0.6(3.1) 1,1(4.1) 1.6(5.0) 2.1(5,7) 2.7(6.3) 

SSW 
B 0.6(3.3) 1.2(4.5) 1.9(5.4) 2.5(6.2) 

I 

3.2c7.0) 

C 0.6(3,3) 1.2(4.5) 1.9(5.4) 2.5(6.2) I 3.2(7.0) 

D 0.6(3.3) 1.2(4.5) 1.9(5.4) 2,6(6.3) 3.2(7.0) 

A U.5(3.0J 1.0(3.9) 1.4(4.6) 1.8(5.2) 2.3(5.8) 

SW 
B 0.6(3.2) 1,2(4.4) 1.8(5.3) 2.4(6.0) 3.0(6. 7) 

C 0.6(3.2) 1.2(4.3) 1.8(5.3) 2.4(6.0) 3.0(6.7) 

D D. 6(3. 2) 1.2(4.4) 1.8(5.3) 2,4(6.1) 3.0(6.7) 
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~ 
5.0 m I s 7.5 m I s 

H, (T,) He (T,) 

00 ~(sec) ~(sec) 

A 0.4(2.5) 0.7(3.2) 

WSW 
B 0.6(3.0) 1.0(4.0) 

C 0,6(3.0) 1.0(4.0) 

D o.6(3. IJ 1.1(4.0) 

A 0.2(1.8) 0.3(2.2) 

B 0.5(2. 7) 0.8(3.5) w 
C 0.5(2. 7) 0.8(3.4) 

D 0.5(2.7) 0.8(3.5) 

A 0.2(1.5) 0.3(1.9) 

WNW 
B 0.2(1.9) 0.4(2.4) 

C 0.2(1.8) 0.4(2.3) 

D 0.2(1.8) 0.3(2.3) 

A 0.2(1.5) 0.3(1.9) 

NW 
B 0.2(1.9) 0.4(2.3) 

C 0.2(1.8) 0.3(2.2) 

D 0.2(1.8) 0.4(2.3) 

A 0.2(1.6) 0.3(1.9) 

NNW B 0.3(2.0) 0.4(2.5) 

C 0.3(2.0) 0,4(2.5) 

D 0.4(2.6) 0.8(3.4) 

_,f: Gf:te-~ Jt-tij Ai 9-¾Jlf" 7J ,='_ ~Jl!ff{:- °2 ~ 

T ~ ct_ 

I. il..!"..l!iltli ~JtllM 0.l 1986.9.23 ~9.30 

( Asian Game ), 1988.9.20~9.28( Olynr 

pie Game ) %oJ k"flJsi.\!! Ji'ij~lfiJJ,£-l !Y,;s~ 

i¥l /fiJ w ~ ~ * tU!l 0;! Iii€ IJI. .g, "I \l: 8 2 "I' 

M ( 1904~1985) ~ 2551lol'P 71lol~.£.uj, 

Pri ;i;:\lllillM~ 10 s atr<t;;. @:aOl{Ai{:- ri, 

20 {/li! "cl.£~ c+. 
2. 1904 ~ 19851p,r"I 9 fl "1- 10 Jl2! '¥-~ 

-61-

.0.0 m/ s 12.5 m I s 15. 0 m / s 

cl, (T,) H, (T,) H, (T,) 

1171) ( sec ) I"'/ (sec) 1ml ( sec ) 

1.0(3.8) ' 1.2(4.2) 1.5(4.6) 
I 1,5(4.8) 2.0(5.5) 2.5(6.0) 

1.5(4.8) 2.0(5.4) 2.4(6.0) 

1.5(4.8) 2.0(5.5) 2.5(6. l) 

0.5(2.5) 0.6(2.8) 0.7(3.1) 

1.1(4.1) 

I 
1.5(4.6) 1.8(5.1) 

1.1(4.0) 1.4(4.5) 1. 7(5. 0) 

1.1(4.2) i 1.5(4. 7) 1.8(5.2) 

0.4(2.2) 0.5(2.4) 0.6(2.7) 
' 0.5(2.8) 0.7(3.1) 0.9(3.5) 

0.5(2. 7) 

I 

0.6(3.0) 0.8(3.3) 

0.5(2.7) 0.6(3.0) 0.8(3.3) 

0.4(2.2) 0.5(2.5) 0.6(2. 7) 

0.5(2.7) I 0.7(3.0) 0.8(3.3) 

0.5(2.6) 0.6(2.9) o. 7(3.2) 

0.5(2.7) 0.6(3.0) 0.8(3.3) 

0.4(2.2) 0.5(2.5) 0.6(2.7) 

0.6(2.9) 
I 

0.8(3.3) 0.9(3.6) 

0.6(2.9) 

I 
0.7(3.2) 0.9(3.5) 

1.1(4.0) 1.4(4.5) 1.7(5.0) 

,Joi] W,\l;i~ /liljf;l\t!e< ~ i!iii§~ C;j_ ..:;Jlb'i:.ff5.)

moi1 ~ .. ,'1! 9 JJ .1:t:1 < 8 @I> • 'l't:i < 1111!l>, 

T·nJ( 7@1), !OJJ .1:aJ( 21ill).scAJ lOJl 

.£. 7jc,j ~'1!Ai lii!J,\$~o] i},jtl ,,;c:1:'"];i;lc+_ 

3. 1985.9.15~10.15 °J',£7J 1(1'i;i)!joJ]A7 f!i! 

ijjlj'IJ. "HhH'foJ] .S]tl'1\ 9.15 ~9.30 •r 0]o!] 

{:- ljS;fsillil,j:j;o] 1.8 m/s. !O.l~!0.!5Af<>lo!J 

{:- ljSj~il<\,i'l!o] 2.9 m/s .scAi lO}loJ] "H}o] 

l"l ~ Nw; NNW, WNW, W, WSW, SW, SS 

W/i:t.£..£. 4"1-~<f. llll.1:11/.i!liJJl:tloil "I~ m, 

ll:-11! /fiJ~ iivd:.sJ ljSJt!}J~l.it :'_ ¥, Sm I sec 

( 9Jl )£} 6 m/ sec ( lO}l) 17371-.£. lft5'E'\l.rf. 
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4. ,1:;tt 5Jier.,( 19s1~198.5) !1£/JJillioJl-'1 

aoiu-'i! IJ.:iJ,fi:oirJ f!f>l':o/J SJ-.f'tl, .a..>e.lll!tto11 

xlll½- ~ 4- ~ -l:- 'lfitll.:~ ( H, ) Im id.J:. 

o/) ci1 11: lli !11.!l.l'lJi'.'ic ::_ 9 Jl o/) -l:- I I. 1 %, 10 

JloJ)-l:- 5.9%.£ 4"-f!:.J:4. 0 ){c- 9Jl '!'SJ 51 

{'- ili!.i.Jk~~ "J.11: i:- iltiJ,o/) "9~-'i!;;;l~. 

.£ -~tt'ilcJ-. 
5. 1985J/e9Jl 15S.l/-ol l0Jl 15 S77f-'l 7.1<\!il 

~o/J-'j IUIIJ-'(! efi/)-½- ~ffl-.H iltil,-5'..'1/.oJ 

SJ 11: flu=¥! 1/iU:SJ il/i:11,_}} ;/Ji tt1'f/f;lf'.oJ/ .S/ 

-.f's!, 9 Jl 15 S ~ 9 Jl 30 s % 0Jf: 'lfAIJ.:~i 

1 m t!J:.e\ i:IHJ!!l.l'llt${'- 8 .6 % , 10 Jl 1 fl 

~ 15 s {- 0Jf: 32.9 %.£ '-1- 0 f!dc.\-. "H:-
1985 Jp.ej '\I-} 10 }l J:1'].ej ~Ji. Brend;t 

( 10.3 ~ 10.5) %:,if, .1~/2 '!'1,Jtjj.Q\ sl 
11: af.)-oJJ .eJ•»•l !0JloJJ{c- 9Jl_!;!_cj- 'lfii 

IJ.:,fl\ ( H, ) 1 m t!J:.2) -e- lll(il,o/) ci111: /!J 

m!l.l'llt $ o I -it f: ;;;i .£..£ '-1- of ,.JA. 
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Trace Elements of the Middle Cambrian Pungchon Limestone Formation, Korea 

B-l"ii 'tl_ (Byong-Kwon Park)* • ~J-J-r(Sang-Joon Han)** 

"'I 6,:l·Tt- -'s-~"~11°J-½¾ -r-<Jtl--t- t.H~~ -<J-.1.-4Jttl] ij-¾s:lo-J ,u::_- ui"J ~±..<?I¾±¾ ~io)2., "I 
7';9I i.~9~ 5cj .,~ "J- ~t- {~i'~.<?1 T-<J %·i:<1~~') :.;l"ll •~ ¾-t-"~Ji) 0J-¼.<?I 4-<JA-~J01 °)4% ~io~ _1;1___1

1
_ 

;;:} O}';iiL ,1.]?_cl_¾~J,:i 441fl ,1l..1:i._% .<J.l.!!6}°'1 --£--•A~l ~A Ca 3ti9%, Mg 8J51 ppmr,,( ,~ u\eJ ~J:f-_ 
-~-tj ~ -,,r~2-J'1:,'°':- Fe 2.772 ppm. Mn Y0:3 ppm. Sr 180 ppm, K 253 ppm ~ Na 159 ppmo] .:2., -1% <,:J 

-:;·1-2-1-;r?-9.5% ~Ht-,,,lo-J 'V~L c]-~-{!-t-.91 "iJ-t'.'Jt--Xt-"~;Jq}{-9] "r"'~'i:!-g- ~i'\,(J+'- 'i'J.g_ >tl~I¾ 
.!i!._c] 1-~ oj ;;:~"J ?- f_* 5'. 0) ~ ij 5}{--;;-, :i;I ,..!j 9) LJ,.J-<g 0, 1J. 41 q}cJ <5}1f-·O·, boundstune~! 1•-!f"¾ Pj 
-0\"..!l.9[ <J-';~~OJ~/_ 7_.}~o,}';1 AJ-~-~S\ 1{ ~-t40,\-<H=- ·~~ur 'fi-A}·OJ il·S:- !.l.~7-•'- sJ.c:.t 

-6'-f- "-1 ~I 0J·t·"'I o;~ •~ l-J ~ ·¥:~) u) tlf Na~~ Sr"i)- t!Jo] ~ 71 "'l ...i.'.. Mn ~rJ,-,1 t'Ji-t· ?;j -f':- 0
). *l- "t 2_,.: cJ [°-

~-] "}-.;-~ l{~-2_- 4i-<j,4JJ9] 7).i;~O]u.J. o]~f~.<;1 __ ;;-_::::_. {lcij9) --f,,J.,:rJ*~I ,,:J-oJ1 2-]~! ~f'_S oij~i~lcL 

c I~ 11j ,'.J -iH·. 0,:! T 7) ,.,~~] 9j t~~J. i' -t- '-i ~I 0J- i·-2 41 (sha\low-suhtiadal)o!] ~l -¥-r1 ~~ ~· ,,.l-~ 2-1 .<J 'i-
oi\ cl_;;,.' ~11n11~1 ~ 7~5,I ~-"'-'>'- t\1"~',J:L 

Abstract : This study was intended to investigate tile distribution of trace elements, the rela
tionship of trace element contents and the original mineralogy, and also the diagenetic altera
tion of carbonate composition of the middle Camt nan Pungchon Limestone Formation. 

Forty-four carbonate samples were selected and analyzed for this study. The averages of 
each element of samples studied were as follows, Ca 36.9%; Mg, 8,151 ppm; Fe. 2,772 ppm; 
Mn, 903 ppm, Sr, 180 ppm, K, 253 ppm; Na, 15') ppm, and insoluble residue, 9.5%. The 
contents of each elements were varied in the vertl,:al sequences of the Punchon Limestone 
Formation. and t1owever the lowermost oolitic bed, gray lower carbonate breccia bed, middle 
boundstone bed and reddish upper carbonate brec cia bed contain similar amounts of trace 
elements, respectively. 

Lower contents of Na and Sr, and higher content of Mn of the Pungchon Limestone 
Formation than those of Holocene carbonate sedi nents were interpreted as the results of 
primarily diagenesis influenced by fresh water. ar d secondarily differences of the original 
carbonate minerals. The results of trace elements s udy suggested that the Pungchon Limes· 
tone Formation might be deposited at the shelf (shallow-subtidal) and \he upper slope environ

ments. 
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.s-_£ ~O::\'Ur:..L %-t-.-(~~1°J¼01l -'t~'1l ~-Tr ~1. 

7J "iel <;>}½Oil "i'I ',1-j'-sJ"i -!_l!>.,+i /c>l'i· 
sf ,j >J-'i, 1965; Yun, 1978; Kim and Pa ·k. 
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o] ctl Ti:" ~~:.i~n_,1-;i:H t:-J:51.j ~ T Al~{ .-<]-OJ 2] oJ 
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~~o}r;:j_ G). oj r~ 7-1] u,l~ A]_~%--& Instrumenta
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c] ml air-acethylene flame% ..:}--§-t}S,i __ <'.!...i:r~, A] ii. 

%-f':- ~!,-_ t-·ff'oJ1 nld .il,J__B_A.: ~l~itl- 7 ).'i. O}Si 

i:L 7-{ ~.±~ lL1:·% 0
~ (standard solut10n)-2-=-L}% 
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t}~ ~l,J~ 0J-¾~ i:-},.t\ 47~ {-..9..~ ~l ¾"it 4- t: 
tL ~- ~-"lJ ,tJ] 0J} t}-}-~- 3~ tl--4-{-, ~,..!j ~l 6J ¾ 
jl} boundstone¾ Ac]~ <5}-¥-¾, boundstone¾ 

i ?;-¥-~-, :ic\ ~\!.. .l ~-¥--~ "J-¥-¼-2.£ "1"{-ol 
7}---l5-i5}t:}. %~ A~§] oJ{--~ T,.{J t}-C EJ:<l-~ oJ 

,.{J *2-] t.lj.£..A~ 0,__! 0J-A~ Q] 3£.A~ (texture)JJ} 2 °JA~ 

i- T.-:Jiil-f-- -t-£.· .-:J¾%-2 .-i~ 3..i} .:::z..'E) 4.9] ~.{ 

fl/ 1 .-:f.1.l.oi/ .. q * -? cu i:+. 
_.ijo}--}{--f- oJ-11~~ ~ i.i_o]CTl ')I -}.0] •}-f-C:- o-j 

i:'JAJ- ~ oncol1t1c ---?-:I:.·i ..!.!.~·T"n:J i .-:}o]o,] ti_~ 

51] ,.~ ~- -~ o j uci -T- .'2_ rJ AJcg q} 7--}'1 oJ _0 _ _£_ T,.{d s:] 

~ ~ t:}, 6}-4,¼-2=, Ji\,.~%- _r,l_oj °l IcJ-,,_J:-cg oJ 7--}~ 

0J_~ _ _£_ T.<J.'i-jo-j 9.Jt:L 6}~,S- t.ljol]~ o] 0J- -<J*ol 

t1--fi- -t-~ EJ~~~~OJ- ,'.r9 )+"]:}jj 7] iJ_S..-<i ~l~'i1 
0~ :Vet. 3:.~ tl-V-¾~l 3)-V-t -~5- 0 }-o]_F.:..~} ~ 

--§--g- Hfo} 7j9] f:_~o}o]__s~ TA,:j'ijo-j 9Jr-\-. 1-
-¥-¾-f~ -fr-t1~,.,~ c~A/ '--Jj/A..11-~- _!i!_ojocf ;,/ jo] rl.9/ 

.::t~ 2. ,J,;.if 83-3"1 Al4-JL¾% ol%ii~~ uJ-t-..![~ 

_q_ ·,U .•,q A\ ?l-~ bounds tone _5> _g_ T .-:cl s1 o-J t'. -32. ~ 

-~-A~_Q _ _,;'_ ·f-1--'} ,1.J--¥-oJ] ½.<i.u}o]_t:_§} ;i:-l-i-¾. Hf 

_g.. -1-{-'i, 9lr}. 1-¥--}.t- oJ!i]-'-~. ~\,..!J -G i:}oJ: 

o}o,j ~AdA4'{! ~-& ~A.!j.0] tJ~~~oJ oJ,.{J.o] ±~ 
!iJ 7~ 4 -~-€_- ,,;4 ,.~ o] l'.IJo] EJ,,.J-°a oJ 7--}~ oJSJ 7] ;i:;J_ 

.'i:__ i'to] _y_~fslo-J 9lj1 ~--OJ E;J~°iJOJ oJA~- i~o1] 

_£ Ai"Jl.9·1 611 .-:J¾o] _¥_-q.}5Jo-j 0t}, ~-¥-A4_2_ 
_<;-_ r}oJ~J ~b--fi"9] oJiijll L~(:}~ .::!7]~ T,,<,:jaj_ 

polym1c-tic- carbonate brcccia~ +,,:Jsjo-j 9.Jr::.}. 

~~-¾Of/{:-- c~-2 ¾~~_!Lr::./- <1].tl?.~ o/~~2-/ 7)~ 

%0] %0] %¾!>-]o-J '.U_%o] -~AJA~olr.-}. ,l~..Ul OJ-½.9] -~ ~J:r... 
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,,_,I ~1-~.~ 'i)"1I "id ;.,~"3 -J:..:t~ ':'.] ,~j 11:H f;- ¾-<i ,.,\ /I 

"fl :;t•.,j ~~ t': • _1f-t! ~1 1t!st~- ot-7-JI ~I 1 \. --1 _,it 7J 

psC'ud1ispar i:;:_ uc~ i:if- 2. ut,,-:1 "! 011 --i s;pantc ,; •!1 t~ 

'i] ',l,·4, -6·-"]0ll n)CJ-~11-.~·-f: -~"/)6\ /)Lt (Sr:: .. 

9~ '.\a- 1, {}--1-_,:ih\.L (Mn2 +9t FP:.:-+ 1 "J,:1~,.,:j?) 

rL "Id q} ·!r-'d .{f-§--7, 0 16!1 ,-,tt•ril -?r-%-q~ 1 1 ~r
.{~sl_ .zlt}tJ-~-: cl t'--~~r~ ,p-.;~~-lfl. L~~-_;'1- ~l-tk 

,-.._,1,;,jj, 1i]'-'J-'d.T.-~~oi t.J-'-J'{-J~/ -';f~-;'I 1(-:\·(_f. 

L49] ]-"d-~ ij--{{·.:i'(- ;J§,_}c] "1-~o]-<]i'~";l J]iif---q 

.,,~ "l-t:"'1~ 7},)I ¾-<Hl9°i ?>J- 1 1-. fJ•·:J'tl "d1.--~
-f-<Jtt':· 11..:_~.z~,<~;:r} of-i't ,1_1.-,t•) 1~--'.~- -%-~]r.1-;J

(prilvmurph)('.'__.,-'_ -<j uJ-~H "i-?- f)-1Hl.'Z] (c'(Hmlinct-

111,n I:~-, •f,'l l'_L-1-ol t_-~- 9 tJ~~I :.·_ tJ"Jo}."1' 0 
d_ 1LiJ F;l~l'{i .,;J-ti!l<'.>J] t'lt:/~11-_.:"'j ~l~[o] ';~ 

•I 1.,~ 1.·t 1[ ? 8_<'.J 8_\1-t':- .z,_l_ 1! ii""/c1 'i_ (elf'<'· 

tronegativity1°11·.). (Ringwri(Jd. l '.J:"J;)_ Ahrf'm. 

"<~', aJeJ~l±½ 0J4--!i- 'r--<J¾ ~Lt9e '\J'1I ~1-'J 
,,,, I -',l tf. .ll 161I o I 'l! '{I 'r<>il •1 t "~ q} n I ,J ~ 
1,-_~;_-:21 oJ-&,lJ:1. ~71-£-,.-!j.s:_9~ ~~-t-1--oJl ¾t~!>cl 
o-J \H~ {!·~"{r~J-8- .R....<1 i;}qj1.-,}. 

~·~~. rJ"i~c:1 :ilJ~_-%-& <-~- -~l "3ol] uJ-1'). ,;H -"r 
1.+ ~}'"\~ t- itl6J1 ,:1 "J ~i ~ -§-C>\j ~r 2· 0 i ~~ *C;~ -<i 

Zj9! :>;l_iL /JI ,4-<j91 i}-8-}~ HJ_-Z.-2- ~l~-Hl _;1.-zj 

4~1 d~--4 ,,J-c:L 

0] 5'} ,;f-~=- ~l-~ l.l,~-2·i-ol1 °1 c>_{4'.l .+ -~-,·-& 1J 'i:._91 ~l-
6] {- x}.:?.1.-+ EJ:~~ .,,J~~ ..:} iHC:I Ca.:+ -3- -'t-5c! 
0 1--?- _jl~}cSJ(diadochic) ~--~=- -f,-•H ,\J {mstersti

tial ,_o __ ,; _ _jl ~j-0}71 i,} :L-:::.- *·i-4 "J. oj (unsatis• 

fied charges}0J] -5-~5] ,1J1.+ ~~-{:- 7.i·q;--:~ .:l-(defect 

latt ce)iH '-H .'f-1-~l* •~¾_c _ _;,:: ..:J ~1 ·/-0~ ~\L\-. 

~l ~, <'>!l ,.-!j -,J .S:l ~H!q:l -X-11 ·:i-,0-:- 6Jl T5>l- ~ ~ 

"'J-r~ol1-<1 ::<J~1-~I -:::~7°1!-"_i;'_ !>]cJ-~L1.5'l q~~ 

1964). ~!,)-(.~.'., /! .-~ 1~_ -!-f"-\ ;.{J·.:J-'.-,.~- \!-<\ -\1-'1 -{H~Scl.! 1 __ ,;' u!?J-!a;~!L~~ t:f'J'(\]--;J{~-:,-,,_ 

~~ ·S"<].(l '-i_ ;:oj,_l 1 1 :;] 0 1 -/_ ,'., A,') 11 ~1 ~'. )}--- T2l- -P.:-~i5]ol --¼--<J 7 ~-§--"' __ ,~ ",) ~1CJc]-' 
t.1,f r)"'! ,;'.1·,;I >j: '>-jol ~:I ~!''I ;-~i (p(,!ar11:.:.ihil 

1tyl-~ ;! 1.·'1 ,. 7 i1 -''.I':. ,,j 1'1-<J 9( 0 ~ ,; ,· 1 -~· · \ tl JJ !,: -~.1'l \.-~ i-~ ~:.01~ -:=• ">JI{) .... ~!°'.'~- .. i; ]·· _1,1 [ l 
~,0 (J-ll Sr..;'. Na~. Mg:' •. () 1 \'9~ () 0

~(),~1 

uJ,u::, '°' PIP-merit 
i-.-, rur,J1na11ur1 (/IJ 

,_:d· G 9'• 
Mg G6h 
Mn 1).80 
~ ,..,. ' () /4 

s,· I I? 
~a ::_,,·:i; 
K' ! .13 

cl ·,, 
,..,_ - - ' 

elertrun ~gat1v1ty· 

i () 

: 2 
1 5 
I 8 
l 0 
C9 
cs 

cone '" 
sea water I ppm i 

,10C 

l 3SO 
0002 

I l 
80 

10 500 
380 

• ~1 ,-; ~1j,,:I 1_17,-;: .,_,, :~ 1-iFJ:'.'i ~,-1_11 ;;-1_';_;..C-4_;,_c_.,_ 'jA(J~ i;;=- '-\'.1.--t-.'.-.._,0 . 

. ·r tJl~t1,,l~j "!',!1 r)';rnl1ng-. J~t41)) 
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±~s]o-J 'x}L-}(Turekian, 1974). a:f-c:}...:i dlMC 1-'4 ~ j}o1;} cj_~-4--~ u]ej\L± .. %S!J "5"7J--&-c\ 
o!]-t- -U~.9] <5H1YI\\ ~~-'~J 0j ~-;l-.s!_q Sr;·+.il~ -!l~1L-}. ...:1.tt-ttl -¥-t<>11...:iS!\ 0J-t~,..~o!\ ~~J ofi:'-J 

Na+--2 7J-±-~o-J ~2 Mn::+A Fe:c+,o-=- \'.!'11 ~l ~~j---~_.91 -;l-ti~JcJl-'r-t- c}-g..:,:i} {,~c..}(Brand and 

t:-}. _·ieli.+ Mg2 +cj 7J-±t}7-jl..f -6"' 1}t}-t--;!-f- Veizer, 1980). 

--f-_<;-_ ~J-Jcg ~-~{-.9/ %--i'r (aragunite. high-Mg 

calcite. low-Mg calcite, dolomilP)o11 ccJ <SJ--~· t1J 
-Ct--\-. -1;"--<j;,;-f¾.0 ... 'i... 6c!<J-"'1-C dLi\1C..?] ~}<1t·_.:j 

~_-.g. .:'i",.:J.,,~.zao11 ,,-t¾t}-t- -K/ 0J);~.21 ti]<>Jl .:1~1 
°cJsJ-S:- t1J.;_-L-}. ~-/OJ/;~ t1j7} t° -1-?--t· 0J2J;,1j 

(ope11 sy:,t~rn)9\ ~~-?. 1l:;:rf_£. §--,.H-~7ii;;:-{%c] 

o1 t.11 uJ 1\l--t~l cl -;- ~- A0:-1 T9~ ~ t.J ),r8 {- <'.)14-
dLMCi} ~.-(c~~iL-j_ cl9} ;\~r.tj ~ ·'f/oJ-A~ t1),} 

"-f-2::- 7d~'.--- l--Jcjl_11l(closed system)9} 7°1 -1.}<'} lL 

jl~5"_ --§-<58 -fe~AJC\ r!o] 'U-A~i':},:] U-.S> .. n:~ ..:}<'>-j 

4"9~+:- .iJ-J3,:;f,..Jt~9.f dLMC.7! fj'-<j.<xJrL 

vii -"II, s~ .-(d 71 ·'d !<~ ~~ ~~ 'J -:i 11.-t -t ~ ~J: 1J o11 ...:1 
t.J AJ•,-:l .,JJ--~ -i-(dragon1te, LMC. HMC. dolo 

m1te)0i ~, 1 / 11 ~l-~ ,;._ ~,} ~j -~~ ll-1) ~~-tlij ~! 1"-(partl· 

t1ton codlicwm).c;. ,;cd S~- ,,] "J-~1 111 ,J~l :± -~-.01 
-;{ ll~ ~r-2-1_elf-:mental part111uningJ)· 0 1 Ii~~ r S) 

~:. 

K ·:c;.::: _(D_!t rnc)::
(mt me)/ 

cj7] <1 t u]i:J~~!,--, c:-\-- 1,;cJ-:,'-~~--1-.. st_- _Lil] 

1E8. I g_.. O_fj ~l _;cJ-tH. m-f:- mole r, K ~-- ;; !l~ ~I 

--'r <"'>Ir HMcin,in..,, l~l-33) 
1,--..._.:_j.:..'}-'J0J]--q ~-,}oL-- ul<'J-·-'"._:J!,-.-Y,· (Sr:_., 1

, Na 

t. !\-1g..:+ ;-~ Kcalnl1'-water<I-:i].1~, /J!,_O\·-'.:

ui,<'-J';\ +_ ';,(I\ln-'~, Fe::+)-?- K:>lc.1 ~]L}. K7\ 

K"s,=O. 05.1 1N :<!/ 0. 27 

K',,=2.ox10· ",tt,J 3.ox10· 0 

K'·",=0. 02"1 ~1 0. 06 

K'ee = 1 '11 >I 20 

K•·,,,=5.4 '11>1 1700 

i;-~]~[±61]...:7.~ -:t,l:1~"11?-q :,;:~c]1~ ijo] 4T 

~-2::- ~~~i.-(1 ~cl"il _lJ,i9] i:\-o]oJl 11~1.-'{l_ ~o] 

L}. cl --i· Mg..:+.9J -6",j-~_- --y_s:_ 1.-J-'-J~ ,.:c:!~_-9\ 
~! 2~ -'-J-tH (aragonite, HMC, LMC)o1I °a iSJ-&- 1c1J 

~-::- l f_ 

c.:~'>!'41. 6ij 1-4 ;;:~l{!+oJIA-J.0/ EJAJ~ -'bl-~½ 
CJ o,~~~~}>:i c:l_Aj_.':;_t- ·1_=-~.i!}AJ -5" 9a3cJ1r!ioJ] 

'.:..\J-0]-'.:. \.3o1] 61~ .id~- ~iJ-fc- a],tl_L}. 

HMC. A(aragunitt•)s~ LMC-~- Zl 2ij 9] ~l ,:~ ..tJ 1 

o\] ,<j '.~ o) ~ ~ t8 -~~ 0] f_-c.L -~i:4 1.-t :<~~ --"'f-9] 4, 

~J-~~J)o11 -:j '. HMC;! A-~~ i_-cJ;:J n}n:j LMC/] 

c;l-:-] ()] 1 i-(Lan<l. l!Hi"i': B~thurst, 19/S). ntdAi 
;;!-c:t:~ '"J-tH2l HMCY} A-:-- _l,J c.\ ~l_ ~"';_I_ -'JtH.'.i' 
J-~,.) •ti_q}0\>11 ~1-, 1 , ~~';1,~1 LMC~- 1H§to] 

-'{!L~. o/<'~lJi/ :J-J-'.,ol-'dt~<'.1! \~CJ --V-oi/~.:- -11...ff/ 1 
tH9] SH_l'{-§-O_'i__ ot,]~]-::... .9}~--}--q ,.:'3-Y.:-2] clj 

1..2... .-;:_ ()rl" :'~ z~ '.UL~ (Anderson. 1969: Bathurst. 

197.S). 

o.1/4~~1. f~~..:J~l_· °'JrH9] A. lfMC: j 7]'1)~..;_ 

<J] dLMC _'-i:.... trt~}~ :tj]~ ~ht.-(J-!t-.9] 't!Jl ~ 

=i<a 3. t :_'-~-"I ;t-;-, r 'J ('~-: .ii,-.\'! -~ LI --1 -1/ -;;-'.'1 '-J ,,,,~! ~: r) uj ,:; -'l ~i. ~-/j .; /I~ ~1 ,,: '.' u. :"! mm,'I 1
: . 

. \ .+i,,l'i;-~ ;°"J0I'. u,,'.;d1 1 ! ~1' 11•· ~-;?"~--1 1 .q ')½--: '))(; '~'/)~: f,,,'_1.1~,.,I~- :l'~)l1\,,J.7, 1;I 
? ' ').\IJ. 2 ,. 

b 11,-,! t-; .'; {·4.-:j'.·- ,,JHl1 ;t11,,1: :.l~';f rc1d1,d {dirc,u~ (·aJ,1r,-; ,·,·r1H'nr·l-l•.:i.~'"!l?, c'G:2.0J. 
( · f I . , ) '/ ~ -: -;' <J o I ~ - , '": J '. h ·," 'i ",) :. '' '1 vq -'· i .-q ; i -'. 1 '; ! E t ~ I '·c' ~• ,, ' -\ , ' ': l 1 l . 1 ~ -'r1 .011 '.·- '~ "-:/ ,•,j ~ t '.,-

- ; ~~~; <I '1 , 1 ';__:~11 :; ~ ·:I_.Y, ~'.\2 !, . 

[ 1 ti ,. ) 'l ~ ,;jl ,,; f;- ',:"I ·?) ~! ';! : ~ I '~ tll ~I -~ _.-i c\ •,i c1] ~t·r ,1,1·!.I' f ak H -:: t,1 ~~ ,; : I , .' ; •H _9_ :•l]:.'.. 1 · 

l·. ·,) ',1-; A: (,:'I ":'l -<} :,' _,"t • i :,' "'..'. :; C·! ~-! ~I ·r :; ,, ,; "i ~t '! \' ~-· ',1 :: ' if :: ,I')~_:: _·; c) ,,_, :., 1 ·~ ~, ',] 

~1-, ~ :l'I o'.;11--.',~ ·~ ,<J,H'\•", 11.~(·U.l<Jspar':i] ffi!t'W'Sl7;![fOfl~.!_,l /-::,-·•I ~,,,.;j1 ,~,1]<-,-" J:-J~,~Gf11j '--')') 

·,!,.,I •?J.1f1_,::;;-~1,,._, 77: .. 11 1
• 

~ oi-¥- "".'-{; -r 'J ('~ \ tJ --'.l ,; ':~ <":__•,'_ sp.irrv cak11t•~ I 1,j -,I 'i',· ;.'~ ""1 ::·I -8 ~t L_ ~} .<? ,;_ I- '\I .\I 'I ;J __ ,; ,:~ (~ ~1 
~,--0] 2--~1:,1 i 91 ~-;, '.i- -;-. S'Jtjl '..~•tl.i., 776.01. 
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\_ -'i,---:]oJ1 j-qt-~]1-}. 0 ] .tlj f-J-Joj "A-~_.9] /I~

o] L} ::i:j ,;:12 .11'. ';t -'l·--§-(cementatiun )0 I ~~ /} •"~ oJ] 

a.\-,'} ¾·-~T~,_--?_- j]:jj ~.:cJ itH •,'_ \! 11] '{l_1..}. 0 1 
i:1 •H "1¾0/ ;,ij "r ·fof/ -</ o/ .,~,o/ _;.;I 1 I~ 2-',.,1 -~ 

J:--2~ -~<::lAdq} ';Jt~9] A5>} HMC/1 ,~Ad~--l :t-
91_o_y_ ~- ~]·>!] ..,:J o,J-uL~} ~-~ .i'\.:>:j ".:JI "l-"i-o1 ..<I fl] 

'{It:). 1~ 0--t -11!.1-¾·~G] ;.:}~ I- ~}/Joj].-:1 itl"J~I 
~- LtvI<>l- i!~l_!i]l1) ~lt..L citi:J-,q 2~·~_-ri) "ll 
,(,.i 5<J_ r 91-~- g---~~-01 -!_nj {t t-~ 40;1 T -411 

c] ~ :f-<'"-11-<J ~_.•q q~ 7-{ ,.q 'ii.oJ] ·q}--fl-s]oj 91-t

cj-.".J ;f, n!cJ~J_:i:_, -~-§--<J~1P/ -q]rJ 'JJ LOOO 

Ca/Sr -;'J--~~ _;l.2o11 J-J] .--:] tl-91 t--}. 

0 1 ~.·f-oJ],•q -{t~i~~ 11 1 !1 tl_-i- :-<.:l_~l 21 9c;-,t ~ 
'f-~. Ca:: ;JG~]% .. \1gi:· 8.15] ppm. Fe:-

2 7;2 ppm, ~In-?_ ~0:3 ppm, Sr-;' 180 ppm, K-:-

2:>'.J ppm. Na-:- !.)~ ppm s] _1'_ -t §--<,~ ~-11-2 

9-j-;r?- 9.5%11- ~--fi-.:c]ot 911.-L 1.-f 1D: il.-g- 111.-2 

l:iS. 491 CaY} 1.000 Cr!Srg,0 - --<Jo\ .0] Ji k0] 

i->j'1 l1 1ri1- t :a:10171- v_~_IJ _ _'.i_. ~-:1.-<1 ,~i,,J 
<>11 .-{~ ~11 9] O}Sj l L 

-b--t- ~-1 _;J ~l ~--~~- -·r -<,:J 01--~- -'} ,<f -t- - 1f t~--¥- -t-, 
O}-'l--~-. -t-1--; ~ 1-'i-¾SJ -'} ';J-:,1

_-l~ ,.j?T.-;t 

-?· -6--!-,\_]9)(,} ;'- tl~l 1-.i~~t .. ·~ ~;,~1 i1-3<'>11 ~1IAI 

r,/ ':Ji/. 

360:5% l~AI 17.28%0\~ .i;}{-{-oJ]-<i 0--\-' 7J i·7!· 
q}Ll. Mg~-f- ?;·--\1-{·-ol] -<1 18,316 ppm_0--~- --1] 

oJ_ _:i_ucj ii}-1l-~-•-~~- 7J''r~-- 10,225 ppm 1..-ti,{1 
7,002 ppm_o_E_. /J.:i_b·/-i:i:f, -';J-Jt-,t-6// /4•-~ 3,518 

ppm.6_5;_ -C~}o] i'.:- _y_o~¾-r L Fe~+ -~---Y-i-oJl 

>i ;;, 782 ppm.6.~~ ~I 0J_ 0 1 "1 tf-\'--:S- 0 11 >j ;o. 2, 

452 ppmx\- 2, S3'.-J° ppm~_s_ 7J±olL ~-}"b-o1] 

A1 't.,757 ppm-9.~. {}±i5}.i7• <V_q, Mn~{'-~-¥

t-<'>11 Ai 627 ppm..2__ £. 7~ .l:.} ~ jl "'J--1 ½<>fl Ai 970 

ppmjll- 1,002 ppm-2.....?_ i- ,,Hl- jL 91 c+. Sr.j-2::

J:10]-.!\1-¾61] Ai 225 ppm_9_5 7\-~J- ~-~ j-fr _l,l_ 

~ ~ r4 t--V-s... 7J:T~- 1l il 7J!.-.6}c.:J -5~1-1-o11 
..,:i ·49 ppmo]1 ~¥-t"-o1]-"l 147 ppmci]c:L K~ 

I. '1 "'[ .1j 0~-¥-{- 0 1 532 ppm_o_,i;'_ ~j-_qfr.:L Na 

j-2 .i\ 0}-1-{-'-- 0 1 A11 °J ;;(-f-2_- 100 pprn°l n-j 1--\1-
5-. 7,t7-4- ¾7\ O}oj i·{--3;; o] 177 ppm 61 i"'_ 1 
lf-{ 6) ]90 ppm.6_5.. *7}i>J-c~. ~-%.-{J ~Hf--½ 
(IR -,°~ .}j ·0}_1~-}011 i::t {r-t-J: ,'.] ~-2::- ~c;l 18.6%.1~ 

ti- -~·S] oj 9) i".. . !_ ~1 "i"": 3.9%oJ] -<\ 5.9% 7j _•;-_ /} 

"iJ-fl!<Joi 9}Ll-, c>J9HH) uJtJ-'\1-±.9] qJrJ=-2 -¼ 
-~-'-. jl 0J--~C:,I 0J-'-J-<'>1] u:{-c.} ~tlO}Y- 9Jf,-·S.- 0J 

2.J 

?-fJi~l 0J¾~· T"d4t.- 1;J~°G -<j-l 1 ~o11 ~ 

-fi-2! oj 'JJ-½:'- u\ i!J--";~ _j"_ i· l-5 °J ~ r'11} -<}·';,~oJ] 
.q O -o.J ftc/ 0J -~(~] o-J _g Na, i\-In, S1 nl Fe 11 

I I I t-~_1:...-A- (Na) 

J~ 4. -i--t-·l~lc,J~--:. -(~;-,~'. -'l;-1;-~~-; '/7-;-<'I r.~~l<1Jq! 0.1ui-'J ~t;I. ~ •~_;}.-'-1'.~_-:::'I ~101~- o:) mm"!tL 
A -;,· ','- ~- ;- 7' ~:1 d '- 'ii'~~) > ,;_ '-l "I f _ ·, :l 'd ->;I ·:, ~, "l"I _l -::;; ~1 >'~ '.>]Jarry c:dnk 0,} ";! ,,, <! ('akJ\('11: 

:'.I ~l ~--1~:- '~")";]') n11f .', l, 1;!_,,, 714,l• 
B -_;y~·-: --.I-,;,.\-: 11lc,I'.]_ :•.,:,,i.,I' ·,· :l-'J~.I '_,,-,a_11f,.,j1. "1:'.!-'., 0 1 c.parry,ak11r,~o1i ~HJCiol t 

l L : -* ql --2..., Gti4. Ii,_ 

(' ~~\1 -;.;; !'',):-.}-: l.,i,,loJ '('•! -~~·11,c•\ith~-0I ',lt~"'i ';,_-,,'_.,\oi1 _ _,;,\ '!{'.~_- 1Uoft~j~l.-';,·,'_ll!0I[ 

_,;~I dl-;'-c~I- r,l,\'1''3 ·)-'.!\I -'l)"'i '-l,.,J\]"' ~-01 -f'(f-•,]~-1 'UL}(_;J.ii•:J<;_, ll~J2,!:J). 

D· "c''i-;-}-i'',lo}: t,l',I';/';) 1 !',l';,~-I 1 :s-l~! "11!·\-:{-:'."'I 11~1-~:--.J\ ~f~:,cjoj '?)-~9, ,flt~:?! ~~~v~-.:) 
•~)-\!-:(1~) ·1)1-),401) }c'J ~·Hi'."<)ni ".:}'-~ij:_•/i'!-9, Jf-i~.]I, 

]-: •J'r' g< f--'~o]'- ')':!~! 'i 61 ".>II ~.1 ~',jt,j '1J>; ,;J-~1 ']''J~]-<\'.-.-,,'/1 1-l.'::·. 1 } '} 1' ';l"~~--~- ,_} 
l i. 7 [ ~; '.~.- c I ;,1 <'I.!-: ~- -]'-'.~~I "l '1) r I! .i\. j>;-uJ y_, IGK I) 1. 

P ~!-V ~-3 -f~1ol:·- t,l',l'f,~! 1!,c-.j] 1.~fi'>l(,j '.;.l:- t~ ~-!'I '~t~~J.'.{- (l:J1ncla:;ts)~-;;'_~1 -(".:l"JY-2:- 'i'_ 

'i-Yl 1( ~:-~f '~-§?,-•:>or-~~--•," 1:ls~••]<">l S'JtH' {;-~1 ?, 1'.i:-1.~1I, 
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\,1..\-~ i! . ~,,_JT 

1f. 2. %~-t~.;J 0J{-% -'t,,_Jii}~ EJ:1t°tJ ,eJ¾~o1] ~¾~]o-J ~0 41~±, uji!J{!..±, ¾¾-<J ~1 ~ 1000 
Ca/Sr~ 0J 

Serial Sample Ca Mg Fe Mn Sr K Na IR IOOJ 
No. No. (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (%) Sr/Cs 

153.2 28.60 1,305 1,390 498 125 33 155 2.82 0.32 
2 155.4 32.59 4,068 5,370 936 125 184 234 4,89 0.26 
3 187.2 38.04 7,337 4.910 1,139 220 30 210 4,59 0,58 
4 209.0 33.22 2,545 5,210 958 167 45 259 7,98 0.50 
5 220.9 37.86 1,826 2,670 333 179 62 195 6.73 0.47 
6 243.4 40.23 2,493 1,320 625 176 31 197 3,60 0.44 
7 265.1 39.57 1,232 1,720 1,892 107 31 188 2.39 0.27 
8 197.7 36,02 3,236 1,050 692 158 59 114 8.59 0.44 
9 306.2 36.13 1,155 1,920 1,665 128 45 142 7.76 0.35 

10 315,0 37.54 11,950 3,750 I, 111 144 121 197 7.JJ 0.38 
11 337.3 33.98 2,246 1,020 819 86 82 194 8.30 0.25 
12 352.7 38.12 5,961 1,890 1,252 178 30 173 3.56 1.27 
13 370.7 42.76 2,278 4,440 660 117 45 189 2.98 0.27 
14 400,8 41.71 12,210 2,660 1,656 195 93 203 2.96 0.47 
15 443.l 32.48 9.020 2,630 513 168 185 151 8.11 0.52 
16 500.I 43.00 5,195 3,040 157 228 59 172 3.48 0.53 
17 650,9 36,83 9,560 2,540 299 193 129 161 5.48 0.52 
18 687.7 39.54 6,980 1,750 541 152 134 238 1.66 0.38 
19 696.5 35.14 3,017 3,510 577 103 120 228 3.26 0.29 
20 702.0 33.73 22,230 3,640 498 137 137 176 5.64 0.41 
21 709.0 38.30 3,174 1,930 383 170 30 260 2.39 0,44 
22 716.4 29.57 71,00J 9,620 921 124 464 98 9.81 0.42 
23 722.5 41.18 5.250 1,170 48 170 45 163 2.90 0.41 
24 731 2 37.81 6,700 2,00J 579 169 170 253 1.54 0.45 
25 758.2 34.16 2,293 2,250 507 152 75 231 10.48 0.44 
26 762.4 38.21 41,740 3,400 605 117 36 192 1.50 0.31 
27 784.7 33.88 5,171 2,950 1,535 200 285 204 2.51 0.59 
28 7955 38.08 1,215 1,810 912 130 173 187 4.59 0.34 
29 812.I 40.55 4,233 2,300 1,393 212 213 146 2.07 0.52 
30 822.0 41.08 4,092 2,900 643 201 243 158 1.81 0.49 
31 822.8 34.14 22,344 5,380 1,078 133 520 106 29.00 0.39 
32 823.8 16.80 7,002 1,026 354 204 378 32 27,00 2.25 
33 825.4 39.42 9,918 3,294 1,226 205 565 108 17,00 0.52 
34 827.8 32 28 4,880 1,180 588 226 358 134 5.00 LIO 
35 828.6 38.42 5,618 1,860 894 249 790 64 24,00 0.65 
36 829.4 35.14 12,572 3,470 1,506 212 118 44 18,00 0,60 
37 829.6 38.72 4,400 l,820 1,288 234 1,140 168 19.00 0,60 
38 829.6 28.58 3,340 1,620 1,162 291 440 102 25.00 0.75 
39 830.9 38.72 4,996 2,254 942 281 744 32 25.00 0.73 
40 830,6 37.58 4,134 1,680 1,166 290 724 94 15,00 0,77 
41 832.1 36.58 ,6,088 3,346 1,530 154 290 118 20.00 0.42 
42 832.3 3886 4,160 2,628 1,200 295 468 109 18.00 0.76 
43 832.5 38.58 7,218 2,836 1,098 206 248 114 16.00 0.53 
44 833.7 36.06 42,66 2,796 1,344 202 956 122 19,00 0.56 
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-i--¥- "',!ll!c]o~~l ¾~,,~~q~½£j o]<>J ~5"-

.II 3. ¼~kJ~ OJ½¾ -'j'-AJ ;5-}"2 4'--tj.±, o] rj{!± ~ -f¾,(J ~~ Qj 7-f½~ ~it~ 

Ca(%) 
Mg Fe 

(ppm) (ppm) 

,, 4 ¾(IM) 37.12 3,518 2,757 
*4¾(6,tt) 37.28 18,316 3,782 
•I 4 ¾ (6,tt) 37.12 10.225 2.452 
-'1 •'4¾ (15,tt ) 36.06 7,002 2,539 
'Ii ¾(Wtt) 36.91 8,151 2,772 

.II 4. ¾-'l i} ,1 .ll."! a 180~. Mn 'Ji S, 1}•J 

Serial Sample a 18() Mn(ppm) Sr(ppm) 
No. No. 

153.2 -13.43 498 125 
2 169.0 -14.18 275 54 
3 187.2 -15.90 1,139 220 
4 702.0 -12.89 498 137 
5 709.0 -13.27 383 170 
6 825.4 -14.27 1,226 205 
7 827.B -15.13 588 226 

¾~~~JoJ-½i TAJi}~ ~,(J~ AJ¾ol\ ~¾ 
-"l o-j ~ -le Na+ 0J :'. 32 ppm 4J -") 260 ppm-2...'i'. 

-'i '\J-,!- 159 ppmo]cf. oj Na+ 0J:'_ "1•H'-½<>I] 
A~ ,(J--¥-¾i>_..£. ~~\-~.£....£. ¾7}'i}2 914. o]~ 

•J !J:'l':l 'a¾<>1l %%-"l<>l ~i=- Na+"1 -'j 0,l<>il 
~JA"1 ~:'. ql_7'",f ~-2..cj :i % %lL~ oj.;,.g_ 

o}'(! q!'r.s.J. 7.!J/-,<},]~ cf%~1 7,i-cf. 

~>II. •,Hl'\l %T½ ~"a•,-lc 6-•tt41 1'il'r 
't.<>lj.<7 Na•.s.J. Ca2 +,>j oj~~l-'J :'_ ,.j-zj- 097A 

Upp,. 
Bed 

Middle 
Bed 

'-""" 
8ed 

"""""'°'' Bed 

Mn Sr K Na 
(lpm) (ppm) (ppm) !ppm) 

IR(%) 

970 147 66 190 5.9 
627 149 125 177 4.5 
929 163 159 110 3.9 

),002 225 532 100 18.6 
903 180 253 159 9.5 

:,} 0.99Ao].!'...'i'. Na+:'. Ca2 +.s.J."1 *]~oj ,%-o] 

;;,cf. '4"-1-..<1 sPJ:'\l %T<>il Na+oj ~o} %% 
-"1"1 ~.:il., 'i'l •,PJ:'\l %T<>lli=- 0.J.•J'l-"--"-
1,,ioo ppm o/'J-"1 Na+oj %%-"161 ~-2..4 

(Land and Hoops, 1973), %~'~§} 0J-½<>I] i=- :i 

!le.\ "i~ ,i ~- oJEj Na+oj %%-"lo-J ~~ r,l-2.. 

£ li._0\-4'-AJ:,i\-~Jol]Ai ,(J-cJ-~J=2J Na+oJ 1J-±.aj_ ~ 
.£.__£_ "5~,t~aj_c+. A]AJ_~~ A]7J:-~.£....£. B].Ji!..~ 7J_ 

-'I t: :'. ¾ tf0 I .1.,iJ 21 •J•R ,~ %<>1I i=- 1 10 ppm 4J 
-"} 1,340 ppmEj Na+oj >1..2-'\:[ •HSibley, 1979) 

9,l{:- BJ-~. ~-.Slclj.!:.7] E-J:,(J-~ AJ¾oJl,.{~~ 42 

pf m '-ll -"l 265 ppmzj Na+ 0J 0 l !l.:il.-'\! •I ~ cf 

(Eadiozamani. 1973), oj.2-j. 7,i-o) -"} ,,J_,) <lj ,f .1.'1) 

~ A]½o!l.«:~ Na+oJ:o] 0.J_.i,!~-9.....£. 1J-±.i}-'c- ~,i-'J 
~ Na+~~Jo] o~ f- ~ t i:J4-.9.1 <'>J-8-J=ol] ~ ~ ~ 
'a'.J"¾E] 7;/:,}Se. •H•~5l2 V4(Churnet and 

Misrn, 1981). oj 'ti'\! 7'-Ej <fl •J- :<}½"J -'g-~•~:oj 

oJ½~ TAjt}i:- c._}AJ-oJ Aj¾J.. ~ ¥ !t_ A\-~T~ 

og '5Joil ~ ~ 4-,(J ;f--t-¾¾ tlJ ~ ;;! ~ ~£'4 ~ ~ c-1-

'6 ., =·'='"""•000±'--,~=Lc,-2~ 6m~'"-c-eoo'c---~1'oo"too o~..,"=±'--soc-'o 1~ ~ ~ 
Ca(•/.J Mg(i,pmJ Fe(ppml Mn{pplTI) Sttppml K (ppm) No{PJ)ml 1.Rto/.J Sr/Ca 

:i~ 5. ¾4='~-'l•J¾-½ i"'J•l1= ,HHI 'J¾'-11~1 ~%5167 ~1= ·Hl± 'Ji 0 1•,H!±"l zJ- ¾'!! 'llir.l .lVl.5'. 
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::li/J 6. ¾~-'l•l',H--t 'r-'J•H,- ,Hl:'ll -'J¾4i"I ~ 
%-'i-/ o--1 if{:- Na-ij,e.J i,{ *¾AJ ~~ ~e.J~ .ff 
A].I_ ({l~ ~: ~<5}-¥-{-; {l.f:- .AJ-7-f~ '. 6}-¥ 
1,; 41 _.tJ7-f&J : *-¥-¾; ~~: ,(J--!/-¾). 

(H-f"~~j!~ 4-1,,(-L 1986/. 

~~. EJAJ-~ ,.tJ¾A ¾~.S\-i::" Al-T-'-J~ i 
;,:J 0J ~.!i..JJJ-*~oll %ccJ-~ oJ~ Na+o] ~-ft-5 
6"l 9l ~ Al cJ,J~ AJ ¾½ o-i,~ ~ .AJ:-.£...S:_ %-tH ,.,_ 
~ all 1J.5c.%_,,-*.QI Na•oj %1\t(leaching)-"j<> 

¾0.!lo!I 'it-¼5.l T ~c+. izf.e~Ai ¾-%Ad ;{'---HtI-
9\ oJ:4 Na+.9] oJ:;:'_ o~_t1J~.£.._£__ ti]i!4]'6J-t:\-2 ~:

cf . .:icic+ 0 1'\! ";l.'roil-'1-t· .:i.e\ 0J'-ll.5'. 0J~c 
~.2...i:.. t1Jtil~lt\-2 5J.%-~ ¼? 9J.t:H.=t~ 6) 

t4i'.l-<i %~,1.~~ 0J¾i.llol1 Na+.2j i}t!J-:?::- *-2--~l 
~J""ff½.9/ 0JA.9/ _uJi)Ji.t:)~ E.J-1-rg 1--M_-.9! ll 
~§J7Jol\Ai .5!.c+ t 0JiSJ:-S: ~l:- ~_9-~ tH,(~~l 
t+. r.Je1~J- ½,(J-~ Sr2+9] ¾_'f_ tJ-'-J-<>l]A-jS-_ -H
.-<}-,{Ji- ¼ T ;Ur{. i~ 6ol]A-j .!!+- 4~~ ~c] 

%,t..~i:t] 0J½-g_- --r-,J-s}-~ 7-,'- :..:J{-01] tt,l-e}- Na" 

.91 °JoJ .. •Jo/i"}r>:/, 7--}- A/¾ ul..9/ Na-'-oo\:~ ,i,r 
~-%- OJ 4-- 91 t:t( Ji 3). 

Veizer et al. (1979)-2=- -17_,t~t~ 0~·¥-{-2] 1,J:-J 

~
0J- i.Ho1] ~-fr'i]ol Sit· Na+.9] 0J-&- ~-T-6J -~ 

LJ1-Jcg 0Jol] ·~.fr'ilo1 ;V-;- Na+ 0J 230 ppm-r 

i'j T-~-~ 7J ,,_J- ;,;.i ~1 tH r-J .§J ~ { normal marlne en

vironment) 4 :i'~<tJ-1:-(hypersalinf>)tl 1-½ T~-iV

'r '.Jc.fi'. WlJcf. CUjcf 150 ,~a\ 300 ppm,l\ 

-<i~ T¾ 0 1 °a~.,,;j ~cf-3:!. -¥-~.'5~.31. '.Uc.l-. oj 

'tl ";l.'roi]-'1 '\!~ Na•.ej 0J:: 'lJ-,l-oJ 159 ppm 

oJ 2 "12..\'. 260 ppmoi] ¾-'ltl"'-.5'. .::z.½2I 7I 

~oJ) ~ tJ-rtl ¾~,-1~3) oJ¾ ~ .:iJ AJ~ oJ <51} oJ s.1 
-<j~,:jol]'i 'tl-<a-'\l ')!.2__5'_ ,ij-'~-'\lcf. 

-<11"1\, '-d:-'J':J -'J¾ clJoil.;,. NaOI >J{-o\ 2sil 
_<Ei:::" 0~ ~l AJ-~ 21 ~ 5:.. ~-*~ .£ V-it~ ~ :V ½ 
-4- 5:.. ~4. i~i4 iiJ.,t~ ~ 27l"f-JAJ'1:'J 0J 41£-1 
Na+ -'J-l,'-.. f Cl >J ¾% v.il ";l. 'r~ sH 91 sf 
ttl, Na+Aj¾o] c1·-,.:d¾Ji..t:f 5J-..tJ- t.i '0!oJ %% 
-"j<>j '.Ui"- af, Na+-'J-l,'-ol NaCl-<Jllj.5'. -q}¾,;J<>-1 
~"t- oJ~ AJ-qj~~£_ u~.q- ~cf. 

>'i-il-"1"191 "lie! ";l.'r ?J-'foil z]-.f'\'! l\!-'J'\l 
AJ¾ ~~ Na-1-oJ.t- OJ~}-_,c~~£ -e..J-AJ-~ AJ¾o) 
"1-'1 c.J-,] "1•~-~·pJ.ej qj.5'.o\] ':Hi'¾ aJ.2_.oj o] 

fa:}-~ 2-_£_ 4A,f",r-f-§-oJj -9] t~ Ai 1f A}-5.. 7J±_~ cfTI. 
0.J:"1:tj '.Jc.t(Land and Hoops, 1973; Veizer et 

al., 1977). 

(2) 0J-7J (Mn) 

¾~A~ ~ oJ¾½ --fAj '6}-i:- -e..J:AJcg AJ ¾ol] \1'% 
-"I <>l '.U i"- Mn 2

+ ~~J~ 48 ppmoil >i 1,892 

ppmoil oj_g_oj 'llir 903 ppmojcf. -'h"--'~§j 0J
,¼£l Mn2

+ 1fi!.J: ~ ~-¥-¾o!l-<i 1tl- ~,;;] ~ 2 1 

.21o11-c ¾-·{}-itl- ~-~ .!.i_~y-2 ~r:+. 
l=,±-AJ:-~ :;iJ-~o\JAl-t;- Ca2+~ ,(\-i:]01] Mn2+o\ 

~l~Jt}oi 1-J½sl~ 7J-i1-7} ~c:.1-. 1 al¾~ A-{ 

.5'. 01 ~",Hl 21 cl.7\ 7} -1\-<}s}Ci'. 7;1 ,,.el 3.7\ 7f 

7i{7] .tjHf-o1i.:+. :ie~i.,t EJ:-AJ~ -W,~01l BJ-tBA~Jl} 
0 t42 4°! _s ,t- tJ ~ ~ii 1)l-A/ {l .+..9j .tj. ~ts A1 ~) 
~}011} '.U~-<i 0}.:i240]5.."c 9-tt~i1.21 33,\~½. 
.:Li:].12. BJ-tB,\~i':- 6-li~~l~ ~~l¾ 4l~c:.f-. Mni 

+91 o]-~B,l:73 o.soA~ 6-tt~i]!?] 7J~J~l BJ-ii~,\~ 

41 Cai+~l 01~1:1J- 7,J 0.99A..!i.r:~ ~-r2 ~~_t}~ + 
2 £.A'f ~~ -2..E . ..£. oH~-}-.2 1.+oJ -~ ~ r:-f-.:::- 1c1J,5» ,\~ _;1f

'\J Al >1_.J,fAI ',!cf. 'E1f Mn2 +,f Ca2 +.ej 7;1_ 

7]-~·Ad3_7} 7-t 7-t 1.49} I.oo]E_.£. Mn2+%,-.{?_- BJ

<3"~ ,\~ 9] 1,.(}-T ±¾ it! 3s ,(] 7] A] u· .2 Ca2+ :4 jl 

~Jt}Jl] -"';) r:L Mn2
+ ~ T1-11 .£ ~ 40%n~:..:\ BJ-<'iB 

_,(~ ~ :<}-* fe/%3!-eti MnCO.1~: tJ AJ i}-71.S. ,;} 

D=1, o\ 91 ~;:~ -C electron paramagnetic1c1J-tij o1j 

-"I<! · -<t~I '-,I af '.U cl(Wildeman, 1970) 'E~ 
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Mn'+:'. %~~J7Joil,1 Ca2 +-21- -"'-4 'tj~I >1-"'J 

~4- "1-~f,1 Mn~±½:'. ~Hl-"'J>J<>il ,1 ¾ilf~ 
~.,>'_(Lynn and Bonatti. 1965; Eaton. 1979; 

Davison. 1981) --'J±7f --'/-~•J %7J <>ii ,<j MnoJ 

io§:'. •J-•H'~ 0 I 'lh/"1"4, --'J~>J<>1J,1~ Mn.g. 
"-J~½o}i.f 4-"J.:tj-¾¾ ~Aji;}l:9 74;1J%. o]~~ 

Aj1/oJ '.U2-..':'-£. •J-•H"~ -j'-'l: 4]<>11 •Jojsj;<I *~ 
4-

Shanmugan and Benedict (1983)~ • J "i" %--'l-
94 i~ ll} S7] T.Jt-- E.J:-'-J~ 0J-½ i+j E-] Mn94 ¾ 
-"-½ ";l_-j'-~ ~ MnoJ '-J:,J'll ,<j-:/c4J<>il ~¾s;J 

&I 'il 4=- ¾¾,<d ~*¾4 AJ3fr.it,}~l 7} '.ti% ~ o] 

C}.:il. O;! if~ H\, '.ll r:.}_ .:Lt'~ 4 ¾~,,__:\§]OJ¾½ 

TAJ i}{:- E-J:"-J°il ..<d¾itl Mn2 + 0J=jll- *¾,<J ;;.:J-ff
½-"f~ ,J.aa --'J--'il:"/!,s/7f (l;/4(.1'/J 7). o-JeJ"J

~ oncolite -r.x. ~ ]!~ «r-~ ~ t}-!\1-¾~ ¾-§-..<J 
sHf-½ 0 1 ~-ti uof '\! ;it 0-t 18.6%,f 5cJ uj 7/ Ef 
¾:'. 4 4Je<) 6%<>1I -f-'ftf,+ 0 J~f •l~J,tj_o _ _aa_ 

Mn2+~ oJ=o1 ~-t}A}-t:' U°.:i!. '.V,c-1-. ..2..i>]~ z} 
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:IE! 7. ¾~,.~~OJ¼¾ T,,_J-.s}-i:- ~,(,}~ "J-~~otl V 
¾~o--J 91-2 MniJ-eJ: tjJ ~·%,,:J *;,,.!. ~~J.0] 1i 
,-;] .5:.. { 7.!t ~: ~ 51-¥--¼: 7J~ {l-7-f"BJ '. tl-¥
½; ~ %7--}~ :*-¥--½. ~~: ~-V-½l. 

"H 4J9I Mn2+0cf :'. a.Ji! '!\tf,+ ¾¾'J •J¾½ 
2.j ·)J t ell ~I£ 6J ;1J "it% ¾ 4- '.U t:+. Shanmu

gan and Benedict (1983)7f !l:iL~ 'J-"/!-'ll:~1 ¾ 
~c>j .Q]t}uj %~-t"4§joJ¼.f:- ~{-oJ]Ai tjj~A\-c:! 

-"l •J--'/- §J"l -"'J7.l<>1J>1 ~<l-'t! -,l~-"- '11'~-'\! 
4. ~ ¼~"'~ ~l 0J-{-9.J 3:J tl--¥-½i':- -&-* ~oil ,{l 
..£. shallow-subtidaloJ] Ai, t}-¥-¾ ~ *4¾-i!:

-&-+ i'-2\ deep-subtidal<>l] .-<l -1~] 3!.. "-d"4¾i':
t-ll ~,,i.}-~ 2] AJ--¥- 5.1_.:~~1oJ]Ai 7--f'lf ~AJaj_ ~ 

-9__5_ ml,,_~¥4. 

sl-'J'\I 0J-<>il v¾sJo-J '.<lie- Mn~±½-1'. ;,J.ej 

~ --\-71 'l.J'"\1 'll -'J<>il ¾ilf -"l ~ sFJ'\I ~~41 <>1I 
4]£5cjo-J '.U~'9 4i->j,if;<j<>1J,<j5c. Mn2 +0J9] 'l1_ 

.<)+ ;,J 91 '"1 ic- -,l ~£. ',l: "4 ,j '.U tt(Bencini 
and Turi. 1974; Rao and Nagvi. 1977; Robin
son. 1980) . .iaj,+ ol-2]- ~fqj_aa_ Mn2 +0cfoj 4,-<j 

-'Pl <>ii ,j ¾71~4ic- .eJ 7.!Sc. '.U c.f(Pingitore. 

19,8) . .:ioiJ "1-.'e.'1! "J-•i-'~41-"l Mn'+ ¾•1'114' 
~ •J--& (25°C)<>1J >i 0,l_,<J •J 7,.t 1151% 7}"19, 

'11"" 'F<>ilic- Mn°] 0.002 ppm ¾ilfselo-J '.U2, 
'il'}"l~£. *d>J-'\1_ •J-•~'~ T±<>il~ 0-t 30 ppm 
;,:J~:.. !4-roJl "if%~ T 'irl,i:t2 iJr:.L -=ie~..+ ~T 
<>l)ic •l.ii!."l :1.g. MnoJ ¾ailsJo-J '.U~"--"- '-J: 
,1.Jq oJo] ~Ad :-<--f-§--.,q tJ-4-9.J °3 iiJ-£- ~!=o] BJ-9..( 

r:,~rf 41]]f---t~~JA-/ Mn 2 +oj ¾7/-W 'r ~ ~ ~ 

oJ1HBrand and Veizer, 1980). ~1l} FJ'i\:~ 0J¾ 
~tfoj] oJ~oJc] ~~~<5}-C 73--'f-o!]-C (')];,:JoJ_~£_ 

--}t~ Mno] i;?..i:f- 5J 4-T.. 9)~9 _:E"6J- _;g.~}~% 
% BJi':- A] ~o] rtl 0J4-¾0~oJ] £] t}<'.9 Mno] ¾ 

V!~oj Mn.9] 0J 0] ¾7} 5J -f-£ Vr-HChurnet 

and Misra. 1981 }. 

-l~"'~~l 0J¾.9l 6l,,.J%-¥-l~± °i!-=roil 2 lt}~ 
%c~-"~_e]0Jt-.9] J 18O'1-o] tl61 7J-±.s.J°1 9)~ 

.i:j o] {:- A}~ -f-.9] og i5J-~- BJ-~ ·1i-1 ~--t%°1] £j ~ 

1.:}£ tij~~5/.J?.. £)cf- /kl-{~~ .i!f- 41,,_-l, 
1%6). i- 0,Jt>J- A].li.o1JA1 Mn~-+:4 o' 1~0¾ {-,,_~ 

-tfr t1}oJ] l] t}aj Mn2.., 9-] oJjl} o' 180{(.Q.\ AJ-5J.J:3fr 

J:1] ·} T~tl~l+:· U-0-4 r~~l-~ Mn2
+ 0Jt'l ¾7} 

thl] ~~} o' 18046] 7J!,-_t}2 Vt:-H.:i~ 81. 

c]1t}. ~TA]~£] ¾~,(~j!oJ½ .i~-&}-}ol]i:- ~

<ir'~_E] .JJ}j}tij :i} ~~~<5}_:i1_ J,!.*-'tj--2..5.. 0J7Je,J:,(J-
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-,o 

0 -12 

+ •I ~'ll:7J o 99A!i.<l •i .c1<1. 4"-l'i sr2 +"1 
-le •J-'11-"-, •J-,ijkj ell.9.J Ca2 +.9.J--lc c>l~•I o-1".l 
.."il, 9-t!~~l TS-~ 7}~1~ 'C 0Jo]-{?:-¾ ~%~ 

4- '.l.li:- 0l"-f2'--l-01-"-.9.J Ca2~-'1-1•1<>1I ~111, ci 
\'.!'•I <l.i1.J-tf71I -'\! <! . .'E~ Oxburgh et al. (1959) 
.9.j- Holland et al. (1963. 1964)<>1I .9.j tl'tl arago
nite/solutinJ1} calcite/solution.9-1 Sr¾~~l 4-
(distribution coefficient)~ 0-} }Ot1~ ;,:cl .I.. ~}7} 

~~..£_ 7J"~ £7j_~]Ai~ O}t!.}31.'1-o]__§__{:- l=IJmj 

,(~]i!_cf 1Qt1~.9.l Sr0J% ~%\t 4- ~c:f. 4~},(1 
'-J---'J-'ll 0J-½ 'r'il-tl-lc {! i!i1 .9.J "J-½.9.J i'-lf-oil a+ 
2.+ Sr~ 0JoJ 'C ~}~ J2.¢J 4-..5:.. 514. ~,1~ E;:!

>J-'lJ "1"1½<>11Ai 0 1r-l2'-1-•l-"-<>ili:- "1' 9,800 
ppm.Qj Sr2 + 0 I, .1 "-I 2 •J-•! ,4 <>ii -le 400 ppm ell 
;,J 1,000 ppm .1,12 -"] '11 iic 5,000 ppm.ej s,2 + 

oJ %%sJ o-j '.l14(Kinsman, 1969; Veizer, 
1974). '\i.'11 •J-~l'll "1"1½ !i.<l 27I ,Hl'll 
~~l ~ ~ oJ~ Sro] V¾Slo-J ~~~ ~ o.J_l=l}~ 

_Q_..£. 1;" .i:J 3.1t J:J ~l Ai :;,:}~ 4-Q_l ~ tJ=-~ BJ-& ~ ."il} 

-"' ,ij "i ".l <!(Land and Hoops. 1973; Badioza 
rnani, 1973; Veizer, 1974; Morrow and Meyers, 

1978; Brand and Veizer, 1980). 

• ... • 
A _,. 

. 
• _,. 

_,. 

-,o 
,oo 1000 I~) 

Mn !ppm) 

:::if;! 8. ¾~"1-'l 0J-% i-"J•Hs ,;Hl:'!I "J-l/-'-11<>11 ~ll
-'H 'Uie Mn ~'if '-II a 1•0 .I.<! .ll.>l.x. (~ 
~-11 :"1•1-'H-: ~•J--'}',j: "F'l-{-1. 

'll "J-½ ~ 0 I 'ii "ii sJ o-1 u -2._ ,+ -llc "1 'r-<>1I +%- U
E.J-'-J~ oJ- A]~½ t_ ti-{~¾ oJ.½61 ~ nJ 1 i;}oJ] <i 
~~~ 4- -i-4-~ E,!AJ~ oJ AcJ ¾oJ% Aj_ Elf tl- :d 
-2._E.s,. "J-:,J-•~¾<>11 .eH} <>J•J~ \rt~cl4 •~ t 
aj_ 4. 3:.~J- ¾~,.t~ ~] 0J-¾E] 1;-Jj!-¾o!] -<l ¾iJ ~, 
Mn 2+-q}i1-J:o] ¢ft ~~(~it 627 ppm) o] ){l ~ 

oJ t:f~ ;l:J¼o!] kl]ii~ 1'f'r~ °s~J:~ ~JI] tiJil~ 
'-1- {!i!lj.9.j T"il"J-is'.·01 y.£ •J-•1"4°1 °hl 0 l,.J-
240J.'e..s'.Jj {!i!lj-';'-cj Mn %~Joi c,J<,l<j_ ~,l 
_j',_ ,ij kj -'\! <I. 
(3) '°--"-.;'-E-j % (Sr) 

%~,.t~ ~ 0J,½ ~ TAJ t}i'::- 1:.J"-J~ ,(J ¾o!] 'ij--R
sj o-j '.l.l-lc Sr2 + 0J :'. 86 ppm<>IJ >j 295 ppm-2._.s'. 
Ai 1T 180 ppmo]tf. %-~"'--i~ 0J-¾9.l ,.<]{-- ff.. 

¾<>il"i Sr2
+ 0.l':'. -"l•l-¥-4i-<>1I -"1'11-"-('ilit 2:15 

ppm) iJ-¾~ <>j V.~9 ,J-}-.£. ~+~ 7J-.±t} il. 

'1l t:+. 
•,H}'ll 0J- "ii* ell.el Sr<>il -'ll:•J- "17'-i:- al >i 

-<JA ~ <>ii .9.J •I •i 'il-".l:-ti <d 'rsJ <>1 *<!(Graf, 
1960; Kinsman, 1969; Veizer, 1974; Brand and 

¾~,(~ ~ 0J¾ -,i-.i:j .s} ~ E.J<l:C§ --<J ¾~l Sro I 

•l.iil."! "1 :'. 0J (>;lit 180ppm)%%sJo-! '.Ui:- c;l 

~ ~i!il-"1 'i'"'il "J-½01 'rs,. HMC(high-Mg 
calcite)-"- 'r"il "1'li"1'--l- ~-~ 01r-l"-cl-0 1-"-4 
HMC.s'. 'r"il-'\! -f 4r'il"PJoiJ•i •f'd-'i'-<>11 .e-J~ 
¾•191- ~J~•~¾:a. ol?i'll. "J'l.l:71 '"1-.:- 0.l ',l-2._ 
-"- •ij "4-'\! 4. Morrow and Meyers(l978)<>1I .ej 
tl'tl ¾•1.9.J- '\l~•{¾-~ c!J-'/-¾ 4-"J '1-¾ 3'.7I 
<>1 I 0

./ <>1 '-!--le c;l .2.__j',_ OJ: i'f "1 '.l1 <I. .1 ""' '-.f 2 7 I 
1\J:>Jqj 0J-<>il Srol 400ppmoltf.s'. ctj711 %%sJ<>1 
V.i=- ~ ~ 4,AJ~¾ ;i..7J~l ~AJ~;,:] Ui..Jl -2-tl 

i'f 4--'J •~¾ 4- 7J <>ii Sro I 1J-±sJ <>1 ° I -'i'-<>1 ,,1 1 
Veizer, 1980; Churnet and Misara, 1981; ,t\_j',_ tij •~-'\! ,.f. 
Cross and Cross, 1983). 4-"J"Hl½ ;,j~J 271 
fJ::,(.J-~oJ-<>1] V-¼~<>J ,U~ SroJt_ "T"£ !J,i.J~ 
OJ-~ -,Z-,,(J 3} ~ ~ ~ 9.l EJAJ~ ~~~ ~¾, ~ 
AJ ;c--f¾oJ] °3 tJ i o] ~l ;.i:}~ 4'.2\ 0J ~ ¾~4-~ 
§t~ ,.(cl¾ %oil oJi5cf-½ k!J-~t-t-2 i:iJcf. Sr2+~ 

01~"J-7J :'. 1.12i\.2_-"- 6-•HI •J-•1'4 ell.SJ Ca2 

-=z..~ 9 ~l ,.q .!l~ 1:1t.2.t 7tf¢J ¾~,(~~l 0J¼~l 

A1 o-j~A,} t.-lj;i:] oncolitic{t- TX~ .!le'.9~~ ~ 
5}-4½ t ~ t Sr~½ ~t}i.lj ~. 4~ ¼%j!} 
"<l:>J-•I 'r'!l-',l_q. oJ.9.J-7,)-o] "<l~•I 'r¾sJ,lc c;l 

~- ~i!l\9-l T--<J-vJ-~9-l ~}7} V,'3i_Q_~ i 4- 4f.i:J 

•f'J <>ii,, .;c,i .9.J .!\-"J ½ -'1-¾"1 ~-"- %-"I tl'l! "1 
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Mn (ppm) 

::i;;i 9. ¾~"1:<l'll'¾¾ -r-'J•H,- "<Hl:'!l -'J¾'11o1l ~ 
¾"i oj ~ -:C- Sr ~•Jc "1 Mn ~a.}-"1 .VI x ( {l 
~ -IJ : <l '1---\'-¾: {!~ "'J-zj-OJ : •l---1'-¾: ~ 1l
:tj-~ : "F-¥-¼; ~ ~ : ,lJ-11-½). 

-12 

'!!o -r4 ... 
_,. 

-LO 

" A 

• 
• • 

• • 

~ 0~,00------,~oo~----~~~o
Sr<ppml 

::i;;J 10. ¾~,~~i 0J¾¾ -r-<J•f-e, ,HJ-'!l <J¾4lo\l ~ 
¾"1<>1 ~.:,. Sr ~•Jc "1 a"0~-"1 .JVlxl{l 
~-IJ: "l•l---1'-¾: ~•J7.j-"J :".'-'/-¾). 

'1-, ~~ -'r ¾-ll-9 1 -'J- 0 1 ~ 4--'J -"l-1 ~ -'J-o] ~ 
¾oJf9-J °diJ~ Jc1Jt_ ~_i1}..£. tJ.;;t~.2~ ~o] AJ-cJ~ 
~¾ Jl~rt:+2 ~,l.:l~ 'T ~t:f. ¾~,l~j_]oJ¾ 
E-l E--J± ~ AJ.± %4J -ij ±. cd T 7J j!l- ( B--} ~ il. jll
{-,1,l~, 1986)~1 E.j t}ttl ¾~~§] 0,J-¾£] ~ i>},¥

¼ 2. E!2. AJ-6B.4.Q.J °5-tJ~ 'Q-~. ~_Q_.£- .1>!.o}- o} 

P}J._ Sr~Scl .:i:}o]-i:;- .<{li:]JE-] T-<d.JJJ-"E ,<J{-21 i}-

0is. <>il'~-'\:!,+. cE•J- i,J 99f i,J IOo\J-'1 
5!,~ri}-~ 7.Jo! .i,l tJ--¥-¾.Q.J Mn~i?J= t_ r:J-~ ¾ 

.:i!l ¾A}-"5}2, 8 18Oit-& "i-7J-¾_!lc.-}- 1;t.£..9, t:-t 
,oJ Sr.Q.j ~¾cJ=oJ: 1f"r..}-2- ~ 2. ~ ~ 2-j T,,:J ~"i
-'J¾-"1 ~foJ s. "11-'4-'<:! 4, ;;J .sl--¥-¾-"1 oncolitic 

'r±ic- 'H-"-~]of7J.Q.J •B±-ll-(algae)oli eJ•ij "11-'J 
-"J 9;/.£.uj, 0 1 ~ t -','£ 0 f2-f.TI.c-J-ol .!e. ';J--,c .s'. T 
--<J "1 o-j ~ 9;l ,;J_ ~ .£.s. "l "i ;<j ~ 4. .'E ~ o-j •J: 

AJ "i-±½ ~AJ t)-!:::: oolite½.£. i:.ll-¥-¾ o}-e)-.:i?..i..f 

o] "- ';)--,ts. ",1--<J-"J'.l;l<j_ ~.£.£ <>il'~-'\:!4. ("r 
~~-9-L 198£\. :f._~ .::JJ..7j• c.,}~~oJ-¾ i-'Aji;)-~ 

~ '11-"1 ';)--,to] LMC(low- Mg calcite)'d 4-"- ,f 
'a'ir 9-'r. ~4- 211'-"fi"f':J LMC-E •J '!I -"l-'l-lt 
<>ii <i 0-1' I, OOOppm-"l Sr½ ~-f¾-tt4 4;-'J ~f 7J o\] 
,; "t-lc- %-lto\l "i•B oJ:sJ-;,-t-"--"- :c<J1/_>]cij7t ..2.. 

ell 't!. OJA-1oJJ,qs. A.}qf~~.£ SrEl oJo) rJioj V 
-fr~ 4 ~7[ irlJ¾o)t.L tj_:t~ c.ll-¥--¾S] LMC£ 

~ ~ ~ ~ 7-f¾ 7}AJ 1-½ ~ t ;Q t. t:l}l{o!J -<i Ai 
A~·5}.R ~~ 1-2._.?- ..li!_O~ ¾~A-i~OJ½~ ~tl 

4--}o] ~ ~ 1:1}c+o1J,{i ~~sj~t+~ 41..I.. 7} 

'o ·S}4, 3l-t}-¥-½~ ~ ~..tJ- ~ oncoliticT±¾ 

7,J-•tl:i"f':J., -"l •~ ~J:;;j o] of .£,J:cij (subtidal zone) 

£. "11 'Hl .£.s. -l'!ail-"1 i"--'.PJ-½0I 0,~f140J .!e. 

o\•d-£- >,!.£.-"- '"1-'~-'\:!4 . 
<J ,~ -"1 •ij ?<>ii ~%-"] o-j ~ ic- S,2 + /Ca2+ "i ic

( 0. 86±0. 04) X 10-2oJ uj, oj .J:t ,§.".~]ofcJ 
0H- cij,i]s_ 'l!1.sf41 ~4(Turekian. 1974). 

00 

Cl 

• 

400 

• 

800 

• 
0 

1200 1600 2000 

Mn {ppm) 

.:I.E 11. ¾~~OJ-½% 7'-AJ?i}~ f.±AJ<'§ AJ-~~<'>l\ ~~ 
>1<>1 '.tl-:C- Mn ~'if "1 1000 Sr/Ca ~9I .l!.>) 
~ ( ~~ {l_ : j,J iil-¥-¾; ~..g. -"J-7..}~ : <5\--¥-¼; 
~ AJ-7-{~ : %-¥-¼; ~~ : -'J-4{·), 
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a+~~~-1 J27j 1'-J::~~ 0J<:>l) -V-¾~oi '.Ut Sr2+ 

/Ca2+ ~ ~ 4'fij ;a:_,l--§-9j ~Aj % .9! of i\-~ 1..+ ~--f: 
-1:l ~ .9,j ~~,(a ¾j!~ uJ_ ::{J 1lJ:- .'i!J-~] 7} ~ t.:}..R isJt:~ 

(Brand an<l Veizer, 1980). ::L½oJJ .ej tf',l HMC 

~ 0.44, 0 }-~~21-t-o!.:§.t 0. 78 .1ll2 LMCt 

L40"1 1,oooxSr/Ca7,l½ 7f>Jcf.2 •JcL %'!' 
,tj _tj 6J-¾.9f 3:j 0~-}¼ 2_ ~ ~ 0, 7 4 _i 'l] jl :J.. -'-J 

-¥-½½i?:- o. 44, o. 54, o. 4021 ~-l _ti_ecf-y2 9:, 

c~. oj ~½-f::- Brand and Veizer (1980, f:. 

l 223)S\ ';17'· '\l. :.f.eJ "I "'- sf ',l "1 tf,'I, ¾21 ~ ,,, 
.:.g.½ ,(a¾.g. ot~~240J~o)J1. =r..9.j {-½..{

HMC.£. Tfid 5 lo-f 91'::dt:f.x. ¥ -Y '.1Jcl-. S:.~J- :.1... 

~21 1,000 Sr/Ca.i>f Mn°Joi] 9]•J 5'.qj(p. 

1230, Fig. ~):.f oj'l1_ ";!7'-7,l_:.f.ej sfc{q_l :iq 
llJ!~ 1:1].ill.-t}O:j Ji.~, ~A) %~,,_~j] 0J-¾S!] !ti,~ 
T,(J PJ-~--~ ?_ ~ ti-¥-½~ of,d.l?..i..foj _:§. -=r.2] _·12.. 

7l<H-t HMC.£ i-'\l"l<>l 9J'tlcf? ,~•-1"1,cl. 
(4) '\! (Fe) 

¾~,,.~ ~) ~¾½ --fAj tH::- E-.}-';}°fl ,(J ¾611 ~ fi
~1 o-\ 9J_J:L,. Fe2 + q}r-J-~ ~-tl -~-& ,i,(-g- _y_~J 
9,620 ppm2J ~ Jl. %½ ~I .e) t]-~ I, 020 ppm ~I 
>i 5,380 ppmS\ 7.):{ 7f"l9, °'3?!' .J:-~ 2,712 

ppm") r+. ¾~,,.~~ 0J£.l Fe2* "'{}c-J ~ ";5"-}-¼C>J1 

AluJ: ~7>! 1t2 1 ~lofJ-t- -fr-<l-~J ~¾ !l..~T.:C. 

£.:i::L 
Fe~ A'\!~loil >i >J;f'Jrij(Fe3

+ I 'E.~ -'J-t! 
AJE-}J(Fe2 ... )£ ~A»~_fc.+. t,l-\}'§ ,(J-t-~ -'t1t1-
2 V.4=- tiJi~A~ ~:i:~lijoJj-<i Ca2 +¾ i]~~'tt 4-
'1:"C" ~ t Fe2+ol.?_£.. HJ-t~-'-~ AJ-ito1J Fe7~ ff 
o] ~¾£10 ~7! -'i!tH.-<~-C 4-%0~~6'! F,,7~ 
Fe2 et,,_J-fH.£.. t1"-fr-EI~ ~Clio} 1},t-}. 0JuJ:~i~ . .£. 

~4-oJlt" Fe2+o( l.3 ppm ;l'.J £ -qJ--B-s~o-j ~'.41 

A1 tHToJ)-<1 ~~.:!-'H ~l-t)!,"-4.9) Fe~5...T: O.Cl% 

FeO½ &;,i~i,~:i:\ U~t+ (James and Kla1 pa, 

1983). :i:Jt~T6!)"2 -'-J-±.1} rfo] 1t}-%s\o-J sl-t

-'-J~,,,.Jt:M o I E....5'. Fe3 .,. ';ft:~ 9i 1 "l t'-·fi-.>r1 <'.'Ii ';J 

.2 uHH Ca'+¾ >I ~etf71 -£ceJ:tl t.f, _,_, I c+ 

o!)i=" 1.1»€-'{l 4- -t-~·4"·1} ,,.j-tj--'-}E~<°>1]Ai ~l:<~1 
'1!.s'. >.j,f '\ltf71I sjoj Fe'' '6'Tftf71I sjo: <4 
af,<l Ca2 +Q} tl-:'c >ltfoi 0Joj<.{71] "10< l'e9j 

1,iaj:0) ¾7}¥,r+. tr}t}A1 %~~§\o,}-¼QJ E-J,U 

°a AJ *oll V¾aj_ -'f-..f:. Fe2* ~~J:.f:- -%~~~ &j OJ 
"}6) s.j ~ t1ij~--'t! t ~-1i-~Lo_s_ c)~c--jz]"C * 
Ad Jl~,ZJ i'-01! ..:1 ~-"r-9.] 08 tJ{- ~Ji. -§-tB :q-¾4 
:i~ ~14%01 ecf ~1 itl. 1H-45i ~ Ai '%l Aj ~l ~_o_5_ 

tij 'cl'\! cf, 

~"ii. ¾~',i.oJoJ¾1· 7'-'\lsfi° rJ:>J'ljoJ•J 
Jf.% 441B ~ ¾-'-~?{} ?J.il} 7-{z.~sy 1ir~~ Ca 
~ 36, 9!%, Mg~ 8,151 ppm, Fe.;o 2,772 

ppm, Mni'c 903 ppm. Sr~ 180 ppm, K~ 253 

ppm, Nat 159 ppm, ie!J2 1!:-¾AJ ~1-l-€:- ~it 
9 5%'4!-¾"1 oj '() q, 

½~. n!eJ1L±.01 atrcl {1±%0 1 i--¥-{-¾ 'F 
,,.J-9_£ ttl."q{t !L~T1.+ 7{ ¾i.lioJ1Al-'c- 7--} .<?Jd=. 

9/ 'iJ·eJoj ¾A}i5}9 ,%-~Ji.. :f~-O! 7]-~ct,} 1+ 
7~ r§l·+. Ca-t-: ii\--}{;-<>i1-<-\ 'J-..!/-¾..2...-~ 0}7J: -~-

7]-0l9, Mn-~ -t-¥---¼oi! -<-t ;,} ~ -1LJ]. ;J-, o}¾DI! 
"l ~ 7f%foj, Mg9f Fe;c "J:~I.; ~-\'-'.-oil -<l 7f 
;,:J- '{'};.i2. ...:J. o}{,..Q..£ 7]-u:j {}.±;o;JcL Sr.:v~ Kt

,1-~ oPf-¾oJl -<i 7\- ::i:J- ti 2 "-d'-f--t-oi] ,{-\ 7J-±t\-°1, 
Na•2- 3/tl-4-¾c) ?]-~J- __.t..:J2 ~t}-%-D!],q i,:;}t~ 

u,J, -t¾-.<J ~~-l f_ ~ 2Pt-¾oil -:1 "fr1.J-i1 'i'-k-L 

:J.. 1-f-¼o/} A-J-t- -ft-A}-t}r+. 

Al] 141. ¾~...:~ ~\ 0J½ol] ~%£161 ';J-C N a2l ~ 

it iJ"i:!J-(159 ppmh0
::- tJ. ,,_~ toJ-J~ ii.*611 tl-¾s] 

oj '(/-;cc 0J( 1,000 ppm)oil aj oj ~ ~J •~ _<0_9, oj 

-~ i:J-?-9] CJJoJ-~ lclJ--2::- 4;"-fid q--§--9) ~A.£ oij "--i 

~J1..L Na21 1}-?J: ~- -¥.-¾,{J -tl-¼~91 °J=:4 ·-'r~t 
C°}~, 0 / t--2- ~1¾~.Y-::-.C- ,{}-l~l ,J} fi...2_1,t, 7} ,.:J 

{;-419-1 ~c.J-& -?r-<~'o}-t:L _-\.'...;] 1J1-,:g 0J-i~ 9j Na 

~l 1tl·r ~.:v}S>} 1:1/2t~'f! 1-~~.:oJ 0J-¾t.g.. c} 

u~ s-_ ::i:J 1 ~1 °J 3~ 0J-~r 73 o-J1 A-\ iS.j <3 lrj ~ .Q_Ji._ tH 
~i-'¾:lrL 

Ln~. 1-t-A_:f]C]q}~-<>l! 1:1j_:.i1_;,:~ ~t-t- oJ9j Mn 

BJt 4"fij¢_f-§--~J 7@_.,Jk'i'. ?,~--<4s/~. ¾t-~i~(oJ 
¾~) i-~~;,;-oJ) f,1.,Jt·) ;,:4.g__ 0J2) Mnc) 1}·¾5) 

o.] CV.~ ~t- ~?-1/9( .:r,(j.iJJ~o! ort:,~_12.l-}c!.~ 
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o I s:! c;l_ ;;1 -°-"" '11 "1 -'<!. c+. 
';f1-"II , %~'~ -'l 0J-½oil Sr0 I •I .iiL al al~- 0d' 

%%-"lo-I ~-le ;;!~ {!"1121 -'j'->J ,:J--,l:-o] ','-.sc 
HMC(High Mg-Calcite)oJ ,+ ~ ~ ,of2-f.31.,+0J.!e. 

.21- HMC.sc i'-'J-"lo-] ~'3:lc;l_ ;;! 01 4-oil ,f':_\4 

.9-1 °s ii.}% t1J--€:- 4Ad ;,:-f¾~ 7;!j.t~..£. SroJ:oJ 1J-± 
-'<!. ;;1_o__;;_ '11'~-"1"1 -1\-t;I {-7121 4i-'J~f'J *oil 
•1 Sro] uoJ 7J-±-'<!. ;;!_o_.sc •B'~',ic.f. 1;,J,+ 

3:lt~¾o] Sr% E§o] ~%t1-2 V."C ~-& ~c~ 
of2-f.31.,+o].!e. -':J-½-½ 1'!01 %¾t}.R ~'3:17I ail 
{t-OJ ~ ..2...£ Ml,.(~ aj_ c+. 

~-f~~. 4-7a~l. 1986, 'F-¥- ;,~.!:'_.c]o}7.1] %~,.~~oJ½ 
9.1 Ed:±.~ ,(J± %~Jci± ,.(J¾: ctt-q};i:]111f§.J;,:], 
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Middle Cambrian Ooid Shoal Deposits: 

The Oolitic Carbonate Rocks of Lower Pu 1gchon Limestone Formation, Korea 

>1r "J 't4 (Byong-Kwon Park)* {·"J-r(Sang-Joon Han)** 
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Abstract: The middle Cambrian Pungchon Lime·)tone Formation consists largely of carbonate 
rocks and interbedded thin shale unit, but it al:.:o contains thin oolitic carboante bed at the 
lower part of the formation. Th!S study was int2nded to investigate the sublifhofacies and 
depositional environments of the oolitic carbonate rocks in Dongieom-Jangseong area, the type 
locality of the Duwibong-type Joseon Supergrou~, Korea. Cores drilled at the study area and 
samples collected from the underground tunnels Nere mainly used to analyze sublithofac1es of 
the rocks. 

The oolitic carbonate rocks are a gra1nstone or packstone consisted mainly of ooids. pelo1ds, 
onco1ds, 1ntraclasts and b1oclasts. Three subl1thcfacies within the oolitic carbonate facies are 
differentiated by the proportions of grain types: m,l1t1c. oncolitic and pelrndal-oncol1t1c subl1tho
facies Oolitic subl1thofac1es is largely d coarse-gn1ned oosparite or !ime-grainstone w1t/1 plane 
or inclined bedding Oncol1t1c subl1thofac1es 1s a very coarse grained oncosparrud1te or oncoids 
lime-packstone with well developed plane-bedd ng. Pelo1dal -oncolit1c subl1thofacies 1s a re
latively fine to medium grained pelsparite and ~eloncospante or peloids oncoids lirne-pack
stone with several erosional surfaces and burrcwing structures. By analogy of grain -types, 

* :\- ,r ..:HI_ 'lj- ~,,_ -<I ·r ~~«) ,1 {Department of Earth Sciences. Korea Military Acadernyl 

* * ~}--=i; ,_') ""t 1 I "J;-.<7J o~ <>J-,.,l--1' .1: "~ 0 } :.:11! ",1 i' -;-2 (Geological 1)ceanography Laboratory, Korea Ocean Research and 
Development Institute) 
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sedimentary structures and occurrence w1t11 recent oolite environment along the carbonate 
platform. each of the sublithofacies correspcnds to a subenvironment within the middle Cam
brian shoal. Oolitic sublithofacies represent a mobile fringe, and oncolitic and peloidal-oncolitic 
sublithofac1es represent a sand flats of ooid shoal environments of 3 to 5m deep. developed 
along (he carbonate plattorm. 
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·J-~·iblff.,,"i-?. ):b-\!?16 lt-o-\r1 15c_·11 lr1t.L_g..[:c 
'i'.1 [O L' [s%-\Y !:.: -\u Hr ·1"2 --~- -i~ fi:c ~L 20 ¾ i°o 
[fFy-~~- ¾lo lo(696l)f11YTF°ti:z:1~!r -t~[ic:-fr 
~-11~1 t1 -o-~{!i<f11fu i-?[o¾[r:~:1 %~ lo -~(OS6l) 

14s-ekeqo)I ·1=:1fof0* ·soFr-f.,.,fi: [o%fd9- ~ 

lr<>-kf., ¾i°ol~tv~¾ '""2:"fofO-l 2-0-Fd~fz lt<> 
lk -~--::1· [o u~3·;*1f \0%{-fy lo+% b=l°o k-2 

·(t86I '['y-{Y""Fro-fi!'%fo)i:l(o 

[-o[.sk1f -{Lldk \o-/t~Jy tt~tt %%1f?(Y {k-g-~., \foLf, -i [to1°~~1l1Y [":'[l'.'.fn°~-~-K ·t ~L 

Hl!S IIU!JO8 • a,01s lluoqo~r,i ~ a11zuono w2flluoa [:::::j 
au17 •1n0.:1 / auo,sawn uo4ollund. 81D4S lluopnwna ~~~~~~ 

a,,zuono uoslluor E :::;:3 UO!IDWJO.:1 IS!!DMH. 8UOlS8W!7 f>uopllDI,11 m 
GN3837 

wooi; 0 

o9£ 

7~03S 
0 

o8ZI 

~ 
---.. -_-____ _ 

... --------..: 

°1),-:-:~~ j .... ----_-_-_-_-__ _ ... ~--- ----

-&tyhi ¾fO -;[o-±-- [t:~ol2RRrk¾ 



CORE OEPTH(m) THICKNESS(ml 

822.5 lo_ 0 0 0 0 • 
0 o O 0 

823 _.,.__•oo 
IO Vo O O • 

0 0 • 0 0 
oeooo•O 
t_o_o_ • Oe 

92400000 

ooo04-oot 
O o O 0 

loo O o o 
~o o ❖ ooo 

825 6 
! ;_• ~--. 

0 

·• • •••~ I 5 • • • • • 
826 

•• • • • 
•• •• 0 

ID• o • •. • 
• ••• • •• 
D 
•••• 

827 • • • • • 
• • 0 • 
•• •- ••• 

• • • o, 

828 ·• ·•. () • • O A • o o• o•v 
o; o *.o•.• ; 3.0 

00 ~ O~c°• 
829 0 00 • • o 

• 0 0 0 00 0 
o. 0 •

0
oJo ,---f--.-,-. 

830 t-~~ -· -~- _9 • • • 0 
0. • • • • • 0. 0 -··o··----. 

0 • 0 ~ 
831 ~ ••• 00 

EXPLANATICN 

o Ooids 

o Oncoids 

• Peloids 

# Introclas ts 

❖ Bioclasts 

[ 

05 

meters 

0 

:J.'s 2. ).I';'-"&-- 83-291 ).17-_;J.~---'k 0 J%o\-o.j ";H' -'.s-
1- ~-'I~!~ 6) _ _\{~I oj ~l ~J <) 'J"i~ ~] 9I T 'j \ 

,; i ~,. 

(L1nc01c\) •~1 1:1~ J,i_-~~- -;;-()) "f.1}~1°1 9J_Oy-! i~ 
e-ll!>I t-7~,611 210~~ .?6~,,.~~l"'J-t-.0] F1{-o1 v\J 

r:J \1 r:,L 01 0;1 ·T'- Lfl ,<~ '{( 0~ c(I ,,J iJ~~DJ 0J i-2/ 
c;'sJ"i' N20"Wo,]<i NHfE. >)<f:- ,(.i-oOSW 

~{1- NW01 _.-,_ -"I 4-.tt1;-o11 21 c,\.i;i ',-,~I 1) 5r1 l\1 

.9j~] l--Jt"}rzi -4-3' -9-i::}oj 1-_(nolite).'t] -f'-.i1_i'\ ~J ]-. 

(oncohte).~ T,,:J5c1o-J 912, 0,1~t-~J'\l± A1°l 6J
,H ±-'foil £1 sf~< 0 1 ¾<I -'r~I -~ "f 2am <ll-2J 

-)(J 

Ajo:j 0,J ~,,:j -%~ ;,:]1~]-<~!2] o1cJ-ZJ tJ1.J-tcl'il 
·t-.0] -\- 1111-t· ...:]~i,:,J] ti.\d 'i'-6(',l c~x'_l--} 1J_.(~-Y.-_.(I 

~6JJ ~111'...,:l ~ j_;.;,:~_'?... 1i_ ~-¥..t}.~ ~!cL 

0 ] O;i_·f~\ 1.}-3--11 ll.-~-i-o11 -<j A]Ji _½.7-4 6J 
l,H i:t.·}ot/-<i,:::- 0}4-.A~~I <;J"'c1.9/ it}j}--:1- ..:-ii~) --1 
~ "l~ T ~l sl.0-~-_i;._, A]+* J1. "b--~- ;,] -;;-:-:?,-~' 
·6'--~J.~ ~] q~{- t} '(91 o~ <;l_ AJ t,H~cij oJ-.91 oJ 'J-~ 
7'--;&o\-o:1 .t,!.. 11 -?-cl t;J 0J..:J, -f~_il_G1 q oJ"-J ':'J _i;ll 

0J-1-~- T"'jO]--t ~I ij ~-f- ·1·-~- '{;_;;/,<J/_01 -?- 0 ) 

1~ .• 1-~•]_ 1 -, .12;-_1_1_0]_-__ , F,~"Jq;qJ· oJ1_(carhon• 

att' intrc1.la~ts) ':) '~.t~ Aif_tb10cldsts)..'.i'. ·f-'J.!.,-! 
o] 91 i j • 

~OI ~(ooids) : -!. {~ ~; > l c;! --~- q 0]•-'i· ;:- --f -'_;) o]- -~ 

nJ,~HJ- c,H1· 0J\!.0/ ::>.,c;_ -f-~~11 ·?/i-!'I ci}-L~~-

9··"1-'-:.olcL --9-n)L~j 6_~ ~,- ·f-,:J6}~- ·::_·-;J-;i--2_ 

qj_!/-·1 -§-,,fl<(f,-_.,~ ..:\]7j_~'(-f)-~~ ~lo~ ']•(j<-] 

0 1 t_'.j -'f-"1, rt,) .1,,>1) -<i : . 1 :tlj <t ~ \- <:1 , i ,,]-'t; -;-,: 

:ti\ ·~l_"°'J Y} .tll ',! <! "\ ';! 0,l ..:H. '"') &Jj-~- -1: "Jr,)_,, 
',-_., 
.J -, 

_o __ ,; _t) oi ½Jn0!1Win~ ~t-!}nl ·j-oJ \~- ~-- ~I: I ,:I 

~J- 7J(h]gh Pncrgy cnvirunmf'nt)O]GJ] -sj "r) •}/I:~ 

D! ",l ~1 )- -0 "it. 6) "J "'I ~-~ '.] o_~ ~} 7, r;} ~-o, ,;__ 

6~,<~'.J;ILL _!_t'Jtl• 61)---;~ 01-'i 1'_ 91~ ,(j0J<"J,(~',, 

-f· -z~u].\_// <)f. ,4/~J ~/z/;,-n/1t. j-rl_r_f) 

_~ul -::-_- 473 p mo1I "l l. O:i4 µ m<"11 i::._h,]- 1·~, cJ t8 
--f•J 'L:.-'- rl~~o~ 0__;;' _:___ -i- 1-(~_vJ;,;1 -7-'°l]_r._~1 

~-:- 1J :,\ cJ '} £] ll] :-- l. ,}8tH x] L. 1 loj) 0) -/ t I. 

-7 oj ! . tM \1 t,j -<,.; ~} -(_,'-_(grnwth falrn1')-'L -2 ,11 

"'/ •§-.0._,7 _,1·_ ,;_(;,./ -.17. ~, -
1--t- ~/_ .>'/ flf'nmor~hi.sm-,.,/ 

~l. :;:,\.~. rJ,.,~'. 1\:} "'11 ,._~ ,;1 ..:J n\ l--\ ~;; p m"'1I 1-i 1:1 /1 

m .::. 11 -:'I jl:--f'uduspar -~ -~-- l :10 /1 m ~n a'.j ~(HI µ 

mS'] er1uant9} f-_i:(J {\ sparry calcitei~ ~..:101.~ 
~I ~ t~ _;;_ f; 11 ~1 °1 ~ L,L 

¾t-~1~1~..g- i./-1-oJl ~~1Jl-'.:::· ?-Al'--~- ifl 1
{ 
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Sample No. 

822.5 

823.8 

825.0 

825.4 

827.8 

828.6 

829.6 

8300 

830.6 

832.0 

833.0 

833.7 

Folk(\959) 

biooosparite or 
peloosparite 

biooosparite 

peloncosparite or 
oncosparrudite 
biopelsparite or 

dolomitized 
oncopelsparite 
biooncopelsparite or 
dolomitized 
biooopelsparite 

pelsparite or 
pe!oosparite or 
dolomitized oosparite 
silicified and/or 
dolomitized 
biointraoncosparrudite 
or intraoncosparrud1te 

b1opeloncosparrud1te 
or peloncosparrud1te 

silicified 
biopelo ncospa r rud 1te 
or peloncosparrud\te 

sil!cified and/or 
dolomit1zed 
b1ointrapelsparite 
or 1ntrapelspante 
biooosparite 

dolom1tized 
biooncosparrudite 
or oncosparrudite 

.:E~l '%tE~o11 a].-?~ ~-·-#-Of-~ mouldic ooid, neo

morphic sparry ooid, radial fabric ooid ~ 

coarse calcite spar ooid.9.I 45s EH.£. ¾¾~l c:f-( ~L 

ill 3). 

Moldic ooidst ,.\21 A] iB4TI.7) %E-J-s]oJ 

..2J 7--}~ ~1 (cortical laminae) -ls-o/ ~~sj o-j ~-<] 

U2, t.lj -tl sparry clacite ~:,:do] i-~¾::i:J 

Du iharn(l 962) 

pelo1<is-ooids 
l1me-5ra1nstone 
with Jioclasts 
ooids l1rrie-grainstone 
with )IOClasts 
peloic s-oncoids 
lime- Jackstone 
selectively dolomitized 
peloic s-oncrnds 1ime
grain5 tone 
selecl 1vely dolomitized 
ooids pe\oids 

lime-1Jackstone 
with hioclasts 
select vely dolomit1zed 
peloids-ooids 
lime-grainstone 
select vely and/or 
dolorr1tized 
peloid s-intraclasts 
-onco ds 
lime-packstone with 
b1oc1a ;ts 
pelrnd :;- onco1ds 
r1me-~,ackstone 
with t 1oclasts 
s1l1c1fit d 

peloid ,-oncoids 
lime-~ ackstone 
with t 1oclasts 
sillicifi.~d and/or 
dolom tized 
intracl :1sts-pelo1ds 
-oncrnds lime-packstone 
ornds 1me-grainstone 
with b oclasts 
dolomitized 
oncoids lime-packstone 
with b oclasts 

\.1thotac1es 

oolitic 
lithofac1es 

oollt1c 
lithofac1es 
oncol1t1c 
l1thofac1es 
peloidal
oncol1t1c 
lithofacies 
peloidal
onco\itic 
lithofacies 

oolitic 
ltthofactes 

peloidal
onco!it1c 
lithofac1es 

peloidal
oncol1!1c 
l1thofac1es 
peloidal
oncolltic 
\ithofacies 

pe!oidal
oncol1tic 
lithofacies 

oolitic 
/1thofacies 
oncolitic 
l1thofacies 

(vod-filling)"Jej .s'c ,j ~1 <j '() cf(Cl ill 3.A). 

N eomorphic spany ooids½ T--<J i"~~ sparry 

calcite.S'J .3.7lic' 25 µm'1l•I JOO µmoil oJ'_ie_oj 

rH-¥¾ pseudospar.£. T--<Js.Jo-j 9Jr:f-. ol"€t % 
AJ -'tJ ~ Aj-(concentric).9.] ~ AJ--fS..1} ~ u] Of-JJI .!i! . 

~5'jo-j ~7{\.-t -~;' . .:::17)7}- 6J::tJ<5f-A] ~-2:- 7.-l::i:J 

~•ol ¾-rf-*~f<l 7J71lttl% <%]--<Ji>f-2 9Jt:-H.:i~ 
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.::.lEJ 3. e,]toJ1 E-l~~~~f-~ -7"-Aji,)~L -'f-o].~.(n.11d111 <'\~11],j ,:Hl0]tL 
A. s~~-c,~r-)!'/ f'-,'r/_L.:---' d/·1-T<:i AJ.;'c/ -~.0~CO:l -f' u';J:?r:) !·~1.D/oJ e,J--;11.'-;I m<>ldic o,n.\"Jt). 

4'--""; f-n1~· t!J-';--01]'.-'--- m1crospar', T-<J~I "J],-'r]• <i•j~) 1IAL11_ 'l}t~ ;,-~\,1_'!}'.,'I C:--!AI: 

O~mm). 
13 Neomurph1c :,parry uoHl ,;_ -q uJo~ ': m,crnspar i- -f- 'J '>I '·1 1/ n_v1 .1\ ',l-,'i1 -'r ',! ') ,-,) -7 f: 1\ _;;j ul 

OjJ-J] \J-o~Vlt, ;,-,:] ii.,:1-:a:.~'I ,;J"'I-:- o.::'11nm!. 

C Rad,al fabnc ocnrls <j 41); oj i- < al •hf 0 _ ,, 911I qi •I ',- ,J s,1 •J "i ~I <I 11 ".i ,J O ,, ,! ,, el· i 

1-~·~.HJ]·J°l ~Joi:-- (J\mml. 

fl. Coarsf' calcite ::;pilr ur11d •,' "1 B~ ill 'i 7J -<A'":: :a:j -~01 1 I-~· i ~1 t] 7-"I _,_ oil "i ci~ ~ 1: ~ 1 ~, 'l ..J... -s] '.~ 

:'.'I ~J_ol :=-- I) Imm). 

3B l. 01 !,:,- 7il_ ,a:d ·~ 2. pseurio-plPochro,c•t 7i 1,~ 

r:.J- 0J!,--_ilJ-(umt-extinction)o,:!_ 10] i.+rt1,l- 11 DI ,tjl 
'9.1- _±§~{{oj ~'!o] -~%~16-i 9}L-L 

~Hf-ol] 91 <5~ oJ ';3 ~1 j _0 _.!} oJI ,,_~ ~l t L 
Radial fahric 001d;;;·- t-<·]Y--_ 1H-¥- s_7..lo1 lc!J-

.,,. ,d _'.J 
_L 1 LC 

r:,1-~ -?-o]_c_s,I tH-'i'- .:f_~j~ -b'-~"J-(c,vity 

phase)o1 \llo] T,.ij~--;J_·q1 o}t~i1..L10\_~_.7l, -§-<SH 

"1"1>1 %>161I LMC7f >J,J_~l-'.c thin-filmRo!I 

6~A~~ ii//~_3:..-(f"I radial fibrous~} ~ 7d~-_;;, ,;} 
AJ~l_ ~_o_!L <Sij"~~]_t\(~.rJ 3Cl. 

~-4'_."~.9] 0J¾ Ol,.-'l-9] o~ rJ-'J rJ~~oj oJ-g_- T~ 
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tH:- Jr-c]£i::- ll}A-},,._J- _I..0]-i-olJ,,:iS:.. radial-fib• 

rous mosaic li!_e-}t radiaxial fibrous mosaic.9] 

T~% _!!a:i 2r'-2 ~ e-L Radial fibrous mosa1c-a

.!;l_Ocj _:f'-2 4-c] .. t:=.61]-<i-t- LJ:Al-~ Jl,f~--~S!j 1AJ7J-
7J?1] ~cl -lit*~"6}t:7i, "'F..t~lf-/} microspar_'i_ ~ 

,.:J .<ij c~ '.U ~1 U;-2_- ,tic] radial-fl hrousk ,,~ .i'} r} 

~t:.~. <SJ u] 7d 0}61]-<i-~- il};:(J-.0] a~\-~ A,l,1§- BJ-tJ 
(fast vihrat1on direction)c] f-ol ~-~I '"5"-',)61] ,.:1 

r;--1"/~"r-'!;- .AJ-'&'-s)_z '.U.5i-9, i>JP/~.9/ ~H~·rH 
(stage)-~- ,,qJJ] t1J-tJ.9.~ -9]:,(J.,<lf~ _f:..i1J,,:]1I~ 

:±_.i::J- tJ~cl A]J.11 1-Hr~ l.lJ-5J_c_~_ §]Ajt}-~ tj-<J 

o) 4t~Y-i~l--l] o] ~ o] radiaxial-fibrous.:f_;,;~.9.] 

~;.(Jojr:}(_i'f.J 3C). c]i'~~} S .. 1% ~-~ -~ 0 )!-_ 

9] ~?.lJ -'1J-3/,.:- ,<J¾-f- 0}2-~24oj,1c':...t}2 °J?1X·1 
'.1/~nl (Kendall and Tucker. 1973, Mazzullo. 

1980), .. "J... .f- *,<J A--t %·_2__,¢_ tJ. A~ 9.} 7J lO:.

dLMC(diagenetiC Low Mg-Calcite)/} '%l ,.:j!rj '3i 
c.Lu. i;H ,{~~le-}. 

Coarse calcite spar ooids-~ ~ 0 1 _t:_ 4t 61) o-J ttJ 
-'JAJ-T:1:.1--\ i~sq -:t-,,~o] ~o] s:_eJ1.9-\ sparry 

calcite.~ -1-AJs]o~ 'V,-';:- 1°) ~.;:Jo]c.l-,:.:.1.<t) 

3D). o] _z.c] ~-~- drusy calcite spar.?-_ ·f"-'j -"'J 
¾~L.¾,,.:J .(\] "!.! .. F:.(cement) 7] 5<_-l :i!\- !;lJ-t~ ..t~ ..il-J---£-91 
.TJAJ7J- 78'41"do] -ill"~~o}p-cj 1;(J£1 3. 71.'i. q 
0J=t}.12. ±--fi--r-01 ;:§o] ~-Hts:1ol '.V.-':..: ncomor

ph1c spar;,,].9J_o_y_ •~,<j.s;l ·~_c_~ c;H,(-i-'{l_tL 

g:.a.oJ C(oncoids): ~-~ ~~ ~l 0Jf;- O}-\i __ ol "l ~\ 'J
c:J ~rq-1 OJ-0J] -:_-- o;- ·T" ;,j ~l <:;I ?-o 1 _L S'I- r l t.-01 -?-.::"i.1. 

oj~;,~ t--;;-<>,/ tt~c'~ 8 12,;j <-IL:} ~/ Pr!:c/ci ,V 

:..,). n\-Yl J_-f-6-J]Aji~ _:;] ...... 1j 1~;;:j ~-!-.v]~•l·~ ll]J7_ 

1,1;1.,•~·~; ,_,r1j-'J•j~,1}-Y._o_c;._ )--f:-~! .';~t\J1J 

-,,] ,:l.o<J_2111·f-. ~-j_1 ,~].'_9[ ""i 1J 1-}) <;)ll]-:

d.7[ ~·; L. lHJl1-~ -'Jci i_!j;,I Lf.Zl 6J 0 1nl, 

• ol 
-;TT i'. 

,~1 -,1 :l-~ ·< r 1--'\l -~ 0] /_ ,1 ti- 1_ -;,~- \f- ',-_ ,\ 0/ _';> 

~}•tl1:!~} 1A1. ;,l•t-.1L;,'
1
'>l]"l~ -' 1- 1 1 1 ) ,q,12_,--:i 

7 [-?_- pc,t'wL·)- onc01d (DahnnayakC'. 1977) 1 1 ~l· ~ 

_,,q '.~l-1] iil-c]·o~ ,,,~y\.i.J 0
1:_~· c,JcH<'."11 1 \-~ 'c;-~:!q) 

{;<~-6-j],:1 1lj\}i[ .;_.'- -2_-.i'."['·_7/ r~c:J- 1,1_,"½-~!-L 

'.1]q_ o~t;~-11--2....~ J-j-;c__( ~:;,J-2_- "l 0. 7 cm. 1.06 

cm u) 1.8:~ cm9) .(l\ -1--;,; __ y_ T~·::r]u--J. 7) AJ- -i.:-

+-2.0] .. ~-f:" r:}{J~¾-:½ t:!JO} AJ-1.il~ t:J7f.Q] B] 

,f 2 09 c!l-"I 2.4lo!I o] ;'-cf. 

~101 -~Q] -%-.-tJ {! ~ oJ i:-]-';::- L~ -}-!i_. aggrad 

ing neomorphismoil E]3~ T-1°1 uJ~f.-i] ?l_c_ 
t.l•, -~5_utc]_~]if- A--f--§-1- 8Jt ~1°1.'.~E! °JC-] 

7·±~..g_ 6;:j_u}sJ li½o!t{ ~,1e~aj_ t!f~oi]-<i{~ 

sl r:J-¼.01 -r-#:01 /l-t-t}r:}. 01 .g.1()J_r.:..21 ~ cl 
: '-±.t:- r~ ~] _'i:_ -r 3;:l rH ..s:'.. -ri ~]_ l I-. j,} ~~. 1-l] ,? 

l/ '!ff: .. -l7)i:/ •til.c/!_C- 0,~-~1-{()/2_ 7) c1J.i:J 
c:~ :9.,<J-Tt . .9] ~r]:t_;,;J ~~· 7£2 'V_r,f. o]-C o~ 

u~~- ~ii_o)~2j ,.:JAJ- _µ~fiJ-l· o•l~- :iJ~-- -?-¾"'-!
-}-(rolling)o] V '3;:t cj i 2 .. .£. 6ij ..t~ 2{l_t.HGivf'n and 

V/ilkinson, 1985). ½~ . ..tj,r.lj,:~_c __ c,:_ ~]7Jol ~ 

-?-:E.o]..r.:_~ °i;jc]± .. ~~ {-~4-~ic]ui {-lT;;~-q} 

.S AJ-T±¾ -~-o]°'i oJr-]Q.j -T-nll..I.. c2~AJO}AI ?J 
t.:}. o]t -&:B..ojS .. Q.j -'JAJ-,-q 7J~,,~ql --f¾~{¾ 
.;•_g_ ~ "6 s] :j 7j 4 ~-& ~._20] ~.9-I oj ~] ½ol 

Aj§J '1 tH S:.-fl-'1.l Girvanf"lla9] tubules½ S. 5s "J 
s,t ~..9_£. tijA~sJr:.f(Coniglio and James, I985J 

(l'iJ 4A). 

oJ'ti f-.:iI.o]_!.:..2j ~;,--} ~2-]o1]-f:- ~iAi·~*o11 
9 3ij ~Ad~! ~g * ii!. t[t°T ±(burrowing structure) 

/ 5s Ad s:J °1 'V, 2, .l i-11 ~-oi] -;::_ .. sparry calcite 1\ 
11 J 5:i °1 'V. t:-}. 

~!£0[E.(peloids) : ¾~A~ ~l 0J--t- tPf-9] °1 t;l 1 
E,-~}<:goJi-lJo1] f-o].r:.. ~ -&iLo]_c:-9} t:1*oi "{} 

ii ~lei~ ~H-· ~ .. 'i.. 0 li-t- ·1'-.:i .. micruspari,'_ ·r-"j 

'.,- 0~ 91 -1:..' -~ 1) -~- ,q 7J 01 3-] :f:_ ~80 ,, mc'>1] -<t J-j 

rl 1,800 ,,m_'i-., 1jr,,.~7Jc,/ 4k0 pmof/ tj6~ 

·1., OJt~-~· r~1y :f-•Jo]i.,f r\-~J~0]r}\~l\J 

4 1 I. 

~)_,,C_o)_L_}-- "7--<JA~~,'.- ~ AjcJ<>1I l-t.j-c!~ kcal 

p •llf'ts, J!gal pe'.01ds, psPudo pt'loid\. Baha 

n ilt' pt·lo1J.s ";J w·lletni<ls.'i .. -·t-t_i.:) i:i~ (Flugel, 

I )82). -<,-] ~i ?-- ¾ ,.,l ~Io!] .n] q~ peiletiz1ng. <'ii _f.-¾-
91 calnf!C'ation, ~-~--:" .§f.~}A~ 4 7d c;I nucleatiun 

91 LIJ-~-o11 9joH aj ,<j ;:rJq~~ -q}t:~(Maclntyrt>. 

L:l8fi). 01 -1,- -b·~)C~ .~1 °J·t- 4-1.<?I cj ill "'J- tJ ';__! q:j 

q(·d{o1[ ~2of c~'if t-f*o-f ~-f}s/ci 9Jt· '1J}£ 

01 5---_·C -r'- £. ,;,H ± .. -fr :1.!) ~o] ~-:..(algal peloids).£. 

6j,\~~lr}. tJ.!i.-c]o~.1101] Ai~oj<;J.t-,i ,(~~11). t~ 
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.:J.~ 4. 0-hHJ- rJ~f.'1!-'} T-'!J;s\_1' 11-> 0~-+~'.?I -67To]t-L 
A. -f':-:i!. 0 1~'.?] C:~>tl~~"J.o_','_ ii:~T~] ~ ;c;·t'j-V}J..:.. 9J.~'--- ""i-~11) oli-1.h-',--,-'.'I 0J,'l-~ 0 1"9 J 1•!'1"1] ::_ 

-fif"--1'1! -&Ji~.0] 1,J~~oJq} oJ..,io) H"'J1j-1 ~-~_rl_-<.] 7,-91 ,Joi'.- Gmm). 
B n~! 6s ~ -~ 0 1 -'=-JI iiJ 111 -'a ,(Hl-9_..£.. l 7 -~ !jJ.~11 -q m1crnsparnf'SJ. pst-'udospan.'_ i·..,J °'1 o.-J 9J. r I 

(-~"i ;t,A]%'.?1 7~0],L- O 1mm). 

C ..<.J-~"6'.S] "~iil"Ji·.9.] i'iJ.")'J AHl.0 _i.Ji ,q·.-f_- 1t!l..,J.{{·0 ] lH-\l-<>11 ~Hl·'...]o--j ·V.•H"'i"Lf-A.]-121 
;;J.o]--f".- O.Smmi. 

D. 4°l~l_ n-'(l&J C:}-'J..i!~ ir~q,!0] "i~11 liH.L~.01 6Jl'l-'j A.j-;,Jo]rH~-:.lji-\A]-'.{$-'I ?)0]-::_-
l 5mm). 

0J-.A,i @- 3J --<d 0~7] _T_ 0~2 "¾-3_.- i ;{~j_j] ¾-o] ii} tlJ 
s] ~ A~ ."Q] AJ_ 1 ~ol _i-_¾ &J _..,cl 0~71 ~-- J:;lt..HCcn

iglio and James. [985). 

.,,~~::- .il}.Ado]t-}. ()].9} 7Jo] %,~-"'~~loJ-"} op(~! 
o-1 ~r~ !J-'-J-cg oJ-1HoJ! *_1I_c) _C:_Q} -tel -'-J-1-51 {:
~5.D] _•:_~ 7-£.. :1J;J:!cjo}7jc1] ,(-jA~O}rj_ ,(~~] 1J. 
5~ 3.-frql Girvanella9~ Epiphvton %-<">II 7] 0J '11 

1-0--'i.. i,~ ,{~ ~l 4. 
6l~i~J SJ"'J½-2_- .::z..~ 56J],<~ .1il.-t· tl}.9} ;;;~-i] 

A~~l-1l t~±"ij-%0] J~.tljsjoj A~~]-11. oJoJql ll] 
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7IE.f-,'-~~J.f:¾~'~..i 0J-%- tPf-.el o-J~J-<J- •J 
AJ~oJ-{-- T1t}:: OJ;(}½i':- q..oJ~-• .g..10].:S 

'!,! "!!5,_oJ_'c_ oJ.ejoJJ •~,iJ•;l_-,!:-(bioclasts)~} ~!>J 
cgoJ- oJ-,Ii %0] 'U,tf(.=r.~ 4C). -1J!~,1J~%-& 
qJ{-¾ ;t~?J.-<J;(-f-§-:.i~ ~.£..o}o].§...j'}~¾ ~ ~§}-

1c1]_ii1__-tj ~o}S..7} ~~o:i '<!}¾~£ ,(J½aj_t:+. o] 

oJ,-tJ-~~ tjJ--'f-¾ llJl..£.o].S.2.} -fl-A}~ TAj--<cJ¾%-

7}-'I"] '114<>1I '~.ii'J½.SI 43\! 0 1'-f {c.'i. 0 } 0 1.". 

~~ if"A,{½.Q] OJA}½o] ~¾~<>l ~c+(_it{J 

4D) . .1 3.7l7} '11>1l.'i. 500 µmoJ>J-ol "]2 ell 

;(--f¾g_ llJ-o} :!l",(J~J- -'S(genus)g.] %-<J ~- *7}',; {-<>!] oJ,t.J]"6J .:t~J½oJ -ifr-¥-"'lttl ~ii_o]r.,t oJ,-tJ 
t}'.;1.£_9, cJ;,J .ej·•ah!--"1 "Jsj9} {¾-'1°,.1 '114 · (pelcidal intraclasts)oJ;;}.c. t}2, '11-'/·T't.,} 
--r-:x:.-i· ~J2ile:i T¾tlttl, 4-_'i.. ~~ %* ,(J_g_ i.lJ;,:J .sr_cij 3..7)9.l ~s..01 c 7} ~¾~o-l '.V 
(echinoderm). ,),J-~¾(trilobite) ~ ~}~¾ J2. .l!..oJE.., ~,,(J,(d *-1l ~-& ~J:.Aj-~ T~J ~o\ 

(brachiopod) % ~.£. T,,(J 5J ~~~ ,(.:i ~ ~ <5A :f.. tf ~J= ~%510, 5'.l i::- 0J,.1J ½-& peloidal interc-

i-Q] -¥-¾½ 0 1 ±~J ~%51°7 5'.lt:f. 0 l'F 1c1\2. lastst~ ¾¾~c+(Coniglio and James, 1985). 1-
;(4 tloJ ~%!i-Jo-J '.?).~ ~51]%½9.J ,(J!~,(J.~~ 
LMCsi.j 7j tf~J- e,J: 0J ~ ;iJ .si....£. T--<J s] o-j 5'.l 2 

sparry calcite ,.::J¾o] syntaxial overgrowth7} 

"J'J-"lo-J ~o-1'1 '\1711 'i'-¾-'<lct. •J-":l1A 9J~ 
¾ 1.ii"J½~ :'. "J~o!I <4;,f 'i'-¾"1"1 cll4¾ 
it§J->-1¾ g_ ~JioJ "Jo} *4-(chalcedony).'i. ~•A 
~c+. _154 ,(~~AJ_ t~.:f..--ij-~-~ oJ:§:],-1..!j.Q] ¾it*--l 
•J <\l~'"t >,.l>J--'<l -l\-.".."J%-°-·-" •J½'i!ct(.1,J 
4D). 

LJ,(J~ oJ oJ-fij ½-@:- tjJ ~] .£. 500 µ mE\ 3..7] £ 

GIRVANELLA 

:l'el 5. ,-1~§]~J tll±0J Girvanella-2} Epiphyton½c] 
il}~sJ61 --'f--c].'=.., -&~c]£ ~ 0J--<J% ~-<J 
;s-}--t_:.. .D};,:J <'.>) cHafter Coniglio and James, 
1985) 

~,-1~ ~] 
0J--¼9] t}Jt- ~ .,1-,-tj t}-2 <>] ~A,} EJ,-tJ~ oJ 

t-iloJ] tj-%51<>] ~-C 0J,-tJ½~ 41-¥--!t- 0 13-l]~ 
0J,-tj_1micritic intraclasts)~oJtf. 

¾~A~:§:] oJ-¼ o}-ljl--9] <>] eJA,} t:-JAJ°a oJ~ o}:54 

_x_2r,~1-2 ;tJ ¾--f--7} _r_½~<>l '.V.:zJ u~~..£.. 
oJAJ-.i ~4,:;t~~.£. .nJ~ 7J~tt~ ~ ~i=" --<],?ll 

½% T£ o]%o}o:j EJ:"-J~oJ.Q.j -,Z-Aj6JA}-f 7 ] 

r~.!i.. <>] i!.J-A,} (rA,l°a 6J.Q.j oJA,_}-£- ¾2-] -t}ttl <>] 

eJAcf 0J-"-,}(oolitic lithofacies), .g-~i!] ~1 °JA,} 

(onc!)litic lithofacies) ~ ~ ii_ol t:J.--~-:rli!\ ~ 
0J~J, peloidal-oncolitic -~ithofacies)~li.., T¾.aj_ 

cf(~ ;,) 6). 

0:1 fil ~ fil{l(oolilic lithofacies) : •I?·&- s:,-2.eJ 
11.%~1 .9.]t}ttl &jeJAJ- F,.~AJ~oJ~ .l ¾i7} o_,f 

6m"II 'i[t] cj o-J •J-<J- 0J -<J- ?. •J, i', ~}Oil I. 2m. 
0_.7rn ~ 0.3m -'r--~]£ ~;{~_t;jo--j ~c+. o] 0J-1•.QJ 

T~l t- ~~J:!J- 0j_j-_ i5J-4l £,<}oJl Q] O}~ A] ~oil 
ttj-?-} ,.(J,t!- it1~}-i .!,!_0]2.~c}_ o] oJAJ-@:- -9-.£_ 
4-0].s.£.. T,,td.x-lo--l 5')2 ~£oJ~_7} ±i!J ~% 
~<>] ~-:?...9, 6J;:(}% ,<}ojoJJ-C ~LSI]%~, AJ6J 

1- ~i ~~~¾9-l ,(~~,-ti*? l .±. i!J ¾if;:.~ &}lil ~ 
~ttsJ:'.1 :tl-~4, {-ifJ_/} t1)..lll14 1t,o:- OJA}OJ

(grainstOile)_~~- %1,-tdsJo-J 5'Jc}_ oJ 0J,:J-¾. TAd 

t~-t 0J-•~t Folk(l959).SI -~c¾oil .eJtf':'i_ 
biooosparite. peloosparite ~ pelsparite~.· 019, 
Dun 1am(l962)E] -t.--fi-o!J QJ i5}~ ooids limc-g

rain:.tone~~ peloids-ooids lime-grainstoneo] 

c.}. cj~ <>]~J--<,} EJ,-tJ~oJ ""'5"7J{-oJ] ~]~]iiJ: J1 
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.::JE:! 6. oj~fAJ s,H~<'.§o,,1--$ T-'Jd->- tl~t-n;q_ 
:\. o--J <;l'J 0,; ') '?! c.J '-'I.!) ~HI ~, __ ','J~ 7-"'I'. '.,-"I r,_:- {, '~ 8-_<,_ ·,'_ 'I ~J C,J 01 -','.0.1 ·:: 'I 'I u1 3}/,- 'j 1 \r;I 

,,__t.1,,1_~:-dol_".2~ Z ~1-'(<il -~---0I ·~_q1,1 -7- ·!: ,1 :<·-'I 7,lc[-: I :-,mm:. 
H ·Z·.::i'C:)l-~ ~;,}:) ';}J.J cjJJ•O __ t,'_AJ -~-,u:1 ;j '-,1:•"j? /r]' •,' :'>"1,~] \I.C,I) I r;I~! ''; Ll}•I! 

,~ m1nospri.ritt"•; T<!\I ~}'.i:~r-1 \1 ':\·1. ;,"';!','c-1!: ~>,.y,i"I <Ii'']~] ''.! 1,!•,: I\'.!\•:,')_: 
A[-;'. _ii 'i! "l! -: l;·m: 

l' 1l·i'. 0 1'-- -g.-,_•.:]'l Sl<J!·i Sl~;l }<:,.,·'I; .l."i' 1.'!';''i-' ' 1 'j)i~! q :_;;',-'! '~ 1-, 

b)llj ~qJ.';-jO-, ';)l}, ,~-GJ011'.-- 0,-;,; 2---cil 'i~ .. ,:<, 1 'i-:) ·,~'"I!'.,]_,,_ -G"~•~"I ,Jl,uA; 

.JL-';{ Z :T<"I i,'-,' -i ~I 'Jl!j.'.'. 'J~i',lrJ \/lf, ~ '1 ,: 'I '.-,'-"I ·,L-/: ll.\mm 

lJ ;i~~-•l\[~-f:-;:;,l,•i~] (JJ~1;1 e,,!'-'1~.1 '-Hl_(·,,'<j u],1]r,I ,l!,;_,]_1_)~ ,~~i'..1 ,q f-\~·'.,-;; '-<jt,]rj 

~rf{?.;-'!;_;J-.JI-'.~ ~1 '~"I~- 1 ;lm111,. 

·:½+.- ,<jE~X~~,_l_ -~-~CT~O!{:..§~ --:[§-{- ti~oj. 11/cJ 
-"'J ½£0/0/!:._ ~-j%D/ -'f--61.r- iJJol] 1A)5/o-j 

Ve,}-, 

5./01 1Jcf .... 'f-o! r_9j "~/A-{~- U.J cm 1.H.Q.Joj.:i,1_, 

-?--- 0 / _L.91 s~ 0 
... S.-t· ts~ it 7(---2/ ,(l/ \I 11 c;/ ,,(1·•:.tn/ 

rH---1/-~o)c/. o) oJ~J<'>)) 1}-,i-5]o1 'V-:-- ~-~"').r_ 

{-5') ,.(~7J-2,- 300 1imoi1,<:1 SOO µmoll l;tOI--~~ tlj 

~x~ ~-P~ qj A-% 0 1 u:j -'T·~ microspar.'i_ -~(..<j ;i1 

o-J ';; cL <~1 °~~..<J<>il-t· -r~ tl1 ;{1 7j A~ i-c\ 1~ 0~ 

6) oJAJ--&- -f,<d<>J..-t:- -'f-6)_r_:_.~2_ ~-£ m:1ldic 

ooids5-_ T-<j sl °"i S'.1. -2...u-j neomorphic s ;.iarry 

ooids.9-~ coarse calcite spar ooids 7~ ± ~J -aj-% 
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91 ~-T-oJI 1kt\!Sc] 0 7 <U~trl (~!_It) 7Al, "l-J-_l 
-~-l~ 0 11-<1 '. '1l :.+:;_-!'] -<J-N:»t _--!.. 1 ]01I I.LP' ¼cl 

CI. 
g.:a.2.1~ fil~(oncolitic lithofacies): 0

1 
o\- ~1-_o_ 

\1 0 l. 

"1--'T-~z;- _;{-~~-oJ] -<1 +-· 0. Sm ,fl2j :?] ,1_~ -J;-_<:__,,'_ oi i}J 
-J t.HHl"~ ·i·-~ ';! ol-} 0 11 "1J,11Sc]o-J 9;q, -<I 
1-( ,<l.\~C1/-<i-:-- ?--:,.1-": 1 

__ .'.'.'/ -~// 7 t lcmcH.2/~/ 

91 _o_ 1..,~ ,; 1 -f'_- 1;- J:-c~] _~ 1_ 7] 1] r ~-:~ pseudo-(lncoid 

·>t:I ~} fl--:•]0J s:J/l.'.1- i5Jrf. -2_-.::i1.01 •-- -<Jol9I 

1 1 ~l ,"f/ -'.- ',~ sij ~;_ -~, -i'- 0 / ' - U)_ 1-~'/1 l 1- -'.,__;•] ~i 
_<;;] -<"IC:Hlime-mu<lstone)o) !;'--<j ~-r--g._<?_i,.: •~) ~ 

~1 micrusp,u',:,~'. ·(-<JSclol <,Jr~. f-_-,1_,~1_t_:_2] 

1,1_0_}.;~ L' 1~-'-t l-~!.;!0J,'>1] ,jflj__,;,.\.~i_!_~] 

7131, ~§I~! ,,H_f--h-11 ~i'I ::- "J 'c!oH_ ~14o11 

~~~~ l-~0}7;~ (i'_•;J;, 1j~[lH_'c:i ifJ 1. '.)·.~} s! 
~1 f rt{l-'}§-(cnmpacti(Jn)ci] lid! ~l~!-",I d~l 

,;1-} "i ·/-11-'.,:_ o\c\ t),'lGJ •,Jr8 ~ ~: 'J,·] i:'.· -2 
-;_i_0) _i·_q r1.:-1•1irlo-(1nc,,1dsoJ) -<i Y 'r -'-:l "J- {I If. 

0 1 q}'c]-~ 7··-<cJo~L \l{l-0 1 ;;.;-;-,_- l·tilk(lCJ~,'.l} 

c?( -,'1--fr6Jf .".'I <:if 94 pdcincn:-;panll' nnc11;-:parru 

.=:IE:] 7, . ..\ r-1,:1',' t~,<\i;°l1t91 ',_\ •.~-q _c'rjt:j?,j,1: -n-!I 1f u;1.-Jsl()l ~lk 
B ; _,1 · ,1 ~'. :, '\ .,_,-,1: 'I•.\ ·1 ;! "l ,n J '.>),. l l \ . I -,J '."I . ! t~ :: 1,1 ';It f, :, z! .' 

J ! il \ ,..,, :' I :- ·,: 1 ) Si l I • ,: 
,)-'.,.' ci ~-'".':,... n:irnmJ 

TJ rfc.;!~! -{_:,101~ ~-],~-\/ ({.<.Ii J,i)~·~,I' Jo•!:: ~I ;111°,1] •·lr!l~'i" ·<1 '1.:1'.! 
,i-~I oJrl -,,~1 '!!1.-,J•,1,•1 ";}l~I ~ ~i " 11 ):_~ ~1"1 '- 1)~1mn,1. 
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l:S£ 
-t6]-

f,,-f:a i°'rfdo 1,-,,-1R~-o· [oa.:isS.3UUdl \b (1861 

·pea(! puB Ol!J>jlI?J,'J)-~ fo fbi~ 13 I,: ~o [2 A- t\1 
\o Fo \yP,TU~liJ)A '(t:L6 [ ·14v)-~-\o tbf,'f't ki<'% 
lot:-ol,, l!UIBCJBJV i5ST?XJl ~L\ll -,}f)-1uo H>fy~ 
s-o-dUU)S)f:n;d -{c>" .J;;,1:,: p., -?, ---:-1· !o!Ei- '::; lo~ 

tfu '---1·\o--l· 2-~· ~!r\l ·'.>½-~- {hfYto -~rl'.' -,· 
~o !o 1i iotv ·f1[0 !i"(5¾"0' ?·oh--+-~ 11op:i 
\,- • r~ fl:'.v1:'l 14 ~r!fofolzf:i-¥.--fy-fY. ¾1°ofbi\f:1 
f-, i2 ~o -=+ fb Ti~ fy-i:- ¾·kiJ [o-£-fo l~ Fy~-£ 

~~~~ 

"-{J-{-?iY-% -\lf•fyfr~ ft-f)'f:i"!:v ~ 
-f., rf-l l=-012. rL to \fo{ri. lf-t ~tr--f::i -£saxJ1ctwo=i J;)) 

t?.v.-p5otp;; {~ [t [~.- lfo [<rsdum1 ~1-j? [o lfo(SJ;:}pow 

sJ1.nq w101reJd dlP-UoqrnJ) r2-?i. f.,, k [3 [:!:: M-:i ~i~ 

f:i [c;dS861)pBdcJ ·v'--~-frf0 [o-tb~~(;,f3 \r·[2f--o 
·i,1"-/H?c k 

\fo-l-? ~ [n f9. \L T-1L ~U!M01mq lv* ~)- {~Yi fD b 
:r~11c [o"t=h~yr";' h [fo%"l:F·-}-\y ]·5iLlt='o ·Dl{.1 ·-t--:1~ 
f2ki )ol!"Ir- 2·< .. nk!f¥ !;;~~ to,fo ;1;--F-t-t1- ~ 
lof?s--c -zrn IJ:'.·1~r,,.-h- -lrl2-% 'PJ-ofo-H-1 -~-:-o· 
~y·Jh\- -~%-{i:-\9.-~ -\,..--§-{"1: -\Q---3 [o-{n·-3~~ ~t~~l 

P, loi-tr h;½-t,- ~1 2-no{b [-0 [s-g- 1~ lv+~i,,. 
[~ l~.foi• -~1°-,,f,., [o 'jl{9 :'~[r[~ ~o[sJ0L-f~ lo 

dUOlSU!Bl~ sp)OJU0-sp!o1ad i;tfn [fo-}--k lo tnao 
-Th"-:i'l fca-o·(O -{,::+fL ·t5-%{~- -f2-=? ·lL'::J\o-6- -\!!f;--
lo [fo[o--c "-\:1 \o.JUOlS)[Jl?d-awq sp!o,,uo-sp101ad 

-,,-{- lh1~ lo [io½-l,C [,(;;;95])umquna • [,, [0% 

Jl'.JBds1adBJlUI ~ dltpn1rnds0Juo1ad "rll)pn1rnd 

so.>uo1ddo!q 'a1~pn1rnds0Juoenu) 'aJ!pn1rndso,'l 

-uo-e11u!o1q ·al!rndspdoo!q ·-n~rnds1ad0Juoo!q 

',)~1rndsa1d0Juo .;q~mdsrado!q °tb1.<?- lo [fo-#--=t:- li5 
(6960}[1°:-I -~-{t~ lo1°Y·l\;, ...,;--\$ g,--t_ ... l~·fy-{\,i [o 

· -\,:i ~ci -lt: --!- ~ ¾ ~2 to lo~--}. -\osp~oJuoopns)sd 

[fo-¾[Pi (L{O f--o[5fy-z!:-. -~;rndso1:i1ru krTu 
~~[1,{'o 1°ot?oftf3. -~lo 'i":l-l-'?- ?l[t:(O ~o[5¾r~ 

lo4¾Fdt:fW1- _:;;;•[fo-k~1 1=u-o-~ ·\L':5'{nf,, -{01f1 

-~(~U!]J01)-§--{>:; 1--f:- -~ % fY1no 1'-'o P:,f,, f1 '(8L6l 

'!)fSO)]das)-\-:1 "tli F'i- k" Z'O ~ [\--¾ ~a kr [of!: 

-\ir-}fy rt {-:i to ls¾_\_ /lofb~z Hc;1 ld:1 J- pi"~-Hn 
[ioi+ [o-i's-¾lH•~• 5\ 0 10 -;:-[ • '108 10J8-

""i'.. 0 -, -~ ,,, {!? • 

/{L)h:1~(0 -{t:--6-f.c: _:;:::.p; [-.:i[s[r-£c [ol'i·f)' ft [v 

lHo-\Y -t-1zro -r1lo"fit1f !o~·{dt-rk>- {l,~} ·-1-:1-t!; 
:r,. fk lofci i'>-1 (t~~"[ic [v f-.:-·1··1~ 1',1 -j-ri {;-"µ_i(s.iiq 
-l JA1s)"si\v1'<1·?[0-\1-:-.,.- f5fyf9 "\o.jR -~--§-l,. tt,.,.g
z-o·h,i·-k l~·-~ '(986I 'i'-1°YTh -1.s:·11-c~~RH:1(0 

l" !s{h?- \o_-~ fy (sno~n-en12rn)"['i_ lo lol %OZ-SI 1 

cf:, -{b.f:::i1°1- Wi!/fl [i-01°)'-ib ~-~-f, -~/101°1- (o /o •p 
1_,,.,f2-l 2·-,5 ~Y. [~R: -=½":S.£-* \G·°tl--\Y Fo fy+ "-\:i 
{.i ?;"-:~dr [o ¾-fl [2{':i ft:i "\L~ ~ Th -\?-pl [fo-\:z: (r., 

+l-0~ 1cs-{nf1, F)'.i!:[fl ~%-{ic:{1-, ·(as -\OJ8 

F1 rJ-\-:1fof--of-i-%{~ locfo ~fit 2k:1f2 i~t~~-} 
~-~ ~1~ -·01,_1~(,,qnJ)R-¼- +1-\:rro ttr2[lY ~% 

~- Z~'? fLl~tl' ·~1(,)~~-½½i6 r• ¾fofy '%-~
[-:-~- 1\-{h-=/s-kr 2-~ -J-%¾"rrlt:fW,, '1,:ifo LI:~-l=o 
-H- ¾ fl• f,;,. Iv~ fo-11 ·)tQ('.8uq101)-§-{,: ·§" .L ~i· 
·11ft; +-i-o·to ·~R: -.:.;-[Q fol:'.1,c!:1.fk -\t:l~ro &--fu-.~ 
i-i/lo½{~ ~¾--;:i"/o~~ fbf-o '-f::i(o -::\~ -~,'\', 
ld.$'(2-l-, 1,L·--)-irk1 lo~F:d1i-% f--ot-sf)'~ -2-0· 

kf~kJlfl ~~ t2to ~-o·t• f--ols¾-I~- \ofc;---#·-~ ft 
l~Fi- i,,lo~tl>'ltr~> ~2-0·~~ lo~.-~-;-tolE"~ '(H8 

[~L)·b(o to[sfy--):;. --srndson!UI 10-A·-k~:1 fl 
·)-~ ~?i-·l• ft; c.·i.<?=t°Ol':l -{Llct=? ~-i--=:7\o2tf!i 

·1,fo rr;·lH~ 1~12 1°011 \olvs ~-i::-\ 

-',--{¼--;.:-tt.2 "t':.c 1~~7 to -~jrro to¾Fdt~~y '--=i"[o-6-
(stsBp-e11m)fn00 {l, ~ii'f. -=i" lo2~ •:1 lo2 (Fr. 

·r{,- ~ [fo-f1-1°o \c, ·1:1-Th:-!v l!ot0Y1°o lo [o-f1- \oifl 
t /oW9 :i'-o j.--r /0{10P:,{¥fo1 1°d~to 'p:l-f~fr--t..

}% lo¼{-~J {h.f?s[l¥ -ii0Yt0o r'a\21E"~ -tir1°i-1°o 
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:J!l!IOOUO-IBP!Oi8d}1'~-fo Ra ["21!",s-e [02 Iii\ 
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[a -=a-.f-:1-{i, loT-A-,f:,,~ ·;5-u·[o-%-h1 ~.f-11°0 lo 
'-\".] {b f--o [5 

fo k11 -fc1tn (lo!? Po !o -:i /oe=-* /o-~ f:,, ~ ·i:no1a 
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0,l '{) -~ (( antrell and WJ.!b·r. l~H-fi) ,··ii <I 

.<,,I tl~ 9,1__0 _,·~. <i,l'.j L,l_~l'{i"I :..1~;,,].-1'. 

l't>rsrnn gulf(l(l!f'ctu and Purser. l'.!7:~). 

ir ,, 

~l : 
Yu('a 

tan :--;hf•lf(L1igan d al.. JLJf/-lJ. Shark RJ.y(ll,, 

gan .:rnd L(1gJ.n. l'.l7-1) ~ Hah;-1m,1 Hanb(!Ln 

n::;, 1~79)~-21 7j •~Ht1dal f!.-ib)ti] t.-} oj ~oJ] <i ,,~ 
-;:1 ':.J .2 211 1 ·1:_ ,.,/1'~ -<l 0 ! r. 01-c HI 11.'..-'l 'J..111 

";l_ --f c,, l Bahama Banb l,( 'J'i:) dj ,, 0 :1 i..1,1 '/- 0!1 
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fr1ngC'9~ 11! ,11 '-J 01]LI 'I ~~,~-"I ') 11 
1·~1"1 lm 

1f .<t)<;I ~.~~'- ,.~~! ]1 1;1(-;;ind flat)•/ ·r :i1-",lt I. 

2,~]-<i V: H~9) j~"I "I '?,-- mohilr fr1ngr :- -1 
f-0]~-.,,e_ ·{..1Jslc'l <t)i'. -7('1-'-.21 ._---1_1111 -i;-
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.R 2. E,H}~ ~1t~~) 0,~'t!-¥, -r- 0 l~ ~½21 ~~i:%.?JO!l .>lJ~ _aq_} (Harris, 1979.<?J Y/4J). 

Erwiranment 

Mobile Fringe 

,; 

Sand Flat 
Orgarnc mat bottom 

Mounded grassy 
bottom 

T(dal Channel 

Description 

ShaUow mobile sand shoal 
fringing margin of stabhzed 
sand f!at 

Vast, sh.;l\ow, 

vegetation-establ1zed flat 
Bankward ot marginal 

sand shoal 

Extend partway through 

stabl1ze<l sand flat trend at 
high ang\e ta long ax.is ()f 

marginal sand shoal 

Water Depth 

ln1ertida! to shal
low subtidal (2m) 

Shallow subtidal 

(<lml 

Shallow subtidal 

(2-4m), generally 

2-4m 

=====~========= 
Structures 

Jnc!ined and horizontal 
laminae(rare}. Cm thick 
coarse sand !ayers, l-2mm 
thick fine sand laminae 

Bioturbat\cn, distinct bum:rws, 
root disruption, Cm thick hon
zonta! coarse and sand layers 
(rare) 

Borings, inclined beds, biotur
abtion 

Sediments 

WeU to very weU sorted, medium 
(ti.ne sand upper to coarse sand 
lower) ooid sand 

average 1 % mud 

Moderately to poorly sorterj 
medium (ver; fine to coarse) 
ooid,fine petoi<l-aggregate, muddy 
sana, a"'erage 5% mud {fewer 
a~regates, more tine peloids and 
mud in grass) 

Poorly to i.-veU sorted, medium to 
very coarse, oofd-skeleta! sand, < 
1% mud 

"~ 
ollc 
~ 

4 
o" 
r1";: 



~ ill ;i;J ± 2-J o I u:! ¾i:I- .:r.. 7} 1t :: i::~l t1J-t}o:J 4 ~ 
cJ!'l!(sand flat)~. 4"0J.s, '\!l.s'. 0 J.S, ,&'il.oJ ~ 

%tl t.} 0J,tt s.1 ~ ~ £ T-<J ~ o-J ¾it .x.. 7} ½t 2 

,,i.Jr.lj ;(_:j .2....£. o] 1-<J ¾o] t:!o] %-ft-~ o-\ '.?) t:-}. o1 

~ ~ ¾oJl-<i-C tK¾oJJ-<i -<J--¥-¾.2...£ 7€4-* 0J 
:i:}~ 3. 7], 4'oj.s_9] oJ ~ oJ.:i:};i;].:i:]±;t~(grain 

support fabric)½o I ~ 7f '\f c.f(Harris, 1979). o I 
itJ. o;!-,Z- ;,:]~~ o-\~}-<J- oJAJ~ t1]ii7..;t_:j 4-1 ½-<J 

~ B-{¾-2_£-<i 4-J} t1J-*Si o-\ -'-J½sl 2 ~ tf-. 
o] oJ-<J-..g- 4£ ~\I 4i;i:\ ::t,2.J;tJ 5'..ctj 3..7]~ 

--'f--o].S.£ T-<J~Oi '.?)..£...u:j ¾~oJ -"J- aj_ oJ;,:}oJ

. £3. T'i"lo.J:l/4. oJeH} *iroJ 7,l: ',\ 0J 7 f 
0J½:: 1t ~ oJ] 1-i ;i;\ 4-T" ~J-?J 0J beach ridge4 

cl! 'l! (tidal flats).<fo I oil •,! 't"l ~ sand sheets,+ 

bars%ol];j '3 .<J "1 ~ "1 7~ ~ .ilf .fl·AHc.f. oJ 0J 
,j.£1 :.P~¾ c!1<>1l-tc 4-"a c!l.,1 7J,f{-e.J7f :.1°1 
tf~I ,+0 f ".!'t"l o1 'll~"1 1 ~oil ,q •J :<J 7~ ~ 

!>I 2e.J: 7-r¾(bioturbation)oJ ;,.JSJ al.~ "1 7~"<[,tj 

*;,:J-~ 7}A] 2 V...£...u:j o] ~~ Bahama Banks9J 

~o].s. o:J¾ ~;tj~.9..J ~;i:J31} ~91 %--<lt}r:.L 

5-.~ oJ;,:} -t}o].9] iiL~½~:: tH4-oJ]-ti ~...<Jaj_ 

j~s,_ •I ,tj,aj ~ fibrous cement½01 tlcc.f. ol ,ti_ 

ctlT ;i;]~.9-] ~~o\.S. oJ,,i.J-o] B-{¾2....£ ¾-<J-o] 

4 ~J Zc "} ~5'. ~ ,~ "1 o1 'll ~ o1 • '!l 5'. o I .s - .g. 
i!_o]s packstoneoJi.f- 0J;i:} 0J½o] Tnl¾ ¾% 
7}.:i:J 9 ;~ :: ;i;J ~ oJ\ ¾ 2r_s1 <>l '.ti~ ~-€:- ~A -t§ ~ 

;tj~J-7J* ~J--<J~qJ;i;J ~ttl-¥-oJ] 4-AJo] ½t~ 
( 0-3m) oJ ¾o I 4 +11 7~ 'l! I sand flats)oil <j '\j 

.<J "1;: :<171 ¾.ilf .flAtfc.f(Hogan and Logan, 

1974; Harris. 1979). ~ti '-r~ .cl.71 "I '\!l 5'.01 
.S.4 -'f-o].S.~(~'K ~?a 0.3mm), :,:H¾t1J-aj_ -t§ 

~AJ~:i!} r:.}~- 6J:z}½, ~}-<J~oJA@_, ,.\~~AJ½"] 

4 i.£.oj_~ .:E.i:- ""9-6].!=..½6] tl-*5161 '.U,-C 
J:J' .1E] 2 ,(~ ~ -11 :f.7~%6] ~:n..01 ~ ~ T-<j <5} 

;,.i,+ ~~ ,j'!J.sj~s,_ c.f 0J'tfal c.f"2 .•F'1*c!l 
oJ] %*~ 61 '.U_ ~ ~ ½t aj_-t§ F,}AJ"{j tjJ A] ~ ~ 

--}.Q] 1~ ~,.:_:J*31} %...<}<S}r:l. ,&i!.e]~ 0J-,i.J-oJ] 

~o]-C fibrous cementt:" <5~ 4-~C>J]-<i .11'.-i ~¾ 
(cementation)o] '.V<;:ii=;i_ ¾71o]a:J, _g..10]_~-~

½~1 Mj-2 '.V ~- -t~ .t] 11_ tH ~-#-%2J oiJ ~] 11- u] ~~ 

{! ;t_:j_?._.£ ~...<J~ o-j :tl %_0_5:. _itol- o:J %:4 7} ~1-

.Qj o_~7J ~:: ~J:73 t}e>l] ...<i ~ ...<J ~'ti% 7}*...<,(X.. 

'.U, r:.t(Hine, 1977). o] 0JAJ-9\ ~;,:J 0J 'st:: ¾ir 
.S:.~ "1 •~ * .<fo I £1 *J ;~ ~, .::Le] 2 -t[ '3 "] ,& 

10].=.9.f "ic\l~J.sjq! ~,ii;:. ,Hl ,&10J.s7f 

-!-1{!~0, '.tit" 1 %~ o] ~~½~oj 7J~A_:j-2_ 

.£ .€·¾4--(storm)9] ~ tJ:% tciJ9l~- ~ oJA] ~r:+. 
o] ~-,1.J-oJ] 1;1]2~ ~o\ ~*~erl '.Ut:" ,.\~.§J-'¥ i;B 
_:t_-W,. ~_g_ r:.j-~ ~ .::t_:j *31~ 7J-Oj ~~A] ~6J]-ti 1 
~"5} '.9 ,(~ ~11! ~ ;{~ ~% tJ ...<j <5}~ % 7j-*...<J .x. 
af;i:j U,~4 "T~ t\l~oJ] ~;{~t}rrt ~ bioherms 

61]-<i {-t!J ¾~51 'ti% 7} 'o ,(J £. '.V tj- . 

6] t! ~ ~ A]~ 9] O, ~,i.J- 0J-,i.J-½~ mobile 

fringe91 c.J:,,i.J-~oJ11_ 4--0]..s. 0JA}OJ-'}31} ¾A}t} 

a:J, -£:-51.e]~ oJ%j!} ~.£oj..S.--&3!..e]~ oJAJ

~ <f>JcJ!'l!:>J1£1 "leJ ~.jl-.sc T-'J¥ 0J•I 'Ji 
,i.~~ '¥ t;H±{--½.£._ -,Z-~aj_ packstone 0J-¼:4 * 
A}ii} :+. ttf.~}-<i ¾~,.1.~ ~ 0J¾ 't}J:/- ~ T...<J <5'}2 

'.U, 't:"" 0, c.J:-<J- E;!-,1.J~ 0J:: Bahama Banks.Q.j -'f-6] 

S c,:1-½(ooid schoal).i.1~ 7.J~ ~~~J?Jt}oJ],Ai ~ 

"a¥ ~~.£_ ,,,~¥<+(.:i;;J 9J. 

LEGEl'O 

0 MJ9l£ FRINGE 

liliJ TIDIILCHANNELS 

[[I S""81LIZED 
!;ANO FLAT 

.:::J.~ !I. ¾~,.\~~loJ½ t~{- O,~,.\J, ~,.\J~oJ.9.j J.l~~ 
1 ..5'.-"J5._o]t:f. 
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o]",17ll tfoj n<:'iiW.i(i1 7.6m2j Straig.1t 

Fl ow ;,Jc_,ji.7)- Annapolis !lit'II/W<>IJ .lit~!§~ 

£ $-/1'"1 >) <>I] o) 5.. '.II cf. 

Straflo (Straight Flow ;,Jc.$""1 Trade 
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Mark) -l:- 1919<qc Jil"1A Harza #Jit£-<j 

1938~501.;1>~) ,,_'il"=-"1 Escher -Wyss -<l-

7f 7311:-:t ~fHl-"i ,~·•.J~1 14,i f!ki!llt foJ 

Jl[7Jc:/J~1":fJi<>I) -'Jc>[ ~sf '.l/ "1 .. ::l.cj '-t ;,j(jji ~ 

/lj( 2m, !\lfil:~'.&li J.5~1.9MW.s:. ,±sJo) 

'.l;J.~Pj, >1 %<>1!;: Seal "1 11iln<:roill!B. 1c-\l;o) 

:u '.3;J. 7 j D ,.l- l.Jl. l'.f"'f .< l .'i. 'Ii 1/- {& 0 l ~ j/) 5i j]_ :u t+. 

.:i 'lJ ck J'I. i- ;.'J -\},;-foj 1980 ~ 82 ';1 'r. 0J 'I .'i. 

I0li>f "/!7)<>lj, c:.41,,., ..2_;,Jel"J 7i'f"f "t 
,;iJ. T ~ 1lf _.:J ±oil ~~ ~1 ~ ;ct~ 4 !1:HV: ti.'.£? .ir6 1 1 o 
MW{· 'ii "i ck$,'/ ct. .2ej '-l- Bulb 7.kJ!;.-l:- <i 

-~ ,j "i"1'1 kls!J2j Rock Island ?k:/J!lit'llt?Ji 

<>I] .l',(~sj '.Jj]_ Fundy tl'! iWJJJ;J\!/lt<>l) -'ix. ;,Jell[ 

ll'l:i'f 7.5m7f !il&f',lef '.Ucf. '4"1-'i Annap

olis !lit'i!i'.FJi"i) "d•l'\1 n<:W.tl.iB' 7.6m"1 Str-

~'at Z:ifl't:8-!ff<>l]-'·I "E sf'-J-"1 !iit!lL"-.5'.. 7)'1! 

7} 3.r}. Annapolis c,.J1 A,i.j:l ~- Straflo £] 

;&~t-i:c Escher - Wyss ffet7f ii!L/lUf.t'/li;tf'.ll.£.'--l-

7.K~~fF-2:- Montreal 2-1 Dominion Bridge

Sulzermt ( Straflo f.1fe-& 41•!-'i Canada9j 

Dominiorr Bridge ,r,i.Q} ~:.~~-~ Sulzer ntt 

7)- ¾% 1'-;,f-.,foj 0.]:{'- ffmf:) , !lif'i!t!!'!-\:- Ca

nadian General Electric #71- 7-{~l- ~f'Fi5J. 

'.ll~"i. ;,j('l[ • !lit1li!!'!"1 ,J;jf:{.- 3'i 2-°f 7,1:q_ 

al< 2 Annapolis** • Vtll U5r: 

** .An: 
tli:~.: 7.6m 

Bladef!:: 4 

Wicket Gate II:: 18 

!lif'llt;,J(llfl: !.4~6.8m(/&7:. 7.Im) 
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lie ,w\ ?Jclill : 5. 5 m 

lieflltli;/J: 17.BMW(Jl:k !9.9MW) 

lie-wl 19l._i:U!' : so rixn 

:/iJ(tJj?Jc:i:: 378,,Vsec( lie-wl?Jc/ltlT) 

!lit-l!i'.ift /,fjf; 

,ie,w\tli;/J: 19.lMVA( Al:::k 21,25MVA) 

Jl;Ji!/i:l!i: : 60 Hz 

liefl\1111<-: : 4. 16 kV 

~if;: 96,4 % 

Jf'llffl-E- .!tlll!llill! ¥/if!.~~ ~-sj ,,j. /ll;Wl 

H!i<>I) ?JcP~:;,J- 7Jclli7k.ill ( Orifice Mode)½ % 

'.71-IIHill 6' 7J9.J 7k iil'l i!c 7 f 

11 ~ M/lir~l r.J-. 5':WM 

I • 4 m t(J:-'\{ 

3 4 ,J:2, 12. 5 ll;'j.rai '1-'<>1J•i 6 ieyr.lJ l!itllt. 3 

ieyr., J'tlk, 3.51!a'Fai f#~ 0 ),,j, l!it'iltl!a'MoJ :k 

IMM<>i) ice 7.l. o-J "i 2 +;WJM<>il ice w0 \-e<JA. ll!lllll! 

'Eili:'fl ltJJ~ 69kV izclUli!.i/1.£. "f 5,- 'Tl. 

o.j 'l Lequil I e ?JcJ:JMlltffl.£. it11"1 o.j 7)-ie-

G\/H.£.>i "J. ill NS PC i-1\;i;tt<>I) *l-"i iif-E- ") * 
o) '"l o-j >j i$)1;/JSJ /jj JJl!.o) ~iilt1tltoJ) oj 

"l ·c- "ii "if t 7J SJ -r"l ~ 4- ~ 4. ii'rltmice 

:lt.~~..!'...£. "f 100,,_ '>[<>je<J Hell's Gate 7J< 

JJ i'll!i,ioJj,<j iiilli-¾ -tf= A•..t 0 ) 'iii 

1±~ ~..8.7\- 'al cJ-. 

litI~ I -IJeM ~t.fUJll ortg~ 728 ,~SJ i$JI 

i>' 'PO!)>i .fUl!liif") x~ ?;l t 8 ,j -!)'-o) :,;/.£. 

,,i, 75%-E- $\$1&iM 0 l'.:l2-<'1, i+oJ-'l 25% 

-le JL3'.>ll -'/;-SJ 7) >'11 "l .JL'l/- all st-<>11 i¥M il#r.JJ 

0 j Jill.Mil") :,;l 4. i r.J-% 6 1ij -1l. % 'sHc 3 53 

7~ .ej ililli>'*<>il-'i 4 7ij½ ~o-j l!it11/W9.J ,flJ/ll 

$-l', 99 %.£. ~j/J-,lloj &/lf-o}4. 1985 -1Je6 

.eJ Al:~?Jcfil:ice .1:iliJ!ll 1.83m, q.ftiJ!ll 2.29 l<>il ~11'.m >!i>I~ "Hl·-2....sc siftoiJ cJI~ '\!. 

m.£. fBUlll<"l-lc-oJI, 0 )::.l~ °'t-"-r~.eJ -"f¾,+'r-, .>1l~;;J 0 ) >J._.t)sJ:,;J.r.J-. i ~"'t Hydro Stat

30 

5 

• 

Sluicing 

·• . 
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ic Seal SJ ll/Uill-E- &/If~ JL, Upstream St-

Sluicing 

Bnin eltv• tion 

Tidal elevation 

• -3 ·•·1.i~ 
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and St i II Seal oJJ ~-"J-oJ ~');/2-,f .::i. ~ •J 

:'_ l!r-aal"l "1 e.l"'.ll:4. oj, 0 ]-5'. Start up *<>ll 

•~;(l;,J'-J-, >4'\J717J %•J Sealo] Rim<>ll ~ 

0t ¾'.?ct% 7roAJ .5:.. 9), tj-_ ~~-x}. Lj_ Rumer 

Blade"-! Cavitation ol'-J- Corrosioo 5'. ~ 

');/JJ., c.j-0J &inner HuhoJ! "f~ Pitting of 

•~:':!% -l!'- 4-l'c .5'_~ ll!l&½-€:- ~t.j.::i.<IJ->'- "(! 

"t. "-1-a.l-"i Cathodic Protectim System.'i'. 

.::1. ,1 '(;" ~ 'j£ •,t~ %],.R ~ cf.TI. ½ 4- ~4. 

>J ;JJ "l-"--"- Annapolis "-! Straflo Unit~ 

tlJ~s~,i ~# T~ ~tf. 

Fundy ill 11Jl1J~11t$,l-@, J#:ffi £1;;!1 !!,till, 

;;, 'a o-J-<i ,UHH!/Tr fliif/J/iQ:fll,71f"l .ilt/!'Ji!<J-"'

~ 4 . .::i.ej '-l- f'1ase Il Program ",'4-7], "] ~ 

!<J 2 ~ -:::- a,f -i' "I-¾ 3lJ- ,,t :'_ "l- 'll. o I ~ c+. 
Canada i::- ~Jcil '6J -'y-"4 AH_-!% !i._ ¾"o}-..R ~ ~ , 

'c!•! -li-A"'E"0J James Bay~ Chur chi! Fal I,. 

Sc. 0.! ~1 JL ~ 4. 

19774' Jtfflii/:1;;!1"1,Ji $~<>ll"i Cumber

lanl if!! ( A 8 ) % li,l:.ilUlHiliJt!lSc. •;HJ aj_ c;.! -& 

0 1 Jtl,,-,1°1 New Brunswick 1H~ Nova Scot

ia rli t/O'/"il fil:tllt], = l'l'l rli JllOf-f"-! ~/aJ 'II 

~Sc. -11rn:r.,.si f1JW7t 0J ~1 .;1-2, .'E~ 3 ,i 
"I '!l ~1 -'i .x. ,1~ ir Y7t "-l" 0 1- +!si!i1V1!!lP..I -¥ 

sj Jlfli!V T ~4-lc- f1Jl'}; 0 1 2;,j-'jj_ c;.! 0 ! 4 

.:Leef '-l- .::1.-f- New Brunswick rlii= i!\-r1J~'llt 
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<>l[ JitJt.;j,oj Point Lepreau ~'iiffl ( 630 MW, 

CANDU- l0HWll:/) 7], ~IIJ,po] 4. New Br-

"-t. Canada "-! CANDtJ ll:/ Bllm"-! Jl&f( ;;r;.i/t 

2-5'. J6<: ffi'li'.12-..£. ~f .x. m,: -r 1.1 B1l!J~% 'l!o-J 1'

o-J 0 )c V 3!! 0 ! 4. uJ-a.j-,<j Fundy ill lfl1Jllili! 

-€,- Nova Scotia fli Ji!.J!,jljl~o] -'\1 ~JJo] 3. 

'9, 19824' Update<>l]"i-i= Cobequid• ( B 

9 ) % .±.5'. K.itt"1 ');! 4 . 

o] ~ 7Jo] 'lf!~llilJHf;,\';/l'ifil:-i= fiil6':!ffflll"-! 

:lcU%', t~!Jlli!J6<: '.ll\'oJJ '4a.J- 1iftiJo l 'ii-a.1-"l "-t. 

~"il. Nova Scotiaf/i-i= :k'il!ilt- iflill :;l;,:l!I; 

,!MoJl-'i 11\fli'!;};:~7}..L::. 'i:£%t.:i1. ~o-j 7'll!ii't

lai¥"-! Habifax::: ::s:i..-fMll/l~"-1 ilfl.il!.t!li:fm.£."i 

l<illl.¾ '9.:il. ~"+- "1-a.J--<i Nova Scotia 1iiSc. 

-<j.5c. Fundy ill 11Jl1Jtml!;l !:. 7»"'-J:l:il!\ ,l/olo\11,<>l] 

l.f :i!.~ 5,J t2J:-~ AJ7J.7:~o:f¾7} _'.?Jt}. ~i'J Ca

nada -,"c oj,"].5c. 7ij",r 7],'(;"~ •J-<IJ~J QoJl1..i 

;,[ j!l:l);\O] jt~,ajo-j ~_o_,"'_5c, ~jl!E-f i,:Jt!,7frJ 

"-t. opj_ '1j :'_ lit/fol] 1,.j;,,l JiiJ!\ol Jl:,.-q} f-.cJ 

'-l-a+~ i= :tm. 0 1 t-j-~ 4. 

Annapolis i!WJ1J~'!!iffl-i= "Ji'-"iil Straf lo 

lkJ!l::. i!Wl1J~lltoJ1 !1/!llM .'i!.::: ..t-"11it'ili'.ffi<>ll 

-l,<J-.;J,e-f, •jSc.{ lklll"-1 ;il11itola.J--i= ~<>ll-'i 

¾ aiJ .::i. ;@c.lei= 0 1-1'- 3.4. .'E-qj: .::i.,JE-f 11i1 

'l!tm ~1/J-H!.x. 0 ]-4- 0J~"'-ei%/ Straflo.£ 

1'Jl:t.J11it't!t<>ll 3-Jll 7] oj ~ 1' ~ % :;! = ,] 
<il -',l 4. 01 A '\l oil "i ~ 11!! !1-~ 7] <il ~ 1'-lc ~ 

4. .::i. "1 '-"I- Canad a -"I •J-<il ~ 1ll; ,'ti~ M JI 17k 

1.Jll/J~ol '-l- Funly ;l!!t :;l;.:Ji!.fil: 1'!1JM11i1% ~iii 
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~lbli!iJ •Ji•»•t•'JC•l< KmK••(••~•'JC•k•K•'JC•JC•X•IC ••>< 'IC• kWJ<• JCNP. >e•V.->'•X J<: IC t•lt•H•J 

'?ll {t"-\-'ll. 0 ] 'i!_ $~ Pi 1 ot Pl ant ital!: 'J;l 

llil/J-l':- 01-r •r;;l-;aJ~ oJ_o]r-J-. {-;,).£. j1!jl/j~ 

<>1\ _;!::fitfil: il'!:t.Jllll!IH· --'\.£.tt7\ '11<>1\ ~IIUit 

11/Ji;;. llla!!:ttoJ fll!M¾ 'l/-::i!., -¾\'->!I'll% u\;,\ 

"f")-tl-i:- sJ-oJ.x. ~'tl ¾-l':- J!.aj'ij _l;!_Otof ~ 

~ o\ r-j-_ 

- -

01l1.=P::I~~.a;;-.g~_ ~12 ;;,.t1fg~~E c • 
~ ) 2x~QI rr 2fo I .!!j!.g.3.0II >.-1 Ail Jll ~,~21 

EH~OIIL=!Al~B Af~;tf?jj.a;;- AilJll~-'i'-~CH§.I 

7f ~xiECil EH~~AI-E!~ 8 4~4Mt2l 

Afl§-;tf~OI ~l7f, J..I~ 1 \!!l 10.lm,2.I 7\§i.~ 

Ail.!f-7I5:. ~cf]]__ 

< J..-j~CHJ..f:et ~ii~> 
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The Journal of the Oceanological Society of Korea 
Vol. 21. No. 3, p. U6- 145, Septe-mber 1986. 

iiJ Ill II 
ltfi.!H? WM, i!ii'I' lff'1l:e~ 

Biotope Analysis of the Total Benthic Foraminiferal Assemblage 
off the Southeastern Coast, Korea 

Soon-Keun Ch.mg 

Korea Ocean Research and Development lnstilute, P.O. Box 29, Banweol, Ansan City, 
Kyonggi-do 171-14, Seoul, Korea 

Wf,J: Kirn and Han°1 1972\~ .i,J,.KiL ~~~'rl%tHq!- q_~q~11H;(UI.!.{1~ ""i* 21~<">11,;J "d-ot'llt:" 7 ~ 

i!l9} ~{'- 1Hill¾ '111~ ,;J,;HHrt ~hllT~I -<tfl..i· 7 ]3'.~ t~a:\ OicefflfUf#:tt½ :f&~a:\ J~~U:t: 
WUJh! (Unweighted Pair Group Method/ .0 .. ? T ~ ❖'~(Cluster ana\y:-,is) tH ~l 't:.ti'JJ:l(Biotope) 

% T 1~ i::f. 
1At '-;~~·'c/.i't 4~~J 0 _'r' tjjtiJ.s:]uJ. '"it-~ ',,I--,°- !tlt(fll~'t 7J{'- ';J, ~-~';J-.°-<iii;!flp!i !~l.fifll.0 .!:. 

41-1-'flt:L 'M*1-~-.a~ <=:1 r,(1°1<">11~1 --'?-~11~~ oH-W-9t 0J"! 0I 1!.01~1 '<t~-jl_{j- ... J.f- .t-t,~lli?ift~ 6J.SJ 
o] !f-rJnt 0 L '<}~7,J-.°-1-~ i~rol::- 11t~'4~,t(9l 0J~J~t >lJV;i::+. -'1.-~~c:HJ-.g.. ~tflt~mt£1 6J&J 
6] 11 i')dul, 4~-.:.'-~-';;-:": *~f~H"r-9f C::l-¥- litti\[~l.ff*S>l 0d~J 0 1 'Ui::+. -$f.91 '1'f~.g.. 0,r-iz.~1°-{9.l 

... J"ll-¥-oi!t- ~t Lott- ••~0Lt,1_tf 1ti f.sH: ~t•·~ifil;f, iJ}~~oil,(~'C Jt!ii~fl,tuJ ~ 0J ~J=% 
n! •lni, ,.,I~-- %~f••J%'f qi•"f.~) 6 !91 .9_.g.~ -<1°-19! JJ~1¾ uf-i'--}- ~,._Ji5~7\ u.lj7:" 0J ~~- 0J_o,j~li::+. 

Abstroo 

Biotopc analysis (UPGM) of the data on the total benthic foraminiferal assemblag:e (Kim and Han, 
1972) collected from the southeastern sea off the Korean Peninsula shows that foraminiferal 
assemblages are related to the water masses prevailing in the study area. South Proper facies is governed 
by the Tsushima Warm Current, and Southern Deep facie-, is influenced by the cold water mass moved 
down along the bouom. Northern Nearshore fades is gov,:rned by the North Korea Cold Current, and 
North Proper fades is affected by the North Korea Cold C urent and Japan Sea Proper Water. It is also 
evident that lhe upper part of the study area is under the influence of the North Korea Cold Current 
rather than the East Korea Warm Current which flows r.orthward along/or off the right side of tht 
study area. Planktonic foraminiferal occurrence also supports this biotope analysis. 

Kim and Hanl1972H': ECAFE-CCOP fllt'Hf 
6 -ti oil ~ -0:- <;:H- aij oil , I 91 -iHJ-%- £1 _zc "J 4 1-2t

½ "JJltf~q- 0 J-';j-9J 0j-f,J 04 ~- Jt~33°22' 

-37"30'. ll!:H 127"00'-130"30' "f"l 0 1ct. ';J-* 
oj-,'-;<Jsj t -\'-e.jy2.}.2J- oJ_,l-,foJ9J sJ_;;z.,~ aJ 

~ ""0J¾ uf-2+-"1f:" silt, -t t.fot7t~-l:::: mud. 

7H-<lloil := .£.,Jj{j 0J mud(sandy mud),"~ 

oil~ .£.'1!7t -llfi/;E._s<_ 1-!UijAj "f~E._s<_ 1.+7J: 
4-'\- tt/l7t ,1~1°1. "t~~ ~-,'-,Jsj!!) ffltt 
5''1!-lc §J!fii.!ttf«cfmoJq (Emery. 1968; Kim and 

Hrn, 1972; H. 1983; Park, 1982, 1984, 1985; 

Puk and Choi, 1986). 

i::J~ *F!ltllJ~l ~~ 0J, ** cj-?-A/ 01-f- *ifii_£_ 
0 Je-j:<jsj 7J'f7f '1-iifq(_7_i?J I). ~j-,'-;<J 04°J 
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Zli'-~11"1 JE'(J4-.g.;> 2~ 0 1 8-IS'C, 8~ 
0 1 23-28'C "1 *-"- ~ .1!."1 ·irA. 4-"'J so m "1 
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• KimanJHan(l972) 

KORI:'.A 

I27°E 

Fig. I. Index map. Water depth in meters. 

'l"f-:'c 2-3'\l 0 J 7-14°C, 8 '\1°1 23-28°C 0 1 
0 1, T-';J 100m.9l Tt--::::- 3 -'<1°1 7-14"C, l(~ 

11'\1°1 9-22·c 0 1°1, r❖i Hli° ,Jt(il/'!lfi;fc ">' ,Jt 
H\f-t- t-t'½Uliintull¾oil °'.'Fil,Li.1( 0 1 ~1 i'-<] 0.]oiH 

-L'- ~}-~ 11tA] i.+jt'~/t_j 1_. (;!+Al 0 i .2...~*-o_s_{::

{l~J *~•ntA] -fi-r',t 7JY. 0j~fx] 0-~.91 />(tfriJM)} 

-i'c ~HJ-it 0 J 33. 20- 33. 75%0 oil "c tfoj Bf~] sf 

%~],;_cf 0
) 0 f<J (if\. 1968) 9 '\i 0 J 32.0-32. 6 

%,1, 3 ~_ 0 ] 34.2-34.6o/oo 0 )r:~. T"'d 50m9l /j 

-'/--, 9~ 0 1 33.8-34.0'¾o, 3'\1°1 34.1-34.7 
%') o] 0 i, 100 m .9) 7J -'f- 9 ~ o) 34. 0 - 34. 3%r1 , 3 

.!?J 0 ] 34.J-34.6%a5_'>(1 7.Kifui.9j 5-}1!)9} 8 ]~1~ 

-f±-f _1i_~)cl(4',.;_ ";-, 19821 . 
.:i~d 2 i° Uda (1934)oil -i'-71 '11 Ujiie (1973, Te

xt-fig. 1) oil "f _,a_i° -'/-el c+e1-9f 0
~ -1':-'r•!! .eJ oH 

-jl-_le ;<J, o] oi] ctf is_ uj \j-~ 'ct oJ oj-,'- ;,] o~ ;'_ ~t 
f-,'fif'i!iirrtoil<1 ".J-.sJ_'\} i\l;i,11., /,liJJ,;j_S)-.ej Kuro

shiooi]-'1 7Jiet"J t.t.~~im1f ;,J41fi° ,J 0> 0 I 
4. *~oj,Z-;i;]0~9j ojq):,A]o~..g. tjjo}1-J-ff-7t * 
,ltB1int3 ~tJ: al+:- -'I 0

~ i'f lR(Bii;'. ¾ "I cl 'i -l'r 
1} ~O}OH=- A}o]:,,_J6101ut ll~'i-~- oj-rA]C_ -t.
-* ,,_": tH_- i-n1;Riifi1. 7} 0) 1_-q1 q~-1- ut 4 *~~ax 
i/ir:9! 7Jt'-t:zl'C -:£- 0 lcf. u.j-Gt-<7 °~-~;-oi]-L· }:.;~;i-
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tf1fr1 % uH:t-<7 -:::- 1,.J-H-- 7} i'-.~1] O}Lf". 7=J~·o1)·'.~ -?
cJ 1.-}-Gt -t1tH 0~-\i_ 6fjqlo-J],;7 6HqH~- u+r.'t 1..J0}6H 

'1, \J-oA~H- «1-et 'it%fH';_i"IAI 0}cj 71'cc \f 

iiH-fr.91, ~14-S:J}o].91 q!qtoJ1-t7-¥-lJ \}%tH~1 

1JAJ-1J5:.. t-..:1~-/ -f.:-7l-C6H"l,.{H~- -~-AJOH~ Lljll~ 

\}¾A}o]o-J) 7J-6J Hff*}J{o] ~~!<Jo] oJ-%~]..<JoJ 

AJ- 0jTo-J)A1 ~-}i,1 ;Jc:} (Zheng and Klemas, 1982). 

"i-"1-•1 ;i¾oil ~ >H<;_f7f,,f 0 loiH-i° >J <H¾-"1 
0J'6"Jo] +AJ]"5}-__L. t1t 7{t~o-J]A7 ~ t:1¾ ii~¾.9] 0'5 
&Jo I -'/--•ll iii r+. 

l:i\;/i'!oiJ<1-i° %>A 0JoH,1 °1 k~iliiMt ji!jl)(\11 

½ u.}2} \}·O~<J}"C 1-~4".9j 0J?5Jo] }.t,~,Jm A1* 

o-J]A1n}AI .f.!-;>.J~ol oaoJnJ, ¾,'J- %-Al~ ojoJ 

7}n}olo-J]A1 ~ ?~#11:!AJ-.£. ~ti. Ct!]~ ~ 0J, Lim 

and Chang(l969)-& 1932-1941\1, 1962-1967 
c,1-"1 oH 0J;.,}l,_oi] -i'-71, tjj~tjo,joiJ<191 ,j{-2I 

~4--t- ,{J"FiiJ %Yl"iJ--'E-~ 8-18t82J.91 iiH:<7 ~
ctfef,j 's.h'-<J 0 joJJ ;fnf-1- ji!j,)<i/l:oi] 0J Jj 7 J;[I; 

_o_s;_ ';?J_c_o( !:J] ,{J Uj ~- 9t 7f. ~H-,H -tj 6 -'\l ol) 1.-t 

120T J 4(1 l· l~O f 

--f------J()"-j\ 

- -·-- -- ----~----~ 
hg. 2. Study area ,,._.ith current ~ys1ems around the 

Korean Peninsula and the Japane~c b.lands (atter Ujiie, 
1973 aduptcd from Uda, 1934). I, Liman Cold Current; 
2, Maritime Province Cold(_ urrent; J, North Korea Cl>ld 
Current; 4, Oya~h1u Cold Current; 5, l::.a~t 11..orea \\arm 
Current; 6, T)ushima \\- arm Current; 7, Yellow Sea Cur
rent; 8, Kurm,hio \\arm ( urrcnt. 
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t}i.,f-7] A] 1tHA~ 8 "\to1] 7}~ .,,J;)} 01, 2.'tJ_oJH:
J.t2l•{l_cL.12. _1i!._24~cL \f~'ll"l]-:~ -~-j~J.~ O}Y-, 

-!j1- "-J-CJ% A] 1-\ Ai ( 51, 1975) rH nt !.:._ AFt 1.-J~-f
'1} Al o]f-cLi'_ :sJ . ..i'..~~t:l-/1,im, 1973). ..i+~-oJ1 

.910} 0J. AH}.91 t{l7-2} ,,_J--\i-91 up~~} till-"j:-1.} 0 1 

.'?l 7j7:J]-C %*.£..£ 7JoJ) u.\-2} ~oi;i_]ot t.{JT 
-::=- '6J-~<5HoJ 7}n}o]o1]A~-t, %~·0}:11£ <5J-ct. Lil 

~} till tj 2-] :.:1-~ 4--t- l.f .tt)t.f1JW * ( Intermediate 

Waters) sf Jl(ilii'Pii'l1J'7f 11°171 ail-roil ~\-~
oj;<i • 1 71{-oil;: ;r,jJ,\,\5)-QJ <tll\4'/W7)'7f -'/;-aj 
0J-i'-oil<1 •l/-"-1 7fcj-~,':of,j Jl[ila'.'Pf'N*Qj <JI~ 
oi1% 0J¾ 0-};:q.2 .l'..2~q(An, 19741. ucf 
"-1->1 2 ~oili:: >1½4-7f Afcj-,Jc.f;: Lim and 

Chang(J969J QJ .l'..2;: 0 1 "i/!-'J4 '1!:>il'lJ.2-"-i 

r+ ,~ 7.-f'i! c.f. -}al 4"-1- Jl[;iiiR QJ ri'i7l<JJ1! ",J-'j oil 

i:: sfc.f-<J11l1JQJ !?~*:i<'f 'f%~f 0 11~. 1972! 
i;jAJ~ :.:H}t{JT uj J.J4 u}~,t} ¾9J oJ_L9{ 

¾%, <5Hoj_<J1] tjj~ t1}2.J~ oJtJ oJ iil!AiA]~, 2_ 

Aj %4.5'.. '1!:'1l'lJ.2-"l2-t uJoj,Jc.f(Lim,1973; 

If(, !974;Lee, 1978; 7d4 -'J,1982). 
Kim and Hanll972) -~ ~~-lA] 0~2l AJ,o}1J.t:

%i---g-.:.i} -~c.-f. 7°rii-·6~-g- 1~-~} ~f;f;Ufm 9) tH.h\t, 

)f1!i, 1J<fol] u.+_~-"-~:- ~1:·7J \--~-- ';.1·i'".::~_<,_u1, -£
:·]~l '\~91 ~~·'"6-'?i -';}5_ !]-'./4-<1~tL 0,_~-f::z] 0

~ ·6° 0J 
-'i- ;:e;J 11-?- - 4'-~ 1.-J~-A~o] S'j .tftllf7JJ, .;1-¾+I- ~! 

'; l)l\ll:lft!l!fl'lll 0 I l'ark(J982, 1984, 19851, 
HI 19831, Park and Choi r.J986 I '11 0I Ml '1 
cJT~)9{2..0t 0]•1] itj-i:_oJ ~Ag~J ·~j 

cJ oJ-& a}_?_ T,;" mud ::z] 0~ <:>J1 A1 °J- ~ ig 5] ui 

'.~- _2_~-t- ~1m.tttlfi~o1r:t . .!j1-AJ- 7i-Z1]_5:'._ 1B"* 
,,].<1 Q] /it<ll[Jll*c "} JJl.ttt±ftllll..ilii 0 1 Sukll986J 

,,1 QJ sH ,q 0J -i'-s191 4. 0 I oil ucf is uj :i'!Wr 'ii: H' 
)( o) ~~5-)7~%;: {l-ff-5.]A~½o]q, ~i;J oj 

'U..1i!.c-l--t:" ~ 0J--¥-e-!1A~ ~A~]tH¾~cf ~~ifli:7} 
:7 7J~c.f. ;kijltijij:j:!(.sj iJ§;J<iil¾ .1.~"\1- <ll"\"l-
5H~ ~A~¾~.9.1 i-FiOffifl~.9.1 TAJ¾A~ ~ % 
Ho( TAJ7J~ -¥-%%%¼S1 S.:~ ,<~ol-C '±.Jlli 

liJ ii. 0J.l'.4-t- Jtill'i':s',J l.i/1°1 cl 'f%~1-t-'.,! 

"...sc "J <J'\11 q (Ujiie, 19731. 

ol oJ-i'-QJ ~ 7~-1':--\'-"142.f 'il-%•H•1oil~1 ,J 

½ S-J "i:- rK flfj fl~ ~J Ml -r 1J s1 -r ~*A~ % % 
~ '1:1/JJil,; IBiotopel 4 tH¾.efsl -\'1>1l-f -it 0 J 
0}-t- 1:i]o1l 9Ji:L 

Table l. Location of <,tations associated with water depths anj l)f sediments (after Kim and Han, 1972). 

Station Location Depth 
l) pe t1f 

'.'-it'J1mem 

Cl2-1 About 10 Km SE of Chukpyun About 30 m \-lud 

CJl-3 About 30 Km SJ:, of Chukm,-011 About 150 m \Jud 
CI0-1 About 5 Km E of Uljin About 80 m \lud 
C7•3 About 25 Km NE of Chuk~an About 150 m :\Judd) :.and 

C5 6 Abn11t 60 Km F of Chuksan About I ,500 m :\Jud 

C3·1 About 30 Km SE of Chuksan About 90 m l\.lud 

Cl-I Abou1 10 Km of Cape Janggi About 100 m :\Jud 

209-4 35° 47.3 "N: 129" )2.8 "E 62 m ~lud 

209-6 35' 41.l "N; 129' 49.0 "E About 220m Sandy mud 

209-7 35 ° 36.8 "N; 130" 00.3 "E 250 m Sand 

209-8 35°30.8 N: 130" 16.9"E Abou1 200m Sand 

Al-I About 10 Km SE of Ulgi 106 m \-tud 

Al-4 About 40 Km SE of U!gi 149 m Sandy mud 

A3-1 About IO Km SE of Jwachon 73 m Mud 

A3-5 About 50 K.m SE of Jwachon 150 m Sand) mud 

S2 34°57.6"N; 129' 11.l'E 96 m Sandy mud 

S7 34' 29.6 ·N: 180° 41.2 "E 69 m ~andy mud 

s~ 34- 1s.J "N: 180° 58.0'E 1IO m \-tudd) .~and 

Sl6 .34° 31.0"N; 120° 12.2'E 48 m \-tud 

S23 33' 37.3 "N: 128° 09.2"E 72m Sand) mud 

SJI 34' 06. 7 'N: 127' 26.8 "E 41 m '.:'.:,andy mud 
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~1-foJI 0 1-§-~1 •4.i'ci" Kim and Han 1197'.:I 

c·I ~i /- '.l -"f~I .c';-91 }i II -4oJI ,fcf\} zJ <1 

-~·b'--t-£·l ~!--t·"JEHDILt. _-_'..·:=c--2_- 21"'11! 9I ;,j ii.. fr 
<;! ·l -:~ _o_oj :;>/-;,I, 1-,,:,.J, SJ::~ -~-2_- i{ 1 <ii -f- * 
'.>:] 0 1 <t}cl. 'd·7-AIK~4~l "} AJl..tj-~12] uJttj?:
Kim and Han(l972) ol]"-i Aj_ijsjo~ 9L~uL ~ 

i.:t- :di?:- i.+l%-2:- ..-:1.-'i-~ '1}£8~7) t1t-aj,c:t, ..:::z..-:½ 

11972. Tab. Il -4) £1 °j-i'-oJl-'1-t- IA/lf/Hldi. 
80li) 196fj ol ~}½-"1 <,J_c,__uj, oj :;_ £1 7J 2j- ;;_ ,:

;:,;J*,,:~ "1~ c+. ff!t)tffr /Cluster analysis)-'.~ 

1966<,! KaesleroJI 9-Jt4-<1 o,J<J'c. Baja Cali

fornia2-l Todos Santos 0J91 A~'-1%¾%- '1 
frff;'!ll,ej 'E~ "} ',l-;ffi 0j-i'-oJI, Maddocks\19E61 

oJI ei ,·1 -'1 _jt Madagascar 91 irffHU-:/c .'t. 0j -r ;\I 

3:_ 0i:J, g %-'H 6 ] ~. ll] _:2_;.g * ~1 Tol1 \i 21 v.. 

~Jct. T;;{~-~,,,~ 91 7]~A.li.§_',,t1 J,]_G_.1S..-t- ?--
.:Jfffi 7J9/ AJ4J.t/Ti..+ ti/X<t} ~J_t._ 7 ~ ~_]_H__i.)~1t 

l_"jiif> and Kusukawa(l969l{;- T\l*,,,~.0l ~I 

21~ f~::-: -'.i_-j-1_\-_ol] u\~0.-:- -'J-'\}l:J]T{- A~§

oHo~,;~ <ihr_-1'. /).;•'.-A]';;) n_L+, \';}-?.- C:l+-:~ i] 

-~-'{~ ,ll ~,:_ <- Hl{t!ft•n·~ A~.g-~~rt. "'J-"-l-1.Jl i
c,1]-::- Oit.'J7}Alll- ';,'.Jo~A~ "';;Jj1_-~J-~,--••o1] -,~7j 

q~ 7-J]-f- -:,_- (Cheetham and Hazel, 1969), !,L_ t
" -(-1.}1 Aj .~"-~- _j 1_t1hJ- :-z)"7-(Sanders, 1960) !~

o] 91..0 .ul, _i,i_r::\ -ttu-~~~l -t::-91,t- Sokal and 

Snea1hi1963, p.121-157)oJI 7lcJ. 0 1 qjf 

u1] A~~-=- "qi2- ~J%"o1] -?-71 EiJ Dice AJ-A~l.J]T~
,, Jl..51 Oi cl O·1ce A[,<l ~I,' cc_ ~" ~1,1 ,1 to t.AA'-1'". or ,_ Ni+N

2
.x.. L. 

uj N,. N,," "i-"-'-~fi'j-t- 2 •I.E. 1, 2'-!1oJI cf 

* -t- 1~0~:: fj9-j tto/_j 1
_ c-e 0J* Allio/I f 

1t- ~; _<'.;_.£.. -t- "-'11 i~t ¾9-l 4- 0 1 r::+. 0 1 ~4 To1l J.1 
-2- i'/1-f.<e.J:l,tr'f'l'.J (Simple Arithmetic Average I 

~ ;.f¾;,-foj Jr-/Jll1fl.1!1lf :fiij; (Unweighted P iir 

Group Method)-"---"- -l'--"H1 c.f . .Je/Jlllll:1!1lf!i 
i!-i'c /JOJ:1!1lf1ii! (Weighted Pair Group Me-

thod) .!.!_ct $;1cH "J"-~J:1]7:.9t i J \ ;,_ "'J-~~ll] 
o11 r;l-g- 0 1 ~)_ qJ ~: _n_:-;_ ~H1 3J .~ui (Sokal and 

Sneath, 196J, p. 189). Farris 11969) ,: 0 1-1'

'iql -i_'-7].s' JelJll•li:ll!tllf}jiR-ec "I <ls;(rt(Ha,

el, 1970 1. 

372 

139 

!ri\t,)-lfrt} ,! ,•f \PHIi ISuuthern fac1es1 

i'l- ·*~ "'cl- (Northern facie.-; I _o __ .;_ Ll-"7-0~ ~1 i.:t 

:Fig. 31. ~}·\~~~-?- A] iJ_ A:{-1. A 1-1. S 7. 

S 9, S 2. A 3-5. S 2:J. S :n. S 16. A I 
J~ ).~ 
0 0 

~-£ 7J J___ \t~ ''} ,;:] <"'- 1..J-~ c:..1-+ A1 °1 o1] ~- S. 

·{f-q_ -'i'l 3 -'8 A] 1;-2:- 7;:{..g.f[j !Deep faciesJ..9.....£_ 

-<1]-¥:-s]u~ ¾·,] 0-J ~~oJoi] ~1 ~1 ~r::-1-. L-f-o~ A] g 11] 

Al ~1_g. it*..L7°,_,_J (South Proper faciesi o-1] 

t8t::J-5}oL cj_-=,z-i:]O'; 1..J*o1] -t"-'L~c+. ~.,_J-2_

-'lli. C 12-1. C 3-1, C 1-1. C 10-1, C 11-3. 

209-4. 209-li. C?-.1. C:i-6 ~-971 ,11JalnJ 

*-~ ~1--r'- x] oLc __ 'i_ '~1 ·j _1_ -¾- ~- 6~ oJ uj oJ ~} o11 

*_1_5J-r::L ~191 3 18 xi 1i-,°- J2.%f/l1Proper fa-

-~- ;~ol] ~1 1.] ~~ t:\. dn~ -<] !) 1 \1 1] ~I~, ~! qt \1 
'i\E'arshort' fa1•1e::-l 0 ]~1J. 0~~!-'.;_ u},'I ~··_·t.~\ 

t:: f I .~!. ~;) • _I • 

Kim and Han (1972) 9j ?r-o'--} "J-·t· S-.. _:{ ~\ 

Tab. U-4 o11-<l .!i1. 1~1 ~+~-';J-?• -'+-~,,.Joi) u] 01 
ot -h ,1} 'J':',l1t6'-J 0] 1]-;~ -,;~LL 79-¾<} 1)1 ~]-4·. 

7} ~f-t:Jol ~t;Us] ~Js,_n( ~}-A-sl-t· f!i.<:J :t 
,f 167: 96.0.s -,!1 t!Jstcf_ ';:/~·'J-oJl<ls. 

J~79-"'J-..i't ~i~,,.J+-- !J-2;! tJ -<l ;111 s,Jo~ ,(.~ 2% 
,...J-f- ~-.°:-"-JoJ] u[o~o~ %--'o"-·} 74~HT-:~ -tl'cl 
\:J..i' .. ·6-91 '1-S_ 144: 70..Q..ir_ ~~ t:l- 0Jo~r:t. 
*$,"-Jol]A~ ,t- c;{ C:!-"-J-o] ..i!.%"-J.!,!_ tj- %-%¾1H ~i] 

4"7~ t'l..i7-, t:1 r:J- 0a1:t1 1-+, _-__'._~J-J) ~ ~~ 0 )-C Si 
cf(Tab. 2 ). 

\}¥,;- _11_4-AJ-o!) ~4-aj- fj7}¾i~]o1]~ Bolivina 

rubusta, Bulimina marginata %0] ~,s:i_ot o] 

%_g. 4"C]1.-}2} %tiH2-1 %~q_'_ ~~¾-¥- *1+1011 
0j ~ q1 °JoJl>1 ;}qi .'(I 4 ,j £1 A, B, C, D ':j -;i'

~ 1 }-~-q]. A ~-;£1lC;l_ t-11 50-150mDi1 fl_-g._ 

cif 0 I, l-t',ifffiinuf,),11km oil •I -'/-<ll 0J !"1 '.!-qi R. 

robusta, Nonion pulchdla. Elphidium clar -

atum, Elphidium ~P-, Siphogenerina raphana 

uj Bulimina marginata -'o-·"1] .¥-~sJr:t(Matoba 
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Fig. 3. Dendrngram (UPGM) based 011 Dice similarity coeffi, ients, assndated wi1h the cumulative frequency 0f fusing 
to present a criterion for subdividing stations int() clusters. r mrnns Pears(m's product-moment correlation c0efficient. 

and Nakagawa, 1972, P- 667). '\!½ "1;: ¾¾ 
¾-"l- A,i~~ oJ_T;;i;] 0~oJ],q~ ii~¾¾ 2ei<5J r~ 

iJ*2%"-J--~- :t,t.~ai:ifrc:9] 0J-&J= 6 1 °Js...~~ 0 ]~t 1 
7-}-'Bc\-. 'ir* 7J ~ ).J-t- ~~JI.%AJ-.91 5:.-'J.i!tt 
i:.j- 2 ..2, 1j~l4-, !jsj ft.x.. ;'-',! 0 1 i:.j-_is..q;: 

~ ~ 7J-oJ-ttoJ. iJtlot~ 1£3:Jifir*£1 oj"6Jo] 

,e: 7}23 .. '!l 7-1--'il..t+. -'J "1] 1966-1970<,'i_•lf-"1"1 

!\l\itl}Uil]~}\;:u/f,\: (CSK:Cooperative Study of 

Kuroshio and Adjacent Regions) "f .fi..o/) 21 tf 
f;4 6J~'J%6~ A~-t-.01 ~T-~~ *~' 37° 2/ -~ttl 
0J -C<SHol],q 7-~l 10om--:j_x....21 ~;i*fN-i- u.l-t.'} 

oc5°~ •J °J -;~c,Hn}AI t.tjc~~u( oJ%oJ]~:- -t"ih~ 
iilloil<j -{l1fii/uj, ,;j-'/-o/l cr/,•H-2- «A•:fol/</ -"J 
1!.'ilAI ?1;,ls._ OJ-L~(An, 1974). ~].i!} xJ (1982) 

_g.. 19811-J 9~ ±:tJ, 7JlEiiH 0~.9-1 4-~ 100 -

WOmol] -f:-:;,;~;s},t- tH4-7} T,,,;d 75-lO0m.Q.J % 
7)oj 0J lO<Ae.1 o)>-J1½ uj-e},j j,Ji/tiJt~9'o/) .x.."J 
~% ~;;.Jg~~ 0 ~ 0 1 -;(~¾~T-C T-:?:-. 0d¾. % 
"""J_:::_£1 -"Jlll"'- .!i.. 0 f 'il"i5f~ ;ft~';fimii'.. 7J~ 
<11L£ .. u1. 1982°,'i_ 4 -'\loll -'/l-"J-8 .1..•J-- 7J±'ll: 
,,

0
~ 4-"d 100-2oom"1 '1J'r-7f ;ft~~imli\J./( 0J 

<I *i&'[ll]lf7./( 0J-"I 'i'-"Jtf7] ojrJi:+ tf'l)_q_ 
~*,,_J- Aj~1]C>J1 ~%~ Nonionella stella ~ 

Matoba and Nakagawa (1972) o/] <>/ sf~l ;ftW: 
11.f; f/(l±JcHsi;--%2) Lljnfoj.jf-tfolH cJ1<Jo] ¾ 
--¥-'l!- fj 6]cf. C~ ~~J.g- "1-AJ 200-1,QQQmsl 

'¥ilij!l;J-/j1};!;;o/) !-..1.. f/uj Uvigerina, Angulog

f'Tina (-· Tri[arina) koko:rnraensis, Trocha -
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Fig. 4. To1al benthic foraminiferaJ biotopes based or 
UPGM in the southeastern sea of Korea. 

mmina japo11ica ·~-,)I -~.-:,J..---} 11 1, B?>Jf- A-cin 
~! '):) -0 --~ ::f', -.w1,;,; ,>1] i>H ,-;; ,~t -~_· 7- ;; 150 - 2s1 l 

mo/I *.;'LO~ul, Cassidulina ;1~ 't-<i/q~ -/1/.:I 
rl 0 1 _c} ~ ..L tJ ufl C. norcossi, Uvigerinu 

akitaensis, U. peregrina dirupta, T. koko:rn 

raensis 7} -9--,.(1)1} -:.!-~ c;~~J-~l-?- Bq-}0J) 6HLJ~~ 

t:f.x_ * "T- ~c.\-. -l+-~ ..i'..7°rAJo-J1~1~ Globoca -

ssidulina japonica, C. transfucens, T. koko 

zuraensis7} -1---<llBtcf-C A~AJA, ~~~JSJ A].i~ 

-~ 0 1 ~~ 0JoJ1Al 1:11.ill.;.c~ uJ~ 't! 0 i·A~ <Ur=lt:" ,(} 
~~ 2e~t~uj **C:!~l-~2i!..i:-H::-, Bi5j°1l,(~ ri 
0Jct2 ~ 4- ~le+ . .AJ-<1] A] ii. C 5-6-t- T~c:] 
1,500m"JS...s'."1 °1-t- B0j9I -'Vi ~t7.j.i!J-;: ;j 

2-]7} uJi::}2 A~7..}{itj._ ~TAJo_1Cl) o~~-'F-¥-;;.] 

"J- ,pf oil oJ <\} Jl,:i]i oJ oJoil -'1 ',j q-t- 7~ {- , } 

0J5~oj 6j-7-_;i;Jo4gJ **AJ-o/ o~* %Jfof/-<1q 
B"i:Joil 4ci;Jcj-e1-7] _>;l_cJ--\c, .:ioil tj,Jtf-\c oJ 0 L 

;z;]C~oJ]A• 2-J ,J,:.Jt¾ A]7-{"o}"C 1c] l;~t:J"o}t:LL 

;,] 7-}~r:.f. ~1-7-A) 0.ioJ)A1 _·16J) 5~c.Jt}-E- ,1,kf:IR~~ 

'-,J-ilfciH." ~t~/f'!ii;lf9f #iJi[/i]tJ ,j< •1- ·~ 7-}-;;f 

~J cf- . ..Jt9t1hfiCt- q£fei 9[ *dft,f(;,f,, .9_ Vladivo

stok -'o-*of] J.~ uJ~{4o~ -?-t1Lf-G} !i·~8~},;tAI 1~ 
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i:'j_'.?_ut **"o'- 4"i;] -** ~1<:>JAJ~t OjljL *~
..i!..%AJGJ1S- -t~ oj <5J-:t n] u_o_ L',j ~f- A~ 7_}5:j r::t_ ·* 
*,._Jof(-<-l-C ~-¾-$'-oj lcfl .111,(; -~ fl! ")¾slut U. 

peregrina d1rupta uJ T. kokozuraensis 7 } ? 
A-11tf-1.+t- 11f- X~iot~~ ~-5~_11.%+21 °Ji>J% 

J,M ~{ '1l T :d c+. ~ ,qJ ** ..L % AJ of! ~ * rsu ~ 
%4--21 oJi>Jo] ~1% ~-5:..5- nJo~~tj-_ q~ oj 

'l! tH (marginal sea) oil 8 1 tfoj Jl,:i]i;~~,j( r ~ 
.g. '; ~ cj o]q_ ~ Bering~'--t Okhotskil.2J--lc 

"J"-1, :1.1:if'-f\'ei*ili* (Pacific Deep Water) 7f 
¾OJ.5.lAj ~tf-ot ~~~ 4-~~r~oj "-M7=JA1 

Jl,:ilj'.lfil:/f,J<. (Japan Sea Proper Water) 7f 0j 

~ o~ ~ tj-_ %ii~ 2%4- ~ .:i ~ ;<.J o1 ~ t:J-ii] 0J 
;(j "64 A-l ~AJ 2QQm--'f- E-j ~u ;,;.j 77tA] lj(iI3.. _g. 0 -

0. 5"C, _ij[ff'-3:- 34. Q--34. 1%0 6 1U~ %~~,j:__'.L 

tJlcJo-1 ""_;,_ 0J>~,j,j 5.8-6.0ml/l 0 ] 0 1. oi 

21~ i!-1~ ~"ol.f- %8H2¾<r""7} 0J-~6~A]-C 

.$j-:i_]9t- ~7J,::,j u)~;:'54,{1 A~7-"C" ~AJ-~5- * 
T qJ,flHidaka, 1966\. icJ-2H 0J<1 oJo(>l~-
1.]_,.r_ C :i-o-~~~J,.·l 1, 500m1~-si~-: 1.}-';Jt- .:i'_i'l 
0}1:~ \;t(iuj.[8Jfj;}c91 OJ&J-o] ~Jr.H;:;:Jo]ui, iV.r:1 A] 

£... C /-,19/ 209-6-:·- ~/ ~/.9/ ·T" ~-£- _j~l'j 3J u,J. 

-'iuH_J.'..{;•-"t21 C:l.!i1- 0j 6J_:,:_ 9,_~_o_1-+, ~t~!f~iili 
91 ocJiiJ-~:- rj t1j-'.:-1t~1~ _t,!_{::- 7,.-!c] 6Jcj ,,Jo]d 

-"] /}!iJ tJ. 
Kim and Hanil97219I ii U -ZS'I <j<H\-0' 

-¼ £~o-fl 2f~} ffi1'FaciesJ 0 1/-<l Facies ill ~l 
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Table 2. Occurrence uf "pe.:ie~ au.:mdmg 10 b101opc~ (L!PG.'-.11 (ba,,cd nn the !-,e1111-quantitat1\C fauna! !Jst of Kim and 

Han, 1972). One astensk <;Jiow~ the <;pecic" in A-type assemblage and !Wu asterisk<; those in C-type as~emblag; B-1ype 
a"semblae includes '>pcc1e~ A-(· 1ransi1i1,n assemblage and Cass1d1•/ina after Mat,1ha and Nakagawa (1972). 
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~ 22~ ii} 0j G. pachyderma ~ !:; 7J :;;:~ oJ "7J7l 
t' '{J-"6J"o/ Z;_,.J,}Xi;i:/ ~ ~~A/oJ o) 3_:,(J ,'.: ~ 
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uj ** ,.,J-o1) ~ G. pachyderma 7} T7J 21 
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' 1t.<?l,q 1.-Jo}tH.= *~1~~--f, 0! -S6fLi 1.%T2l 08 
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.':o•o]) 1.1 ~-=-- o] •'1 ql ~~ --{ ;;j rJ- o] s]o1 SJ.LL 'J. 
,(11 o] ~! 'T·oll {1 ~! % ~} Matoba and Nakag

awa (1972) ;z]it-C 1-2- -1t6HV'J 0]7]~~ O}t-1 ~i 
-?-A] 0~o1)"1 '--;l ,(1~1.?I ~1.-f-4iL 0]y __ ~ 0J-rx] 
0~i'}~) -<)- 0j~} 1J.'.'.'l i} 0 1r>11 7 1ql?{} ¾-i-~-i-1.J 
ojj '.-{/-o] 7\- ~}i:}.t_- J~% qj ~<'>Ho} OJt..L 

0 ] ~!~f- 0 11-<l~-':- f¾~I_ -<]£.-Z-:t t!/2-5.. t-}2f--t

c,\oil-2c Ujiie <1973) "-1 $l\li'.\?ffi{\tti,~ \Cumu

lative and Logarithmic \'alues of the Frequ

ency) {- '-l--§-0i::L ..=z.i!J :{oJ],q _1,!_t..},z1;;1 Dice 

Jil 4- o. 60-"I o. 35-'l--2- 2 :)coil <1, "i-"- -,;_-El * 
~i'\:!91 7]%7loil ~•1~ 'lJ.§}7} .'l 01°1 "tct'1 
0, 35 tj-l 21 ~k¾ Ell tHA7 fH.2...£ 4-i'-~i 9-. i 

i!1 4 W ,0_5-. cf-'ric 7.1% e!l tf 71 oil ut 4 I• 0 I 
08 tJt1J.£. .. 1:'.. . .£. Kaesler (1966, p. :33)-C "-'-~?f 
,,.J- ¾A.:lol]A1 1}~ -f-2. t:iJttj.g. o}u}.£. oittl A,i 

% -5:-:;,:] ?&.:i~ DendrogramA}~1]..!J.- .21:+L~ ~0 ~ ~ 

-t- 7;!" 0 1i!.I ·M1/rf1~!ello and Buzas, 19681. 
o] oj-7"-ol]Ai~- 4-iol],q 6]o):7]~-ko] ,-,_J;+J.114-
0. 35°Cjit>\j),•1 A_}_O __ 'i_ 1..pf-q}:i.]~)- 1.}f_- ~}o1j,q 

'J_0 _ _'i_ L-t-1-~- l}o] --<~t;1")1Jjc>J] _11l_L/- ,1--;;_i' 

n\ 0,1-fol\{l~ 1:1\ 1 !-£0 ~-f 1;} 1{ls-41 21q~ -'-~·:,:-~,.,i
·~ -~'.:']9JA]T0. 71--;:~"2)~·t:_.,J-11]0J] .0]~} ~(~-:~- ~}o] 

\!__t} 5:,j11]';','.-~ +.r.. •?/cf. l}_~-~ Dicl' ~Ji.f-J:1]-~--

0}\l r:H~ ?il"f°~ t~O/-..J.' .. •;!~:- 1J-~_,,~ht011 91 

q} HJitjo] 0}1-J 1!{:- uJ1{:l~ EJJ~c+nj o] q~.:,'

>J:af9f "lx~Hcf.x. 4'E- -:i4 7 f c.f% + Sl 
Y-t 7 } '; ,(~ ~ 1 ?.}~ ~ ,Uc+. 

ol "17'-::: ~.;;--"f'0}7]',C,11 s~oJoJ-'/--s..eJ :sl 
~! ofoil oJ-'f-oj 'lJ,rJ.. 

1-f, -'J--t·i. 1982. L/luf•J--'h-.Ul Branchmg.,.'J- c~q_!0~qj 

,{J .~-1--{l T 91 -'I ~1. Oceanographic studies on the 

South eastern sea of Kor{'a,.{1~-tjj°Q:~.iil ;,)_s-_.i'~ 

o}c::l. -r .:1: _y_ ,'. ,(1. p. 2-40. 



144 

"J 1J~. ~l"f, 1983. ~[EIW.Ml~oll i4)JJ!4-~-- <ir;}:ij!91 

tfft:.i'} .tsiL9-. ~[h]ii1j;)>'(:~!G, IR:7:1-83. 

1c;,1<, 1983, ltl•IHt!lllel t·<<I lttlftfH!Jol *l'i4 
JtfflfU. '81-~i-t191 ~h;-_,•}c,t71i-c,;~"'ht-.;19l ~-~'.1-; 

oHI "il _1_:zJ% P'J. .!I! l. 1-8. 
'1-5---f, 1982, ,U~/5~ 0J-~flJ£, 4-_,;_~ ,(,j,.z;] 145L1., 

"1 %. 4lp. 

*'k~. 1974, 8J=lsl •LN-rJo11,(,121 ,j<./~L,}tlio11 r"l'll-
1J'tft,J ~!l!. llffililiiiVi'1'U., 9: 52-58. 

~ 0,5§.., 1972, 1 ~sl %tH\fA~15H~ol1A1sl ~4-:;,;]9.l

cJl~•l~Si cl4'.al, llffililiii1'"1'i<lc, 7: 19-23. 

<I 0J 'il", 1975, 1973"1 ~·'M ~ Si 4'.g., 0J<;L 'JI >H 
4-oJ) r.Jj3~ctj, 4-.£..7)'ioj_1:l }973-1974, 4-.£..~ ;_-J 

"I 1101§.: 3-5. 
ijt;if(ll,EI, 1968, ~~oJtH~ _li.oJo,H!.--sl i..j~~. 4-s..oJ 

-"' 1967, "r 5'.;:, ,, C<i Al 1101.§:., 183- 19~. 
An, H.S., 1974, On the cold water mass around the south

east coast of Korean peninsula. J. Oceanoi. Soc. 
Korea, 9: 10-18. 

BE!, A.W.H., 1977, An ecological, zoogeographic and 
taxonomic review of Recent planktonic foramini
fera, in: Ramsay, A.T.(ed.), Oceanic Micropaleon
tology, Academic Press, London, 1: 1-100. 

Cheetham, A.H. and Hazel, J.E., 1969. Binary (presence· 
absence) 51mi!arity coefficient5. J. Paleont., 43: 
l 130-l ll6. 

Dougla:., R.G. and Heitman, H.L.., 1979, Slope and basm 
ben1hic foramimfera of the California Borderland, 
10: Doyle, l..J. and Pilkey, O.H. (eds.), Geology of 
(\1ntinemal Skipes, S.f.P.M. Spec. Pub. 27, p. 231-
246. 

l::.mery, K.O., 1968, Relict sediments on continental 
shelves of world. Am. Assoc Pel. Geo!. Bull., 52: 
445464. 

Farris, J.S.. 1969, On the cophenetic wrrclation coef
hc1ent. Sy~!. Zool., 18: 279-285. 

Guilford, J.P., 1950, Fundamental statistics in psycholo
gy and education. McGraw-Hill Book, Co., Ne\\< 
York, 633p. 

Hazel, J.E., 1970, Binary coefficients and clustering in 
biostratigraphy. Geo\. Soc. Am. Bull., 81: 3237-
3252. 

Hidaka, K., 1966, Japan Sea, m: Fairbridge, R. W. (ed.), 
The Encyclopedia of Oceanography, Encyclopedia 
of Earth Sciences, Series, van Nostrand Reinhold 
Co., New York, 1: 417-424. 

Hong, C.H. and Cho, K.D., 1983, The northern oound
ary of the Tsushima Current and its fluctuations. J. 
Qcl;!anol. Soc. Korea, 18: 1-9. 

Kaesler, R.L., 1966, Quantitative re-evaluation of ecolo
gy dnd distribution of Recent foraminifera and 
Ostracoda of Todos Santos Bay, Baja California, 
Mexico. Kansas Univ., Palen!. Contr. Paper 10, 
50p. 

Kim, B.K. and Han, J .H., 1972, A forammiferal siudy of 

the bo1tom sediments off the southeastern coast of 
Korea. United Nations ECAFE, CCOP Tech. Bull., 
6: 13-29, pis. ll-1-11-4. 

Lte, K.B., 1978, Study on the coastal cold water near 
Ulsan, J. Oceanol. Soc. Korea, 13: 5-10. 

Lim, D.B., 1973, The movement of the cold water in the 
Korea Strait. J. Oceanol. Soc. Korea, 8: 46-52. 

Lin, D.B. and Chang, S.D., 1969, On the cold water 
mass in the Korea Strait. J. Oceanol. Soc. Korea, 4: 
71-82. 

M;1.ddocks, R.F., 1966, Distribution patterns of living 
and sub-fossil podocopid Ostracodes in the Nosy BC 
area, Northern Madagascar. Kansas Univ., Paleont. 
Contr. Paper 12, 72p. 

M:1.toba, Y. and Nakagawa, H., 1972, Recent foramini
feral assemblages from the continental shelf and 
slope off Akita, Japan sea coast of northeast Japan. 
in: Prof. Jun-lchi lwai memorial volume, p. 657-671 
(in Japanese with English abstrac!). 

Mello, J.F. and Buzas, M.A., 1968, An application of 
cluster analysis as a method of determining biofa
cies. J. Paleon., 42: 747-758. 

Murray, J.W., 1976, Comparathe siudie~ of living ben
thic foraminiferids, in: Hedley, R.H. and Adams, 
C.G. (eds.), Foraminifera, 2: 45-109. 

MJrray, J.W., 1984, Ben1hic fnraminifera. Some rela!icm
ships between ecological obscnatium and palaeoe
cologii.:al mtcrpretatiom, in: Ocrtli, H.J (ed.), Ben
thos '83: 2nd International Symposium on Bemhic 
hirami111lcra (Pau, April 1983), p. 465"469 

Pak, Y.A., 1982, fhe naiure of Late Quaternary ~edi
mentation on the continental ~helf off the south-east 
coasts of Korea. Re~. Inst. Ras. Sci. Seoul Nat. 
Univ., p. 86-102. 

Pak, Y.A., 1984, The nature of Late Quaternary sedi
mentation on the continental shelf off the southeast· 
ern coast of Korea. Proceed. Coll. Nat. Sci., Seoul 
Nat. Univ., 9: 127-134. 

Puk, Y.A., 1985, Late Quaternary sed1menta110n on the 
continental shelf off the south-east coast of Korea-A 
further evidence of relict sediments. J. Oceanol. 
Soc. Korea, 20: 55-61. 

Pak, Y .A. and Choi, J. Y., 1986, Factor analysis of the 
continental shelf sediments off the southeast coast 
of Korea and its implication to the depositional en
vironment, J. Oceanol. Soc. Korea, 21: 34-45. 

P(•ag, C.W., 1981, Eco1og1c alias ur benth1c toraminifera 
of the Gulf of Mexico, Marine Science Interna
tional, Woods Hole, I74p. 

Sanders, H.L., 1960, Benthic studies in Buzzards Bay Ill. 
The structure of the soft-bottom community, Lim. 
& Oceanogr., 5: 138-153. 

Seka!, R.R. and Sneath, P.H.A., 1963, Principles of 
numerical taxonomy. W .H. Freeman & Co., San 
Francisco, 359p. 

St k, B.C., 1986, Depositional environment of Late Qua• 
ternary sediments and suspended particulate matter 
on the southeastern continental shelf. Korea. J. 

377 



GeoL Soc. Korea, 22: 10-20. 
Uda, M., 1934, Hydrographical studies based on sim.11-

taneous oceanographical surveys rr 1de in the Japan 
Sea and in its adjacent waters du-· , May and June, 
1932. Oceanogr. Works Jap:-:.n. .c., 6: 19-107. 

Ujiie, H., 1973, SedimentatioTJ. ol r,anktonic formai 1i
feral shells in the Tsushima and Korea Straits b:c>l
ween Japan and Korea. M.icropal., 19: 444-460. 

Cjiie, H., and Kusukawa, T., 1969, Analysis of foram1n-

378 

145 

iferal assemblages from Miyako and Yamada Bay.-., 
northeastern Japan. Nat. Sci. Mus., Tokyo, Bull., 
12: 7 35-772. 

Zheng, Q,A. and Klemas, V., 1982, Detemnna1ion of 
winter temperaturt patterns, fronts, and surface cur
rent~ in the Yello\li Sea and East Chma Sea from 
satellite imagery. Remote Sensing of Environ., 12: 
201-218. 

Received July 24, /986 
Accepted August 22, 1986 

···~-----~ 



BIAPERTURAL CASSIDULfNA FROM SANTA 
CATALINA BASIN, CALIFORNIA CT>NTINENTAL BORDERLAND 

SOON-KEUN CHANG* and RC,BERT G. DOUGLAS 

Department of Geological Sciences, 
University of Southem California, 

Los Angele, CA 90,)89-0741 

"Present add,ess 
Korea Ocean Research and De ,e/opment Institute, 

P.O. Box 29, Banweol, Anson City, 
Kyonggi-do 171-14, Seoul, Korea 

ABSTRACT 

An abnormal specimen of Cassidu/ina, having two apertures, is recorded 
from a piston core located in Santa Catalina Basin, California Continental 
Borderland. 

INTRODUCrION 

A single specimen of Qzssidulina brazi/iensis ( ushman, 1922, having two apertures, was 

found at the 165-166 cm level in a piston core (AIIF 30986, 33°24' N., I 18°50' W., 1,290 m 
in depth) recovered from Santa Catalina Basin off southern California (Fig. I). The 395 cm-long 
core is Holocene in age, and shows two regimes or deposition: early Holocene sedimentation 
which was dominated by turbidities originating fro n the southeast, and late Holocene pelagic 
sedimentation with occasional turbidites derived f·om the northwest (Brandsma and others, 
1984). 

The lithology of the studied sample is greenish grey silt. containing abundant microfossils 
(mainly foraminifera with lesser numbers of rad:olarians and diatoms), mica flakes, scarce 
ostracodes, bryozoans, and pelecypod valves. Micropaleontological study of the sample shows 
that the following species are major component~ in the benthic foraminiferal assemblage: 
Bulimina mexicana. Cassidulina delicata, C subcarinata. Chilostomella czizeki, Epistominella 
smit1li, Cassidulinoides rotundata, C. cornuta, Uiigerina curticosta, Globulimina hoeglundi, 
Bolivina argentea, B. spissa. and B. pacifica. 

No record of aberrant C braziliensis is found i 1 the literature, but there are some records 
of abnormal foraminifers having unusual number of apertures: Uvigerina canariensis d'Orbigny 
forma distoma De Anticis from the lower Pliocene of Sicily (De Amicis 1895, in Dhillon, 
1970), U. curta Cushman and Jarv;s (1929) from the Eocene shales of Trinidad, B.W.I.. U. 
cocoaensis Cushman, 1925 from the Upper Eocrne. Mississippi (Ellison, 1953 ), U. batjesi 
Kaasschieter from the Clays of Ypres, lower Eocene of northern Belgium (Willems, 1974). 
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Quinqueloculina sp. from the Recent sampk of North Pacific (Brady, 1884, Pl. 5, Fig. 15), 
and Ammotium salsum (Cushman and Brc nnimann, I 948) from the Recent mud sample 
Quinqueloculina sp. from the Recent samph of North Packific (Brady, 1884, Pl. 5, Fig. 15), 
and Ammotium salsum Cushman and Bro11nimann, (1948) from the Recent mud sample 
collected in West Malaysia (Dhillon, 1970_,. A single specimen of Miliolinella sp. cf. M. 
chukchiensis Loeblich and Tappan, having tv 10 apertures, one at each end of test, is recorded 
from the Recent bottom sample collected in the Newfoundland Grand Banks (Hooper, 1966). 
In addition, a single specimen of Astacolw reniformis (d'Orbigny), having an aperture not 
in its usual position was recorded from the sediment collected in Gantheaume Bay, Western 
Australia (Dhillon, 1969) 

DISCUSSION 

The aberrant Cassidulina specimen (Fig 2) is similar to the C braziliensis of Cushman, 
1922 (P. 130-131, Pl. 25, Figs. 4, 5) except for the more robust test of the aberrant specimen. 
Based on the general resemblance of the do lble apertured form to the holotype of Cushman, 
it is suggested that the aberrant specimen be identified as C braziliensis. Specimens from the 
sea bottom off San Diego (Uchio, 1960) also closely resemble the aberrant specimen described 
in this study. The specimen in this study h.1s two relatively srna1l apertures, one developed in 
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A B 

Fig. 2. Biapertural specimen' of Cassidulina braziliensis Cushman from the 165-166 cm level 
of the core AHF 30986. 
A, lateral view with the big aperture; 
B, lateral view with the small aperture. 
Scale bar= 0.10 mm. 

the usual position, but turned more toward the ~ide, and the other comma-shaped developed 
at the junction of the last (hamber with the se(ond and fourth chamber from the last one. 
Therefore, the two apertures face in opposite directions. This specimen is relatively small in 
size in comparison with other specimens of the same species picked in the core. It is differ
entiated from them in having relatively smaller af ertures than the other specimens which have 
large apertures longer than one-third of total test 1:mgth. The relative small size of the apertures 
may be compensated by the complimentary acti,m of two apertures instead of one found in 

normal individuals. It has the dimension as folbws: length 0.50 mm, width 0.39 mm, big 
aperture length 0.13 mm, and small aperture lengtl 0.11 mm. 

The specimen is filled with pyrite in the last chamber of the big aperture side, as well along 
the inside sutures of the fourth chamber from the last. Black materials found deep within other 
chambers on the same side suggest a similar p ienomenon. The other side of test is not 
pyritized. The lower half of the stu<lied core has <1bun<lant pyritized biogcnic materials such as 
plant tissues and foraminifers. The aberrant spec men is the only abnormal individual among 
the 480 individuals of Cassidulina braziliensis pickel from the core. 

Discussing pathology and regeneration of ti. raminifera, Boltovskoy and Wright ()976) 
suggest two possible explanations for the abnormalities of foraminiferal tests; mechanical 
or ecological causes. They may also be linked wit 1 disease (Ellison, 1953). It may also be the 
result of an accident or problem during shell f Hmation. The very rare occurrence of this 
abnormal form in the core suggests that the two .tpertures of this specimen seem more likely 
to be linked with mutation, as in the biapertural Uvigerina reported by Willems (1974). 
However. we cannot reject that this abnormal srecimen would be linked to an accident or 
problem during shell formation. 

The rarity of the aberrant specimen is not believed to be a problem to taxonomists (Ellison, 
1953; Dhillon, 1969; Willems, 1974), even if the family CASSIDULINIDAE d'Orbigny, 1839 
and the genus Cassidulina d'Orbigny 1826 are identified as possessing a single aperture (Cush
man, l 922: p. 122; Loeblich and Tappan, 1964: C 736- 738 ): 

The aberrant specimen is deposited in the lab )ratory of Micropaleontology and Paleoeco-
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logy of the Department of Geological Sciences, University of &,uthern California, Los Angeles, 
California. 
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i'l: ..... ••:t" 
'•l ¾ell #1:il':'tf+ "•00f+1 !ill\iml iliil':llf1le~ 

Photometric Winkler titration provides high precision euough to use the oxygen method in moderate
ly productive waters. In short incubation (2-4hr), about 2 µg Cl/ /h can be differentiated by the 
photometric titration. 

The oxygen and 14(: methods resulted in good agreeme 1t with each other in the diurnal primary pro
duction measurements. Despite small descrepancies the s!vere underestimation of 14 C-technique was 
not observed in short-term incubation. Size-fractionated p·oduction studies indicated the importance of 
nanoplanktonic production in the coastal water (62-880Jo). 

Bacterial respiration may lead to significant underestimation in estimating net photosynthesis in the 
oxygen method. In spite of some problems associated with the ecological application of antibiotics, it 
seems feasible to use Gentamycin in separating plank tor ic respiration from that of total community. 

2.4t '.Winkler%~~~½ oJ%t}~ "'.}:±.ttj ol 'tl0,}~ "'§~i!J=4~oll '.U~Ai ¾-f~ ~.¢}-<J¾ ~ 

J!. 'll%o] OJ'¾S19:!t:f. 2~4A]7J ~.£.9.j t:J7) t1~ 0J-i ~ ;;j~oJ].£., ~tj~~ol] ~i;~O:j ~ 2µg 

C/1/h.el 0Jnf>I <Hl'\t 'r 'lief. 
,tl±itj4 14C-ttjoJ] ~'ij, 0J.:i:f.-<§,tle.J ~.7goJl ;tl~-<•{:- f- 1.1J-itj9.J 7d.i47} :xJ 0,J.;-<]t}~~~. tJ7] 

11ijoJoJ]-<H:- 11C- itj9.j -"J~ 4±?78 .:i:]7~ ~~~A] U:}c+. A]£..3..7]"1! ".!11!,i:!Jol]-<H:- °i'!oJtHO~oJ] 

A~ t1]4] ~i!J-3..~9.J 0JA-<~AJo] 62-88%78£.£.A• ,,.Jt:J~l '¾ii.~ .ljL*¾ j:~Alt}~t:+. 

"'J±itjoJ] Q]t~o-:j ~ 1H}AJi:!J¾ ~-~,H[u!JoJ]'f:- tJ.}t-l]ajo~Sj ~..J ulJ~oJ] "'Jt-J-~ 4±~·~,P-l½ 0 ~ 

7]~ ? 'llt:l-. ~J-i>il½ "~£.ilt}~.£.j!_ ~%-tH::-c~] 11.o•"'• rfj:9.j ¾~];,:Jo) '.ll.£.i.--1-, Gentamycinfr 

"'}%ii}O:j ~jj]T~Sl §.f-«JoJ]A1 ¾~3.~ol] ~H} §.t-eJ¾ ~al ~1!~ T 'll¾ ~~.3- ~ 0JLt. 

INTRODUCTION 

Accurate measurement of phytoplankton 
photosynthesis has been one of the most im
portant concerns in marine ecology, because 
primary production is essential in understand
ing the trophic transfer of energy and 
materials in aquatic ecosystem processes. 
However, the practical performance of pro-

du.:tion measurement on natural waters in
evitably includes manifold problems of 
methodology. 

Furthermore, 1•C-tracer technique first in
troduced by Steemann Nielsen in 1952 has in
tririsic uncertainties as to not only whether the 
me:hod measures net or gross photosynthesis, 
or something between the two, but also 
wh!ther or not there is substantial underes-

The present study was supported by the Ministry of Educaticn, 1985. 

385 



74 J.11.Slll'n & :--.H.Kalmg 

timatiun from tl1e several error sources (e.g. 
Ryther 1956, Nalewajko and Lean 1972, 
McMahon 1973, Pugh 1973, Lean and Bur
nison 1979, Peterson 1980, and Carpenter arnl 
Lively I 980). 

In practice-, "C-technique, owing to iis 
hig11 sensitivity sutlicicmly applicable lO the 
low rates of i.:arbon uptake, has been almo! t 
t11e only srnndard method for estimating the 
flux associated \\iith primary production in 
aquatic environments. But some pvtential er
ror sources peculiar to ,~c method make 11 

complicated to inierpret the production daw; 
i) release of dissolved organic matter (Ande ·
son and Zeutschel 1970, Gieskes 1973), ii) 
high dark uptake possibly due 10 bacterial ur 
algal dark carbon uptake (Morris et aL 197 .) 
iii) leakage of fixed carbon from algae due 10 

cell rupture during the filtration (Theodorsscn 
and Bjarnas<>n l 975, Silver and llavoll I 978). 

Oxygen method, which v.as already under
taken in the late I 920s and early I 930s, has 
been almost superseded by the "C me1hod n 
1he phytoplankton production studies, be
cause of its principal difficulties in the ponr 
sensitivity uf oxygen measurements. Usiug 
chemical method or oxygen probe, it is nearly 
impossible to detect the planktonic assimila
tion rates which have low oxygen change by 
photosynlhesis or respiralion. ln order to 
have measurable oxygen differences, oxyg ,n 
method must suffer from either long incul:a
tiun or concentrating the samples (Berm m 
1973 ). But these may cause the selective 
changes in populations and physico-chemi~ al 
conditions in the bottle, or make it difficult to 
in1erpre1 the results due lo the changes of 
natural conditions (Vollenweider 1974)_ 

However, a recently introduced prec .se 
\\. inkier titration method by the sensit've 
photo-electric end point detector has madt it 
fea:-.ible to use the oxygen method in 1 he 
coastal primary production rneasureme 1ts 
(Bryan et al. 1976, Harthwig and Michael 1978, 
\\, illiams and Jerkinson 1982). This me,ms 
that the oxygen method by the photometric 
titration will provide more simple and sl
raightfor\\ard results of gross and net prodJc
tion, and will be applicable to respirat on 
studies of phytoplankton and bacteria. 

In 1hi; study, we examined the validity of 
oxygen method with the photometric titrat ,on 
by evaluating possible error sources. In an ef
fon to separate bacterial respiration, we in-
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ves1igated the ecological application of an
tibiotics in oxygen method. qC and oxygen 
mc1hods were ctrn1pared through in situ pri
mary productinn measurement~, and size
fractionated production studies were also per
formed by '·1C-technique. 

MATERIAL AND METHODS 

The study area 

The present study was carried out in 
marine and fresh water. Diurnal productivity 
was measured for 36 hours in Lake Soyang, 
the artificial lake of North Han River (Fig_ I). 
Size-fractionated production was measured at 
two statiuns in Gyeonggi Bay of the Yellow 
Sea (Fig. !)_ Two sampling stations in 
Gyeonggi Bay have comparatively different 
e11vironmental conditions: station A is 
relatively unpolluted, but station B receives 
large untreated domestic and industrial 
wastewater. 

Sampling dates and other physico -che
mical conditions were listed in Table !. 

Sampling and incubation 

All the experiments of "C and oxygen 

r I ~~ ;'YOUNG JONG DO~- lr 3;02'l 

I , , ~ C.ri INCHUN'° 

I- -- (.i) 
\6;_, v,01: 001 \ 

r
~ ),.._ / \ ' 

r-'1 sn '---.,__ {''°'' 
., ~ ~"'I 
~ _ Q PAL Ml 00 . 

12, 0 50 l 28 "00 

Fig. I. Map showing sampling stations in Gyeonggi 
Bay {I) and in Lake Soyang (II). 
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Table I. Sampling stations, dates, and physic,1 -chenucal cuudi um, 

Station Date 
Sampling Hours \\. ater Sahnily NH,-N NO,-t'. PO,-P BOO 

Oeplh (m) Incubated Temp. t "l. ( 0,or) U1g at-t'., II (1,g at-P/1) (ppm) 
----------. ----------

Gyeonggi Bay 
A 15 May 1,5,10 
B 14May I 
A 24 July 1,6 
B 25 July I 
B *24 Oct. 0 

Lake Soyang 
C 25-26 Sepl. I 
C *28 Oct. 0 

I.H-2.2 
2 
2.0-2.2 
3 
6 

3.0-24 
9 

12.5-12.H 
14.0 
22.7-23.7 
24.8 
l 5.U 

20.3-24.5 
15.5 

---------------------
*: laburawry incubatiun under fluorescenl lig11t 
**N.D.: nut determined 

method were conducted by composite sampl
ing. Water samples were filtered through 300 
µm Nitex screen in order to remove large 
zooplankters. Acid-cleaned twelve light bottles 
and eighI dark bottles (ca. 300 ml) were used at 
a 1ime for duplica1e and 1riplica1e analyses. 
Bottles were laid duwn on the incubation cat
ridge (80 x 80 x l00 cm), which could fix !he 
bo11les venical Io the incidenl lighl (Fig 2). ,-~

I 

Hg. , /n siru rncubat1un calridge (80 x 80 x 100 cm) 

31. 7 
30.9 
JO.I 
27.3 
29.6 

N.lJ. 
N.O. 

1'.. U. 1.5-b.5 U.21-U.70 12.3-16.4 
HO 1.2 U.24 14.6 
2.21-4.39 I.! -3.6 U.40-UAI 2.4-6.9 
61.70 8.7 U.:i4 7 .6 
16.50 "·' 0.64 9.3 

0. 90-2.50 20.2-38.8 0.18 0.24 1'. I)_ •• 

U.90 30. 7 U.2S /\..LJ. 

Oxygen Method by the Photometric II inkier 
Titration 

The conventional ~ inkler met11od for 
dissolved oxygen de1erminati0n was improved 
by the pl10ton1etric endpoint detection {Bryan 
el al. 1976). The in1e11se near UV absorp1ion 
spec1rum of 1ri-iodide ion (350 nm) disappears 
as liberated iodine is 1i1ra1ed, and the loga
rithmic increase of photocell signal ceases im
mediately af!er the small addi1ion of thio
sulfaJe at 1he end point (Fig. 4). 

The pho1ometric 1itrator was in principle 
.he same as 1ha1 described by Bryan et al. 
(1976). Bui light sources was improved as 
fluorescent UV lamp from a fluorometer 
(F4/T4 UV lighl lamp), and UV liglll narrow 
pass filter al 360 nm (Color # 7-60) was used 
(Har1hwig and Michael 1978). In the lighl
pa1h, 1wo convex lenses (focal lengh IO cm) 
was placed on ei1her side of the sample 10 
spread Jhe beam (Williams and Jerkinson 
1982). The driving vohage of !he pholocell 
(General Eleclric I P39 lube) was reduced 10 
40 V and provided by a voltage regula1or 
rather than batteries. Another major improve
ment of this method, !he whole bottle ti1ration 
(Green and Carrill 1966), eliminated 1he 
volatilization of liberated iodine due Ju the 
transference of acidified solution. Also, 
Thomas motor-driven automatic burette was 
used in order to carry out rapid and accurate 
Iitration suitable for field and shipboard use. 
(Fig 3-1, 3-2) 

Dissolved oxygen changes be1 ween light 
and dark bo11les were measured wilh pho
tometric titrator described above. ln all cases, 
duplicated or triplicated samples were analyz
ed and fixed samples were titrated as im-
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M01,,r dr1,c11 
Au!\lniauc liuret 

Len, Lens 
hlter 

Fig. 3. lllo~k diagiam 11t (he Wrnkkr phurucitracur. 

Fig. 3-2. Electro111c ::.y~tem of the V. mkler pho 
tolil!a((lf, 

mediately as possible. 

Respiration correction 

We used Gentamycin, broad-spectrum an
tibiotics with I00µg/ml samples for respira 
tion corrections. Before the incubation, orn 
or more hours of pre-incubation was needed 
Plate count was also accompanied in order tc, 
estimate the Gentamycin-negative bacteria 
Water samples were also pre-filtered with 0.4'., 
µm GF/C, and the oxygen changes of filtrati: 
were measured to compare the Gentamyciu 
correction (Pratt et al. !959). 

We measured 'H-glucose uptake in orde· 
to ascertain the bacterial inhibition of Gen
tamycin. To 300 ml BOD bottle, 3µCi of 
D-glucose-6-'H (Amersham Corp.) was added 
with an automatic pipette. Control sample; 
were prepared by adding formalin before th, 
addition of 'H-glucose. Duplicate test and 
control samples were incubated in situ for 2 h1. 

r 1, , , 
f 15.tP 

' ' 

' ' 
,.......J1171..-,BI 

...; /'/ 
Si 

it==r:::::_-~~_JLJ 
15.00 IS.20 !5.50 !5.71 

TIME 
VOLUME OF THISULFATE 

Fig. 4 Diagram showing the photocell output and tJ-e 
trace of pen recorder during the titration of a sample. 
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They were filtered with 0.2 µm Nuclepore 
filters under mild vacuum ( < 200 mm Hg) and 
were radioassayed with the counting efficien
cy of average 260/o (Azam and Holm-Hansen 
1973). 

14C-experiments and size-fractionation 

•~C-bicarbonate working s01'.Ition (10 
µCi/ml) was prepared from the stock solution 
(Amersham Corp. l mCi/111I). It was oxidized 
with strong UV light for 12 hours in order to 
remove organic L4C-Jabelled impurities 
(Williams et al. 1972). 5-10 µ Ci of working 
solution was added to the different experi
ments. At the end of an incubation, samples 
were fixed with Lugo] iodide or immediately 
filtered. 

In all cases,300ml aliquots were filtered se
quentially through a series of 22 µ m Nitex 
screen and Nuclepore filters of decreasing 
pore size (3µm, lµm, 0.4µm, and 0.2µm). 
After filtration, filters were washed with 
filtered ambient water and then removed from 
filter holders and acid-fumed for 20 min. 

1ml of 2-methoxyethanol and 0.2 ml of 
ethanolamine were used to dissolve the filters. 
Vials were counted in liquid scintillation 
counter (Packard TRI-CARB 4550) in !Om! 
scintillation cocktail (2: I toluene: 2-meth
oxyethanol plus 5 g of PPO and 0.1 g PO POP 
per liter). 

For the purpose of correcting the errors 
derived from exudation and cell rupture, 
dissolved production was measured. The 
filtrate from the "C-incubated samples was 
immediately frozen and later processed in the 
laboratory. IN HCI was added to give about 
pH 2.0 and the solution was bubbled vigorous
ly with air for 2 hr to drive off all "C-bicar
bonate. After the pH of the filtrate was read
justed to 8.4 to 8.5 with NaOH, they were 
placed in tightly stoppered 500 ml flask, in 
each of which was suspended a scintillation 
vial containing l ml of Hyamin 10-X. The 
samples were irrdiated with strong short-wave 
UV light (Armstrong et al. 1966, Berman and 
Holm-Hansen 1974) for 6 to 12 hours to ox
idize residual dissolved organic matter. They 
were acidified with HCJ, and stirred for 4 hr 
at room temperature. Evolved 14C02 was trap
ped by Hyamine (Efficiency 95-980/a), and 
counted with the same method. Counting effi
ciency was recalibrated with a series of quen-
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ched standards contammg Hyamine 10-X 
(Herbland and Bois 1974). 

Nutrients and chlorophyll etc. 

Ammonia was analyzed in the field station 
by the method of Solorzano (1969). Other 
nutrient samples were deep frozen (-20°C) un
til analysis (Strickland and Parsons 1972). 
Chlorophyll-a was also size-fractionated. 
Nuclepore filters were changed at every 100-
300 ml lest the filters should be clogged. 
Photosynthetically active radiation (PAR) 
was measured with a LiCor quantum sensor. 

RESULTS 

Dissolved oxygen measurements by the 
photometric fl inkier titration method 

The precision of the photometric Winkler 
titration was tested by replicate analyses of 
natural water samples. The normalities of 
0.02 N thiosulfate solution were standardized 
by titrating known equivalents of iodates 
(r' =0.998). 

Table 2 shows the results of dissolved ox
ygen measurements. The range of coefficients 
of variation (0.03-0.11) implies that the preci
sion at 950/o confidence limits is in the range 
of about 0.005-0.018 ml 0,/1 at 6 ml O,/l 
level. If the photosynthetic quotient is assum
ed to be 1.2, this range can be converted to 2.2 
to 8.0 ug C/1 in the carbon flux. 

Although this result means the photome
tric titration may make it possible to 
discriminate average 6µg C/1 by the oxygen 
method, it is practically difficult 10 maintain 
the precision, because of the natural popula
tion inhomogeneities and handling errors of 
sampling procedure in the production and 

Table 2. Precision of the phototitrator in dis.solved ox
ygen measurements 

mean oxygen cone. n SD CV 
(mlO,/1) 

l,440 6 0.OOl 0.09 
l, 736 l 0.004 0.07 
6.268 5 0.007 0.11 
6.514 6 0.006 0.09 
6.820 J 0.002 0.03 
7.254 4 0.005 0.07 
7.857 J 0.004 0.0l 

n:number of samples 
SD: .standard deviation CV: coefficient of variation 

Table 3. Bottle volume correctiurn, and pti~~ible error 
b, undary at Sml/1 levd 

Volume 
Bl 1llle type n inscribed V Errur 

(ml O,II) 

A 
B 
C 
D 

(ml) 

18 300.0 1.17::i::l.20 
29 299.7:t6.08 0.40±0.31 
12 308.9.-t6.28 0.92±0.56 
7 299.h 6.42 t.56, 0. 72 

0.021 
0.007 
0.017 
0.028 

re:,piration experiments (Harthwig and Michael 
1978). One of the serious error sources was the 
in,1ccurate volume inscribed in the BOD bottle 
(Table 3). Four types of incubation bottles 
w, re recalibrated. 

Diurnal primary production by the "C and 
oxvgen methods 

Previous studies concerning diurnal pat
terns of photosynthetic activity suggested the 
'afternoon depression' in the photosynthetic 
rate (Newhouse et al. 1967, McAllister 1961, 
Ti1ssen 1979). In order to examine asym
metrical photosynthesis in natural population, 
time-series in situ measurements of primary 
production were measured in Lake Soyang for 
ab,iut 36 hours. "C and oxygen methods were 
simultaneously used. Supplementary incuba
tio 1s for the separation of planktonic respira
tio 1 from the community respiration were 
pe1formed by two other methods: i) inhibition 
of bacterial metabolism by gentamycin, and 
ii) elimination of phytoplankton by prefiltra
tio:1 before incubation. 

Figure 5 demostrated changes in photosyn-

1:00 
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a I 
! 

l ,oo 
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0 ' 
0600 0600 1200 1800 

l~th Stf,I. 

Fig. 5. Incident photosynthetically active quantum 
flux over the: experimental period 25-26 Sept. 1984. Sur
face reflection was corrected (PAR: photosynthetically 
acti\ e radiation). 
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21'1 1, '>t'p'. 

hg. 6. LJt~'>UIHXi l>\ygen c11a11ge~ a11d c1du1, 1pn~//-a Cl•.t
..:c11l1a11,>1h ( I 11e uate1!Cd p,1rti,1111~ 111e ..:,\rrceted rc~pir.1-

u,111 1>1 p11:-,t,,plau~l\ll\ a11J ,1p!::!l !~ llCl pruducllllll. lt1e 
ltllt' i..:,•Jlllt.'Cllllg. \U[JJ 1,:t!\.:k~ 1ep1e\CIH\ lo!C c11a11ge~ ,,r 
Clil\11 ,,p11y!l-a .:, ,ii..:e11( I di hill). 

tlletically active qua111urn flux over the e~
perimental periud 25-26 September. 

lime-series measure111c111s of in vitr-o 
dissolved oxygen c11anges (hg. 6) represented 
marked fluctuations during llle experimental 
periud. and Lile 11igHcs1 afternoon peak oft ,e 
first day experiment wa~ observed, wnich had 
1101 been expected. lf three- 10 four-fold ditr
nal oscillations ut pigment cu11tel\ls cannot Je 
practically alJowed, close rela1iun between cx
ygen evolution and cl1loropllyll cunccrnra.: 
1ions means the inequality of sampling at rn 
interval of 4 110urs. One of tile possible tx
plana1iuns was tile patcl1 di~tributiun of 
natural pllytoplankton. As all tllese samp es 
tur the oxygen and '~c incubations were rot 
taken \\itllin the enclo~ed water column tnp
ped on the large-volume bag (McAllister et 1I. 
1961), it may be possible fur small patch 
derived by wind or water movement to intrude 
on 111c ~ampling station located in I Ile vale. 
Alsu these assun1ptiuns were supported by the 
observation of dew•,e paten of Peridinium :;p. 

~ 

i '~ 
,, "' 

' ' 
:1 ---
I' 

"'-===t:==~ 0600 1200 11100 2400 

2p•l1 Sep 

Hg. 7. "C- and uxygen-dcrl\ed prunary pniducll\llY pe1 
unil c11/01up!1yll-a ,:oncemraiion (Hi~!(Jgrarn rt'/crs 1,, JJ1e 

"C-ftxal1Ltll: 11a1u1ed purtnin 1~ particulate prL1duct1,,11 
and ,,pen 1~ -,.iluble prL1dw.:uu11. Upper line cu1111ci.:t111g 
L1pcn L't1clc~ 1~ gro-,~ prtidui.:11,in i.:,,11\erted Jn,111 U. 
1uc111,,d, and l,1v.er line Cl11111ecti11g ~,,11d cndc-, 1~ 11('1 p1t•

dui.:J11>JJ calculated by correc11,i11 t11e11a,ctJ. 

'~C-and oxygen-derived rate~ uf p!10tusy11-
thesis \\ere normalized by chloruphylJ.a. Vig. 
7 shows lite diurnal changes of the p11n10.syn
thetic rates per unit of chloropl1yll-a. The 
resulls of assimilation number (mg Clnig cnl
a/h) indicates the ubviuw~ asymme11 ical and 
periodic pa11ern of pho1usyn1hesis. Altlwugl1 
the •~c data \\Cre quite closely tracking gro~~ 
oxygen production in the morning, there \\ere 
small discrepancies between the 1wu ~ets of ex
periments. 

Oxygen-derived net and gross production 
was corrected by gentamycin and prefiltration 
methods. Oxygen consumption of dark bottle 
was generally large, which indicated l11e possi
ble underestimation of net production witlwu1 
correction method (Table 4). 

Size-fractionated productivity and biomass 

Table 5 shows size-fractionated primary 
productivity and biomass in Gyeonggi Bay and 

labk 4. Resp1ra11,i ..:,,rrci.:11l,m by 111e gen1amyc11 and preldi1rat1u11 rner11uds 1rr Lake .",ltyang 

Pg 
Trn:e 

25 Sept. 
M-l2 U.14 
12-4 U.345 
4-8 0.091 

26 Sept. 
8 12 U.101 

Re 

(ml 0,11/\i) 

U.l ll 
U.U58 
0.029 

U.056 

Pn 

U.027 
V.288 
U.U62 

U.045 

(ienlalllyo11 Pre fl I l rat 1t111 

Pn Pn I< Pn" Pn"·R" 

U.125 8.3 0.042 0.4 

V.305 7.h U.JU 9' 
0.074 4.4 (LUISO I. :i 

0.090 8.9 U.U91 9 l 

(Pg: gros:-. photosynthesis, Re: cummumty respiration, Pn: uncorrected photosynthesis, Pn ·: net photosynthesis corrected 
by gemamycrn, and R ·: true rc:',pira.1io11 ur phytoplankton corrected by gemamycin) 
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Table 5. S1ze.frac1ionated pnmary pwdut1tvi1y and chlorup!1: ll-a cunct·111ral1u1i lll Gyeungg1 Uay a11d Lakt ~11}a11~ 

Depth 
T1Hal 

lJate cld·a(n1g/m 1
) 

(m) 
P(mg(; m'/!1) 

A '"15 May chi-a 4.26 
p HJ 

5 chi-a 3.80 
p I.JO 

JO chl•a 9.11 
p 0.36 

24 Jul} chl-a l.ll 
p 0.92 

6 chi-a 1.29 
p 0.43 

8 24 May chi-a 5.56 
p l.39 

25 July ,.:11l•a 2.00 
p 0.72 

l 26 Sept. Cill·a 30.10 
p 75.55 

Lake Soyang. SiLe-fractionated productivity 
in Gyeunggi 13ay indicated that small nano
plankton species were respom,ible for most uf 
the carbon fixation in the phytoplankton 
assemblage. Na11uplanktun pruduc1iun com
prised 62-88° o of 1u1al phytoplankton produc
tion. The contribution or the < 3 µ m cells was 
variable et each season and station. 

As noted in the carbon fixation rate, 
nanuplankton chlorophyll concentrations 
comprised the major fraction of total 
chlurophyll in this area. 

In Lake Soyang the contribution of net 
phytoplankton production reached average 
870-/o. But this may be overestimated O\\-ing to 
the abundant colonized microf!agcl!ates 
(3-7µ). 

PlanAtonic i-.s. bacterial respiration 

Bacterial respiration is one or the most 
significan1 problems in estimating net oxygen 
evolution nf phytoplankton. If additional 
respiration is severe. 1hc calculation of net 
photosynthesis (DO 11 g~: - DO.:,.,ntJ,J \\ill be er~ 
roneously low by the 'same' amount. 

Practically in vitro measurements (i.t'. bot
tle incubation) have the possibility that there 
can be a larger bac1erial growth on the bottle 
wall than !he surrounding \\ater mass. Pratt ct 
al. ( 1959) proposed the correcl ion procedure 
by prefiltration of phytoplankton before in
cubation, but this was blind to the bacterial at
tached tu the particle\ larger than filter pore 

(l,o 11f Tuta! 
Na11111 I ,ital 

;2µ > 22 3µ 3-1 µ 1·0.4µ 
( \) u) 

17 69 7 7 bl 
38 44 6 7 62 
12 51 24 14 " 29 36 14 16 7 l 
58 33 5 4 42 

12 64 14 JO 88 
22 44 24 JO 78 
23 36 23 18 " 25 36 30 9 75 
36 46 JI 7 64 
26 64 7 3 74 

l 62 25 JO 97 
12 56 25 7 88 
90 j 5 JO 
s, X 3 l 13 

~ ize. 
So, if it is possible to apply antibiotics gen

lamycin as the inhibitor of bacterial popula
tiun. it set:med that oxygen mellwd could give 
us better informations about the rate of car
hon or energy flux in the ecosystem as well as 
about the net planktonic production. 

Although viaI counts indicated tile over 
q50-10 reduction of bacterial colonies, thest: 
results do not mean the immediate inhibition 
in short-term experiments but the percentage 
1Jf gentamycin-sensitive strain. Also s1Ion-
1erm uptake experiments of 1H-glucose after 2 
u preincubation represented average 6107o in-
1ibition of bacterial metabl)lism (Table 6). 

Therefore in order 10 a.pp!y !he bat.:!crial 
nhibitor in the short-term produc1ion mea
;urements, 1he \.erificalion by the time-cuurse 

!able fi. H-glw .. ·t,~C ltH11,,\e1 t1111e. tu!"ll,1\Ct rate:- a11J 
)'Crcc111agc !lllllbllll'll ,,t (,l'lllall1)-<.:lll 111 U~t',,ngg1 Ha~ ,,n 
~ta}, 1%4 

·H-):lu1:u~e 'H.glw2,he turnmer ,, c, !111ll· 
',1a11u11 lJepllt IUr[l(J\er llllll r:l!t: ( ~" !HI b1t1c•ll 

/m) Ula:/ 1,,1.:i/ (rl;"lll.:llll)"l'/11 

A - - \.1)4 o.r.i 60 

' c u.-~ ll .. l\ ,, 
1" j() - 0 Y·J (I J": 50 

B I l.() -U• I c9 61 
'i"u1l,.:1" l .1IJ1,,1 ,,1,1 
H,.•111.ll",\ 11•1."11, Ul-ll~~l 
(,\1.,11,. I\L,<,I, I ·I •1) 

*Slv == Slf (Azam and Holm-Han<.cn 1973) 
S; subsrra1e cum::eniration, v: uptake ra1c, t: inrubatwn 
ume, and f. fr au ion llf the J.dd.1.;d 11a-:e1 1aken up 1n tmit: 1 
(S, \ - 1UrllO\('f tilllt:). 
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9 
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Fig. 8. Time-cuurse expenment uf gentamycm lest Lu 
tile samples uf SL B, October (Genlamycin-trealed 
samples were preincuba!ed for 2 hours). 

incubation was needed (Fig. 8, 9). Figure 8, 
however, does not shows linear respiration 
rate in the original sample. Figure9 indicated 
another time-course inhibition test accom
panied by 'H-glucose uptake experiments. It 
appeared that gentamycin could not block the 
bacterial respiration in early incubation 
periods. 

c----c 'H-1lucost uptake 
-Total 
o----o Gen!~'•IYCln 

,,· 

6 
T\rnc(hr) 

t0.45 

10 

6 X ]0' 
dpm 

Fig. 9. Time-course experiment of gentamycin test tu 
the pond water (Lower two lines represented the dark 
respiratiun of samples filtered with glass fiber filter 
(GF/C). Tritium glucose uptake experiment was carried 
out in the filtered water), 

DISCUSSION 

Some problems of production measurement 
by the oxygen method 

Although the Winkler method has been 
subject to some criticism and modification 
(Carpenter 1965, Carril and Carpenter 1966) 
it has been most commonly used in the deter
mination of dissolved oxygen in natural water 
because of its precision superior to oxygen 
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electrode. Furthermore, the introduction of 
the photometric titration made it possible to 
quantify small oxygen concentration change. 

There are, however, some problems in us
ing the oxygen method in the production and 
respiration measurements. Incubation time is 
an important factor which contro/s the preci
sion of the method. If 24 hour incubations are 
permissible without errors, then the precision 
will be average 7 µ 1 O,/1/day. But this preci
sion is inadequate for oligotrophic warer, and 
practically such long exposure are more 
susceptible to a variability of possible errors. 
If short incubation (2-4 hr) is used, about 2µg 
C/1/h can be only differentia1ed by the 
photometric titration. 

Furthermore, oxygen method has two 
basic uncertainties: bacterial respiration and 
photorespira1jon. Bacterial respiration correc
tion was attempted in this study, but photo
respiration cannot be solved, though 14 C 
method is also blind to the photorespiration. 

In order to attain maximum performance 
in the production measurements, much atten
tion should be paid to handling of the samples 
rather than titration procedure. The volume 
of all the bottles should be determined to 
0.01 ml, if possible (Williams and Jerkinson 
1982). Much care must be given to composite 
sampling in order to make same oxygen con
centrations. The presence of reducing and ox
ydizing agents if hormogeneously dispersed, 
may not affect the changes due to photosyn
thesis and respiration through the constant 
under- or overestimation of the true oxygen 
concentration. But it seemed that the in
terference from the oxidation of organic mat
ters could be only minimized by immediate 
analysis (phillips 1973). 

Scrveral error sources found in the ex
periments are described below. 
i) Intrinsic problems of the routine Winkler 
method 

I) air bubbles trapped in the bottle during 
the sampling procedure 

2) iodine volatilization during the titration 
3) interfering substances including oxidiz

ing and reducing agents which are 
naturally occurring (e.g. NO;, Fe (II), 
Fe (Ill), Cu(ll), Cr(Vl), oc1-, H,S, 
hydrazine, thiosulfate, thiourea, and 
organic matters acting reducing agents 
such as glucose, peptone etc.) (Phillips 
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1973). 
ii) Problems in the photometric and whole
bottle titration 

1) inaccurate volume of oxygen fixatives 
(manganous sulfate and alkaline iodide: 
1.00 ± 0.05 ml) 

2) possible volume inequalities from the 
temperature differences of samples 
(Williams and Jerkinson 1982) 

3) transparency shift due lo the optical in
consistency of bollles or sample turbidi
ty 

4) interference in the near UV absorption 
band such as Hg (Carpenter 1965). 

Diurnal primary productivity by the 14 C 
and oxygen methods 

Many authors suggested that ''C-technique 
111ay underestimate primary production in the 
o!igutrophic lake and open ucean water 
(Steemann Nielsen 1955, Gieskes et al. 1979). 
Hut these discrepancies have not been fully 
uuderstood. Although "C and oxygen 
methods were compared under a wide variety 
of culture and field conditions (Ryther 1956, 
McAllister 1961, Antia et al. 1963, Linder
boom and De Bree 1982, Davis and Williams 
1984), their results were often contrary to each 
other. The major discrepancies between the 
"C- and oxygen results seems to be that the 
excreted early products of photosynthesis 
were not measured in the routine 14C experi
ment. Another basic difficulties in comparing 
"C,and oxygen methods were the variability 
of photosynthetic quotient (PQ) (Williams et 
al. 1979) as well as the several problems caus
ed by long incubation. 

Although the two methods measure dif
ferent processes (carbon flux vs. energy 
flux), our in situ data represented good agree
ment bet ween the I wo methods of measuring 
plankton photosynthesis. We could not find 
the severe underestimation of 14C-technique in 
short-term incubation. These may implies that 
conventional ''C-technique p1ovides fairly ac
curate results of organic production. 

Diurnal productivity experiments by the 
l \\ o methods showed that "C method mea
sured the approximate gross production in the 
morning, but there were small discrepancies 
between the two in the afternoon. The obser
vation that more severe afternoon depression 
was in the oxygen method may suggest i) the 

uncertainty in adopting a PQ of 1.2, or ii) ac
tive photorespiration at high light intensity 
and high O,, low CO, conditions. 

Diurnal changes in the rate of photosyn
th1:sis seems to be responsible fur the en
dogeneous factors which affect the overall 
ra1 e of photosynthesis per cell ( Yentsh and 
Ryther 1957). The presence of phased cell 
di• 1ision in semi-synchronous natural pupula
tic n or photorespiration and photoinhibition 
(Harris 1980) may be one possible explanation 
of the afternoon depression. 

Si.:e-fractionated productivity and biomass 

Many ecological studies emphasized U1e 
relative importance of different size fractions 
of phytoplankton on the grnund that species 
su:;cession in marine phytoplankton can be in• 
flt enced by the several biological differences 
related with cell size (e.g. nutrient requirement 
and uptake kinetics, photosynthesis and res
piration rates, sinking rate, and suscep
tabilities as food for grazer: Durbin et al. 
1975). It has been reported that a variable but 
significant portion of primary production in 
laLes and oceans is contributed by the nano
plankton (e.g. Malone 1971, Kalff 1972, Seller 
1933). 

Our results also support the dominance of 
nonoplanktonic production in the coastal 
waer. In seems that small cells generally have 
sh mer generation times and higher growth 
ra1 es in a given environment than do larger 
ce:!s. In addition, the observation of higher 
percentage in nano-fraction at the polluted 
an,a (St. B) suggests that rather selective ef
fects of certain pollutants may enhance the 
su.·vival of small cells because nanoplankton 
may persist in situation where pollution has 
re, ulted in the loss of net plankton (Eppley 
ancl Weiler 1979). Low assimilation rate in 
Station B seems to be due to toxic effects of 
domestic and industrial wastewater. 

Low productivity on 15 May resulted from 
low light intensity, but low assimilation rate 
in summer was ascribed to small biomass. In 
su.nmer, we observed a large bloom of !Voc
til,ca sintillans, a non-photosynthetic 
di11oflagellate. The decline of photoplankton 
biomass may be ascribed to the active grazing 
of zooplankters, and the increase of nano
frection in summer implies high grazing 
prc:ssure on the net-fraction of the phyto-
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plankton species assemblage. 

Assessment of bacterial respiration 

Ecological applicatio_n of antibiotics as 
metabolic inhibitors of bacterial population 
includes many methodological problems. The 
one is the interfering substance contained in 
the commercial gentamycin sulfate. Gen
tamycin which consist& of several complexes 
(C,, C 1,, C,, A etc.) is a kind of 
aminogly1mside antibiotics inhibiting bacterial 
protein synthesis. Also gentamycin is non
reducing sugar, which does not interfere the 
oxidation and reduction reactions in the 
Winkler method. But small amount of sodium 
bisulfite contained in the commercial gen
tamycin sulfate acts as a reductant. The oxida
tion of sodium bisulfitt consequently leads the 
apparent decrease of dis\olved oxygen con
centration. lf reagent grade is not used, gen
tamycin should be added to the sample~ 
before subsampling and thoroughly mixed. 

Another problem i-; that we have no 
evidence lt1at gcntamycin only blocks 
bacterial rnctabuli~m and that of eukaryotes 
and blue-green algae remains relatively unaf
fected. 

Also there are <,Ome uncertainty about 
gentamycin-resistant strain with the 
aminoglycoside-inactivating enzyme (Davies 
1975). And the most important problem is 
whether the effect of gcntamycin leads a 
substantial decrease in oxygen uptake ir 
short-term experiment,. Time-course ex• 
pcriments shows hov,· many hour-:, of prein
cubation will be required to dcpres~ bacteria 
respiration. The re:-.ult~ respre:-.entcd that dur
ing the early incuhat i,rn period (1-4 hr), 
susceptible cells sho\vcd relatively small 
respiration inhibition. 

The respiratory inhibition by antibiotk> 
would be greatest during early log-phase, but 
late-log or stationary phase bacteria would 
not be readily affected, because the produc
tion and ac11vity of respiratory enzymes i 1 

early log-phase ~ell are greatest and then ir -
terference with protein ~ynlhesis would ha\e 
maximum effect (Yetka and Wiebe 1974,. 
Therefore our results suggest that at least 4-6 
hr of preincubation "hould be required to tt e 
complete suppression. 
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CONCLUSION 

The introduction of the photometric end 
point detec1ion 10 conventional \\,'inkier 
method made it possible to measure small 
dissolved oxygen changes from photosyn
thesis and respiration. Although sensilivity is 
still unable to overtake that of 1~C-1racer 
technique, this method seems te be com
parable to 1"C-inethod for the production 
measurement!:, and the related respiration 
studies. 

Bacterial respiration is one of the most 
significant problems in es1ima1ing net oxygen 
evolution of phytoplankton. Practically the 
ecological application of antibiotics has some 
problems, but it <,eems that bacterial respira
tion must be corrected in case of high mic
robial activity. 

Our in situ data represented g1..>od agree
ment between 14

(" and oxygen methods, and 
the severe undere~timation of '~C~technique 
was not observeJ in short-lcrm incubation. 
These result may suggc~t thal C<.Hn·entional 
'

1C-me1hod provide fairly accurate estimate~ 
of organic production in shon-tcrm incuba
tion. 
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ABS TRAC'.: 

A two-dimensional nurner ica l m0<le l is presented for the 

computation of the change of the directional spectral density of 

steady -state irregular waves due to current-depth refraction. 

The basic equation is the energy conservation equation, which is 

applied to individual frequency bctnd of the spectrum. For 

solving the equation a global fini1.e difference scheme is used. 

Sever a 1 samp 1 e computations are rnadEi to compare with ana 1 yt ica 1 

solutions. The 

the capability 

model results 

and utility of 

are compared 

the model 

applications are illustrated. 
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INTRJDUCTION 

A great deal of interest and concern is being directed towards 

the coastal environment. The accurate assessment of wave 

condition in near shore area is very important for the safe and 

economical design of coastal structures It is also one of the 

.important factors to be ccnsidered in the generation of 

near shore currents and the rEsponse of coastal sediments to the 

currents. There is a defirite need for an efficient and 

effective method for the estin1ation of irregular wave conditions 

taking account of the combined effects of depth and current 

refraction. 

Longuet-Higgins and Stewa::t I 1961) treated wave-current 

interact Lon theoretically b·; introducing the concept of the 

radiation stress. Peregrine( L976) and Phillips(l977) analysed 

this phenomenon comprehensiv;ly. A few attempts have been made 

in the development. of numeric::i.l techniques concerning for <:.his 

problem. 

The numerical models were proposed by Noda et al.{19~4) using 

a finite difference scheme, Skovgaard and Jonsson(l976land 

Iwagaki et al.(1977) based on wave ray method. All of these 

methods were for regular waves and were not sufficient for 

practical use. Tayfun et al. (1976) analysed irregular wave 

refraction due to shearing currents in water of vary~ng depth. 

Sakai et al.11983) suggest a numerical technique for the 

computation of directionc.l spectral changes.It adopted 

Karlsson's method(l969) and used wave action conservation 

principle. Recently, Cha<>ll983) and Brink-Kjaer(l984) used a 

backward-tracing method for Have spectra on a current field as 

that by Abernethy and Gilbe.·t(l975) for depth refraction. This 

is an efficient method for t1e estimation of wave condition at a 

specified point in shallow w::i.ter 

shoreline it is not practical tool. 

-16 -
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The numerical model is presented that computes the wave field 

resulting from the transformation of directional wave spectrum 

due to current-depth refraction. In this model the energy 

balance equation (Longuet-Higgins and Stewart, 1961) is applied 

to the frequen~y-directional componi~nts of the spectrum. The 

solution technique employed is finit:e difference approach, which 

is adopted from Noda et al.(1974), 1/ang and Yang(l981). 

The model was verified with analy•:ical solution and applied to 

field data. In this study the directional spectral changes were 

extensively investigated. 

GOVERNING EQU,\TIONS 

for refraction are the The governing equations 

kinematical equations for the wa·,e number and wave direction, 

and the dynamical equation for wave energy in current system. 

To compute wave number, 

conservation equation of 

irrotationality condition of 

i< and 

the 

wave 

direction, e 
wave number, 

number vector. 

we need 

and 

The 

equation for steady-state reduces t,J the following form: 

n = w ( .:::; i1) + 
or 

n = (g.:::tanh<h) ½ + u,c cos8 -+ vK sin0 . 

the 

the 

first 

( 1 I 

( 2 I 

where n is the absolute angular fr~quency; ~ 

angular frequency; < is the waJe number; 

is the relative 

is the current 

velocity; q is the acceleration d1e to gravity; s is the wave 

{orthogonal) direction; u and var~ x-and y-components of J; h 

is the water depth. Definition of the coordinate system is 

shown in F1g.l. TITe second equatio1 reads 
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I 3 l 

or 0 

~~ 
14) 

,y ax 
The wave ray path is defined as the trajectory of the absolute 

group velocity, 

~ 

+ u I 5 l 

The wave energy balance .,q...;ation can be applied to the 

component wave energy assoc1.,!:.~d with a certain frequency band, 

if the non-linear wave-wave L~teraction is negl1gible. When 

formulated in terms of wave n1~ber it is found that 

r 16 l 

where E{ v.1 ) is the component wave energy in wave number space 

( /L\h)dh"" ~o3H2 ) ; Sac is the radiation stress tensor such that: 

L ( ,: ) [ Cgr 'iJ y 
:.:r i<: 2 

I 7 l 

The subscript r denotes relative to the fixed reference frame, 

and a , e are tensor notations; 

dissipation. 

is the rate of energy 

The wave number spectrum E(::, K 2 ) can be interpreted as a 

directional frequency spectrum S{ f ,8 ) ustng the dispersion 

relation between K and n ( P:lillips,1977 ; LeMehaute and Wang, 

1982): 

ELn, ,·2) 

Substitution of 

400 

:,(f, {:) . 

do 

dK 

I 8 I 

gives 
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S(f,9)df = KE(KJ,K2)dK . 
( 9) 

The three equations of Eqs.2,4 ard 6 describe the changes of 

the directional frequency spectrum under the assumptions of 

Jl;h I« Kh, l7ul« .-:u and l~~I <~nu in order to exclude 

reflective and·diffractive effects due to abrupt changes of 

bottom slope and current field,respectively. The wave energy 

dissipation is mainly due to bottom friction and wave breaking. 

In the present model the bottom frictional dissipation and wave 

breaking by strong opposing current 

their complexity. 

are neglected because of 

The wave breaking dissipation irr the surf zone are taken 

account of following Wang and Yangll981): 

(Hs / L)b 0.12 tanh(Kh)b . ( 10) 

This criterion is imposed on the total energy in terms of 

significant wave height, 

spectrum. 

and it is applied to the wave 

The set of equations, 

difference methods. 

NUMERICAL SOLUTION 

Eqs.2,4 artd 6 are solved using finite 

A mixed forward, backward and centered 

difference scheme is used to minim:.ze boundary restrictions. 

Specifications of the wave spectrum at the offshore boundary, 

current and depth fields at all the grid points are the input 

required by the model. Solving t.he dispersion relation and 

Snell's law at every point on the ~1rid with the input conditions 

provides the initial estimate of wave directions and wave 

heights over the entire grid in thE! absence of current. With 

the known initial values the wave number conservation equation, 
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Eq.2 and the irrotational wave number equation, Eq.4 are csupled 
and are solved Simultaneously. 

The finite difference form for Eq.4 is used: 

:(_1_ 
K. . l,J 

( dK . dK ) (cose - ) . . - (s Ln8 - ) . . 
dy i,J ax i,J 

+ 8. . 
i '] 

(sin0li,j _ ei+J ,J (cos )i,-i / [{sin':')i ·j _ (cos9)i , J 111) 
6y ox 1 oy bx 

Subscripts i,j represent space-steps and subscript,n,iteration-

steps. The averaging scheme over adjacent grids was 

accomplished by the use of Ta1lor series expansion of sine and 

case. 

The energy 

height 

balance equation, Eq.6 can be written in terms of 

wave by using E ()(:a) .!. pgliH2 
8 

Energy generation and 

dissipation are 

difference form 

neglected in t.he present 

of the equation results: 

lH ..1.._ {u + Cgr cos8) + 2(u + Cgr ccs8) d!iH 
ax ax 

model. 

+ bH ~ (v + Cgr sin8) + 2 (v + Cgr sin8) :l/.H + Sa$~ 
ay ay ax, 

and 

where (v + Cgr sinSli,j / liY 

Bi, j (u + Cgr COG8) i, J / bx 

Ci,j {Cgrlsinec;~)- cose,;~)) -

-(cose r~Cgr) + sine ( ~Cgrl) 
X .-y 

(21! + 
ax 

au) 
ay 

(s ~ s dv t du Ov) l 
- xx d x + xy 5x· + ~ yx dy + Syy a"y i ..; 

'. 

The 

8 

.:.H2 

finite 

0 . 

I 12 l 

I 13 l 

Approximating they derivatives of e and b H in Eqs.11 and 

13 with 1st order upwind differences and the x derivatives with 

backward differences were usej. The values of the magnitude of 

e and liH can be computed for all points on rows. The wave 
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number, k and the wave angle, a 
iterative solutions of Eqs.2 and 

the wave height, t:.. H using row by 

obtained from the coupled 

11 are fed into Eq.13 to solve 

rcw relaxation method. This 

procedure is repeated until the shoreline is reached. The 

computations are to be carried out for as many spectral 

components,S0 (f,8) as 

spectrum at any grid point· 
K (lH) 2 

specifieC. The directional frequency 

is then computed as follows 

S(f, BJ 
Ko (!:..H0 ) 2 So l[,el . 

( 14) 

MODEL VERIFICATION 

The numerical model results arE compared with analytical 

solutions of regular waves. A region shown in Fig. 1 is 

considered for the computation. The water depth is taken to be 

40m at the offshore boundary and gradually decreases to the 

shore. The sea bed contours are parallel with a uniform slope 

of 1/50. The current field is considered to be constant as 

v=-1.Sm/s for the computation of the test solut.ion of 

monochromatic waves.With the condition of no lateral variations 

of current and sea bed Eqs.4 and 6 can be reduced to give the 

solutions of wave direction and wave height, respectively: 

and 

where 

Ko e = sin - l ( -K- sin OJ . 

H 

G 

sin280 ;: ( S:_ /~ 
Ho { ~) G 

Ho Ks KR. • 

l 
2[1 + 

2Kh 

· nh (2Kh) ) 

( 1 5) 

( 16) 

In Figs.2 and 3 computed wave direction and wave height are in 

excellent agreement with analytical results. The computed 
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results can be physically interpreted following Skovgaard and 
Jonsson {1976): The negativ2 currents shorten the waves an~ so 

they feel 

current. 

the bottom at a shorter depth than without the 

Therefore, 

than for no current. 

the bending of the wave orthogonal is less 

It can be shown that if we are in shallow 

water, the influence of the current on the orthogonal and on the 

wave height is exceedingly small in this case. 

The spectral changes due to current and depth effects are 

extensively tested. The directional spectrum of Mitsuyasu at 

al.(1975) type is used as the deepwater wave spectrum. 

spectrum is given by 

This 

S 0 {f , 6) • S0 {f) G (8) 
11 7) 

where 

404 

{0) _ _2._ 2:.-l \2 (s+l) 
G - TT 

2 I (2 !:: +l ' 

\ = Gamma fl,nction 
J. -2 5 5 max(f ) · 

s={ fps 
5 max(fp) 

for 

for 

fp peak frequency (assumed J/{l.O5 T:/3) ) . 

The computational region, current and bottom conditions are 

shown in Fig, 1. An inciclent wave with a period, T;;:; = 7s, a 

height, H1; 3 =2m was used. ~'he value of smax indicating the 

degree of directional spreading of wave energy is taken to be 10 

(assuming wind seas). The frequency ranges from 0.07Hz to 0.37 

Hz, where the most of the E~nergy is contained, and is divided 

into 15 segments with l f=: 0. 02 Hz. The wave direction ranges 

from 95°to 265°and is divided into 17 segments with ,:e = 10° 

The corresponding component waves, S(f,e) are 255 (= 15xl7). 
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The computational procedure similar to that used for the case 
of monochromatic waves is applied to every component waves of 

S ( f, & I. The prevailing wave direction containing the maximum 

energy, 80 is taken as l 3'l'. The components with the direction 

smaller than 95°and greater than 265'.:l are neglected. Those 

spectra are for the point of water Cepth, h- 6m. 

Figs. 4 and 5 show the computed changes of the frequency 

spectrum, S(f) and the directional ~pectrum, S(6 ), respectively 

in the cases of current and depth refractions. The positive 

current to the major direction of the spectrum generally 

increases the wave energy in com~arison to the pure depth 

refraction. The current-depth refracted spectrum is most 

sharply peaked, but the direction cf the peak spectral density 

is nearly same as that of the depth refracted spectrum in this 

case. 

The changes of directional frequercy spectrum at the water of 

6m deep are shown in Figs. G(a) to 6(e). Fig.6(a) is the input 

spectrum at the offshore boundary, which is assumed to be 

homogeneous over that boundary. 

effects on the spectral change: 

Fi~. 6 I b I shows the current 

the high frequency components 

are significantly skewed to the left by the current, but it is 

not obvious in the low frequency. 1his is mainly due to smaller 

celerity than that of low frequency component in comparison to 

the current velocity. The wave erergy is increased by the 

positive current to the wave direction ( 9 < 180°) 

In Fig. 6(c) the pure depth refrcction effect on the spectral 

density distribution can be seen. 1he low frequency component 

having large wave length are morE affected by the water depth 

than the high frequency, the peak Energy is a little increased 

by shoaling effect. Fig. 6{d) sho~s the changes of directional 

frequency spectrum by the combined c~rrent-depth effect. In the 

low frequency range the water depth effect is dominant on both 

-23 -

405 



406 

the wave dir~ction and energ). The opposite current to the main 
wave direct1•n increases the energy in comparison to the' pure 

depth refraction. The main cirection is less shifted shoreward. 

However, in the high frequenc·y range of the spectrum tl1e current 

effect is dominant on the wave direction. The change of wave 

energy is not obvious in thJs range. The contour lines of 

spectral dEnsities are in general skewed to the right 1~ the 

direction of 9 < 180 °. This is due to the increase of wave 

energy by th'2 opposing curre1it. 

Fig.6(e) shows the change ,,f 
having the main direction 

components of e > 180° decrea:;es 

directional frequency spectrum 

80 of 225°. The energy of the 

in comparison to the inp~t and 

depth refrac~ed spectra, which is caused by the negative 

component of the current. The lengthening effect of the current 

shifts the ffiain direction more shoreward than the depth 

refraction. 

Three-dime~sional view of :he spectral change is shown 1n 

Pig.7. The convergence of t1e energy distributio~ and the shift 

of the ruain direction, and also the change of e~ergy level can 

be clearly seen in the figur~. 

The change of the signific~nt wave height, which is calculated 

from the spectrum, is shown in Fig. 

of the waves is opposite to the 

8. ~hen the main direction 

current 60= 13~ ), the 

significant wave height increases in general. The pattern of 

the changes in the cases of =urrent- depth refraction { e: = 13? 

and 225° ) is different from that of regular wave in this case. 

It is thought that this is mainly due to the difference in the 

current field and the convergence ( or divergence ) effect of 

the directional spectrum. 
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PRACTICAL APPLICATION 

The present model was tested with field data in order to 

illustrate its applicability in predicting the spectral 

transformation of waves propagatinq on a current field in water 

of irregular bathymetry around Hupe harbor in the east coast of 

Korea. The computationa1 region(fl.SxlO.SkmL) consists of 525 

rectangular grid points where the grid spacings are tx=250m 

and .:y=750m. One set of field data were chosen,which were 

simultaneously observed at two ~,tations,Wl and W2 in fig.9 by 

Datawell Waverider buoy and arc ultrasonic wave gauge, 

respectively. The magnitude of tl1e coastal current was assumed 

as O. Sm/s and the direction was Et!E · in February (Lie, 1984}. The 

directional spectrum at the offshore boundary was determined 

from the product of S(f), obtainecl from the field data,and G{9) 

in Eq.17 withsmax=75. The waves were considered to be a swell 

with long decay distance(Goda,1977: and the main direction, was 

ENE. 

The computation was made for the wave spectrum in the ranges 

of frequency, f=0.07-0.3Hz( t:.f=O.C2Hz) and direction,~ =95~265° 

( t.6 =lcP). The bottom frictional C.issipation is not included in 

the computation since it is neglisible when the waves propagate 

the short distance. The results are shown in Fig.10. The 

current-depth refracted spectrum i~ in better agreement with the 

field measured one than the depth refracted one. These spectra 

lie under the depth controlled lim1ting form for spectral shape 

(Vincent,1985). The vector plots of significant wave heights 

and prevailing directions are showr superimposed over the depth 

contours (Fig. 9). 
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COK'.:LUSIONS 

The results of this study indicate that the model can be used 

to accurat~ly simulate the transformation of steady - state 

irregular waves propagating or. a current f1eld in water of 

irregular bottom configurat1cns. The work of the model follows 

closely the formulation of Sh1au and Wang(l977J, but the first 

upwind differencing method 1s used for the governing equations 

instead of their ffiethod . It gives a stable solution over the 

entire grid. 

From the examination of the changes of broad banded 

directional spectrum, it. can be noted that depth effects are 

dominant in the low frequency range and current effects in the 

high frequency range of tLe spect.rum. In such cases,the 

spectral approach provides mo1·e reliable results than tl1e depth 

refraction fer regular waves. 

This rr,odel 1S a linear ur.d stationary one that ignores 

nonlinear wave - wave interactions and wave generation by wind. 

Also the model is applicable only for the steady waves on slowly 

varying current field and bot·:om contours. The vigorous wave 

breaking process by opposi:1g current and bottom frictional 

dissipation are excluded. Ev,?n with the simplified assumptions 

in the model, the numerical computation yield quite acceptable 

results prior to wave breakinJ. 
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Depositional Environment of Late Quaternary Sediments 

and Suspended Particulate Matter on the Southeastern 

Continental Shelf, Korea 

Bong Chool Suk( E~tll) * 

Abstact : 132 bottom sediment samples and a total of 66 water sample from the continental 
shelf of Korea Strait were studied in order to deliniat, the depositional environment of the late 
Quaternary sediment and to study the dispersal r attern of suspended particulate matter. 
Sedimentary facies can be mainly distinguished into two provinces; one is a long and narrow 
belt of nearshore mud along the Korean Peninsula and the second is sandy deposits seaward 
of nearshore mud belt. The coarser sandy and gravellt sediments show the typical characteris
tics of relict deposits. Comparison of the mean grain size between the surficial and subbottom 
deposits shows that paleocurrents were stronger than present current in the central area of the 
Korea Strait. Muddy sediment in this area seems to be derived from the Nagdong river, from 
the erosion of the local coastline and from the large rivers of mainland China flowing into the 
East China Sea and the Yellow Sea. Most of the sandy sediment deposits in the Korea Strait 
were subaerially exposed during the lower sea level in the late Pleistocene. Since then, finer 
sediments have been winnowed away or prevented from being deposited by the Tsushima 
current. The Nagdong river, coastal muds erosion and the large rivers of China also might be 
significant source of suspended matter. 
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INTRODUCTION 

• Korea Ocean Research and Development Institute, 
KAIST llUlilN!l!/'>l!:iF;i; · l!a/1'111'.!1:inl 

n,~ present study area is the continental shelf 
bemeen 34"00' and 35"!0'N latitude and between 
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128°30' and 120°30'E longitude. The Korea Strait 
is about 280 Km in length and had a breadth 200 
km. 

A study on the depositional environment by 
textural analysis had been done by many scient sts 
(Chappell, 1967: Folk, 1968: Folk and MarsJn, 
1958; Folk and Ward, 1957; Friedman, 1951: 
Moiola and Weiser, 1968: passega, 1957, 19E4). 

Emery et al, 1969; Honza, 1978; Kwon ,,nd 
Park, 1973; Nino and Emery, 1961; Park and Han, 
1985; Park and Song, 1971: Suk, 1981: Suk <1nd 
Park, 1983: Wageman et al., 1970 studied marine 
geology of the East Chrna sea and/or the south ;ea 
near the present study area. However there_ are 'ew 
studies for the depositional environment and sus
pended matters of the Korea Slrait except for 
physical oceanographrcal studies (An, 1974; FR )A, 
1961-78, 1980: Kong, 1971; Lim and Chang, 
1969: Lim, 1973: Monyasu, 1972: Tanroka, IS68; 
Y, 1966, 19701 Therefore, this study ,s intended to 
study the sediment d1stnbut1on pattern and the de
pos1t1onal er.vIronment of the late Quaternary ,ind 
Recent sediments, and the dispersal pattern of 
suspended matter of the Korea Strait 

GEOLOGIC AND OCEANOGRAPHI::; 
SETTING 

-rhe study area is shallow with depths of at out 
3C 200m and suomarine contOLifS to run par,illel 
to '.~1e c.oas: line uf Kmcan PertLn'.,ula One sub
marine trougn exte,101:1g ·n !he nor:tiedsf d1rec I0n 
(w1U' a moxIum depth of 225 ml was found In the 
cen:ra1 par: JI U11; St 0 J1! The slope st<ows a I:ra
dua. patter·: ot l SGO Iri the riear',ncre area. ,r
;:;':'.'JS1,1g rJp1di1 ,_;p to l lOC ,-n •r,p subma 1ne 

·rc1..:"Sr: (Frg : : 

i ",ere ar"'! mar.y ,s!and:: adJdcent ro the soutr ern 
:cast which is characterized hy a da t rpe 
sr,c.e:ine The jrainage basin of the Nagdong ri1er. 
o~e cf tne large~t rivers 1n Korea, •s locatec in 
southeast of kore21, between 35~ and J?°N lat1!Jde 
ano between 128° and 129 'E longitude fhe 
southf;rn boundary of the Nagdong river bas11·, Is 
Characterized by the low hills of na ccast facing the 
Korea Strait The highest peak in the basin Is the 
J,n Mt. (EL 1,915 ml The TaeBa1k Mt. at the 
northerri end of the basin has an elevation of 1,573 
m The drainage system Is dendritic with nver de
ns1tIes. of 2-3 KrrvKm 2 indicating a mature sLige 
Through Nagdong estuary, the river drschages ab
ou1 63 billion tons per year and 71.4% (45 b1 lion 

418 
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Fig. 1. Location of sample stations, and bathymetry of the 
contour interval in 10 m 

11 

tons) are concentrated during the f.lood time from 
June to September. The average amount of sedI 
men! discharge ot the Nagdong river Is up to 400t' 
Km :: per year, the tot:JI Jmounts cf sediment dis
charge are lOmill on tons per year (Ministry of Con
struc:ion. 1974). 

Tt,e Quale'narv deDosits of ,1nconsol1dated co:1-
gjomerate::. cover about l.500 K;r:· 0f :r•e ?.IILcv1aI 
~la1ns. The ,:or,.;0I1dated rocks. cong:nrre;ates 
sanostones. sh.::.IPs, marls. '>ome coal seams. 
p~ophyrite and rr·d t11ffs of Cretaceous (Nagdon~ 
Jnd Silla Series) JCCJpy about 10.000 Kr•r ':!f the 
dra1riage ba~,1n These sedimentary rocks are ,n. 
trude::l by late Cretaceous grarites Granite gneiss 
of Precambrian origin Is assoc:ated with rT'eta- se
d:mentary crystadine shists in the nortr,ern and 
southern areas. These rocks are afso intruded by 
the late Cretaceous granite. Minor extents of Trias 
sic and Cambrian sedimentary rocks are recog
nized In the northern and northwestern areas. 
(Geologrcal Map of Korea. 19811 

The Korean Peninsula, lies w,th1n the Asiatic 
monsoon circulation and expenences hot. short, 
humid summers and long, cold, dry winters. Spring 
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and fall generally represent a transitional perod be
tween these two important climatic regimes. In the 
southeast of the Korean Peninsula. the Tsush1ma 
warm current characterized by both high tempera
ture and high salinity flows By current measure
ment from the nearshore area east of Geoie Island, 
this region also may be influenced by the Tsushima 
warm current Bottom current speeds measured at 
the nearshore stations using an Aanderra current 
meter (RCM-41 ranged from 5 cm/sec 10 30 cm/ 
sec. The low current speed occurred 1n March. and 
maxmIum currerit speed occurred in February In 
February and in September the current speed was 
around 25 ,::misec. The c. .. ment speeds 1n ta!\ and 
winter months are faster than those 1n spring and 
summer months. 

According to Byun et al. (19821. in summer (F,g. 
2 & 3) the tsush1ma warm current water Is con
fined In a middle layer between the upper seasonal 
thermocl1ne and the lower permanent thermocline. 
AnC Fig. 2 also sr.ows the character1st1c two bran
ches of the Tsush:rna warm Curren: hclVlng north
ward h1g~ sunface velocity of more than 50 cm/ 
sec. 

Vertical profiles of termperature, salinity and sig
ma-t measured bet'Neen Pusan and Tsushina ls
land are given ,n Fig. 3 (Byun et al .. 1982) F,g.3 
shows water temperature variation from more than 
25"C at the surface to 6°C near the bottom, salini
t,es of 32 0% to 34.3%. and s,gma-t of 20 to 27 
respectively. The seasonal therrnoc\ine is characte
rized by 24" -18"C water temperature about 20 rn 
below the surface, and the permanent thermocline 
appears at a depth of 130-160 m with water 

E 
'i' 
>--' 
~ 

'" " 

-
Fig. 2. 
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Velocity profile of section Pusan and Tsushima 
(Hl-H6) which 1s represented in Fig. L (after 
Byun et al. 1982). 

temperatures of 12° -8°C. 
The south coast is character,zed by both semi

(!iurnal tides and a mixed tide, which shows both 
diurnal and sem1diurnal characteristics. The mean 
lldal range is 0.9-2.3 m along the south coast with 
~ pring values reaching 3.5 m. The tidal range in
crease westward from 1.2 m at Pusan to 3.3 m at 
Yeosu harbor. The flood tide generally sets in west 
changing to northwest. and then north around the 
~outhwest tip of the Peninsula The ebb tide sets In 
t 1e reverse direction Speed ranges from 1.5 Knot 
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Byun et al. 1982). 
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in offshore areas to more than 10 knots in near
shore and between the varioLJ£ island. 

MATERIASLS AND METHODS 

Seiments sample were collected using Phleg<·r 
gravity corer at 94 stations during August in 197fi, 
1979 and 1980. (Fig. 1) 

Seawater samples of the measurement of su:;
pended matter were taken using Van Dorn wat!!r 
sampler at three layers (surface, middle and bot
tom) at a total of 22 statioris on November in 1980. 
The term "surficial sediment" refers to the top 0-5 
cm unit of the sediment column and "subsurface 
sediment" represent 28-32 cm of the sediment 
column below sea floor. Grain size, calcium car
bonate content and total suspended matter wc1s 
measured for each sample. For grain size analysis, 
50.0 grams from the bulk sample was dried ard 
weighed. The samples were washed three times :o 
remove soluble salts, and the sand and mud fra ::
tions were separated by wet sieving. Grain si;:e 
analysis was done by standard sieving, l/2 phi ur11t 
interval, and by pipetting (Chester, 1970: Folk ar,d 
Ward, 1957). Sodium hexametaphos,phate WdS 

used for disaggregation of the fine sediment par:i
cles prior to pipette analysis. For comparis1on of 
the result of the R--mode factor analysis, the data 
were also plotted on Visher's probability stale arid 
a C-M d,agram. A Vax 780 computer was used for 
ca!culat1ng textural parameters and for drafting t11e 
figures. 

tor total suspended matter, water samples were 
filtered immediately using millipore fllterpaper (pore 
size o.45 11 ) on deck. 

RESULT AND DISCUSSION 

Bottom sediment facies and grain size. 

Surfic1al and subsurface sediment 1n the stu::jy 
area were 1nvest1gated through textural analysis of 
more than. 130 sample and the gross distnbut1Jn 
pattern of sediment facies 1s shown 1n Fig. 4 and 5, 
respectively. 

The fine sediments of the suriicial sediment ie 
sandy silt, sandy mud, silt and mud are dominant 
in nearshore areas along the coast Coarse seji
ments of the surficial sediment (muddy sardy 
gravel, gravelly muddy sand, sand and silty or 
muddy sa'nd) are dominant in the outer region of 
the narrow and long fine sediment belt which ~x-

420 

Fig. 4 Map showing bottom distrrbut1on of suriic1al sed1 
ments. Class1f1cat1on of sediments follows f:01k 
119541. 

tends from the nearshore to the trough of Korea 
Strait. 

The fine sed·mer,tary fac1es is /irn1ted to approx
imately ten kilometers from shore and runs pararetl 
to the coast line. Patches of fine sediment are also 
distributed 1n southern part of the strait about 30 
Km from the Geo1e Island. 

Nino and Emery (19611 suggest that fine sed,
ment 1s more rapidly supplied by rivers and 
streams than can be removed by the current. 
Coarse sediment probably largelv remained 1n re
sponse to the winnowing of f111e grains by the 
Kurosh10 current in East China Sea 

The subbottom sediment which 1s at 28 to 32 
cm from the sea floor 1s s1m1tar 1n overall textrual 
character to the surface sediment. There 1s howev
er, a small but significant change in the relative 
distribution of the grain size classes, that will be 
discussed later. 

Oepos1tionai environments of the bottom sedi
ment were mainly class1f1ed by grain size analysis 
and by factor analysis_ The graH1 size distributions 
of the study area are shown in Fig 6 and 7. The 

13 -
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)~ ., 

~-_,,_-~----.,..,01 

F,g. 5 Map showing bottom d1str1bution of subsurface 
sediments. CJassif1cat1on of sediments follows 
Folk 11954) 

mean grain size ranges from 1.64 to 7.77 (average, 
4 18) ph, for surficial sediments (Fig. 6) and from 
1.6 to 7.96 (average, 4.86) phi for subsurface sedi
ments (Fig. 7). These size ranges indicate medu1m 
sand to clay using Wentworth's size sca!e. 

The distribution of mean grain sizes in the study 
area shows a genera! pattern of finer size near
shore and coarser size in the outer part of the 
Korea Strait. The coarest sediment is located near 
western Side of the center of the Strait. There 15 
also a tendency towards fine grain sizes, southward 
from Geoje Island apparently reflecting the influ
ence of fine sediment influx, from the Korean Pen
ninsula and from the East China Sea. 

The mean grain size of the subsurface sediment 
is relatively similar to that of the surface, however 
finer sediment which has a grain size greater than 
5 phi extends further into the central area of the 
Korea Strait compared to surface sediment distribu
tion pattern. The mean grain size versus water 
depth is shown in Fig. 8. In the study area the 
mean grain size, in general, does not have lineation 
increases linearly with water depth for both surficial 

- 14 

Fig. 6 D1stnbut1on of mean grain size of the surficia1 sedi
ment. 

Fig. -· Dstribution of mean grain size of the subsuriace 
sedinient. 
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Fig 8. Diagram showing relat1onst11p between water jepth 
and rnean gram size. Solid circles are suf1c1.JI sedr 
ment3 and triangles are subsuface sediments 

and subsurface sediments. On the other hand. ver· 
t1cal profiles and d1str+but1on patterns of mean uain 
size bet\Neen surface and subsurface sed1nent 
show that depositional environment for each l3yer 
,s slightly different. 

In the nearshore area and in the outer pa 1 of 
Korea Strait. the vertical mean grain size d1str1bu
tIon gradually changes until the trend rs relat vely 
coarser grains towards the surface. On the ether 
hand, the vertical trend of mean grain size reverses 
in the central part of the Korea Strait tren Jing 
northeastward (Fig. 91. 

This suggests that current patterns must have 
been qu,te different at the time when the sutbot
tom deposit now 28 to 32 cm below the sea 'loor 
were formed. 

This indicated that the speed of present day cur
rents both In the nearshore and near the trouf h Is 
greater (han paleocurrent speeds On the ether 
hand, the paleocurrent was stronger at the ce 1tral 
area of the Korea Strait It also suggests that the 
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Fig. 9. Upward trend of :nean grain size (unit in phi), 
upwaid inuease represent in upward finer 

I 
I 
I 

f, 
7• 

I' 
I 

Fig. 1 a. D1stribut1on of sorting (Standand deviation, phi 
unit) of the surf1cial sediment 
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axis of paleocurrent shows the same northeastward 
trend as is found today. (see Fig. 9). 

Sorting value (standand deviation) ranges from 
0.53 to 4.95 phi which indicates a change from 
moderately well to extremely poorly sorted (Fig. 
10). The sorting value of subsurface sediment 
ranges from poorly to extrememly poorly sorted 
11 51 to 5.42 phi), most are very poorly sorted (Fig. 
11) 

The d1stribut1on pattern of sorting for both surli
cia! and subsurface sediment is more or less simi
lar. However in the middle area which is mainly 
coarse sediment, the sorting is poorer as depth 
increases. 

Skewness ranges from coarse to strongly fine 
skewed 1-0.51 to 0.85) but most samples are 
strongly fine skewed for surf1cial sediment. Subsur
face samples ranges from strongly coarse skewed 
to strongly fine skewed 1-0.46 -0.901, most are 
fine skewed. 

Sor11ng vs skewness of the surfic1al sediment are 
sho" 1n 1n Fig. 12. It does not show any d1stint1ve 
trend. however. skewness value of the mud rs more 
shifted to the negative than that of sand. A simple 
model for sediment deposition. 

In order to understand the transport mechanism 

,, •• ,of ,n•oo, 

Fig. 11. 01stribut1on of sorting (standand deviation, unit in 

phi) of the subsurface sediment 
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Fig. 12 Diagram showing relat1onsh1p between standand 
aev1at1on and skewness of the surfic1al sediment. 
Solid circles are sandy sediments. solid triangles 
are muddy sediments. 

in the study area, R-mode factor analysis has been 
done 'or surfic1al and subsurface sediment. Grain 
size i:; also plotted following Visher's probability 
scale .md a Passega's C-M diagram was prepared. 

Thri:e diffierent distribution groups were found in 
the study area by R-mode factor analysis and from 
Visher s probability curves. 

A simple transporting model is as follow. For 
surlici3I sed1ment-sed1ment d1str1but1ons less than 
7 0: suspension for 6 0 to 2 0: saltat1on more than 
1 0 s ze class; bed load transport. For subsurface 
sedim~nts-sediment distribution less than 5 to 6 O: 
suspe 1sion 4 0 - 30: saltation: more than 2 0 size 
class; bedload transport (Fig. 13). 

The dominant colors of t~e surficial and subsur
face sediment on the Korea Strait range from olive 
gray I j Y 412) to dark gray (5 Y 4/J) and gray (5 Y 
511) (\1usell Rock soil Charts, 19751. 

(1rigin of Modmn and Relict sediments 

Th€ distribution of sediments is we!f divided into 
two s,;d1mentary fac1es, one is a long and narrow 
bett o nearshore mud and the other is sandy sedi
ment seaward of the belt of nearshore mud. 

16 -
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Fig. 13 Oe'ldrogram for R-mode cluster aria1ys1s o the 
tOtdl grain size classes 

Wells et al. I 19831 suggested that coastal rr uds 
eroded during wrnter m the southeastern Yellow 
Sea are transported south into the Korea Stra t at 
rates of 25-250 :x 106 m3/yr. These volume tr ms
port rates are 1-2 orders of mangItude greater ·han 
can be explained by input from Korea rivers al me, 
suggesing that muds may be derived from ether 
parts of the Yellow Sea 

The total amount of sediment discharged by the 
Nagdong river In Korea is 21s much as 10 million 
tons per year. It 1s obvious that muddy sed1me11t 1n 
the study area 15 denved from the Nagdong -iver 
and from the local erosion of Korean Peninsula and 
!rem the large rivers of mainland China. 

Surface rr1uddy sediments on the nearshore area 
appear to be man1nly Holocene 1n age The Hv,an
gho River which ranks second in sediment dis
charge among the world's riv-er-; Is reported to dis
charge about 1,100 m1ll1on tons of sedir1ent 
annually. The Yangtze River in the southea~tern 
China contributes about 500 million tons of fine 
sediments with subordinate amount of s2 nds 
annually to the East China Sea (Milliman and 
Meade. 1983; Schubel et al. 1984). This ·,ver 
borne sediment Is debounched to the ocean and 
much material Is also transported to the KJrea 
Strait by Kurosh10 current. 
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Park and Han I 19851 suggested that clay miner
als in the Korea Strait contained on average 53% 
illite, 19% Kaolinite, 16% intergrade clay, 6% chlo
nte, 5% smectite and trace amounts of sepiolite 
and attapulig,te. 

The clay fractions of the sediments near the !and 
are supplied by river-borne sediments and are 
mixed with sediments tranported landwards from 
the offshore. 

The distribution of clay minerals in the offshore 
area of the Korea Strait, does not show any distin
tive patterns. The distributions appear to have been 
influenced by the supply or red1stribut1on, or both, 
of fine grained sediments of river runoff from the 
Korean Penn1nsula as well as fine grained sedi
ments of Tsushima warm current from the East 
China Sea. 

Most of the Korea Strait sediment was subaerially 
exposed when sea level in late Pleistocene time 
stood about 130 meters below the present levels. 

Evidence of this exposure 1s provided by the 
pantal alteration of iron bearing minerals in the 
offshore sands to hematite in this study area and 
by patchy deposits of bare and buried well rounded 
beach gravels located at some places In the study 
area. A general discussion of the relationship be
h,veen Modem and Reiict seGIments is given by 
Curray 119651 and Emery 11952) 

The sediment on the outer shelf of the Korea 
Strait was also considered to be relict because of 
the anomalous distribution of grain size and the 
abundance of calcium carbonate. 

Emery I 19681 reported that sands on the outer 
ha1f of the shelf 1n the East China Sea and Yellow 
Sea are calacareous and they are 1ron-sta1ned. 
typical of relict sediments that remained unburied 
on most continen:al shelves of the world during the 
Pleistocene time of glacially lcwered sea level~. 

In this region, saridy sediments seaward of the 
muddy beft are, In general. sfIght(y mixed with 
Holocene muddy sediment but these deposits are a 
broad distr1tut1on of coarse sandy sediment from 
which finer :;ed1ments are winnowed away or pre
vented from being deposited by the strong Tsushr
ma current. 

Radio-carbon dates for several samples of the 
adJacent East China Sea rarige from 4,000 to 
30,000 years (Emery et al. 19691 

Calcium carbonate 

CaIc1urn carbonate in bottom sediment of the 
Korea Strait composed mainly of entire calcareous 
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Fig. 14. Distribution of CaC03 content of the surfic1al sedi
ment. 

biogenic remains were investigated by a total of 83 
surface and subsurface samples. The content of 
calcium carbonate in the study area ranges from 
9.7 to 41.1 percent in surface samples and from 
10. 77 to 35.37 percent in subsurface sediment 
samples, respectively, and average abundances are 
21.68 and 22.71 percent, respectively. There is lit
tle variation between surtace and subsurtace sedi
ment. 

Fig. 14 and 15 show the distribution of biogenic 
remains in bottom sediments of the Korea Strait. 
Shell material is dominant in the central part of the 
Korea Strait and increases from north to south in 
the Korea Strait. 

Comparison of F,g. 14 and 15 indicate clearly 
that shell abundance is greatest in the area of 
coarse sediment (gravelly muddy sand deposits) 
relative to those in muddy sediments. 

Most of the calcium carbonate in the Yellow Sea 
of Korea and East China Sea 1s of direct organic 
origin, chiefly ,n the form of foram1niferal tests, fol
lowed in order by broken mollusk shells (mostly 
pelecypods, gastropods, and pteropods), echino,d 
spines, and bryozoans (Nino and Emery, 1961). 

.~ 

; 
; 

.! 
I 

Fi 1}. 15. Distribution of CaC0 3 content of the subsurface 
sediment. 

Km and Han (1972) reported that they 1ndentif1ed 
2:l species belonging to a genera of planktonic for
rriniferas and 196 species belonging to 80 genera 
of benthic forms in the bottom sediments off the 
sc,urtheastern coast of Korea. The warm and shal
loN water species became more common towards 
the south. 

Distribution of Suspended Matter. 

The suspended matter consists mainly of plank
to1 and other organic material with minor amounts 
of mica, quartz and feldspar. The concentration of 
SL spended matter varies a little, depending on the 
stations and depth of the samples, the maximum 
ccncentrat,on is 8.17 mg/1 at St. C5, the minimum 
ccncentration is 0.28 mg/1 at St. AS, in the surface 
w;iter. Total average is 1.85 mg/1. 

Suspended matter in the surface water 1n the 
nc,rhteastern area is lower than that in the south
w1!stern area. This implies that suspended sedi
m=nt is transported from southwest to northeast 
af,mg ttle same pathway as the Tsush1ma current. 

Vertical prfi!es of suspended matter al each line 
of stations are shown in Fig. 16. 

- 18 -
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Fig. 16. Vertical profiles of total suspended matters n 
each section 

High concentration at St A4 indecates sed1mer t 
of being transported southward along the eastsid= 
of DeogJuk Island without affecting resuspension <•f 
bottom sediment. The core of highest concentrc: -
tion in middle layer of station A4 is the result of the 
thermoc/rne barrier preventing easily mixing wit,1 
the high density water mass below the thermoclim·. 

The High concentration which is found at St B6 
is the result of the resuspension caused by irregu
lar and complicated sea bottom topography. 

The concentrations in the surface water alor g 
line C is, 1n general. higher than those of the near
bottom layer. 

There 1s no distictive pattern to the spatial di>
tnbut1on of total suspended matter. However n e 
result of clay r'nirreral analysis indcate that the Na·J
dong river. local erosionand East China Sea mig~t 
be significant as a source of suspended matter 
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CONCLUSIONS 

I. The distribution of sediment is distinctly de
vided into two sedimentary facies, one is a long 
and narrow nearshore mud such as sandy silt, san
dy mud, silt and mud, and the other is a sandy 
deposit seaward of the neashore mud belt, that 
consists of muddy sandy gravel, gravelly muddy 
sand, sand and silty or muddy sand. 

2. Comparison of the mean grain size of surfic1al 
and subsurface sed,ments indicates that the pre 
sent current both nearshore and near the trough 
relatively stronger than paleocurrent. On the other 
hand. the paleocurrent was stronger at the central 
area of the Korea Strait. 

3. Most of the Korea Strait sediments were sub
aenally exposed when sea level in late Pleistocene 
time stood about 30 meters below the present 
leve!s. Iron bearing minerals 1n many of the 
offshore sands are partially altered to hematite and 
bare and buried well rounded beach gravels are 
located at some places with patchness. The sedi
ment on the outershelf at the Korea Strait was also 
considered to be re11ct because of the anomalous 
distribution of grain :,1ze and the abundance of cal· 
cium carbonate. 

4. Calcium carbonate content in bottom sedi
ment samples of the Korea Strait containing entire 
calcareous brogernc remains. The content of ca!
c1um carbonate ranges from 9. 7 to 41.1 percent in 

surface and from 10. 77 to 35.37 perecent 1n sub 
surface sediments. respective!y. 

5. Suspended matter content in the surface wa
ter 1n the northeastern area 1s less than that of the 
southwestern area. By considering the spatial d1s
t1but1on of totai suspended matter. one does not 
find any dist1nt1ve pattern, but the Nagdong nver, 
local erosion, and East China Sea might be s1gnif1-
cant as source suspended material. 
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Distribution of Chemical Oceanoi:-raphic parameters during 
Summer in Jindong Bay 

Dong-Beom Yang· Kwang-Woo Lee"" 
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Distributions of chemical oceanographic parameters were measured in Jindong Bay in 

July and September, 1982 and in July, 1983. 
In July, 1982, low concentrations of nutticnts were observed in the surface waters of high 

salinity. In September, 1982, lowering of surface salinity accompanied an increase in nutrient 

concentrations which were too low for red-tide bloom. In July, 1983, although the sampling 

was done just after heavy rainfall, concentrations of dissolved inorganic nitrogen in the surface 

waters seemed ro be not sufficient for red-tides to ,,ccur. And dissolved phosphate contents 

were over 20 µgP/l in the surface waters, suggesting that phytoplankton growth was not limited 

by phosphates. 

Introduction 

For water quality protection in the coast

al environments, it is essential to monitor and 

to be able to predict the phytoplankton 

biomass since undesirable phytoplankton 

blooms deteriorate water quality by depleting 

dissolved oxygen in the bottom waters during 

their decay. Furthermore, some dinoflagel

late species produce, during the bloom, toxins 

harmful to other organisms and human. 

Since late I 960's, red-tide outbreaks on 

the southern coasts of Korean peninsula have 

damaged coastal fisheries and aquaculture. 

Several studies have been reported on the oc

curence and causes of red-tide blooms in this 

25 

ar,,a (Cho, 1979, Park, 1980, 1982, Yoo and 

L<e, 1980). And from 1979 extensive phy

sic al, chemical and biological investigations 

have been undertaken in J inhae Bay by Korea 

Ocean Research and Development Institute 

(lee et al., 1980, 1981, 1982, 1983). 

Although the phytoplankton blooms are 

nc t yearround as in Masan Bay, more serious 

damages were encountered in J indong Bay by 

re j-ride outbreaks, since this region is an im

pc rtant areas for various aqllaculture. 

Red-tide outbreaks in this region have 

mainly occurred in summer and occeano

graphic observations were carried out in 

summer months. Distributions of chemical 

oceanographic parameters are discussed in this 

paper. 

429 



26 Yang ar.d Lee 

.\\aterials and .\\e'thoJs 

Oceanographic obsen·ations and sampli 1g 

was carried out at the ten stations in Jindo 1g 

Bar on Jul\· 19 and September 15 in 1982, and 

on July 25 m 1983. LocJtion of sampli1g 

stations (St. 11 through 20) are sho\VTT in Fig. 

I. 

Methods of measurements for salinity a ·1d 

dissolved oxygen are described elsewhere (1 ee 

et al., 1983 ). Analyses for dissoked nitrates, 

nitrites and phosphates were carried out w th 

the Technicon AutoanalyLer 1I using the 

method of Zimmermann et al. ( 1977). 1 he 

concentration of ammonia was determineJ b:,: 

the indophenol Nue method \ Koroleff 

1969) and the extinction at 630 nm \;as 

measured rn 1 cm cm·erres in J Perkin Elner 

552 spectrophotometer installed on board. 

Chlorophyll a was determined on acetone ~x

tracts method(SCOR-C~ESCO method,19,\6). 

For the analysis of particulate carbon (l'C) 

and particulare nitrogen (Pl\'), seawater s;.m

ples were filtered onto the preignited g ass 

fiber filters (Whatman GF /C) and measure

ments were carried out with an elemental an

analyzer (Perkin Elmer 240B) by the method 

of Kerarnbrun and Szekielda (1969). 

Results 

Mean values of occ:anographic pararne:ers 

at each sampling depth in J indong Ba, in 

July, 1982 are shown in Table I. 

Surface water temperature ranged from 

22.7 to 25.2°C, whereas it \'aried from 18.0 

to 21.2° C in the bottom waters. Sali 1ity 

ranged 33.5-34.1%,both in the surface and 

bottom waters. 
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Mean DO concentration was 5 .°6ml/1 

m the surface waters and 6.3 mlil at Sm 

depth and 4.3ml/I in the bottom waters. 

Nitrate concencratwns were lower than 

16µgN/1 at the surface and at Sm depth, 

whereas in the bottom waters they reached 

1 OOµgN/1 at two stations. 

~itrite concentrations, being quite low in 

the surface waters, increased slightly in the 

bottom waters. 

Phosphate concentration.~ were also low. 

ranging 1.6 to -t-.3µgP/l in the surface waters, 

2.5-10.SµgP/l at Sm depth and 15.2-

40.0µgP/1 in the bottom waters. In contrast 

to nearby Masan Bay \\.:aters receiving high 

amounts of Jissoh'ed inorganic nurrienrs 

from wastewaters, surface waters of J indong 

Bay were relariq~ly poor in nutrients. 

Surface chlorophyll a contents \Vere 

lower than 2µg/l except at St. 11 (6.3µgill. 

Mean \'alues of chemical oceanographic 

parameters at each .')arnpling depth in 

September, 1982 are summarized in Table 2. 

Surface temperature ranged from 23.5 

to 24.9°C, as were at 5 and !Om depth. 

Below 1 Sm depth, water temperature \·aried 

from 20. 7 to 22.0° C. From surface to 1 Orn 

depth, salinity was near 30%0 whereas it 

exceeded 32%oin the bottom waters. Mean 

DO contents were 5.9ml/l at the surface and 

at Sm depth and in the bottom waters they 

were 1.8m1/l, which were significantly lower 

value than those of July. Anoxic bottom 

waters were encountered at St. 18 and 19, 

where the same conditions were encountered 

in the summer of 1979 and 1980 (Lee et al., 

I 980). 

Surface nitrate concentrations were 

generally lower ,than S0µg:,,;/1, except at St. 12 

and 14 while it reached !OP and 200µg;,.;/l. 

respectively. In the bottom waters, nitrates 
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were more than 50µgN/l at St. 12, 14 and 16. 

At St. 18 and 19, nitrate contents were only 

14 and llµgN/l, respectively, which might 

suggest that a signifcant fraction of nitrites 

·were removed by denitrification processes. 

following oxygen depletion. 

Nitrite contents were low at all stations, 

Surface phosphate concentrations, ranging 

from 5.0 to 22.3µgP/l, were higher than that 

in July. At St. 18 and 19, phosphate concen

trations m the bottom waters exceeded 

l00µgP/1,.probably due to the decomposition 

of organic materials and leaching from anoxic 

sediments. 

Chlorophyll a contents were lower than 

3,ugfl in the surface waters, whereas they 

increased slightly at 5 and 10m depth 

Mean values of chemical oceanographic 

parametef'i at each sampling depth in July 

1983 are presented in Table 3. 

Since sampling was carried out three days 

afrer a heavy rain, influence of freshwater 

runoff was expected. 

Salinity distribution in the surface waters 

ranged from 29.0 to 31.90% 0 

Although these values being lower than 

annual mean surface salinit~' in 1983 (Lee 

et al., 1983), the influence of lanciwater 

runoff during the rainy season was not so 

r renounced as in \1asan Ray. .\kan salinny 

at 5 and 1 Om depth were 31.8 and 3 2. 5%o 

respectively, which were similar to salinity 

at the same depth in Masan Bay (Lee et al., 

1983) 

Dissolved oxygen concentrations in the 

surface waters varied from 5.0 to 6.7ml/I 

(102.0-13 5.8%) Saturation percentage of 

DO exceeded 130% at St. 15 anJ 16, where 

chlorophyll a contents were relatively high. 

In the bottom waters, oxygen depletion, 

like the bottom waters of the inner Masan 

C!lem1ca1 ,Jceanqraph1c Parameters 27 

Bay, did not occur in Jindong Bay. More 

than 50% of saturation percentage of 00 

was observed on the bottom waters of all 

stations. Dissolved nitrate contents in the 

surface waters were relatively low. More 

than Z0µgNil was observed at St. 11 and 16. 

Dissolved nitrate contents increased below 

the thermocline at about the 10m depth. 

In the bottom waters, relatively high concen

trations of nitrate (m=70.lµgN/l) existed in 

association with degradation of organic 

matter_ 

Nitrite concentrat10n also increased from 

the thermocline reaching 21.9µgN/l of mean 

value m the bottom waters. 

ammonia contents in the surface waters of 

J indong Bay \,Vere also low, average being 

16.7µg;\.'/1. ,\1ean dissolved ammonia con

tents at 10m depth anJ at bottom was 55.6 

and 32.4µg's/l, respecti,·elv, showing a 

subsurface maximum of ammonia concen

trations in many stations. 

Subsurface maximum of ammonium is 

known to occur from the regeneration of 

ammonium by zooplankton and/or bacteria 

together with the stratification m summer 

(Sainoetal., 1983). 

Oissoh-ed inorganic nitrogen (nitrate + 

nitrite ~ Jrnmonium) contents in Jindong 

Bay JiJ not exceed 1 OOµg:--.;11 at the surface 

1nd .it Sm depth. 

Dissolved phosphate concentrations in all 

)Urface waters were over 20µgP/1, below 

.vhich level phytoplankton growth is limited 

,y phosphates ( Kuhl, 1974). 

Highest chlorophyll a content was 

ncasured in the surface waters of St. 15 with 

1.6µgll. !\.lean surface chlorophyll a con

,:entra.tion was 4.3µg/l, indicating that phyto

plankton blooms were not to be initiated. 

Particulate nitrogen and particulate carbon 
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contents were 86.5 and 523 . .'µg/l, respec· 

tivdy in the surface waters. Mean C/N 

ratio in the surface waters was 6.07 suggest• 

ing that land·driven organic material was 

J KOR WAT POLLUT. RES CONTR. 

not an important fraction of particulate 

organtc materials. Rh·er particulates has 

an a\·erage C/N ratio of 8.8 whereas 
marine phytoplankton has a ratio of 5.7 

( Meybeck 1978 )_ 

Table 1. General characrenst1cs of sea water m Jmdo 1q Bav 1n July, 1982 

Depth Temperature Salinity DO Nitrates Nitrites Phosphates Chlorophyll a 
(m) (°C) (%.) (%) (µ; Nil) (µg Nil) (µg P/l) (µg/1) 

0 24.2 33.52 166.3 7.6 4.3 3.0 1.4 

5 23.1 33.64 183.5 9.7 5.0 4.5 1.5 

B 19.0 34.01 121.9 i4.2 17.6 25.8 14 

Table 2. General characteflstJcs of sea warer m Jmdong Bay m Semember 7982 

Depth Temperature Salinity DO Ni :rates Nitrites Phosphates Chlorophyll a 
(m) (°C) (%,) (%) (µg Nil) (µg i''/1) (µg P/1) (µg/1) 

0 24.2 30.J 9 169.8 54.3 3.2 9.1 2.0 

5 23.8 30.! 7 169.0 34.4 3.3 9.0 1.6 

10 23.3 30.29 124.7 38.4 6.0 7.0 2.5 

B 21.2 32.05 42.7 43.2 12.6 66.5 0.9 

Table 3. General charactensttcs of sea water m Jmdont Bay m July, 1983 

Depth Temperature Salinity DO Ammonia Nitrate> Nitrites Phosphates Chlorophyll~ PN PC CIN 

(m) ( OC) (%,) (%) (ug N/1) (ug N/1) (ug N/1) (ug P/1) (ug/1) (ug/1) (ug/1) 

0 21.9 J0.64 116.2 16.7 6.1 5.4 24:7 6.5 87 524 6.1 

5 22.2 JI.Bl 90.4 14.7 0.6 5.4 25.4 5.J" 75 488 6.5 

10 19.2 32.49 62.3 55.6 29.1 14.8 35. 3 2.3 51 360 7.2 

B 16.2 Jl.11 61.7 32.4 70.1 21.9 39.5 0.9 50 384 7.8 
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Discussions and conclusion 

Comparison of the results of July and September, 1982, showed that surface nutrient con

•centrat10ns increased with lowering of salinity. Nevertheless, nutrient concentration in the 

surface waters seemed to be too low for the phytoplankton blooms. In fact, extensive red tide 

blooms were not reported in the area in 1982. 

In July, 1983,dissolved phosphate were not likely to be limitting, since its concentration 

in the surface waters exceeded 20µgP/l below which level phytoplankton growth is limited by 

phosphates ( Kuhl,1974). Furthermore, the minimum level for large scale outbreaks of red
tides is 13.Sµg/P/l Uapanese Association of Fishery Resources Protection, 1972) above which 

phosphates may not be limiting. 

In July, 1983, dissolved inorganic nitrogen conl ents above the thermoclinc was far less 

than l00µgN/l, which is the minimum level for large scale outbreaks of red~tidcs (Japanese 

Association of Fishery Resources Protection, 1972). 

It may indicate that red-tides in July, 1983, resulted from the maximum effective utilization 

of dissolved inorganic nitrogen by phytoplankton. ~.everal studies of nitrogen cycling in near

shore waters have concluded that the majority of n .trogen required for maintenance of high 

standing stocks anJ productivity ratio comes from rapid in snu mineraliL:ation (McCarthy. 

1972, Harrison, 1978). 

In this respect, the recyding of nitrogen compounds m this region should be studied exten

sively when the undesired phytoplankton blooms were to be predicted from occeanographic data. 

The role of turbulent mixing which ensure the considerable quantities of nitrogen com

pounds to be supplied to the surface layer from bottc.•m layer should also be mvest1gate<l, since 

the red-tides are frequently induced by these processes (Honjo, 1974 ). 

Of 
' 

':!%'l} 'il"1oJ\•1 1982\17-,/49-';1, 1983\17 .. <>11 Oll•lf~O}"l"r''l ¾i-i!- if_Af~f'.llct. 
1982\l_ 7-'i!<>ll-lc ..!.'ll-l/-'1 .!!.¼ToJ\•1 .,,.g. 'll 0J'll '1/.'Uf •HI -"l'.llct. 1982\19 .. <>l-c 'll;\':'1 

7J-£.9t ",,ft oJ 0J~ -a"5..7}- c.}-;±. "E"0l-,J.2-.i.f- ~~ tlJ"<!o!J o]1I_7Jo!J"C ';t'.g. -'g-5._'JJ.c:J-, 1983'.171l 

oJ\-c >J-•f'-l-V-<>11 ;f.At-f- 1/•l~f'.ll~'-t J!.¼"r'l ¾~'\I -'/-71{!±-,J '1/-£-lc <!1-itY aj;f.'!!-'\!½~~
~±-'1/-£ 11.ct -11'\'! 'lt~ct. 

¾~'\I 't[.g. .11.¼"r'of-'l 20 µ9 P/1 oJ<J- 01= ~l~'ti"f7f of';!~~.£. ,!1.oj':]cj-, 
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Effects of Different Processing Techniques on Interpretation of 

Marine Seismic Data 

Oong Koo Youn(Jlltitl*, S.ing-Joon Han(\i'l\ittl(Jel**, 
and Byong-Kwon Perk( tHrHi I*** 

Abstract : A batch of normal incidence model jata was generated to evaluate processing 
effects The input model includes primary reflectivity series, its potential multiples, linear 
dipping noise, and random noise. Spike models v~ere created and convolved with minimum 
phase and zero phase Butterworth wavelets for thE generation of reasonable synthetic seismic 
model data. Bandpass filtering, predictive deconvolution, array former, and f-k filtering were 
tested individually to see their parameter variations and corresponding outputs. Optimum 
parameters for each algorithm were selected anc applied in the combined sequence test. 
From the result, individual parameter variations and combined steps are evaluated. Multiple 

suppression is well performed by predictive decorvolution. The selected lag was 24 ms and 
operator length was 200 ms for the model data. Cn the real marine seism 1c data with airgun 
source, the log of 24 ms is generally good, and th€ operator length ,s flexible with water depth 

and operator design window length. Coherent nois,· is reasonably attenuated by f-k filtering of 
array former. F-k filtering is preferred to array fo·mer because a considerable reduction of 
lateral resoution power is inevttable in an array for ner operation. The f-k filtering is designed 
for only specific noise or primary zones with high frequency limit to minimize edge effects and 
aliasing. The array former mixes adjacent shot and or receiver traces with temporal and spatial 
weighting factors, hence affecting good data zones 3S well as noisy zone in a similar fashion. It 
is recommended that brute stacks (field data sli,ck before any processing) along with in
termediate stacks are considered against the test results when evaluating the total processing 
effect. A few key lines should be taken through a d,,tail evaluation of processing effects and be 

extrapolated to other lines in the area. 

liH, sl\ltt<l!i. f,f.lf_{'Pf'I ',M"l ;c 'J%-~ -<I,,<\ ,1 , I s\"i 'c,q ;,,Nili1!'1\ rli/t-%: •1-§-t\"i '1 '1 >\ 
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~t{ll'IE .iJ.:;~t- r:H>,-i4- ~~c\ r~Jtl-~c.+. 

Ill ftiJ!1JcJ-1': -"-"~~J<j;c tiii1¥+<J ,,10J* 200 m,, !fil!IJfiliM (lag)l,- 24 ms."- !!!5.E<f"i ~il!&l!t 
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* * Geolog1cal Oceanography Lab .. Korea Ocean Re.'earch and Development Institute, Seoul 135, 
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INTRODUCTION 

Customary a final filtered migrated stack section 
is used for the interpretation and subsequent nap
ping. A final section after 10-20 processing steps 
may really depend on the various processing r,ara
meters and combined sequence. The most Jpti
mum parameters and sequence can be delined 
only for a well defined interpretive obJective. I the 
ob1ect1ves are scattered around and several rirnse 
problems exist, the best singular processing sequ
ence with optimum parameters of each step night 
be hardly definable. Therefore. the evaluatic n of 
processing effects on the final section Is an impor
tant factor for a more accurate interpretation 

This study is aimed to the analysis and ev:1lua
t1on of several important processing techniques 
wflich are needed in most marine seismic date pro
cessing and also leave apparent footprints 011 the 
final section. Multiples and dipping noise: are 
selected as main targets of suppression by st·vera! 
corr.puter processing algorithms. Generally hese 
two problems of multiples (mostly water layer 1ever
berat1ons) and dipping coherent noises (mostly 
marine cable jerks} are the most serious problems 
in the marine seismic data had been well defined 
and analyzed by Larner et al. (1983). 

An input spike model was generated in the order 
of primary reflectivity series generation, addit on of 
multiples, addition of dipping noise, and addit,on of 
random noise. This spike mode! was com'Olved 
with zero phase and minimum phase wavelet, For 
all the subsequent testings, the zero phase wavelet 
convolved model which had primaries, multiples, 
dipping noise, and random noise was used and 
displayed In true amphtude with a constant ,~xcur
sion parameter except deconvolution testingi, (Fig. 
5 and 61 which were relatively gained to peak am
plitude due to amplitude reduction of spikir1g de
convolution. 

Multiple suppression was tried by predict1 ,e de· 

convolution with 3 different lags. Other parameters 
such as operator length, additive white noise and 
autocorrelation window design were unchanged. 

D1ppIng noise attenuation was tried by f-k filter
ing and array former. Two re1ect fans in f-k filtem1g 
were varied to evaluate optimum range Weighting 
factors of array former are varied to see pattern 
length. 

Random n01se attenuation was tried by band
pass filter with varying bandl1mits from wide band 
to narrow band. But the b1~st random noise 
atteunation was achieved by array former as uni'l 
tentional side-effect. 

The combined processing sequence to achieve 
maximum elim1nat1or of mutiples. dipping noise, 
and random nrnse with maximum relative enhance
ment of primary reflection signals was tested with 
various sets 1Jf combined step'.3 Whether mullipfes 
should be tn:ated first or dipping noise should be 
treated first Is always questionalbe in most marine 
survey, but In most cases the dipping noise prob
lem 1s treated before ,nultiple attenuation if both 
are treated in a consecutive sequence. Processing 
order problem seems depend on the various fac
tors such as input data, computer algorithms with 
their inherent side effects. anc optimization of pa
rameters. 

MODEL DATA GENERATION AND 

TEST PROCEDURE 

Model Data Generation 

The input mode! data was generated in following 
4 steps. 

l. Generation of primary relfectivity series: A 
geologic model with 6 interlaces (horizons; reflec
tors}, including free surface and one below the last 
reflector, was created in dept'l with velocities and 
densities for 5 layers. Horizontal distance covers 
5000 ft and vertical depth reaches 300 ft. Trace 
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interval is 200 ft giving total of 26 traces. This 
depth model was put into a normal 1nc1dence 
ray-tracing modeling program to create reflectivity 
series. During ray-tracing, energy losses due to 
geometric spreading of wave front, partial relfec
tlons above a horizon, and wave attenuation were 
not accounted. Sampling interval is 2 ms and data 
lengto is 100 ms (Fig. 1-A). Reflection times falling 
in-between samples were linearly interpolated into 
two adjacent samples. 

2 Addition of multiples All the possible and sig
nificant multiples were added to the primary reflec
tion seque1ces by multiple generator program 
Multiples 1ricude waterbottom re\Jerberation assum
ing the tree surface 1s water, peg-leg rnult1ples and 
intertJed multiples. The output consists of primaries 
and multiples (Fig. l Bl. 

3 Addition of dipplng noise· A group d1pp1ng 
noise was added to the output of previous steµ 
Simulated clips of the coherent noise are + -67 
ms/trace{syrnrnert1c at trace 16) The velocities ot 
the dips are + -2985 fVsec which 1s much slower 
than the water velocity. but trace spacing can be 
assumed d1tferently to have particular velocity 1.F1g 
1-C). The amplitude of each symmetric noise train 
has same val:..ie. 

4 Addition of raridom nrnse Random sequences 
were generated and added to the previous model 
which has primaries, multiples and d1pp1ng noise. 
The RMS amplitude of each sequence was scaled 
to 10 °1" ol input and event probab11"1ty ot having 
non-zero values was set to 100%. It means ran
dom noise power 1s 20 db and all samples have 
values (Fig. I -DI 

These 4 sets of spike model were convol\Jed with 
a minimum phase Butterworth wavelet (Fig. 21 and 
a zero phase Butterworth wavelet !Fig. 3). A zero 
phase Butterworth wavelet is generated as follow, 

W(f)=(li(l +(t/FH' '2N)x(l/(l +FU 
fl' '2MII 
where: W(f} = Butterworth wavf'if't pnwN spec 

trum 
f = frequency 
FH =high-cut frequency, 3 db point 
FL= low-cut frequency, 3 db point 
N,M=filter order at FH and FL, depend on 

the slopes. 
Actually used parameters were bandlim1t of 10 hz/ 
18db to 60 hz/36 db and 120 ms of filter length. 
The minimum phase wavelet was shaped from this 
zero phase wavelet by least-squares inverse filter 

dE·sign. 

Test Procedure 

I 1put model for all the testings is Fig. 3-D which 
ha~ primaries, multiples, dipping noise, random 
no1 ;e with zero phase wavelet shape. Equivalent 
rnir11mum phase wavelet model (Fig. 2 D) 1s addi
tior ally used for predictive deconvolution testing 
bee a use spiking deconvolution (predictive decon
voltJtion with unit lag) 1s sensitive to the phase. 
Direr algorithms were pretty phase independent 
anc general resolution of zero phase model was 
bet er than the minimum phase one. All the plots 
are displayed in true amplitude with a constant ex
cur ~1on parameter except deconvolution tests (Fig. 
5 and 6). Sp1k1ng deconvolution weakened ampli
tud; in the extent of several times making rt unable 
to , .ompare wtth other deconvolution with an iden
tical scaling. 

Eoandpass t1lter1ng was tested to evaluate gene~al 
no1 ;e suppression with 3 different bandwidths such 
a, 10 hl 38 db-60 nzi36db, 20 hai]8 db 50hz: 
36clb and 30 hz 18 db-40 hz136db(Fig. 4). High 
anc low cuts were defined at-3db point. Operator 
,s d1s1gned 1n frequency domain and transofrmed 
intc time domain for convolution or correlation. 

F ;edictive deconvolution with various lags (gaps 
or predictive distances) such as 2 ms, 24 ms 100 
ms, was applied to see the effectiv<:ness of multiple 
sui;press1on (Fig. 5 and 6). Operator length was set 
to ;)oo ms even though presumed water depth at 
trace 1 1s 240 ms. This ,s due to short data length. 
A cles1gn window length must be bigger than 4 
tim,,s of an operator to get acceptable stability. The 
adc 1\ive white noise amount was ~el to 0.1 % of 
peak autocorrelation power within cl design win
dov,. This white noise 1s a stabilizer to prevent 
zeros or negative values in the windowed spectrum. 
but undesirable s\de-eHects o1 the white noise are 
phcse distortion, poor inverse filtering and preven
tior of spiking. It 1s recommended to limit this 
whi .e noise less than 0.1 % for marine data. Decon
volution was tested on both of zero phase and 
m1r1mum phase models to evaluated its phase de
perdency Although predictive deconvolution ex
pects m1n1mum phase input data, only spiking de
convolution is strongly affected by non-minimum 
phcse input. Due to strong reduction of amplitude 

by ;piking deconvolution (the reason is not trace· 
abl" yeti, plots were relatively gained to show same 
peak amplitude 1n each trace. 
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Array former tested to evdluate d1pp1ng n(11se 
suppres'..:i1on (Fig. 7l. Receiver array width was 2n-
1arged by mixing 3 ad1accnt traces with 3 different 
weighting I actors such as U 1. 1 2 1 and U, I It 
did not correct normal rnoveout (not apl1cJblc to 
zero offset data) 2.md averages incompletely on the 
both edges of a hatch. 

For the same purpose as array former, f-k filter
ing was te'..:,ted w1til various reJect fans (Fig. 8) rhe 
coherent noise has dips of about -t - 67 rns1tnce 
and rt 1s digitized manually due to lack of cornµ 1ter 
algorithm. The program transolrms ~ -·D 
space time(x-1) domain seismic data into 2 D fre
quency wavenumber{f • k) domain 1 wo reiect I ans 
were designed for each test to attenuate both s;m
metr1c dipping nrnses The dip adJustrnent was 1n 
voked tu m1n1mizc aliasing and tapering edge·, of 
Ian:, was invoked to reduce edge effects. The Edge 
effect of 1- k filtering meanc; that the edges of ans 
formulate rnild nrnse trains becau:,:,e they beco nes 
clean linear boundaries 1n the f-k dorna1n after sur• 
g1cal operation. 

Combined processing sequi2nces with array for 
mer(F1g. 9) Jr.d w,th f-k filter1ng(F1g. 10) were ev 
aluated for the selection of an optimum seque 1ce 
The order of processing steps affects the outpL t as 
much as algorithm and parameter variat1,ins 
Bandpass filtering 1s placed at the last because it 1s 
not desirable to cut-off available frequency bard 1n 
the middle ol data ,dependent processing 

DISCUSSIONS 

Wavlet Processing and lnterpreatabili1y 

The goal of wavelet processing 1s to recove1 the 
reffectivity function from the seismic data without 
wavelet convolution effect. It can be considerEd as 
a revmoval of wavelet component from the s1 np!e 
convolutional model, 

or. 
where: 

Sit)= W 10' R(t) + Nit) 
S(f) ~ W(f) x R(f) + N(f) 
Sc::. se1sm1c trace 
W=wavelet 
R = reflectivity 
N'="- noise. 

There are two approaches to get the waveld 1n, 
formation One 1s deterministic measurement and 
the other 1s statistical estimation Generally bath 
approachec; have problems of temporal and spatial 
invariance. A seismic wavelet changes its s 1ape, 
amplitude and phase along time domain and aiohg 

offset domain and this variance problems are 
almost ignored in the wavelet processing. 

Spectral wh1te111ng effect of the wavelet proces
sing 1s acl11eved by specifying the desired output 
wavelet with flat spectrum. This usual!y boosts high 
frequency contents. but sometimes causes 1nval1d 
breakups of solid events 1n trme axis and leads to 
poor m1grat1on. 

The choice of frnal wavelet phase could be ddfe• 
rent !or different obJect1ves But a zero phdse 
wavelet is generally prferred because of its centrdl
ized energy concentration and smaller side robes. 
The 1Pro phase wavelet model {Fig. 3) gave clearer 
delineation of events than tt1e m1n1rnurn phaSE! 
wavelet model (Fig. 2) For stratigraphic or minor 
structural 1nlE:rpretat,on. phase rotated sections re
veal different features freuently. Polarity and minor 
time shift problerris cdn be reevaluJted by pt1ase 
cha~15es. F requeGcy domain phase rotation can be 
performed a5 following, 
where. Y(t) - XillcosP H(t)s,nP 

Y(t) =-- P degree pha:,e rotdted trace 
X(t)-=--= input trace 
Hq) ...c Hilbert transotrm of input trace 
P---= ph0se rotation angle. 

Thus a90 degree: phase rotation grves fhe max-
1tnum difference ,n tt1e wovelt shape and time lag 
It rs recommendable to compare 45-and 
90-degree phase rotated sections with normal and 
reverse polarity ones tor tne stratigraphic ob1ec
t1ves 

Multiple Supression Processing and lnter
pretability 

In the marine seismic data, waterbottom rever
berations are one of the most important problems_ 
Particul.::irly near group traces are frequently 
dominated by ringing (or singing) of this water
confined multiples. The filter design for the removal 
of this reverberation has simple form such as ( l + 
cz· · n) 1n z-transform because the reverberation 1s 
a geometric series of l '( l + ca .. n) (here, c 1s 
wate.i:bott•-m reflection coeff1ci~nL n 1s water depth 
2-way t1rne 1n number of samples).· 

Predictive deconvolut1on works well on the att<?
nunat1on ol any periodic event which has period 
between lag cmci operator length. ft finds period 
and amplitude of multiples on the autocorrelations 
of each trace and zeros out. 

Two moc!els with minimum phase and zero 
phase wavelets were tested with the lags of 2 ms, 
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24 ms and 100 ms (Fig. 5 and 61. The wavelet ,s 
contracted to the length of lag, thus w ms lag wdl 
have spiky result for 2 ms sampl,ng data. The spik
ing deconvolution results (Fig 5-B and 6-B) 
showed poor multiple suppression but minimum 
phase result had clean spiky series. Minimum 
phase input wavelet ,s strongly expected by the 
spiking deconvolution, but most source wavelets 
are not minimum phased. 

Predictive deconvo\uf1on with a lag of 24 rns 
showed good multiple suppress,on. A 100 ms lag 
d,d not perform effectively because half of the 
waterbottorn Is shallower than the lag. Operator 
length could not be optimized due to short data 
length and deep waterbottom Some of deep water 
seIsmIc data or far traces of long cables have this 
problem. 

Unoptimized deconvolution will ledve residual 
multiples 11 the lag is too big or operator length ,s 
too small. Also ii will cause primary attenunation 
and pseudo-event generation with small lag and 
long operator especially after stack. 

Coherent Noise Suppression Processing 
and lnterpretability 

The cnherent d1pp1ng noise is a common prob
lem In marine seismic data and frequently masks 
out important prIrnarIes The mechanisms of the 
col1erent marine noise are classrf1ed as inl1ned 
waves. mechan1cdl cable motion. and side-sca
ttered waves (lamer et al, (1983) 

Commcn aproach to treat the coherent noise is a 
m~lt1ch;mnel processing such as f-k filtering and 
array former. An arrdy former technique 1s a s1rnple 
adJacent shot or receiver trace mixing In tirne do
main It suppresses random nrnse eftect1vely as 
well as coherent noise. It always enlarges array 
length and ccnsequently reduces lateral resolution. 
Bcrkhout( 1984) expresses latersolution in relat"1on 
to pattnn iength as follow. 
wt1t;re. Amax(/1) .. arcs1n(cf1. U. 

Amax= maximum spatial resolution dip 
11 - freuency 
c = medrurn veIocIly 
L =---= pattern length 

In above equation. the spatial resolution has an 
inverse relation with a pattern length 

F Ig. 7 shows con:,iderable atte;1ualion of radom 
noise by array former processing. but many of dip
ping events are laterally flattened. Generally array 
former processing gives cleaner section with good 

r orizontal continuity, even though there are many 
cver•-enhanced pseudoevents. Minor structures 
and stratigraphic features might be £JSily dis
appeared by the lateral mixing. 

F-k filter,ng (velocity filter or dip filter ,n frequen
cy domain) works on the dipping noise removal 
and frquently, Is compared with array former or 
team steenng (NMO corrected summing) for the 
,ertormance evaluation. Fig. 8 shows the results of 
f k filtering with various tans of dipping noise rejec
t1Jn. Random noise was not much suppressed and 
the wider fan re1ection (Fig. 8-B) showed overkill
ing of primaries and multiples. Narrower fans (Fig. 
8-C ar.d D) showed less destruction ot signals and 
s )me work on the dipping noise. 

The comparison between array former and f-k 
ti tering shows that an array former reduces overall 
lderal resolution, while f-k filtermg can be cor1fined 
ir the narrow fan of coherent noise. It is more 
ri:comrnendable to use f-k filtering than array for
mer for the coherent noise suppression. 

Processing Sequence and lnterpretablity 

The comb1nat1on of processing steps to attack 
s ;veral problems Is an important subject but many 

processing centers use routine sequence based on 
1I1e1r experience and theoret1caI background. 

In this test model. multiples and d1pp1ng noise 
\/\ere the main targets of attenuation by processing. 
Vlhelher mwlt1ple suppression should be done be
fc,re dIppIng nrnse suppre'.'>sIon ro 11 should be the 
o her way raround. was tested with different pro
c ~ssing orders. Multiple suppression was done by 
p-edictive deconvolution and chherent noise atte
nJat1on was done by array former or f •k filtering. 
F .g 9 shows a combined process test with array 
fc rmer. One Is the result of predictive deconvolu• 
t1,m before array former (Fig 9-B) and the other is 
tr e result of predictive deconvolution after array 
fcrmer (Fig. 9-C). F1g. l0 shows similar sequerces 
with 1-k filtering instead of array former to treat the 
d pping noise and multiples. Individual algorithm 
p,Hameters were selected by previous testings. 

The results reveal that multiple suppression be
fure coherent noise treatment Is better sequence 
tran the other. Th,s might be due to that mult,ple 
problem is dominant over the dipping noise prob
le11, and or the side-effects of coherent noise sup
pIessIon algorithms are severer than the predictive 
di!COnvolut1on. Based on this general inference, 
more serious problems should be attacked before 
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less serious ones. Side-effects of computer algor 
ithms are so delicate and multi-variant that it i~. 
hard to point-out the proof of inherent algro1thrri 
problems. F -k filtering and array formers ani 
generally considered to have pretty strong s1de-ef 
fects. Processing orders should be a subject o: 
testing, as well as algorithm selection and para 
meter opt1mizat1on, not a ~atter of checking out <1 

pre-printed processing sequence form 

CONCLUSIONS 

A study v.-1th model data. which has know~1 
answers. was performed to evaluate multiples anj 
coherent noise suppressions. Individual algorithrn 
was tested to find optimum parameters and tr e 
order of their combination was also tested The in
tepretabil1ty of a seImsIc section reaches its peek 
with the best processing algorithms, their par,1-
meters and comb1ned sequence But it was beyord 
of reasonable capacity to test all the algorithm'>. 
and their parameters F LJrthermore. In the reJI da a 
case. the correct answers are rarely known ar d 
processing becomes more complicated. Variol1S 
test results showed that it Is a difficult task to su 1-

press noises and to bring up the signals even 1n 
the niodei da!a w1tt1 known answers Some concl 1 
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Abstract 

Spatio-temporal variabilities of seawater temperature at O and 30 m in the southeastern Hwanghae 
were studied by variance and empirical orthogonal f .mction (EOF) analysis of long. records of 
temperature between 1967 and 1982. The spatial distribu1ion of monthly mean sea surface temperature 
has a pattern similar lO the long-term annual mean whiC'l decreases from south 10 north. On the con
trary, the total variance ..::omputed from the annual me£n of sea surface temperature (SST) increase.'> 
frum '>OUth ro nonh. rhe vanance of SST is found to be I NO times greater than that at 30 min the ~tudy 
area except coastal area south of Kyunggi Bay. The important variance of temperature seems to be 
closely associated with the seasonal change of temperatme because the first and second modes of EOF 
having a seasonal cycle explain 97.6% and 85.20'/o of vaiiances at O and 30 m, respectively. There i5 a 
large difference in temperature between the northern imd southern parfs of the study area during 
winter, while the difference becomes very small during nmmer. This might reflect that in summer the 
heat gain of sea surface from the incoming radiation j5 rmch more important than the heat loss or the 
oceanic heat advection, In summer coastal waters soutt of the Kyunggi Bay and around Mokpo are 
observed to be colder than offshore waters due to tidal mixing. 

5::2.'2.,l:9Jb~ -'i:'--J6~U!oj](1 i')~l~L-'}:mm-t- "J-f-91 ,:1•-i{l- ~-~".3-i_-1967-1982 -'J- 71 ~-?- A]_h_ 

0) rnnanct>.?} <'mpiri,·a! orthogonal fonction1EOF1 '.t-"l.0-~ o::i·fd9J.r}. ¥JilJif 6~';~-r'--¥-s>l ";;
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4-i-2._i;!_ ~t1 'l]~.-J -ft:-~H:.- '-Jo!]-:] ~--0 . .oi... % 7~~t:t, i5A 0j-t-.r-$!I variance 1\- 7J7]~l- ~,¥-6~ 0~ 
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.-lc+-:-c.- 7
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INTRODUCTION 

The H wanghae (Yell ow Sea) is a very shal
low and wide basin with its mean depth of 
about 40 m. The typical pattern of climate 
controlling sea conditions is the Asian mon-

scon which is known to be driven by seasonal 
vc:.riation of polar continental air masses and 
tr)pical maritime air masses. The Hwanghae 
\\·arm Current as a major heat source in the 
sc uthern part of the Hwanghae is thought to 
have a large seasonal change mostly due to the 
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monsoon and oceanographic conditions inside 
the sea. Sea water temperature can be thus e,:
pected to have large seasonal and spatial 
variations. 

Sea surface temperature (SSn at coastal 
stations of the eastern Hwanghae has been 
known to have a dominant annual periodici1 y 

with its amplitude of ~.9-12.5 ° C (Gong, 
1968; Kim, 1983). The large seasonal variaticn 
of temperature was also observed in the south
eastern Hwanghae from hydrographic da .a 
observed in 1968 (Kang, 1971). Kang and J n 
(1984) have reported that applying a harmonic 
analysis to monthly mean SST data the annual 
amplitude has a range of 7 ° west of Chejuclo 
to I0.5 ° in the 307 hydrographic section (Fig. 
I). According to temperature-salinity diagram 
based on the long-term data (1961-1980), s:a 
water temperature in tht; southeastern Hwang
hae has a wide temperature range in summer, 
being 5.0.30.0{, C in August, and a narro\\er 
one in winter, being l.O, 18.0 r:i C in February 
(Lie, 1985). Such a large seasonal variation of 
sea water temperature should be closdy 
associated with the seasonal change of the n
coming radiation and the heat advected by the 
Asian monsoon and the ocean currents in the 
area (Kang, 1985; Lie, 1984). 

So far studies on the sea water temperature 
in the Hwanghae have been focused on I he 
seasonal variation of SST using harmo. 1ic 
methods, not on the spatial variability of 
temperature. For more comprehensive under
standing on sea water temperature this paper 
is intended to investigate temporal and spa, ial 
variabilities based on the long-term hydro
graphic data observed during 1967-1982. 

The discussion on the variabilities will be 
done using temperature data both on the sur
face and at 30 m because waters below 30 m in 
the deeper area of the Hwanghae are mainly 
the Hwanghae Cold Water which has little 
change of hydrographic properties from ,me 
season to another. Data analysis in the paper 
was done by a simple statistical method to 
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catch general patterns ot surface temperature 
with its monthly variation and also by an em
pirical orthogonal function method to de
scribe the variability in time and space of tem
perature. 

DATA AND METHOD 

To analyze temporal and spatial variabili
ties of sea water temperature in the south
eastern Hwanghae, we used long-term hydro
graphic data collected regularly by the 
Fisheries Research and Development Agency 
of Korea (FRDA). The data considered here 
were those obtained for a period of sixteen 
years between 1967 and 1982 at 61 stations on 
sea surface and 57 stations at 30 m located in 
the sections 307 to 313 (Fig. I). Most hydro
graphic surveys were carried out bimonthly in 
the first part of February, April, June, 
August, October and December. When there 
were more than or equal to two data at a 

KOREA 
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Fig. L Hydrographic stations in the study area. Bot• 
tom depths are in meters and numbers 307 to 313 in
dicate the hydrographic sectioins. The number 8 on each 
section is Station 8. 
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given station between the sixteenth of the pre
c~eding month and the fifteenth of the follow
ing month; we averaged all data to get the 
representative data in the corresponding 
month of the year. The total number of data 
were finally 5,552 on the sea surface and 5,256 
at 30 m, so that the missing rates were 5.20/o 
on the sea surface and 3.90/o at 30 m, respec
tively. 

The first step of data processing is the pre
paration of long-term mean temperature and 
monthly mean sea surface temperature for the 
entire period of 16 years. For the long-term 
mean temperatures at both depths we cal
culated the mean value at each station by 
averaging all data at the station observed dur
ing the whole period. The monthly mean sea 
surface temperatures were obtained by aver
aging all observations in the sample months 
over a 16 year period of 1967-1982 (February, 
April, June, August, October and December). 

The second step of data processing is an ap
plication of empirical orthogonal function 
(EOF) analysis to temperature data observed 
between I 967 and I 982. Bimonthly tempera
ture data for each station were demeaned by 
subtracting the long-term annual mean from 
the data and the variances of the resampled 
data sets were then calculated. From the re
sampled data we constructed a 61 x 61 
covariance matrix for the sea surface tempera~ 
ture and also a 57 x 57 covariance matrix for 
the temperature at 30 m. According to the 
procedure of EOF analysis, eigenfunctions 
and eigenvalues representing the seasonal cy
cle were estimated using International Mathe
matics and Statistics Library (IMSL). Time 
coefficients were then obtained for a few 
lowest modes of empirical orthogonal func
tions. 

SEASONAL VARIATION Of' SEA 
SURFACE TEMPERATURE 

The horizontal distribution of the long 
term annual mean sea surface temperature is 

Fig. 2. Long-term annual mean of surface tempera• 
ture for a period of 16 years from 1967 to 1982. 

illustrated in Figure 2 for the whole period of 
It years. This figure can be considered as a 
b,,sic pattern of sea surface temperature (SST) 
in the study area. Generally SST decreases 
fr )m the south to the north and SST in the 
cc,astal area is lower than that in the offshore 
area when comparing temperatures at the 
same latitude. Isotherms having temperature 
H to 18 °Care found to be located in the area 
b, tween the southwest coast of the Korean 
Pi,ninsula and Chejudo, which represents a 
st--ong south-north gradient of temperature. 
Those isotherms are known to extend from 
the west to the east along the coast and to 
form a coastal front in the sea south of the 
Ki)rean Peninsula seperating coastal water 
fr )m offshore water which can be observed by 
infrared satellite images (Hue, 1982; KOROi, 
I S85; Zheng and Klemas, 1982) and also 
h) drographic data (Gong, 1971). The annual 
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Fig. 3. Long~term monthly means of surface temperature tnr a period of 16 years from 1967 to 1982. (a} Feb

ruary, (b) April, (c) June, (d) August, (e) October, and (0 December. 

mean SST seems to have the general pattern 
similar to the monthly mean SST in winter 
presented in Figure 3. 

Monthly mean SST for February, April, 
June, August, October and December are 
shown in Figure 3. As indicated in the spatial 
distribution of the annual mean SST, the 
monthly mean SST is concordant with the 
general pattern of the annual mean. All the 
year round, isotherms west of Chejudo are 
running from west to east. Temperature dif
ference in mid-winter between the area west of 
Chejudo and the coastal area located at 37 ° N 
reaches about 10 ° C, but in summer it de
creases to about 3 °C. Figure 3 also shows 
that seasonal change of SST is about 12 ° C 
west of Chejudo and 20 ° C in the region be
tween 36° N and 37° N. A strong thermal 
front running west to east is formed west of 
Chejudo during winter, which was found to 

be a thermohaline front extending from sur
face to bottom (Lie, 1985). Cold coastal water 
in summer occurs in the regions south of the 
Kyunggi Bay and west of the southwestern 
Korean Peninsula. The appearance of such 
cold water is due to tidal mixing recently 
reported by Lie et al (1986). 

Figure 4 shows the spatial patterns of sea
sonal variance on the sea surface and at 30 m 
in the southeastern Hwanghae, which were 
computed from deviations of the temperature 
da .a from the long-term annual mean based 
on the 16 year data. Variance in the northern 
pa:·t of the study area is much more important 
thhn that in the southern part, bein1; two times 
larger on the surface and four times larger at 
30 m. The low variance west of Chejudo is due 
to the small seasonal fluctuation since in 
winter waters in the region receives heat frorn 
th, Hwanghae Warm Current, waters in the 
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Fig. 4. Variances of water temperature computeC from the long-term annual mean over 1%7-1982. (a) sea surface 
and (b) 30 m. 

northern part being far from the effect of the 
warm current. Relatively low variance on the 
surface in the coastal area and around Hug
sando, comparing with that in the off sh ore 
area, can be explained by low temperatun: in 
summer by tidal mixing. Offshore waters a, 30 
m have lower variance in comparison y•ith 
surface waters. This results from the fact that 
the Hwanghae Cold Water, defined by a t,,m
perature less than 10 ° C and a salinity of 
32.0-33.00/o, occupies the lower layer be ow 
the thermocline ( or halocline) located aronnd 
20 m (Lie, 1984; Nakao, 1977). The str-Jng 
stratification in summer seems to be broke 1 in 
the coastal area by tidal mixing, so , hat 
coastal water is vertically homogeneous, ci)m
pared with the offshore water. 

EMPIRICAL ORTHOGONAL FUNCTION 
ANALYSIS 

Empirical orthogonal function method 
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(EOF) has been broadly employed for the long 
term oceanographic records over a vast area 
since only a small number of variables obtain
ed by the analysis can account adequately for 
the spatial and temporal variabilities of ocea
nographic and meteorological factors like 
temperature, sea level, atmospheric pressure, 
and current (e.g. Davis, 1976; Inoue, 1985; 
Kundu and Allen, 1976; Weare et al., 1976). 
In this paper we consider seasonal tempera
ture variations, not non-seasonal ones com
puted from deviations of temperature from 

Table l. Percents and cumulative percents of total 
variance explained by the lowest five modes of empirical 
orthogonal functions. 

MODE !st 2nd 3rd 4th 5th 

SST 
Percent 96.6 1.0 0.6 0.4 0.3 
Cumulative 
Percent 96.6 97.6 98.2 98.6 98.9 

---- ~ --"-
1.2 

30T 
Percent 81.8 3.4 2.8 J.4 
Cumulative 81.8 85.2 88.0 89.4 90.6 Percent 
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the long-term monthly means. Table I gives 
fractions and cumulative percentages of the 
total variance explained by the lowest five 
modes of empirical orthogonal functions. The 
table shows that the five orthogonal functions 
can describe 98.90/o of the total variance on 
the surface and 90.60/o at 30 m. The most im
portant function is the first mode which ex
plains 96.6"io and 81.80/o of the corresponding 
variances, respectively. 

Figures 5 and 6 presents the spatial distri
butions of the first two orthogonal eigenfunc-

OM-SI 

(llt MOOE) 

.• 
OJ< 

., •• 
SST 1st MODE 

100,--------c----,-----,----, 

67 68 69 70 71 72 73 74 75 76 TI 78 79 80 81 82 

YEAR 

Fig. 5. The first mode empirical orthogonal function, 
explaining 96.60Jo of the variance, of SST and its corre
sponding time coefficient. 

tions explaining 97 .60/o of the total variance 
an,J their time coefficients on the surface. The 
same sign of functions over an area consider
ed means that temperature changes in the area 
ar.- in phase but the opposite sign means that 
tenperature changes arc anticorrelated. The 
sp,itial pattern of the first EOF explaining 
96.60/o of the total variance coincides well 
wi1 h that of the variance. The time coefficient 
inc icates the seasonal variation of SST which 
is maximum in August and minimum in 
Feliruary as can be shown in the monthly 

" 
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Pig. 6. The second mode empirical orthogonal func
tior., explaining 1.00"/o of the variance, of SST and its cor
responding time coefficient. 
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mean distributions (Fig. 3). The contribut .on 
of a given mode to the temperature deviat on 
from the long-term annual mean for given, ta
lion and time is the product of the value of the 
function at the station and the time coeffici ,nt 
at the time. Thus temperature deviations at 
northern stations are about 1.5 times larger 
than those west of Chejudo located in the 
vicinity of the northern boundary of /he 
Hwanghae Warm Current. The second mode 
of EOF explains 1.0% of the total variance. It 

is of interest to note that the second mode 1as 
negative sign in the northern part and positive 
in the southern part, while the first mode i, of 
same sign over the whole study area. The 
boundary of the two regions of opposite si.sns 
is parallel to the bottom contour of about 80 
m. Such a dominant periodicity as the first 
mode is not shown. The exceptionally large 
amplitude of time coefficient occurred in 
1967-1970. Although the contribution of the 
second mode to the variance is small, the r,at
tern seems lo seperate shallow water region 
partly influenced by cold coastal water frJm 
deeper water region having relatively warm 
water. We did not present here eigenfunctiilns 
and time coefficients of the other higher 
modes because of their small contributior to 
the total variance less than I "lo. 

Spatial distributions and time coefficifnts 
of the empirical orthogonal functions at 30 m 
are shown in Figures 7 to 9. The spatial 1,at
tern of the first mode eigenfunction resemble 
generally that of the total variance at O m. In 
the region between Kunsan and Inchon, ~ ur~ 
face coastal water has a little less seasonal 
variation than offshore water but coa ital 
water at 30 m has a larger variation than off
shore water. This b why the offshore w,1tcr 
below the thermocline is less sensitive to the 
air-sea interaction and far from the effect of 
tidal mixing, compared with the vertic.1lly 
homogeneous coastal water. The same situa
tion could also happen in the shallow coastal 
area of the southern part including few hyc ro-
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Fig. 7. The first mode empirical orthogonal function, 
explaining 81.SO'!o of the variance, of temperature at 30 m 
and its corresponding time coefficient. 

graphic stations when we refer to cold water 
band along the coast detected by infrared ima
gery in summer (Uc et al., 1986). The second 

mode of EOF, explaining 3.4% of the total 
variance, shows anti-correlation between 
coastal water and offshore water. Considering 
that the time coefficient shows a dominant 
seasonal cycle, the temperature deviation due 
to the second mode is positive {negative) in the 
coastal area and negative (positive) in the off
shore area in summer (winter). The third 
mode of EOF, accounting for 2.8% of the 
total variance, indicates an anti-phase be
tween the northern and southern parts. The 
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Fig. 8. The ~ccond mode empirical orthogonal func

tion, explaining 3.4 11/o of the variance, of temperature at 
30 m and it~ correwonding time coefficient. 

corresponding time coefficient shows the 
semi-annual cycle fluctuations. 

DISCUSSIONS AND CONCLUSIONS 

Water temperature in the southea\tern 
Hwanghac has a very large variance, specially 

in the surface layer. The total variance cnm
putcd from the long-term annual mean in

crease from :,,outh to north in the :-.tudy area. 
The varian...:c of SST i, found to be two times 
larger than that of temperature at 30 m o\'er 
the \Vhole study area with an exception of 
coastal area south of the Kyunggi Bay. 
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Fig. 9. The third molle empirical orthogonal func

tion, explaining 2.8% of the variance, of temperature at 
::o m and its corresponding time coefficient, 

General patterns of the monthly mean SST is 
concordant with the long-term annual mean. 
J,ccording to the EOF analysis, 1he important 
variance is closely associated with the seasonal 

,ariation. The first and second modes of EOF 
explain most of the total variance:-.; 97 .6% 

and 85.2% of the variances on the surfaci: and 
at 30 m. re.-,pcctively. 

The horizontal distributions of long-term 
nonthly mean SST show that in winter there 
i~. a large difference in temperature between 
t 1e northern and southern parts of the area, 
v,hik the difference becomes \Cry small in 

sJmmer. The A~ian monsoon is the typi.:al 
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pattern of climate in the Hwanghae such that 

in winter the strong northerly wind carries 

cold and dry continental air masses to the sea, 
while in summer warm and humid maritime 

air masses are brought into the Asian Conti
nent. In winter when the incoming radiation is 

small, waters in the souther!] part gains heat 

advected by the Hwanghae Warm Current, 

but waters in the northern part, far from the 
influence of the warm current (Lie, 1985), 

losses just heat by the cold northerly wind. 

Thus such a large difference in temperature is 
formed in the study area. Meanwhile in sum

mer when the heat gain frnrn the incoming 

radiation is more important than the heat loss 

(Kang and Jin, 1983), water temperature has a 

small diff••rem:e in the study area except the 

coastal area. 
The east-west gradient of SST is negligible 

west of Chejudo all the year round because 

isotherms arc running from we-,t 10 east. 

However. the monthy mean SST in ~um mer 
indicates a good contrast of temperature be

tween offshore and coastal area~ both south 

of the Kyunggi Bay and west of Mok po where 

the coastal water is much colder than the off

shore water (Fig. 3d) and the tidal current is 

<:.trongcs1 around the Korean Peninsula (Choi, 
1980). Lie et al. (1986) have reported that 

coastal waters in the southwestern corner of 

the Korean Peninsula are vertically homoge

neous, offshore waters being well-stratified. 

They introduced tidal mixing proposed by 
Simpson and Hunter (1974) to explain such a 

vcrtiL"al structure. The stratifieJ water column 

has in general high temperature in the uppe1 

layer and lower temperature in the lower laye1 

before mixing. Afler mixing, the watct 

temperature of the water column i:-, colde1 

than the upper layer and warmer than tht 

lower layer provided that no heat is suppliec 

from the outside. 

460 

REFERENCES 

Choi, B.H. 1980. A tidal mode-! ol the Yt'l!iw, Sea and 
f::.astern China Sect. Rep. Kmea O,,:ean Re~car..:11 and 

Den:lupment Im!. No. HSPl()(J(J19, 72 pp. 
Dm-is, R.F. 1976. Pn·dic1ab,!i1y of \Ca ~urfacc 1<:m 

pcrature and ~ea level pre~\urt: rnorna!H:\ nvcr the 
North Pacific Ot:can . .I. Phy•,. Oc.:a1111gr., 5, ::'.40 
268. 

Gong, Y. 1968. On the ~CJ.\Ollal \afW.tion ,>f rna\tal ~U! 
fat:c ¼ater temperature. Bull. Fi<:,herie\ Rt:'>t:ard1 
Devclnpmen! Agency, 3, 59.79 (in Korean). 

Inoue, M, 1985. Modal dec,1mpo~Hion of 1hc 1ov.-frc
quency cunent~ and harudinic in<;tahili1:, at Drakt.· 
Pa::-saie. J. Phy'>. Oceauogr., IJ."i7•1181. 

Kang, Y.Q. 1985. Jntluenec:'. of the A'>iJ.n mun~uon a11d 

the Kuro'>hio on the ,ea :c.urfai.:e temperature<, in 1tw 

Yellow, the Japan and the hist China Sea~. J. 
(keano\. Soc. Kl1rea, 20, J .9. 

Kang, C.J. 1971. On ihe \ea,1rnal var1a(io11 11f the n,:e;1 

nographical t:ondition~ in the ea\tern part of tile 
Ycllim Sea. Bull Fishcrie.\ Hn~·.:m:h Dndormt'lll 
Agency, 8, 9-29 (in Korean). 

Kang. Y.(). and M.S. Jin, 1984. St'a\lmal \·;mat1,,r1 11! 

surfact· tempera!ure in the llt'ig.hhl,uring- ~ca nt 

Korea. J. OccanuL Soc Kmca. 19, 31-.~5. 
Kim, B.K. 1983. Periodic and correlat1nn anal~<,!'> be 

tween v.ater temperature and air temperature in the 
Korean wa/(?f\. J O,:eanoL Soc. KPrea. IR, )5.61 /in 
Korean). 

Kundu, P.K. and J.S. Allen, 1976. Sume ihrcc-dnnen 
\ional d1aracteri,1it-~ of lov.-fit'qucncy current flue 
! uations nc~r the Oregon coa~!. J. Phys. Ot:canngr., 
6. t8t"t99. 

Lie, H.J. 1984. A note on v.ater ma•,:-.e~ and general t:ir· 
cu!ation in rhe \'dl\1v.- s~:a (Hv.ang:hae). J. Occam,1/. 
Soc Korea. 19, 187-194. 

Lie, H.J. 198."i. Wintertime tcmpcraturt:•'>alu11t_v chara

cteri~tic~ in the soutbea~tern Hv.anghae (Yellow 
Sea). J. Ocr;:anogr. Soc. Japan, 41, 29J.298. 

Lie. H.J., D.C. Jun, H.J. Kv.on. and S.C. Hwang, 19!<.6, 
Tidal front in the ::.outhwest area off Korea. Rep. of 
Korea Ocean Research and Development Institute. 
No. BSPECX)()58•93. J, 106 pp. (in Korean). 

Nakao, T. 1977. Oceanic vnriabiliry in rclatilm !o fi'>her 
ies in the Ea~t China Sea and lht'. Yel!uv, Sea. J. Fae 
Mar. Sd. Techn\.JI. Tokai Uni\., Spec No., 199·367. 

Simp<.,un, J.H. and J.R. Hunter, 1974. Fronts in the lri'>h 
Sea. Nature, 250, 404-406. 

Weare, 8.C., A.R. Navato, and R.E:. Newell, 1976. Em. 
pirical orthogonal analy<;is of Pacific ~ea ~urfat:e 
temperatures. J Phys. Oceanogr., 6, 671-67.sl. 

Received July 7, /986 
Accepted October 30, 1986 



Tht' Journal of the Oeeanological Society of Korea 
Vol. 21, No. 3, p. 125- 1:30, September 1986. 

Heavy Metals m the Surface Waters of Kwangyang Bay 
During 19B-84 

Soo Hyung Lee, Eun Soo Kim, Su'< Hyun Kim, Jae Ryuung Oh 
and Kwang Woo Lee• 

Korean Ocean Research and Development Institute, P.O. Box 29, Panwol Ind. 171-14, Korea 

Abstract 

"'•~r • ~i!l;i . i:ilii • ?.11• • "Je'if:ffi • 
noiPff'l'i'.111r 

The concentrations of Cu, Pb and Zn in the surface waters of Kwangyang Bay were determined 
bimonthly at 20 stations during 1983-84. lhe ranges ard mean concentrations were <0.03 • 2.68 ,ug/ I, 
1.08 1,g/ I for Cu,< 0.03 -7 .19 µg/ 1, 0. 76 µ gl I for Pb and 0.3 ·23. I µg/ I, 5.6 µgl I for Zn, re~pectively. 

The sligh1ly higher levels of heavy metals studied "'ere shown in Sueo and Seomjin River Estuaries. 
Analysis of correlation coefficients showed that CL, Pb and Ln were closely a~~ociated not only to 

one another but also to SS and COD in ~ea water. 

£'.~: E!8:l•,l I ~!-\'·11 1%,P.I JL~l")AI .. _;,1-c.Jr;l-~·I 2( 1~ "~1l t-i-oi]~1 Cii, l'b, Zn ~o-91 6-,:;--\- ~~ 

•~~-} HPlo-Jj /Ji:I i:"'~o}':/1[__1. 

~l ;_,1,,\1]{!~- .!f-~1 7--} ~1-~ . .'.''I ~-6-•~.';')9~ :-J-,rt~~-~-- Cu:<0.0:'.\-2.68µg/l, l.08µg//, l'b: 

,,11"1 ~L{·_ ~-'.'· -';-•.:.:: \..-/.Eti.+10::id. 

¼'llt~'I -'J~~f-;t7J1;~ .\1-'--;l Cu, l'I:.,, Z11~· ~Jt_:-;~-'- -¾-~ sss-t COD91~- -f}Uj~ S'.~ ~! .. :~.1-~tcJI 
d1~,.~S~rJ. 

INTRODUCTION 

Estuaries are an important stage in the supp

ly to the oceans of trace elements including 
heavy metals from continental weathering and 
man's activities. In addition, many industrial 
complexes for heavy and chemical industries 
have been established along the coastlines of 
Korea over the last two decades, thereby in

creasing the pollution load on the coastal en
vironment. 

Kwangyang Bay is one of such polluted 

areas in Korea. And Kwangyang Steel Mill 
t;ite was reclaimed during 1983-84. The pre
, em study, which was conducted as a part of 
1 he environmental survey during the 
Kwangyang Steel Mill Site Construction, 
1 eports on the distribution of heavy metals, 
~uch as Cu, Pb and Zn in the surface waters of 
KwangyangBayduringJan., 1983-Dec., 1984. 
, ·he results are compared with data from else
where in 1he world. Other parameters meas
ured include suspended solids (SS) and chemi
cal oxygen demand (COO) and are related to 

,. Pre~e!ll addrc~~: Department of L:arth and :\1armc Scicni.:e~, Hanyang Urm. (Panv.Pl). 
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the concentrations of heavy metals. 

SAMPLING AND ANALYTICAL 
METHODS 

The locations of sampling stations in 
Kwangyang Bay are shown in Fig. I. The sur• 
face water samples were collected 16 time~ 
monthly or bimonthly during the period from 
Jan., 1983-Dec., 1984. Samples collected wer, 
placed in 2' -polyethylene bottles which were 
pre-acid-washed, and acidified by adding 2 ml 
of cone. HN03• Heavy metals in the sample; 

were concentrated by the Fe-APDC coprec -
pitation method and were determined by flame 
atomic absorption spectrophotometry (Lee et 
al., 1980), with a varian Model 875 atomic ab
sorption spectrophotometer with deuterium
source automatic background correction. 

RESULTS AND DISCUSSION 

The ranges and annual mean concentra
tions of Cu, Pb and Zn are shown in Tab!, 
l-3. ln the present study the metals determi~
ed show very similar spatial distribution 
trend. Of the stations, St. 10 of Sueo River 

u ~··· ::·~ ·•:. ·• ·l•·, 
-Gun ••• LJ""' •7 

Namhac 

\ 

Yeochon-Gun j "'L 
r 

) 

.• 
• 
• " 

·i ·~ 

-~ 

·~ 

Fig. I. Map showing the sampling stations n 
Kwangyang Bay. 
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Table I. Ranges and mean concentrations of copper 
m the surface waters of K wangyang Bay durmg I 983-84 
(µg/1) 

ear 

St. 

2 
3 
4 

5 
6 
7 
8 
9 

tO 
tt 
12 
13 
14 
ll 
16 
17 
18 
19 
20 

1983 

Range Mean 

0.89-3.13 l.61 
0.78-2.19 1.17 

< 0.03- I. 95 I. IO 
0.31-!.67 l.23 
0.54-2.34 1.00 
0.04·2.00 0.87 

< O.OJ.2.50 t.05 
0.16-2.50 1.23 
0.36·2.lO I.OJ 
0.78-5.00 2.40 
0.42-2.94 1.40 
0.42 t.90 I. tO 
0.19-4. IO t. t 9 
0.36-4.38 t .40 
0.3H.l6 t.00 
0.3 t-1.56 0. 76 
0. t 3-1.56 0.82 
0.21 1.79 0.85 

< 0.03-2.23 0. 92 

< 0.03-3.88 1.56 

1984 

Range 

0.56·2.0l 
0.23-1.25 
1.50- l.56 
0.63-1.56 
0.56-l.06 
0.23-t.56 
0.39-l.56 
0.03-2.47 
0.50-t.06 
0.56-l.97 
0.60-l.56 
O.Ol-l.89 
0.23-l.56 
0.47,2.68 
O.Ol-2.27 
0.23- t.17 
0.30-2.08 
0.2)-1.56 
0 .. 1 I -2.08 
0.05-0.78 

Total 

Mean Mean 

I.II 
0.62 
0.93 
0.98 
0.73 
0.68 
0.83 
1.05 
0.78 

1.28 
1.14 

0.82 
0.87 
t.12 
0.98 
0.70 
U.86 
(UN 

1.00 
0.46 

l.44 
0.96 
1.03 
t.13 
0.95 
0.81 
0.97 
t.14 
0.95 
l.97 
1.30 
t.00 
t.07 
1.29 
0.99 
0.74 
0.84 
U.87 
0.95 

1.1:'i 

l ,ital < U.OJ-5.00 .14 0.03-2.68 U.89 I.Ob 

Table 2. Ranges and mean conccntratium ot lead in 

the ~urfacc \\.-ater~ uf K\\.-angyang Bay during 1983-84 
(µg/1) 

~r ORf~:::3~ -7ii?:4~= 1T 040290 I 11 022-125 054 090 
3 0.19-2.31 0.80 015 158 096 086 
4 <0.03-1.79 0.86 0.04-3.91 0.87 0.87 
5 0.20-l.56 0.68 0.04-1.25 U.38 0.57 
6 <0.03-1.20 0.58 0.04-1.32 0.53 0.56 
7 
8 
9 

to 
It 
12 
I) 

14 
15 
16 
17 
18 
19 
20 

0.30-2.34 
0.62-t.80 
0.30-l.56 
0.62,7.19 
0.30-t.92 

<0.034.80 
0.21-t.62 

< 0.03-3.00 
< 0.03-1.61 

0.25-1.56 
0.20-1.36 
0.20-3.90 
0.19--2.03 
0.30-l.80 

0. 99 0.05· 1.25 
0. 92 0.05-0.63 
0.82 0.05-0.63 
t.97 O.Ol-3.91 
t.Ot 0.29-1.30 
t.23 0.20-3.91 
0.81 <0.03-1.25 
0.82 O.Ol-1.25 
l.18 0.06·0.63 
0.75 <0.03-0.63 
0.68 <0.03-0.81 
1.17 < 0.03-0.63 
0. 93 < 0.03-0.63 
0. 72 < 0.03-0.63 

0.43 
0.31 
0.26 
0.98 
0.66 
1.06 
0.31 
0.38 
0.39 
0.30 
0.25 
0.23 
0.25 
0.li 

0.78 
0.74 
U.63 
1.60 
0.87 
I. t 7 
0.62 
0.65 
0.60 
0.58 
0.52 
0.82 
0.68 
O.ll 

Total <0.03--7.19 0.94 <0.03-3.91 0.49 0.76 
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'I able J. Range~ and mean coni.:entratiom of zinc in 
the ~urface water~ of K\.\angyang Bay dunng 1983-84 
(µg; I). 

2 
3 
4 

5 
6 
7 

8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Total 

4.9-15.4 
4. 1·23.1 
3.9-13.5 
1.8-10.6 
1.4-15.3 
0.6-23.1 
I. 9-22.6 
1.7- 8.5 
1.6-12.1 
3. 1-19.? 
2.7-19.0 
I. 7- 8.6 
2.2-14.4 
2.0-15.6 
1.5-15.0 
0.6-19.4 
0.9-15.4 
0.9-11.3 
0.9-22.8 
0.9- 9.3 

0.6-23.l 

~tean 

1984 Total 

Range _M_e_a_n_M_ea_n 

9.6 1.3-12.1 5.2 
7.2 l.3- 5.4 3.3 
8.0 2.2 10.9 4.6 
6.7 2.0- 5.5 3.7 
5.7 I.I- 4.8 2.9 
6.0 2.0- 4.6 3.0 
7.9 2.1- 8.8 3.8 
5.1 2.1 6.2 3.7 
6.7 1.6- 6.7 2.6 

10.3 3.9-12.2 7.7 
9.8 2.3 6.2 4.7 
5.4 1.6- 3.7 2.9 
6.0 0.8- 4.0 2.4 
8.3 1.9- 6.2 3.7 
6.1 1.7- 6.0 3.6 
7.1 0.5- 6.0 2.8 
6.7 1.2- 4.5 2.6 
5.4 1.6- 6.0 3.0 
5.2 1.0- 5.2 2. 7 
4.2 0.3 3.1 2.0 

6.9 0.3-12.2 3.5 

8.1 
5.7 
6.7 
5.6 
4.7 
4.9 
6.3 
4.5 
5.5 
9.4 
7.8 
4.4 
4.6 
6.6 
5.2 
5 .5 
5.2 
-U 
4.J 
3.4 

5.6 

Esluary represents highest Cu, Pb and Zn 
levels in K wangyang Bay. The mean metal 
levels of Si. IO are shown much higher than 
those of other stations. This is likely due to 
shallow depth(~ 2m), high SS contents (Table 
4) and metal inputs through Sueo Stream. St. 
1 of Seomjin River Estuary also shows rela
tivdy higher Cu and Zn levels than those of 
the rest of stations. The highest total mean 
COD is also recorded at this station (Table 4). 

From the salinity data measured in this 
study but not shown here, 20 stations of 
Kwangyang Bay can be divided into lwo 
groups, estuarine waters (Sts. 1, 2, 3 and IO) 
anc seawaters (Sts. 4-9 and 11-20). The salini
ty ranges of surface water at Sts. 1, 2, 3 and 10 
were 5.60-29.80%0, 9.80-32.08%0, 14.00-
32. 280/oo and 18.73-32.500/oo, respectively. 
Other stations except Sts. I, 2, 3 and IO show
ed nore than 30%0 monthly mean salinities. 

It is of interest to note in Figs. 2-4 that 
dcs;,ite the metal levels are higher in estuarine 

Table 4. Annual mean cuncen1ra1iom of SS and COD in the ~u ·face waters of Kwangyang Bay during 1%3-84. 

- --- --·-····---
~~ter SS (mg/ l) COO (mg1 IJ ------- - - ------ --

Year 1983 1984 Total mean 1983 1984 T()lal mean 
St. 

------- --- -·-·- --~-
15.2 8.7 11.9 1.85 1.93 1.88 

2 14.5 13.3 13.9 1.56 1.58 1.57 
3 16.3 16.l 16.2 1.43 1.67 1.52 
4 14.9 9.9 12.3 1.30 1.55 1.48 
5 15.3 8.5 11.8 1.49 1.58 1.53 
6 11.4 7.2 9.3 1.54 1.43 1.50 
7 t2.l 8.2 JO.I t.52 1.28 1.42 
8 13.7 9.1 11.4 1.56 1.50 1.54 
9 18.2 8.3 13.1 1.58 1.56 1.57 

10 26.8 22.0 24.4 1.70 2.11 1.85 
11 25.4 23.4 24.4 1.75 1.88 1.80 
12 15.7 11.0 13.3 1.37 1.5 I 1.42 
13 15.3 9.1 12.1 1.48 1.49 1.49 
14 16.7 12.6 14.6 1.49 1.40 l.46 
15 18.4 13.3 15.8 1.69 1.68 1.68 
16 16.2 10.3 13.2 1.84 l. 79 l.83 
17 15.5 8.8 12.1 1.52 t.54 1.52 
18 14.9 10.4 12.6 1.55 1.36 1.47 
19 20.7 8.9 14.7 1.61 1.48 1.56 
20 21.7 8.7 15.1 1.65 1.45 1.58 

Mean 16.9 11.4 14.1 1.57 1.59 1.58 
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Fig. 2. Bimonthly variation of copper concentratinns 
in estuarine ...,aters and seawaters of K\\<angyang Bay dur
ing Jan., 1983- Dec., 1984. 

waters than in seawaters, bimonthly variation 
trends are very similar between the t NO 

groups. The annual mean concentrations of 
Cu, Pb and Zn were shown to be higher in 
1983 over 1984. In particular, the mean le,els 
of Pb and Zn of 1983 were nearly two times 
higher than those of 1984. Judging from SS 
contents (Table 4), this appears to be due to 
vigorous dredging activities during 1983 in 

2.40 

2.(J() 

1.60 

;:: 

] 1.20 
"-

O.SU 

0.40 

a Fstuarinc waicrs (St.,. I, 2, J & 10) 

o Seawater\ (Sl~- 4.<J & 10-20). 

0.00~-~--~-----~--~-
4 8 12 

84 
Month 

4 8 12 

Fig. 3. Bimonthly variation of lead concentrations in 
escuarine waters and seawaters of Kwangyang Bay dt ring 
Jan., 1983- Dec., 1984. 
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Fig. 4. Bimomhly vanation of zinc concentrations in 
estuarine waters and seawaters of Kwangyang Bay during 
Jan., 1983- Dec., 1984. 

K wangyang Bay. 
In the present study, all parameters meas

ured show significant positive correlations 
with each other except Pb-COD (Table 5). In 
particular, SS exhibits significant relationship 
with Cu, Pb and Zn at the 990/o level, in
dicating that the metal levels were partly con
trolled by SS contents through sorption or 
desorption during the dredging activities in 
Kwangyang Bay and sample preservation. 

Table 6 presents the comparable concentra
tions of heavy metals in seawater in different 
regions of the world. In the Korean coastal 
waters, the highest levels of Cu and Zn are 
shown in the Masan Inner Bay where munici
pal and industrial wastewaters from Masan 
and Changwon Cities are introduced. Ulsan 
which has the Ulsan and Onsan Industrial 
Complexes along the coastlines shows highest 
Pb value, while Kwangyang Bay represents 
lowest Cu, Pb and Zn values in Korea. Com
pared with the heavy metal levels of the 

Table 5. Correlation coefficients significant at the 

99% level in Kwangyang Bay (N""' 20) 

Cu Pb Zn ss COD 

Cu 1.000 
Pb 0.646 1.000 
Zn 0.735 0.545* 1.000 
ss 0.669 0.595 0.606 I.OOIJ 
COD 0.501• 0.615 0.571 t.000 

~-- --- ---- - - ·---· 

• Significant at the 950:o level 
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·rable 6. Comparable conccntra11om ol hea\y mctab in '.)~av.atcr in different regions of ihe v.ortd (µg, I) 

Arca Cu 

K,..,angyang Hay, Korea 1.08 
Ba·nwcol 2.1 
Jmhac Bay 1.7 
Masan Inner Hay 3.6 
Mogpl, 2.0 
Nagdong btuary 1.8 
Ulsan 3.0 
Abu Dhabi, UAE 0.46 
Chao Phraya J,{i\er Estuary, Thailand 2.3-5.5 
Dukai Hay, Japan 8.3 
Kanmon ~trails, Japan 5.4 
Bristol Channel, UK 2.07 
Cardigan Bay, UK 1.72 
Livt:rpool Bay, UK l.45 
Elbe E-stuary, (iermany 3 .4 
tastern Medl!erranean, Israel 3. 7 
f-rascr River r..stuary, Canada l.3 
San Diego Bay, U.S.A. U.S.3.6 
Unpolluted Seawater 0.25 

foreign coastal waters, the mean concentra
tions of Cu, Pb and Zn in Kwangyang Bay are 
shown to be relatively low due to no signifi
cant pollutant source of heavy metals around 
the study areas. 

CONCLUSIONS 

The mean concentrations of heavy metals 
in the surface seawaters of Kwangyang Bay 
during 1983-84 were 1.08 µg/1 for Cu, 0.76 
µg/1 for Pb and 5.6µg/l for Zn, respectively. 

Of the stations, St. 10 of Sueo River 
Estuary shows highest levels of Cu, Pb and 
Zn likely due to shallow depth ( ~ 2m), high 
SS contents, and metal inputs through Sueo 
Stream. The heavy metal levels of estuarine 
waters including Sueo and Seomjin River 
Estuaries are slightly higher than those of 
seawaters in Kwangyang Bay. In addition, 
estuarine waters and seawaters show very 
similar monthly variation of the metal concen
trations, indicating that the metal levels in 
seawater appear to be partly affected by river 
inputs. 

Cu, Pb, and Zn show significant correla
tions not only with each other but also with 

Fb Zn S0un:c 

0 76 5.6 I his ~lUdy 
20 16.6 Lee er ul. (1981aJ 
I 8 16.2 l.ce et al. 11984) 
2 5 25.7 lc-e et 11/. (1984) 

9.9 Lee er ul. ()979) 
2 2 16.l Lee el al. (l98lb) 
2 7 18.4 Lee el al. i198la) 
0 04 U.12 tuwler et al. (1984) 

4.7-16.2 ~lenas\eta er uf. (I 979) 
40 8 ~akino er al. ( 1980) 

l 5 Sakmo et ul. ( 1980) 
l 18 9.98 Abdullah el al. (1972) 
2.24 7.46 Abdullah et al. (I 9i2) 
1.74 I l.86 Abdullah el al. l}'-)72) 
8.9 20.5 Caspers (1975) 
6.4 38.J Kuth and Hornung (1971) 
0.24 Hetcher and Holme~ (1983) 

0.6·3.8 Lirinu et al. (1978) 
U.03 4.9 Bowen { 1979) 

ss. 
Compared with the heavy metal levels of 

the different regions, the mean concentration~ 
of Cu, Pb and Zn in Kwangyang Bay are 
shown to be relatively low. 
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'iJ 0J'tl'i'-.::C<>IJ .l!.-\'!'4<>i 'U'-J ~f=.;-'l} •ft:.f7jnJ%¾ ±A-\! :1:i!J--¼ 21¾ 0 I 'll-•Hl.t-<11, o] 

¾<>ii <1 6¾.g. ~=.;-yj nj 7P,}¾0J 2 I¾~ ~ ¾'\l oj 'il:".l "1 <>i Anoplodactylus hwanghaensis 

21-2 uJuJ•f"l 7]•» '>! .>i.•H!4. <£ ~!.;:-'-11 °1,1~+<>1I tll'!! 2~:i!J- .'i.'il.'i. 1J,f'!f4. 

The Kon·an pycnogtmi<ls havf' received relatively littll attention and tbl' fauna has remained poor

ly known. So far only HI sp(T1c:s werl' n·cordeJ from K Jrean watt'fs (Kim, 1Y8'i, 1986). 

The present paper is based 1rn thl' collect1on:- of thl' Knrea Ucl'an Research and Development In· 

stitute (KURlJl). Most of the samples wen· collectt.:d hy using the underwatC'r ~CL;BA di\'lng 

equipnwnh from different lncalitit·:- around Korl'an l'en nsula during th(' period trom 1Y80 to 1Y8:i 

(Fig. 1). The Korean pycnug(Jnid iauna now C(Jmpnst·:-: 26 specit'~ representin~ 10 ge1lt'ra and 4 

families. A new species frnill t!1l' Ydlm\· Sea i::-. <ll'scribed and illustrated in this stud),. The materials 

examined hcrt·in arl' deposill'd in thl' Departmeill of Bilol~y. Kangreung r-.;ational Lniversity, Korea. 

In the list of species given below, taxa nl'wly recorclc·d in the Kon·an fauna are preceded by an 

asterisk(*). 

Family !\)·mphonidat' 

1. * l\ymplwn akane Nakamura & Child 

Family Callipallenidae 

2. Calhpailene amaxana (Ohshirna) 

3. Ca/lipa/lenc duhwsa Hedgpeth 

35 
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4. * <.:alhpallcne saganuensrs Naka:nura & Child 

5. • Prupallene lungiceps (Bohm) 

Family Phoxichilidiidae 

6. *Anupwdactylus ercctus Cole 

7. • Anup/odactylus hwanghaensis, n. sp. 

8. Anupludacty/us pycnusoma (Heller) 

9. Anup/odacty/us viridmtcsf,nal,s (Cole) 

Family Ammotheidae 

1 u. •Ache/ia alaskensis (Cole) 

I I. Ache/ia biluberculata Hedgpetr 

12. Achelia echinata sinensL, (Lou) 

13. Ache/ia latifruns (Cole) 

14. Ammuthea hi/gendurJi (Bohm) 

15. Ammo/he/la biunguiculata (Doi rn) 

16. Ammo/he/la indiea Stock 

17. *Ascorhynchus glaberrimum Sc 1imkewitsch 

18. Ascurhynchus ramipes (Bohm) 

19. Tanystyium scrutatur Stock 

20. Tanystylum ulreungum Kirn 

Family Pycnogonidae 

21. Pycnogonum koreanum Kim & ;tock 

Fig. I. 1\lop ,;ho1A1ng lhl' ro!!ect11J11 !()C<1l1!1e:,. 

l. 'lnk111 (~5:.) 

' '."ictd1J11h, l 11Un.~-do (½¾.£ A}.!g-) 

;\an,~an~. l ililllg-d11 (½¾£ \}oJ) 

•l-. l\.\\dllg:ang,11;111 (..g-oJnJ-) 

.1. ha111ah11i:rn (7}~oJ-) 

IJ. ;"l(,;Jll·d<l(_t 0J-S..) 

l liag;u•-d( ,( -~},~ s..) 

X. l'11,1.;1l-d1)(1;!.~S..) 

\I . .\Jaa1Hl11(0~0J.5:.) 

JU. '."inhllb;rn-du(.t~ ~.£) 

II. ,\11111a-c\11 (oJ-o}S.) 

I:!. H1111g-do ( -!-S..) 

1.L Hat 'al'·do ("t}E!I £) 

1-f. lkh"in1g-do (o-J ~S..) 

1:,. ~t'ikto(~.£.) 

Ui. h.a101im111an(7}.£~'li) 

11. l'aega•do (~ o}.£) 
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Family Nymphornc ae 'v\ ilson 

Genus Aymphon J. l. Fabnciu~, 17!14 

I. Nymphon akone Nakamura & Child l \18:; lFig. 2) 

.\y111p/J1111 aka/I( !'.akamura & Lhild, H.l<':I~, (p. j-J, hi-! I ~!J. 

Material examined: 1 i, Karorimn1an, VIII/ lY~\O; 1 i, Kamakman, IX/ 1Y80; 3~, Karorimman, 

XIl/1980; I!, Karorimman, X/1981. 

Remarks: Bucause this species was described originally with a smgle type female, the male 

specimen here is the first record. General body con: igurations are equal in both sexes. The proboscis 

is gradually narrower distally. The length of the cht la finger is not over the twice as long as the palm. 

The chela finger teeth are 14 on movable finger, ~nd 12 on immovable finger in numbers. The oc-

\ 

' 

f 

g h 

0.5mm 

(1-d) 

~'ig~ 2. l'vymplum akall(' r--:akamura & U\ild: a, don;al vit: ,.,- ut lrunk: b, tli:>.tal join ls ot iirst leg; c, same of third 

leg; d, samt: ot tourth lei,:; e, palp: L de111icu!att· :-pinl' ot ov1gt."r: g. malt• oviger; h, chelitore. 
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ular tubercle is as tall as wide, with 2 small prctuberances laterally at the tip. The fourth a?d fifth 

segments of the oviger are longer than those of lemale. The fifth segment is slender, curved and 1.5 

times as long as tht fourth. The denticulate spines formula are 7:5:5:5 in male and 7:6:5:6 in female. 

The length ratios of tarsus \o propodus of the le ~s are getting shorter gradually from 0.8 in the first 

legs to 0.6 in the fourth legs. 

Range: Japan (Sagami Bay). 

Family Callipalle·1idae Hilton 

Genus Callipalleu Flynn, 1929 

2. Callipalkne ,unamna (Ohshima, 1933) 

Pa/U.•nc amaxa11a Ohshima, H/33, (p. 216, figs. 8-UJ 

Caliipa/lem, plia11toma: Utinomi, IY62, (p. 95, fig. J;. 

Calhpalit'11c pltantvma amaxaua: Stock, 1968, (p. 37 t1g:. l4a-<l). 

UJ/JipoJft,m·omaxanu; Nakamura & Child, l98J, (p. 37: in kt"y): h.mi, lYtil'i. (JJ. 1, Ilg. l). 

Material examined: Ii, 5!/-, Hong-do. VIII/1982; 2 i. 2 !/-, Sohuksan-do, Vlll/1982: 1 i, Soan-do. 

2/VIIl/1982. 

Range: Southern Japan, Malacca Strait and Korea (Komun-do). 

3. Cal/ipalJene dabiooa Hedgpeth, 1949 

Cal/ipallcnedul,iusa Hedgpeth. 1!:14Y, (p. 2/j, trg. :J.JJ; Stock, HJJ4, {µ. 41. tig 1;1: l 1morni. lY(l, (p. JJ'.:!J; 

Kim 1984, (p. 535, figs. 4f-1, Ja-t.:), 

Material examined: 2 t, Namyang, Ullung-do. 2/X/ 1981; 3t, 5 !/-. Hong-do, Vlll/ 1982; 5 t. 5-'/-, 

3 juv., Sokto, VIIl/1982; 4 t, 11!/-, 3 juv., Och' \ng-do, VIll/ 1982: 1 t , 1-'/-. Hat·ae-do, V lll/1Yli2; 

2t, Anma-do, Vlll/1982: Zt. 2!/-, Sohuksan-co, VIJJ/1982: It, 5-'r-. Chagae-do, 22/Vlll/1982: 

6t, 3-'/-, 2 juv., Soan-do, 23/Vlll/1982. 

Range: Japan, southern China, Singapore, Ea~t Africa and Korea (thi~ species 1s very common in 

Korean waters). 

4. Callipallene ,agamiensis Nakamura & Child 1983 (Fig. 3) 

CalliJxillnw -~a;:amwcsts r--akamura & Uu!d, I ~83, (p. :,9. !1g. ~U). 

Material examined: 16, Karorimman, Xll'l980; 3i, Karorimnian, X/1Y81; 16, Hong-do, 

Vlll/1982. 

Remarks: Among the Korean callipallenid species, this species has the medium-sized neck. The 

neck is longer than that of C dubiusa, but is shc,rter than that of C. amaxana. The lateral processes 

separated from each other by more than their width, and longer than wide. The ocular tubercle is 

low, with the apex shortly pointed. The abdomen is short and truncated. The denticulate spines are 

all of identical shapes in both sexes, with the fom1ula 10:8:8:8 in the males, and 9:6:7:8 in the• 

females. The propodus has the weak heel whid- is armed with 3 spines. The cement glands are not 

visible. 

Range: Japan (Sagami Bay). 
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e 

\ 

f 

O. 5mm ( a-c) 

Fig. :t Caillpa!le11c sammmcs1s ~akamura & Child: a, dorsal\ 1ew nf tnrnk; b. ventral vit.·w of anterior trunk; c, 

lateral view of trunk; d, chelitore: e, distal jrnnts ot ltg: I, male ovigl'r: g, distal part of female oviger, 

enlarged: h, female onger. 
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k 

Fig. 4. f'ropallcnc lon)tta'fl::i (B<>hm): a, dorsal view ot male trunk; b. ventral view ot sallll'; c. laleral view ot sallle; 

d, ventral \"Jew ol an tenor tiunk ot lema!e e, male palp; 1, di:-;tal 10111\:-. ol tourth lt..·g, malt.·; ;..:, malt.- m·igt:r; 

h, leg; i, distal segments of male oviger; j, chel!tore; k, 1en11111al spine ut ovigt.·1 :-.egment lU, male; l, 

mnth spine ol se).(menl lU, male; m. dist< I part ul kmale ov1g:er, enlarged. 
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Genus Prupallt 1u' Schi1,1kwitsch, lYU~ 

5. Propal/ene longiceps (Bohm. 187YJ (Fig, 4) 

1-'aile1~c lo11gtc('p:),: Ohshima, IYJJ, {p. ~12, t1g--;. 1-hJ. 

f'ropalknclon;.:,i-eps· Stock, HG--l, !p. 31, !1~. l~a-lH. l':J/:1. p. !::IU. tig~. l-~Ul: l 1m11rn1. lY.:>!::1. (p. l':JY): l':J62,(µ. 

%); 1~71, (p. J22). 

Material examined: 2 6, Karorimman, \"Ill/ 1Y80; 1 ~, Karorimman, XII/ 1 Y80. 

Remarks: The notable feature:; of the present specir 1ens are as tollows. The eyes are visible. The 

chela of the chelifore has the movable finger armed with ti or 7 teeth, and the immovable finger arm

ed with 4 teeth. 

The male palµ is slender, 2-segmented. The distal segment is narrow at the middle, with 5 setae 

distally. The female specimen has the µalp, though it is represented as a small, rudimentary bud (Fig. 
4d). 

The male oviger segment 5 is the longest segment. curved proximally. Tht.· segment 7 is armed 

with 3 long distal setae. The compound spine formula i: 9: 10:~: JU. The terminal spine of the segment 

10 is much specialized (Fig. 4, k): It is palmlikl• and anned with 2 or 3 basal teeth at both sides and a 

rosette-shaped tooth at the middle. In the tamale specimens this kind of specialization is absent. The 

compound spine formula in the female is 7:7:5:8. 

The propodus is armed with 2 or 3 heel spines. and the distalmost one is distinctly larger. 

Range: Japan (to 103 m: Nakamura & Child, 1983). 

Family Phoxichilidiidac G. 0. Sars 

Genus Anop/udar/\'lus Wilson, 1878 

6. Anoplodactglus erectus Cole, 1904 (Fig, 5) 

A.noplodacty/us l'r('(fus Cole, U:HJ4, (p. 289, pl. 1--l, tig. 12, pt. 26, hw,. 1-Y): H1l11m. l~~~. {p. 2HJJ; ~lock, 1955, 

{p. 2:3~. figs. 13, 14); Child, H.J70, (p, .'.!B8); 197!-!, lp. J2J. 

Material examined: I! , Soan-do, 2:J/Vlll/!982. 

Remarks: This single specime11 agrees well with Col1,'s (1904) and Stock's (1955) descriptions in the 

respects that the fingers have no teeth. the proboscis s long, cylindrical, and the relative lengths of 

the oviger segments are coincide with the previous s1,ecimens. 

The lateral processes are rather fatty, separated from one another by the intervals less than their 

own diametc-rs, each with a prominent dorsodistal tubercles. The propodal heel is strong, at which 

there are L! main spines proximally, successive~ small spines and distal 2-4 setae. The sole is am1ed 

with 4-6, stout, up-curved spines. Th(' proµodal lamina covers less than a half of the sole. The 

femoral cement gland is subcuticular, semi-transparent, and leaves a slender tube which is longer 

than a third of the femoral width and positioned at th~ middle of the femur. 

In Stock's specimens the trunks are very thin and long, and the oviger segment 3 is relatively far 

longer, so that the present specimen seems to belong to the "robust form'' of Child (1~79). 

Range: California (type locality). Pacific sides of Mexico, Panama and Columbia, British Colum

bia (Canada), Hawaii and Tuamotu Archipelago. 

7. Anoplodactglus hwanghaensis, n. sp. (Fig. ti) 

Material examined: 5 t, 1-'/-, 3 juv. (1 t holotype), Och 'ong.do, Yellow Sea, V IIl/1982. 
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d 
g 

0.5mm (a,c) 

Fig. 5. Anuplodactylus crectus Cole, male: a, dorsal view of irunk; b, dw!ifore; c, late1al rn:w ut trunk; d, In· 

minal segments of third leg; e, cement gl< nd ot tlmd lqc t. tlmd lt'b',; g, ov1gt"r. 

Description: Trunk compact, robust, firs and second tru11k segments distinrt, third lacking. 

Lateral processes smooth, slightly longer than their diameters, almost touching proximally, but 

separated distally by their own diameters, wi :hout tubercles or setae. Neck very short, far broader 

than long. Ocular tubercle low, broad, rather flattened above, with apex round and positioned 

anteriorly. Abdomen shorter than the last pair of lateral process, ovoid in lateral view, directed 

posteriorly al an angle of about 30° from the horizontal. Proboscis short, robust, slightly longer than 

wide, truncated and d;:irkly pigmented distally, with ventral margin roundly convex, longer and 

wider than dorsal margin. 

Chelitore scape smooth, cylindrical, slightly longer than proboscis. Chela palm armed with a few 
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f 

e 

0.25mm 

(a,b) 

43 

C 

-

l<'ig. 6. Anuplodactylt-L, l11rnnghac11s1s, n. sp. holotypt', malt>: a, dorsal view of trunk; b. St'l·ond leg: c, distal 

segments ot second leg; d, oviger: e, frontal view of proboscis; I, lateral view ot trunk; g, chelifore. 

distal setae. Movable finger strongly curved, with 4 keth. Immovable finger nearly straight, armed 

with 2 small teeth. 

Oviger 6-segmented. First segment very broad. Third segment the longest, with setae on both 

sides. Fourth segment a little longer than the second, widened distally, with several setae on outer 

margin. Fifth segment armed with 5 or 6 recurved outer setae and 2 {or 1) inner middle setae, one of 

the latter is palm·like when greatly magnified. Terminal segment tapered and pointed, longer than 

the half length of fifth segment. with -1-6 recurved si:tae. 

Legs mocteratly short, the posterior pairs shorter thm the preceding ones. Cement gland pore flat, 

not raised, and situatt'd at proximal third of femur. f"ernur the longest segment, with a dorsodistal 
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spine. Tibia 1 and :teqpal .in lengths. Propudus with a strong heel armed with 2 curved spines and 

upper 2 smaller ones. Sole armed with more than 10, small and thin setae. Propodal lamina covers 

entire sole. Claw as long as sble, with curved :ip. Auxiliary claws very small. 

Measurements (in mm): Trunk length {neck to tip of lateral processes), 0.93; trunk width (across 

second lateral processes), 0.78; proboscis leni:th (from ventral side), 0.40; abdomen length, 0.19; 

first leg (including claw), 3.27; second leg, 2.S5; third leg, 2.81; fourth l~g, 2.63. 

Etymology: The specific name, hwanghaensis, is derived from a Korean language, Hwanghae 

(~Yellow Sea) in which the type locality is sit 1ated. 

Remarks: This tiny species belongs to the old genus Halvsoma and to the so called Anopludactylus 

pygmaeus complex. The new species has the lollowing combination of characters: Body compact, 

two heel spines, long propodal lamina, chela finsers with teeth, cement gland pore flat and JX)Sitioned 

at proximal third of femur, very robust probo:;cis, lack of tubercles or spines on lateral processes, 

auxiliary claws present. 

The new species is similar in body configurations to two Panama species. AnoJJ/odactylus sp. 1 

Child, 1979 and A. stn· Child, 1979. In the sha1,e of proboscis, Anupiod<1c/ylus sp. I is very similar to 

the new species, but differs in having tubercle~ on the lateral processes and short lamina on the pro

JX)dal sole. A. stri has also smooth lateral proce.;ses, long propodal lamina, and chela finger teeth, but 

in this species the proboscis is more longer ar d the main heel spine of propodus is only one. 

The new species can be distinguished from A. compactus Hilton, 1939, another relative species 

from California. The large tubercle on each la .era! processes. rather long proboscis and the lack of 

body segmentation of A. compactus are the ch Jracters different from the new species. 

8. Anopioda£tyWJJ pyCIWB(Jnw. (Helfer, 1938) 

Anoplodactyfus pyrnusoma: Stock, 1954, (p. 75, fig JJJ: Lt111on1i, lYI 1, {p. S!h); 1\akamma & t.b1ld, IYX.J, (p. 

50); Kim. 1984, (p. 536, fig. 5d·h). 

Material examined: 1 t, Sadong, Ulhing-do, X/1981; It , 1 i, Tokto, X/1981; It, Sohiiksan-do, 

Vlll/1982; 1i, Hong-do, Vlll/1982; H, o\nma-do, Vlll/198{; It, Sokto, Vlll/1982; 1i, 

Och'i\ng-do, Vlll/1982; n. 2~. Soan-do, 23 1Vlll/1982. 

Range: Southern Japan. Korea, western A11stralia and Tanzania. 

9, Anoploda£tyWJJ viridintestinalis (Cole, 19(4) 

Haiiisoma 1·mdrnt1·s//11afo:; Cole, rnu4, (p. 286, pl. 14, fig:. 11. pl. 24, 11g:,. ti•X. pl. 2J, Ilg:--. 1-4,: Ht.·dgµetli. lY-HL 

(p. 217, l1g. 25). 

Au11/Jfodactylus 1·tnd111te.,ti11alis: Stock, HJJ5, (p. 23Y); Uuld, IY7Y. (µ. ti:3); h.1m. lYt!li. (p. :L t1g. :!). 

Material examined: 1 t, Karorimman, XI 1980: n, Sadong, Ullung-do, XI 1~81; It, 4 i. Soan

do, 23/Vlll/ 1982; 4 t, n, Sohuksan-do, Vlll/1982; 1i, Hong-do, VIIJ/191!2. 

Range: East Pacific from California to Pauama, and Korea (KOmun-do, littoral). 

Family Ammotheidae Dohrn 

Genus Acheiu, Hodge, H!64 

10. Achelia al.askensis (Cole, 1904) (Fig. 7) 

A111m,1!11m aillskc HSI.~ Colt, 1904, (p. 266, pl. 1:.:, h!,I, 4, pl. 11, ti,K:>. 4-U). 
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C.5mm (a,b) 

Fig. 7. Achdia alaskensis (Cole), female: a, dorsal view of trur k; b, lateral view of trunk; c, palp; d, fourth leg; 

e, distal segments of third leg. 

Achel,a alaskcnsis: Utinomi, rn54, (p. 14, figs. 6, 7); 1Y71. ( ). 32Y); Losina-Losinsky, 1961, (p. Yl). 

Material examined: 1!, Karorimman, X/1981. 

Remarks: The ocular tubercle is low conic, and the ap,~x is pointed. The compound spine formula 

of the oviger is 2:2:2:2. 

Utinomi (1954) summarized the diagnostic characters of this species. The present female 

specimen agrees well with his description, except for th1~ following points. The chelifore scape and 

lateral processes are smooth, without any kind Of protuberance. There is a prominent dorsal tubercle 

on each of posterior 3 coxae, however, the coxa 1 is smooth, without protuberance. The abdomen is 

not horizontal, but erect at a half of a right angle. 
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This North Pacifi<;. species extends its dis1 ributional range far to the south, ~use its previously 

known southern limit of the 
4

range was Hokkaido, Japan. 

Range: Bering Sea, Alaska, Okhotsk Sea and Japan (Hakkaido). 

IL Achelia bituberculata Hedgpeth, 1949 

Ache/ta bituberculala Hedgpeth, 1949, (p. 287. ·ig. 41a-g); Siock. H64, (µ. W", fig. 44); l ,finom,, l9ti2, (µ. ~7. 

fig. 4); Nakamura & Child, l!:-18J, (p. 6); Kim, l~H4, (p. 3J7, tig:. t:ia-1). 

Achl'lta ohshima, litmomi, 1951, {p. 16J, fig.:.): 1Y54, lp. lt!. tig. 8); l-..tm, 1~$-1-. (µ. :J:Ji.i, t1g:. $a-h). 

Material examined: It , 3 juv., Sadon;:, Ullung-do, X/1981; ll , 4 i, Namyang, Ullung-do, 

2/X/ 1981; n, Sohiiksan-do, Vlll/1982; 2! , 2 juv., Hat'ae-do, VIll/1982; 1 J , Hong-do, Vlll/1982; 

1i, Maan-do, 22/VIIl/1982; 4 l, 7 juv,, Scan-do, 23/VIll/1982. 

Range: Japan and Korea. 

12. Achelia echinata sinensi8 (Lou, 1936) 

Ache/Jo ,·cJJinata orin1lalis; Hedgpeth, HJ49, (p :H8}. 

Achelia echinata: litinomi, !Y54, (p. 11, figs. 4, 5); 1Y3Y, (p. 201. l1,K. I). 

Achelta ffhrnala ,wsula: Stock, 1956, (p. Y8, iq. 16a). 

Acl1elia echinata sine11s1s: Ltinomi, 1971, {p. :.t(8J; Nakamura & lhi!d. l98J, {p. i ); l\.m1, lYX-1, (µ. :lJi·. 11g. 

7a-i}. 

Material examined: 1i, 1 juv., Karorimnan, VIIIl 1980; 2!, 2~, 1 ju\'., Karorimman, XI rn8o; 

1 , Karorimrnan, Xlll/1980; 1 ~, Karorimrr an, X/1981; n, 1 H, 4 juv,, Hong-do, VIll/1982; H-, 
Sokto, VIII/1982; 2 ! , 2-¥,, l juv., Hat'ae-do, Vlll/1982; 1 juv., Paega-do, Vlllll!J82; 1 juv., 

Och'iing-do, VIII/1982; lt, Sohiiksan-do, Vlll/1982; 2!, 2i, 3juv., Soan-do, 23/Vlllll!J82. 

Range: Japan, northern China and Korec. 

13. Achelia latifrons (Cole, 1904) (Fig 8) 
~ 

Ammothea lnlljrons Cole. 1904, (p. 263, pl. 11, tig. J, pl. lti, tigs 1-Y, pl. l,. l1g:--. I <H: Hilton, I Y-lL, (p. YJ. p!. 

41). 

Achdta lnti;ru11s: SLock, rn54, (p. 9ti). 

Acl1dia urpax !',;akamura & Child, 1Y8J, (p. 8, tig. L). 

Material examined: 1 S, Hong-do, Xi 19,H. 

Remarks; This specimen is almost identi:al with both Achelia latifrons (Cole, 1904) and A. ,,rpax 
Nakamura & Child, 1983, and they can hardly be regarded as separate species. A. lahjrons. A. urpm: 

and the present specimen have following m ~.jor characters in G,mmon: ( 1} Trunk compact, circular 

and unsegmented. (2) Cephalic segment armed with a spines-bearing tubercle on each of anterior cor

ners. (3) Ocular tubercle tall, slender and po·;itioned at extreme anterior of cephalic segment. (4) Pro

boscis elliptical, rather large. (5) Abdomen !,mg and anned dorsally with several spines. (6) Che!ifore 

scape long and curved, chela smaH, globular. without finger. (7) Propodus slender, roundedly curved, 

with :3 heel spines. (8) Proboscis, trunk anc abdomen are nearly equal in lengths. 

The noteworthy difference among them is the numbers of tubercles on lateral process and coxa 1. 

Cole (1904) described that his type specimt:ns have 3 tubercles on lateral process and 3 on coxa 1. 
while these are l and 1 in A. urpax, and 2 or 3 and 1 in our specimen. Our specimen is same in every 
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e 

Fig. 8. Ac/1elza laliJrons (Cole). male: a, dorsal view of trunk; b, lateral view of trunk; c, palp; d, fourth leg; e, 

oviger. 

details as A. orpa,x except for the number of tubercle:; on lateral process, however this difference 

seems negligible, for the male is usually more tuberculate than the female. 

Nakamura & Child (1983) characterized A. orpax b',r its "unique" feathered spines, as does our 

specimen, but, in our opinion, this feature would not be noticed by Cole, othenvise he might thought 
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these as foreign debris judging from his re narks (p. 266) as "'All the specimens of A. latifruns had a 

quantity of foreign mater~ls entangled in lhe spines .. :" 

Range: Bering Sea, Alaska, California (north of Santa Barbara Island), and Japan (Sagami Bay). 

Genus Ammuthea Leach, 1814 

14. Ammothea hi4lenoorfi (Bohm, 1879) 

Lcqtlwrhyncitus Juil{e11dor;i: Hedgpeth, 1Y4~. (p. LYti, tig:. a, b): Ltrnomi, I Yi"ll. (µ. lt:iti); I YJ9, (p. LU'9. tigs. 5. 

ti); 1Y71, (p. :536); Losina-Losinsky, H:161, (p. 5:J) 

Uty!Jwrhynchus marginalusCole, UJU4, (p. L6U, pl. I I. tigs. I, L. pl. 1;}, llgs. 1-KJ: Stock. l'::JJ-L (µ. lJY. tIg. 09). 

Ammotlu·a lulgu1durJ1: Child, IY/0, (p. 2Y2J; Uark, l!:J/7, (p. 11-lJ. 

Material examined: 1-'f., Kamakman, lX/1980; ii, Karorimman, Xll/1~80; 1~, Karorimman, 

X/1981; 5!, 2'1-, 18 juv., Hong-do, VIII/ 1982; numerous specimens, Sohuksan-do, Vlll/1982; 

numerous specimens, Och'ong-do VIII/1982; 1 ! . 13 juv., Sokto, Vlll /1982; I!, I¥, 3 juv., Paega· 

do, VIIl/1982; 2t, 1¥, Anma-do,VIIl/1981; 3!, 3 juv., Pogil-do, VIIl/1982; ;· juv., Chagae-do, 

22/VIIl/1982; 1-\', 15 juv., Soan-do, 23/VIII/1982. 

Range: North Pacific. 

Genus Am nuthelia Verrill, !YOU 

15. Ammothe/Ja biunguiculata (Dohrn, 1881) 

Ammulhclia btunguicuiata: Stock, 1968, {p. 14); Utmonn, IY/1. (µ. ;uu); l-,,.1111. E/8-l. (p. :1J~I. 1Ig. Yb-f). 

Material examined: 1 ! , Sohuksan-do, VIIl/1982.; 1¥, Hat'ae-do, VIII/ 1982. 

Range: Cosmopolitan. 

16. Ammothel/a indica Stock, 1954 

A mm11thclia rnd1ra Stock, l Y54. (p. 113, figs. j( -~lie, j/ a-c); l Y.5Y. tp .• l:i H; I ~Ri~. (p. 1 J J: l t 11101111, I 9:19, (p. 

LU3. tigs. L, 3); Kim, lYt'.16, {p. 5, ltg. J). 

Material examined: 2 juv., Hong-do, VIL/1982; I juv., Soan-do, 23/VIII/1982. 

Range: In Pacific including Korea (KOmu 1-do). 

Genus Ascuriynchus G. 0. Sars, 1877 

17. Ascorhgnchus g/aberrimum Schimkewitsch, 1913 (Fig. 9) 

Ascurl1_rnclm.~ )!.labcrnmum; Hedgpeth, l!HY, (p. LY3); Lt11mn11, l~,i:i, {JJ. ~ti. !1~. 1:1); J~;-J9. tp. LUK); 

Nakamura & Child. IY83. (p. 24, fig./). 

Material examined: l ! . 2 '/-, K wangyan, man. II/ I 983. 

Remarks: The specimens are as the figun of Nakamura & Child, 1983. The cheliforc scape bulg

ed distally. The chela is partly sunken into tl escape. The tip of the chela finger is typically chitiniz

ed, and yellow and semi-transparent. The tu Jercles on the lateral processes are less prominent than 

those of Utinomi (1955] and Nakamura & Coild (1983]. 

The male specimens have 8 to 11 cement galand pores. These pores seem to be of each separate 

cement glands (Fig. ~ jJ. The malC' gonopore:; are present at the ventrodistal corners of coxae 2 of 
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Fig. 9. Ascorhynchusgiabanmum Schimkewitsch:.a, dorsal ·:1ew 1)t trunk; b, lalt'ral new of trunk; c, d, e. distal 

segments ot first. third and fourth legs; t. ~ecund leg; g. palp; h. chditme; 1. coxa ::'.; J. cement glands; k, 

(lVJ)<(t'r; I, mnth segnient of (1v1ger. 
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third ~ml fourth legs- The ~enticulate spine f )rmllla of the male oviger is 10:8:7:7 0r 11:8:8:8. 

Range: Known only from Japan (shore to S3 m: Nakamura & Child, 1983). 

18. Ascorhgnchw, ramipes (Bohm, 1879) 

Ascurliyncilus raml/)t's: Lc)man, lYll, (p. 6); Hedgpeth, 1Y4Y, (p . .'.!Y2); l-tmonu, lYJY. (p . .'.!UI, tJg. 48). 1%~, 

(p. YYJ; HIil. (p. JJ::!); Nakamurn & Child, 1983, {~ . .'.!9); Km!, 1981:i, (p. /, 11.i.1" ·H-

Aswrhynchus /alum: Stock, W54, (p. 128, tig. 6:3 a-c). 

Material examined: H·, 1 juv., Kamakman, X/1980; lt, 4'/-, Karorimman, X/rn80; 2'/-. 

Karorimman, XIJ/1980; 4'?-, Karurimman, 29/1/1981; I'/-, Karorimman, 11/1981; lt, l'/-, 

Karorimman, XI 1981; numerous specimens, J(arorimman. with trawl, Xl/1981 

Range: Northern China, Gulf of Siam, Indian Ocean (Gulf of Manaar), Japan (Sagami Bay to 

Kyushu) and Korea ([nch'im and Dokjiik-to). 

Gun us Tany ;tylum Miers, 1879 

19. Tang•tgillm scrutator Stock, 1954 

Tanystylum scrulator Stock, 1Y54, (p. 142. tig. It-). 

Material examined: 1'?-, Hong-do, Vlll/l'J82; 5!, 2 '?-, 8 juv., Sohiiksan-do, Vlll/1982; 1'?-, 

Hat'ae-do, Vlll/1982; 3t, 2'/-, Chagae-do, 2, /Vlll/1982. 

Range: Japan and Korea. 

20. Tangstglllm u/reungum Kim, 1983 

lanystylum ulrrunj.[um Kim, 1Y~3. lP- 461, figs. l, ~>
Tany~tylum nabctem;1.~ Nakamura&. Child. 1~83, (p. :J~. tlK- l:1). 

Material examined: 2 ! , 4'/-, Namyang, Ul.iing-do, 2/X/1981; H, Sohiiksan-do, Vlll/1982. 

Range: Korea (Ulliing-do) and Japan (Saga ni Bay). 

Family Pyc nogonidae \\- ilson 

Genus Pycnogunum Briinnich, 1764 

21. Pt,cnogonum koreanum Kim & Stock, 19.!4 

lynw;ttmum kurranum Kim & Slot:k, 1Y84, (p. 6~5. tigs. 1-6). 

Moterial examined: 2l , 2 '?-, Namyang, \jllimg-do, X/1981; 2 t, Hong-do, VIII/ 1~82; 1 t , l ¥ , 
Hat'ae-do, Vlll/1982; It, 3 \'-, Sohiiksan-do, VIII/1982. 

Range: Korea (Ullimg•do). Probably widel:r distributed around Korean seas to where the warm 

current reaches. 

A3STRACT 

Twenty one species of Korean pycnogonidi. are represented in the collections of the Korea Ocean 
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Research and Development Institute, Korea. The collect ons include six species which are newly 

recorded in the Korean fauna and a new species trom the ~- ello\\' Sea, Anupludactylus hwanghae,isis, 

which is described and illustrated. Illustrations and remarks of the newly recorded species from 

Korea are also provided. 
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A somewhat novel but nonetheless 
important predator-prey relationship 
was described by Turner 0955) and 
Schneider (1982): the nat.Jcid gastropod 
Polimces duplicatus commonly captures 
the solerud bivalve En.sis d1rertus by 
attacking its foot rather than by drilling 
through its sheU. From a paleoecologic 
cir taphonomJC standpomt, the most s1g
ruficant result is numerous dead zn-situ 
mdivi.duals of E. dtrectus, the valves of 
which remam pristme. In other m• 
stances the valves are retamed partly 
within the burrow but prnJect above the 
substrate surface, reflecting a futile at
tempt by the dams to escape. Fre
quentiy dams burrow v,ndely through 
the sedunent m vanous attempts at 
fhght, some successful and others not. 

Such behavior evidently 1s wide
spread among morphologically and eco
log1ca!ly eqmvalent mollusk species 
(e.g., Colbath, 1985, p. 858), and was 
observed recent.Iv on tldal flats near 
Inchon, Korea. These tidal flats, which 
are generally sirmlar to ones described 
by Lee et al. (1985), are replete Wlth 
ep1bentluc and endobenthic mollusks. 
Among them is the razor clam Solen 
strictus, ecologically equivalent to Ens1.5 
dtrectus, and the gastropod Euspitafor
tunei, which 1s equivalent to Polinu:es 
dupltcatus. Populations of S. stnctus 

F1GURE 1-Burrows and 1r,-s1tu live mdI.,.Id 
uals of the solenid bivalve Solen str1ctus ,n 
muddy sediments of a ma:rot1daI flat near 
Inchon Korea Ttiese we+l-InaIntaIned dom, 
cIles are lined with a smonh. tf"llck layer of 
rnucus-,mpregnated sediment: basal en 
largements represent d>la11ons of the toot 
Escape burrows are considerably more ,, 
regular and ephemeral, ye. all burrows are 
arcuate. as governed by the long1tudma1 
curvature of the animal itself 

(Fig. l) are especially prominent m 
muddy sediments of the middle reaches 
of the tidal flat, where E forlunei also 1s 
common. Interactions b1:tween the two 
are obvious locally. 

Although experiment~ such as those 
conducted by Schneider (1982) were 
not attempted during the short penod of 
study, copious evidence exists for the 
requisite behavioral patt ~rns. Concrete 
evidence includes not o liy the various 
configurations of dead in-situ or dis
placed shells descnbed b 'f Schneider but 

RESEAkCH LffiERS 

FIGURE 2-Surfrcia! crawling trace of the 
natIc1d gastropod Polm1ces dup11catus ,n 
moist. poorly sorted sediments of a seaside 
tidal flat, Georgia Ammal is part!y vis10Ie 
(top): finger for scale. Lateral margins ot the 
trail are irregular: arcs of ropy sediment 
remam ,n the wake In more cohesive sed1 
ments, the animal produces elongate 
smooth grooves on the substrate surtace 
(Howard and Dories. 1972. fig. 3e) S1m11ar 
trails are made by the na11cId Eusp1ra for• 
tune1 on Korean t,dal flats 

also the lebensspuren produced by 
E usptra _rm-tune, dunng its search and 
seizure. ~ost attacks apparentlv <x.Tur 

deep Wittun the substrate, beyond ordi
nary IJ.Iruts of obsen>allon. Yet the snail 
occastonally produces surficial or shal
low subsurficial trails (Fig. 2), ::;ome of 
which represent the pursuit of Soi,-n 
stnctus. As noted by Schneider. the 
predator commonly burrows along the 
course of its prey, whether a permanent 
domicile or a new pathway of escape, 
partly obhteratmg 1t. 

The 1chnological record therefore 1s 
more mformat.1ve in some respects than 
is the zoological one. Although exam
ined without benefit of X-ray radiogra
phy, the swaths of sedunent reworked 
by Euspira fortunei seem to be closely 
analogous to the intrastratal crawlmg 
traces made by Polinices duplu:ah,s 
(Fig. 3). The anomalous. newly exca 

Cooyri9ht ,.. , 986 Tne Soc,e!y o! Econom,c Paleon10Iog,sts and M,neralog1s\s O& 3.1351186/0001 ·0610/$3 00 
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NOT ALL SNAILS ARE BORING' 

FlGURE 3--Characterisuc subsurface crawlmg trace of Polimces oup/icatus man aquanum. 
revealed by X-ray radiography. The swath of re-worked sedJment me udes not only the wake of 
the animal but also the path of its anterior and lateral margins, c mespondmg to the broad 
thick foot. Insertion of the foot also causes compression anc lateral displacement of 
sediment. (Adapted from Frey and Howa,o, 1972) 

vated burrows of Solen strictus lack the 
smoothly lined, well-maintained walls of 
normal burrows (Fig. 1) and also may 
record erratic, localized movements 
made during attempted escape from sei
zure. The latter commonly represent 
the death throes of the clam and thus 

·may be termed "taphichnia" (sensu 
Saf)eant, 1975, p. 319-320). 

One glaring omission from the ichno
logic record. of course. is the otherwise 
normaJ swte of nat1cid boreholes. These 
holes. referable to the ,chnogenus Oich• 
nus (Bromley, 1981), ordinanly const.J· 
tute the pnnc1pal record of predalion by 
gastropods (e.g .. Pa.me. 1963: Sohl, 
1969; B15hop, 1975>. Cullecl..lve!y, such 
traces are termed "praedichrua·• (Ek 
dale, 1985J. 

Incidence of predauon by £ usp1ra 
fortunei is patchy rather than urufonn 
withm the envrrorunental zone of Solen 
strzctus, however. Broad reaches of the 
tidal flat may reveal few. if any, direct 
traces of predation, whereas locally, in 
otherwise equivalent populations of S. 
stnctu.s, numerous indications may be 
observed within small areas. There, 
dead tn-situ sheUs projecting -above the 
substrate surface may be as dense as 
5lm2

• Other shells commonly are scat-
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tered about the ·;urface. Reasons for the 
d.!spanty betw,.·en areas remain un
known but ob, iously warrant further 
study. (Unidentified nemertean worms 
also were observed within the habitat of 
S. stndus; yet, .he extent to which they 
may have parti< ,pated ll1 this predation 
[cf.. McDermctt. 19761 remains un
known.) 

Interestingly, in addition to physicaJ 
transport by uct 1 currents, shells of both 
species are sut Jeer to further biogeruc 
displacement aHer the death of the m
dJviduals. Valv-!s of Eusptra Jorlune1 
(Yoo, 1976, pl. 10, figs. 8, 9) are occu• 
pied by hermit crabs such as Diogenes 
edw11rds1, and the open but articulated 
valves of Soler stndus commonly are 
hauled around by the doripp1d crab 
NeodonfrPe Japonica. Like species of the 
crab Hypoconwa tSchrrutt. 1965, fig. 
62} . .N. japonin prefers the cover of a 
disc-like valve such as that of Cycima 
smensts or Madra i-enenfonms; if these 
are not availabl ~. however. N. ;apontca 
readily selects other detntus (Sakai, 
1976, p. 61). including articulated or 
ligament-bouno razor darn valves, and 
transports ma11y of them beyond the 
nonnal environ nental range of the dam. 
Dorippid crabs date back to the Creta-

611 

ceous (\Varner, 1977, table 5), hence 
tlus vah-e-carrying habit may be an an. 
c1ent adaptation. 

Predation by £ usptra fortune-i rhus 
results m nwnerous direct and indirect 
effects, all of which are potenually ll11-

portant in application to the fossil 
record: (1) ravaged but essentially in
si/u, otherwise pnstine inaiv:iduaJs of 
Solen stnctus; (2) slightly to markedly 
displaced, well-articulated valves, some 
partly intrastratal and others scattered 
on the substrate surface: (3) dwelling 
and escaJ)t burrows of 5. stnctus inter
rupted by crawling traces of£. fortune1: 
and (4) transportation of articulated 
valves away trom the life sites of S. 
stnctus by crabs, In adctitmn to theu
general implications for paleoecology, 
1chnology, and taphonomy, such circwn
stances increase the rate of infonnation 
loss in modern benthic habitats (Cum
mins et al., 1986) 
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RECENT OSTRACODES FROM THE SOUTHWESTERN 
SLOPE OF THE ULLEUNG BASf'i, EAST SEA, KOREA 
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KWANG-HO PAIK* AND SOON-KEUN CHANG** 

• Department of Geology, Korea Universitv, Anam Don!(. Seoul. Korea 
•• Korea Ocean Research and Development /"stitute, P.O. Box 29, Banweol, 

Ansan City, Kyonggi-do, 17/-14, Seoul, Korea 

ABSTRACT 

Ostracodes have been examined from fou:· cores collected from the slope 
of the Ulleung Basin in the East Sea (Sea o:· Japan). A total of 117 species 
belonging to 4 7 genera of ostracodes are identified. The domincnt species are 
Metacytheropteron chejuense, Schizocythe,e kishinouyei, Eucythere sp., 
Krithe sawanensis and Urocythereis sp. A. 

Ostracode assemblages represent the mi::. ture of warm-water and cold
water species. The fauna is composed mainly of Holocene warm temperate 
water species, whereas some species are diagnostic to cold water. The core 
40-2 is seemed to have been deposited in the warm water environment, where
as the cores 40-1, 41-2 and SL-1 have been dominantly influenced by cold 
water mass. Part of ostracodes seem to be trrnsported from the neighboring 
inner shelf environments by currents. 

INTRODUCTIDN 

In his pioneer works. llanai (1957a. 1957b. 1957,;, 1959. 1961. 1970) initiated the study 
of the Recent ostracoJes from Japan anJ its adjacent seas. lshizaki (1968. 1969, 1971, 
1975) reported many shallow water species from the Japanese coasts. Ostracodes in the· East 
China Sea and its adjacent seas were studied by Ish1zaki (1977. 1981). Wang. Min and Bian 
{I 978. 1985). Wang. Min and Gao (1985). and Wang ,md Zhao (1985). From the East Sea (Sea 
of Japan) no effort has been made until Choe (1985) reported 222 Holocene ostracode species 
from the Korean seas including the inner-shelf area o-· the western margin of the Ulleung Basin 
(Fig. 1). 

In the western slope of the inactive Ulleung !lad-Are Ilasin. Chough (1982. 1983. 1984) 
and Jeong (1983) reported the existence of slump. slide and debris flow deposits. From the 
southwestern slope of the basin. Cheong et al. ( I \t85) reported 35 species of planktonic 
foraminifers and this is the second part of the micMpaleontological study, which deals with 
ostracodes in the area. 

The main goals of this report are ( 1) to document ostracode fanna; (2) to deduce the paleo
environments of the studied cores; and (3) to illustrate key taxa. 
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N 

JUMUNJIN_ 

KOREA 

ULSAN'. · 

Fig. 1. Location of cores (after Cheot1g et al., 1985 ). 

MATERIALS ANO METHODS 

Four piston cores from the slope of tre Ulleung Basin (Fig. 1 ) were selected for this· study. 
Three cores (Core no. 40-L 40-2. and 41-2) were taken during the cruise in March. 1982 and 

another core (SL-I) in December. 19k3 by usin::: Tsurumi-Sc1ki pislt)!l cnrcr. Core 40-1, 40-2. 
and SL-I were raised from the upper slo1c. anJ core 41-2 from the midJlc slllpC. The upper 

slope cores cu11s1st largely of clayey, mudly and silty samL whctc:.is midJ!e slope core 1s domi

nantly silty (Jeong, 1983; Cheong ct al.. 198.'i). The cure locatinn. water depth anJ core length 
arc.given in Table I. 
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Table I. Location, water depth and length of the c,Jres. 

,--- ,;;;,.,, "' 1-' "~' ;,;"'-[ Cor_:~~- Water depth Cm) Core length (cm) 

! --
40-1 30° 391 44

11 
129° )91 4 11 

352 90 

40-2 3 5° 391 o" 129° 54' 3" 305 170 

41-2 35° 42' s" I 29° s I I 4" 782 330 

SL-I J 5° 45' 3" 129° 44' 3" 440 330 

RESULTS 

As a whole. the recovered nstracmle specimens arc insufficient for statistic analysis. Among 
the four cores. core 40-2. occuring extremely rich and well preserved planktonic forarninifers, 
also contain~ abund,rnl fossil ostracude.s. The others show relatively poor occurrence of ostra-
1..:oJe specimen:-.. 

Totally, 1877 specimens Jrc examined and 11 7 jpecies belonging to 4 7 genera l)f ost racode~ 

are identified. 

Core 40-2 

Co1e 40-2 produces the most prolific ostrac(,dc specimens among the studied cores. It 
yields 1675 valves representing 106 species of 4.l genera (Table 2). 

The species with high frequency arc 1lfetacythuopteron chejuense, Schizo'-:1,,'there kishinou
yei, Fucythcre sp .. Krithe sawanesis and Urolythereis sp. A. Each of these specie:- occupies 
over 5 percent of total population. Besides. Umcythereis sp. B. Ponto(\'there suhjaponica ;.mJ 
R.ohertsonites? sp. C. occupy over 3 percent ofth( total number respectively. 

Core 40-1 

This core yields only small number of ostraco(c individuals. 01ily 31 specimens. helungmg 
ro 17 species of 13 genera. were prnduceJ and they are listed in Table 3. 

Thi: 1cbtivd~ a1n111d;.111t species ,Jr'--' ,lfatuc1·tlwru;1cmn c/1cj11c11!>c. l'cctucrrhcrc s11., 

flanaiborchella miure11sis and Robertsonites ~p. B. It is nntt:wortlry that Palmenella limicula 
and Rnbertsonites sp. B. cold water species. are comparatively rich. 

Core 41-2 

This core yields 96 valves or ostracodes bel mging to 14 species of 9 genera (Table 4). 
Among the 26 studied samples. two samples (20')-212 cm and 328-331 cm from the top) are 
barren. 

The dominant species are Acanthocythereis ? ~p. A, A. ·~ sp. C. Actinocythereis sp .. Krithe 
gampoensis, Kohayashiina hyalinosa and Krithe scwanensis. Each of these species occupies over 
6 percent of the total number andAcanthocythereis '! sp. A is the richest (30%). 
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Table 2. List of ostracotle species from c01e 40-2. 
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Table 3. List of ostracode species from core 40- 1. 

Species __ 

PontocytM:rr s:ubjaponica (f{a113i, 1959) 
Knthr •""'11rn1i1 Hana!, 1959 
Putocythert sp 
0/thut ip. 
H,u111iborchr/li,. miurtmil (l\anai, I 970) 

Pa/mrnr/14 limicol4 (Norman, 1865) 
Finm,chintllll /Barrntmvia) }'IPOnica {l\hi1.aki, 1966) 

' ·- . 
Urocythtrtil sp. A 

u sp. B 

Acanthocythertis? sp. A 
RobtrUon/Us so B 
R. ? sp.C 
Hrmicytherura ytos:urnTis (Choe, 198$) 
Cythrroprl!1'on mlturnu tlan.ai, 1957 

C. Ip.A 
~!!_qther~!_r:on chrjuerm• tChoe, 1985) 

Total number of individuals 

Tot.ti nurnbe1 of !pecies 

Table 4. List of ostra~ode species from core 41-2. 
,--c:---··----- . 

--------- Sampling depth (cm/ 

Specaei ~---.........___ 

-~ ~ N 
;:: ~ -l'l-aporitocypris (Propo'llo(ypnr) sp. 

Knthezgmpomm 10,oe, 1985) 
K. 1111wontnr.is !lanai, 1959 
Actlnor:ylhtrt1/1 sp. I I 
Ao:mthocythutil . sp. A I I 

• ? sp. C 
Ambocythut ho111111nli1 (Choe, 1985 J 
A.. '•··bvuneru/1 (Choe, 1985) 
Robtrtwnlttl sp. B 
Cythtroptuon 1p. A 

C Ip. J 
Kobtz-.,tuhiiM h-.,11/i!'!osa Hana1 1957 I --
' ., 
loxoconch4 (Palmoconch11) 111boy11menli1 lshizaki, 1966 l 

Total nurnbcs of Individuals 3 3 I 

Total nurnbe1 of species l 3 I 

Table 5. List of ostracode species from core SL-1. 

-~ 
Species 

Propontocyprll (l',,apontocypril) Ip. 

Ar,Olotcill sp. 
l"tzrt1cypri1 sp. 
Kritht ,-mponuis (Choe, l 985) 
K. ,awanenril Hu\l.i, 1959 

hlmtntllll llmlco/Q (Norman, l 865) 
,Ae-,,t!wcythtreU ? ,p. ,\ 
Ambocythtrt/iqbyuneruis (Choe, 198S) 
Robtrtionitts sp. B 
Cythtropttron IP- H 

Kobtly111hiil'III hy./fno111 Hana.i, 1957 
llJxoconchll (hlntoconch11) 111boy.mm1/s hhiz.tki, 

Tot.al numbei of indMduals 

Total nurnber of species 
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Core SL-I 

75 specimens of ostraco<les were picked out and the population represents 12 species of 11 
genera (Table 5). Among the 26 treated samples. two samples (29-33 cm and 225-228 cm from 

the top) are barren. The core yields only ver t limited plank tonic foraminifers. 
The most frequent species is Robertson.'tes sp. B. which occupies over 26 percent of total 

population. Krithe gampoensis, Acantho(\'thereis '? sp. A and !.oxoconcha (Palmvcuncha) 
saboyamensis represent comparatively high (1ccurrencc ratio. 

DISCUSSION 

Fossil ostracodc assemblages from the !tudied cores represent the mixture of warm-water 
and cold-water species. Recently, Choe ( 985) reporteU the coexistence of cold-water and 
warm-water specie~ from the inner shelf are: near Pohang. adjacent to the present study area. 

A number of ostracode species occurrel frum the studied cores are the warm-temperate 
water species which inhabit warm water areas arnund Japan and Kl)rean Pcninsu:a today. Some 
of them. such as 1/irsutucythere hanaii, Acanthocythereis munechikai and Cytherupteron 
uchioi, are the characteristi..: wa1m-water srecies whkh occur :1hu11Jant!y m the Ei.lst China Sea 
and Korean South Sea. where strongly intl 1ence<l by warm water Kuroshio Currem (hhizak1. 
1981,Choe. 1985,WangandZhao. 1985). 

A group of cold-water type nstracode genera including I'almenella, Umcythereis. N.obcrt
sunites, 1/nweina and Finmarrhinclla, which are knnwn to he distrihutcd mainly rn high latitude 
:.ueas (Swain. l96J; Hazel. 19()7: Hanai. Jlt7Q; Neale, 1974; ;\."eale and Howe. 1975). are also 

found. Many species belonging tP 1hese ge11ern. Pa!menella limicola, Urocythercisgorokuensis, 
Robertsnnites sp. B, Finmarchinclla (Baren ·so via) pohangensis, F. (B.) faponica, F. (F) uranip
ponica. J/oweina camptocytheroidea and Ii. higashirneyae,1sis, oc..:ur considerably m Recent 
seas around Japan and Korean Peninsula, \A here affected by cold currents. The .,outhern. limits 
of the former 4 species are :.o for known to be the northeas1ern part vf Kore,w South Sea near 

Pohang anJ/or the Aomori Lby 1)f ~. E. Hu 1shu, Jap:1n (lsh1n1kl, J 971; Choe, 1985). The latter 
4 species extend the distributiou limits far1 her southwarJ to the eastern part of Korean South 

Sea and/or the Nakanoumi Estuary of Westt rn Honshu, Japan, but the frequency of them tends 
to decrease greatly toward the son th (lshllaki, 1969: Choe, 1985 ). According to Wang and 
Zhao (1985). Krithe sawanensis occurs fre,1uent\y in the northern part of the East China Sea 

and in the deeper coul water of the Yelh,w Sea, and Howeina camptocytheroidea, a typical 
cool water species. inhabits the central ar,:a of the Yellow Sea cold water mass with bottom 
temperature of 4-l 2°C. Besides, Ambocythi·re hosanensis. A. jugbyunensis, Actinocythereis sp., 
Krthe gampoensis, Pectocythere gampoensi:,, and Munseyel/a pohangensis are known as the cold

water species that thelf occurrence is restricted to the inner shelf of Korean East Sea (Choe, 
1985). 

Core 40-2 represents the highest species diversity among the studied cores. In this ..:ore. 
warm-water and temperate-water fauna are far superior to colJ-water fauna in the number of 
ostracode species and spedmens. ln addi ion, the occurrence of typical warm-water species 

such as flirsulocythere hanaii, Acanthoc_,1fhereis munechikai and Cytheropteron uchioi is 
limited to this ~ore. The ratio of cold-water fauna tn the total fauna of this core is 32%. The 
dominance of warm-water and temperate-water species indicates that the influence of warm 
water was stronger than that of cold watf r. Accordingly, it is considered that the core 40-2 

was deposited in the warm water environment, where more strongly influenced by warm water 
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Explanat,on of Plate I 
(bar •' IO0 µm) 

Fig. I. Propontocypris (Propontocypris) sp. 
Lateral view of left valve (PLKU-0-501). 

Fig. 2. Sinocytheridea sp. 
Lateral view of left valve (PLKU-0-502). 

Fig. 3. Pontocythere k1Shiwarensis (Hanai, 1959) 
Lateral view of left valve (PLKU-0-503). 

Fig. 4. Pontocythere miurensis (Hanai, 1959) 

Lateral view cf left valve (PLKU-0-504). 

Fig. 5. Pontocythere sitbfaponica (Hanai, 1959) 
Lateral view of right valve (PLKU-0-505). 

Fig. 6. Krithe gampoensis (Choe, 1985) 

Lateral view of left valve (PLKU-0-506). 

Fig. 7. Krithe sawanensis Hanai, 1959 
Lateral view of left valve (PLKU-0-507). 

Fig. 8. Peccocythere gcmpoensls (Choe, 1985 J 

Lateral view of left valve (PLK U-0-508). 

Fig. 9 Pectocythere sp. 
Lateral view of left valve (PLK U-0-509 ). 

Fig. IO. Munseyella pofangensis (Choe, I 985) 
Right valve view of carapace (PLK U-0-510). 

Fig. II. Hucythere sp. 

Lateral view of right valve (PLKV-0-511 ). 

Fig. 12. Leptocythere ventriclivosa Chen, 1982 
Lateral view of right valve (PLKU-0-512). 

Fig. 13. Callistocythere japonica Hanai, 1957 
Lateral view of right valve (PLK U-0-513). 

Fig. 14. Callistocythere reticulata Hanai, 1957 
Lateral view of right valve (PLK U-0-514). 

Fig. 15. Callistocythere subjaponica Hanai, }957 
Lateral view of left valve (PLK U-0-515 ). 

Fig. 16. C'allistocythere undata llanai, 1957 
Lateral view of right valve (PLK U-0-516). 

Fig. 17. Cythere sp. 
Lateral view of right valve (PLKU-0-517). 

Fig. 18. Schizocythere hshinouyei (Kajiyama, 1913) 
Right valve vie N of carapace (PLK U-0-518). 

Fig. 19. Jlanaiborchelia miurensis (Hanai, 1970) 
Lateral view of left valve (PLKLJ-Q.519). 

fig 20. Hanaiborchella sp. A 
Lateral view ol left valve (PLKU-0-520). 
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Fig. I. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. S. 

Explanation of Plate 2 
(bar = 100 µm) 

Palmenella limicola (J\orman, 1865) 
Lateral view of left va,ve (PLKU-0-521). 

Hemicythere sp. A 

Lateral view of right valve (PLKU-0-522). 

Aurila kiritsu.bo Yajima, 1982 
Lateral view of right ,alve (PLKU-0-523). 

Aurila subconvexa (K 1jiyama, 1913) 

Lateral view of left valve (PLKU-0-524). 

Aurila sp. B 
Lateral view of right ,alve (PLKU-0-525). 

Fig. 6. Finmarchinella (Barentsovia) pohangensis (Choe, 1985) 

Lateral view of left valve (PLK U-0-526). 

Fig. 7. Finmarchinella (Finmarchinella) uranipponica lshizaki, 1969 

Lateral view of right ;alve (PLK U-0-527). 

Fig. 8. Finmarchine/la sp. C 

Lateral view of right ;alve (PLKU-0-528). 

Fig. 9. Urocythereis gorokue1sis lshizaki, 1966 
Lateral view of right ;alve (PLKU-0-529). 

Fig. 10. Urocythereis sp. A 
Lateral view of left valve (PLK U-0-530). 

Fig. I I. Urocythereis sp. B 
Lateral view of right valve(PLKU-0-531). 

Fig. 12. Ambostracon japonic-is (lshizaki, 1971) 
Lateral view of right "alve (PLKU-0-532). 

Fig. 13. Cornucoquimba man. wensis (lshizaki, 1966) 
Lateral view of right ·,alve (PLKU-0-533). 

Fig. 14. Cornucoquimba tosat nsis (Ishizaki, 1968) 
Lateral view of right ,alve (PLKU-0-534. 

Fig. 1 S. Actinocythereis sp. 
Lateral view of left valve (PLKU-0-5 35). 

Fig. 16. Acanthocythereis ? s:,. E 
Lateral view of left v,1lve (PLKU-0-S36). 

Fig. 17. Acanthocythereis? s1. A 
Lateral view of right ,alve (PLKU-0-537) 

Fig. 18. Acanthocythereis? s;,. B 

Lateral view of left vilve (PLKU-0-538). 

Fig. 19. Acanthocythereis ? sp. C 

Lateral view of left valve (PLK V-0-5 39). 

Fig. 20. Ambocythere hosam nsis (Choe, 1985) 
Lateral view of left valve (PLK U-0-S40). 
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Explanation of Plate 3 
(bar = 1110 µm) 

Fig. I. Robertsonites sp. E 
Lateral view of left valve (PLKU-0-541). 

Fig. 2. Robertsonites? sp. C 
Lateral view of rigl.t valve (PLKU-0-542). 

Fig. 3. Stigmatocythere cl ujaensis (Choe, 1985) 
Lateral view of rig! t valve (PLKU-0-543). 

Fig. 4. Bicornucythere bis,rnensis (Okuho, 1975) 
Lateral view of rigl.t valve ( P LK U-0-5 44 ). 

F. Jg. 5. 1/emicytherura yeosuensis (Choe, 1985) 
Lateral view of left valve (PLK U-0-545). 

Fig. 6. Hemicytherura sp. A 
Lateral view of rigt t valve (PLKU-0-546). 

Fig. 7. lfemicytherura higt shimeyaensis Ishizaki, 1971 
Lateral view of left valve (PLK U-0-547). 

Fig. 8. Cytheropteron miurense Hanai, 1957 
Lateral view of rigt t valve ( PLK U-0-548). 

Fig. 9. Cytheropteron uch ·oi I lanai, 195 7. 

Lateral view of left valve ( PLK U-0-549 ). 

Fig. 10. C'ytheropteron sp. A 

Lateral -.·iew of left valve (PLKU-0-550). 

Fig. II. Cytheropteron sp. 3 

Lateral view of lef, valve (PLK U-0-5 5 I). 

Fig. 12. Cytheropteron sp. ) 
Lateral view of rigl"t valve (PLKU-0-552). 

Fig. 13. Cytheropteron sp. ~ 

Later'.!! view of rigt t valve ( P LK U-0-5 5 3 ). 

Fig. 14. Cytheropteron sp. ,:; 

Lateral view of rigt t valve ( P LK U-0-5 54 ). 

Fig. 15. Cytheropteron sp .. I 
Lateral view of left valve (PLKU-0-555). 

Fig. 16. Kobayashiina hyaliwsa Hanai, 1957 

Lateral view of rigt t valve ( P LK ll-0-5 5 6 ). 

Fig. 17. Metacytheropteron chejuense (Choe, 1985) 

Lateral view of rigft valve l PLKU-0-557). 

Fig. 18. /,oxoconcha (Loxc. con cha) laeta Ish1zaki, 1968 

Lateral view of rigl"t valve (PLKU-0-558) 

Fig. I 9. /,oxoconcha (Palm1)Concha) sahuyamensis hhizaki, 1966 
Lat era! view of rigl" t valve ( P l.K lJ-0-5 5 g·l. 

Fig. 20. Neocytheromorpha longa (Guan, 1978) 

Lateral view of left valve (PLK lJ-0-560). 
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current, probably the East Korea Warm Current which llows northward, than by cold water 
current. 

The other three cores ( cores 40-1, 41-2, and SL-1) taken from relatively deeper part of the 
study area contain less number of ostracode species and specimens. And these cores are char
acterized by the drastic decrease or disappearence of warm-water and temperate-water species 
and the accompanying increase of cold-water species. Moreover, it is noteworhty that the 
characteristic warm-water species such as Hirsutocythere hanaii, Acanthocythereis munechikai 
and Cytheropteron uchioi do not occur at all in these ccres. Judging from the facts mentioned 
above. it is assumed that the cores 40-1, 41-2 and SL-I were dominantly influenced by cold 
water mass, probably the North Korea Cold Current wh ch flows southward along the eastern 
coast of Korean Peninsula. Among these three cores, core SL-I represents the highest frequency 
of cold-water species, and the ratio of cold-water species in this core reaches over 57%. In cores 
40-1 and 41-2. the ratio of cold-water species is 42% and 37% respectively. Therefore, it seems 
that core SL-I was influenced more strongly by cold waler mass than any other cores. 

According to planktonic Foraminifera (Cheong et al, 1985), in core 40-1, 41-2 an<l SL-I, 
cold water fauna domlnated whereas in core 40-2, the wa ·m water fauna. 

In core 40..2. it is noticeable that the characteristic near-shore water species, e.g., Bicornucy
there bisanensis, and Sinocytheridea sp., occur in company with the typical deep-water species. 
e.g., Hirsutocythere hanaii, Acanthocythereis munechika1, and Cytheropteron uchioi. 

Lots of ostracode species occurred from core 40-2 a,e commonly Jiving in the shallow seas 
along the coasts of Korean Peninsula, Japan and Chrna today. Especially, Bicornucythere 
bisanensis and genus Sinocytheridea are the typical shallow water inhabitants which are pre
dominantly distributed in the near-shore environments at depths less than 50m (Choe, 1985; 
Wang and Zhao, 1985). On the other hand, Hirsuthocytl-ere hanaii, Acanthocythereis munechi
kai and Cytheropteron uchioi are found with a relatively high frequency in the East China Sea 
and the Korean South Sea, around lhe depth of I 00m :1shi1.aki, 198 I; Choe, I 985; Wang and 
Zhao. 1985). Accordingly it is presumed that the population in core 40-2 is a mixture of 
autochthonous and ailochthonous ostracode assemblages 

According to Chough {1983), the currents, which winnow fine particles into deep water, 
play an important role in Recent sediment distribut on on the southeastern shelf of the 
Korean Peninsula. And al!.o he considered that the Tsushima Current flowing north-and 
northeast-ward exerts an important effect upon the distribution pattern of coarse-grained 
partides on the southeastern corner of Korean Penins-1la. Aoki et al. (1974) suggested that 
the Tsushima Current, flowing into the Japan Sea fro:n the East China Sea. have influence 
on the transportation of fine-grained metenals into lhe Japan Sea from the southwest. In 
addition, high resolution ref1edion profiles on the surr< unding shelf of the Ulleung Basin show 
a progra<lmg toplap sequence suggesting an active transport of sediments toward the shelf 
break (Chough, 1983 ). 

Considering the above mentioned facts, it is assumed that some of the fauna were 
transported into the stuJ.y area from the ncighuorin~ ·,ha!low water cnvHonments along with 
elastic terrigeneous sediments by strong curreuts. In fact. high species diversity and high ratio 

of shallow warm water species in the core 40~2 support this inference. Unlike the core 40-2, 
the cores 40-1. 41-2 and SL-1. taken from relatively d,,eper parts of the study area, show lhe 
low species diversity and the near absence of shalkw warm water species. These can be 
explained by the decreased influx of ostracode valves from the shallow region resulting from 
the weakening of current strength. 

Sample treatment and core desctiption are found ir1 first part of this study (Cheong et al.. 
1985). From the dried residue. all ostracode specimens 'Nere picked out. 
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CONCLUSION 

The four cores taken from the southwestern slope of the Ulleung Basin in the East Sea 
were studied on the micropaleontologic,I viewpoint. A total of 117 species of 47 genera of 
ostracodes were identified and its major ;onstituents are illustrated in SEM microphotographs. 

Ostracode specimens occur very spar,ely in the three cores, 40-1, 41-2, and SL-I, which 
seem to be dominently influenced by :old water current, probably the North Korea Cold 
Current. Ostracodes are relatively abundant in the core 40-2, representing the strong influence 
of warm water current such as the East Korea Warm Current. Many of ostracodes are the 
shallow and warm temperate water species. They are considered to be transported into this 
area from the shallower inner~shelf area b~• currents. 
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A Study on the Gymnodinium nagasakiense Red-Tide 
in Jinhae Bay of Korea 
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ABSTRACT 

Relationship between the causative organisms of red-tide and environmental 

factors had been ecologically dealt with. The surveys were conducted at seven 

stations in Jinhae Bay from July to Sepkmber 1981. The water temperature 

and salinity had wide range, t'. e. 23. 3,..._,z9_ 3°C and 19. 78,-....,31. 29foc, but se

veral chemical factors remarkably fluctm: ted; dissolved oxygen 102. 9,......210. 4 

%, COD 2.10~8.96mg0,11, pH 8.1~9.4, !\0,-N trace~l,052µg/1, PO,-P 

O. 6,.._,58. 9µg/l and chlorophyll-a 2. Js,...._,zgo. 5mg/m' in the observed area. The 

red-tide was mainly caused by two dinoflagellate taxa throughout major 

outbreaks occurred in July through Sepkmber. Leading species of red-tide 

were Gymnodinium nagasakiense belong to the major species and Prorocen

trum micans, P. minimum, P. triestinum as minor species. During the sur

veyed period, cell numbers of the causative organisms of the red-tide exten

sively varied from 3 X 1oi ce11s/ l to 1. 5 X 101 ce11s/ l with months and stations; 

Prorocentrum spp. 0. 3,...._,Jz. 5Xl05 cells/l n July; Gymnodinlum nagasakiense 

0. 2~5. 9x 10' cells/I, 1.1~4. 7 x 10' cells/I, and 0. 2~15. I x!O' cells/I in July, 

August, and September, respectively. G ymnodinium nagasakiense red-tide 

seemed to be caused by the high water temperature in summer, unusualiy 

low salinity due to heavy rains, and tht· concentrated nutrients for phyto

plankton supplied with the municipal se1rnges from the urban areas and the 

wastewaters from the industrial complexes. 

* This study was supported by Korea Ocean Research and Development Insti
tute. Contribution No.: BSPE00031-56-7 
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INTRODUCTION 

Large-scale red-tides due to Gymnodi.1ium species had occurred for the first time 

in Omura Bay of Japan in 1965 (lizub and Irie, 1966). Lee et al. (1981a) had 

newly recorded the distribution of this species in Jinhae Bay located on the south

ern coast of Korea. During the summer in 1981 and 1982 huge red-tides were 

caused by Gymnodinium species and da naged to the various aquatic products (Cho, 

1981; Park, 1982). Yoo(l984) studied on the population dynamics of red-tide orga

nisms in the coastal ,vaters of Korea. Among them, Gymnodinium species had been 

also reported on the abundant occurrer ce during the periods from June to October 

in 1981 and 1982. 

The purpose of this paper is ecologic<1lly to study on the Gymnodinium nagasakiense 

red-tide occurred during the periods foim July to September 1981 in Jinhae Bay. 

STUDY AREAS 

The proposed Jinhae Bay is located in the southern part of Korea (Fig. 1). The 

Bay, which is adjacent to Masan, Chang,von, and Jinhae cities, is well protected 

by Geoje Island and encircled land mass. The topography of the Bay is largely 

divided into three embayments of the Masan, Haengam, and Jindong Bay. 

Until the 1960' s, there were many ,1quacultural activities such as oyster beds, 

laver farms, hard-shelled mussel field~ etc. scattered around this Bay. During the 

last two decades, industrialization ancl urbanization had been taken place very 

rapidly in Korea, accompanied by an alarming increases in deterioration of quality 

of coastal waters, especially near the large cities and the near-sea industrial comp

lexes. The total input, into the survey·ed area from municipal effluents for the 

pollution, was equivalent to 500,000 p,~ople and the main point sources of the poll

ution were the above cities scattered ~.round the coastal zone of Masan and Jinhae 

areas. Therefore, the proposed Bay hc:d been directly or indirectly influenced by 

the discharge of fully or partially treated waste,vaters from the industrial comple

xes and se,vagcs from the urban area, In recent years, biological phenomena in 

the basin such as plankton blooms anc red-tides appeared increasingly at frequent 

intervals and were intensified mainly foe to ever-increased indu.5-trial activities in 

the towns and cities surrounding this Bay. 

The area of the stations 1, 2, and 3 was named Masan Bay because of the 

Masan area at the inner harbour of the Jinhae Bay near Masan and Changwon 

cities, the station 4 was Haengam Bey because of being adjacent to Jinhae City 

and Jinhae Chemical Co. (fertilizer plant), and the area of stations 5, 6, and 7 

Jindong Bay, where was important for the marine aquaculture grounds. 

• 
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35•06' 

Fig.1. Sampling stations in jinhae Bay. 

GYMNODINIUM NAGASAKIENSE AS MATERIAL 

The r.omenclaturc of this species had not been officially termed until 1975. This 

species had been called by the various tentative names during the period of fifteen 

years from 1S66 to 1981 in Japan, for example, Gymnodinium sp. (lizuka and Irie, 

1966), Gymnodinium sp. 1 (Adachi, 1972), and Gymnodinium 1 65-typc (lizuka, 1972, 

1976, 1979; Ezuka and Irie, 1969; Hirayama and Kumaguchi, 1972; Hirayama et 

al., 19'i2; Numaguchi and Hirayama, 1972; Takayama, 1981). However, lizuka 

and :N"akajima(l97S) had made an attempt t l give a name of Gymnodinium nagasa

ki and one of the other authorities tentatively selected the name Gynmodinium 

nagasakii. Takayama and Adachi(l984) had described the morphological characters 

vf this species and they had given a new taxonomical name of the Gymnodinium 
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nagasakiense according to the rules of International Code of Botanical Nomenclature. 

METHODS 

Measurements of physicochemical factors Temperature and dissolved oxygen 

contents in seawater were measured i 1 situ using Dissolved Oxygen Meter (YSI 

Model 57). Temperature was then calil,rated with U.S. NBS-certified thermometer 

and saturation percentages of dissolved oxygen were computed from dissolved oxy

gen contents using Weiss's tables (Wei ls, 1970). Salinity \vas determined by Indu

ctively Coupled Salinometer (60!MkJV:. The pH determination was carried out 

in situ by using pH meter (Orion Mod<! 407 A/F). The transparency was detected 

using secchi disc in meter. Chemical ox /gen demands(COD), nitrate-nitrogen, phosp· 

hate-phosphorus and chlorophyll a we, e determined according to Strickland and 

Parsons(J972). 

Phytoplankton sampling Phytoplankto 1 samples were collected using a van Dorn 

water sampler and preserved with Lugo!' s solution at the selected seven stations 

during the period from July to Septem >er in 1981. In laboratory the settling me· 

thod was adopted for both quantitative and qualitative analyses. From each sample 

a well-mixed aliquot (1ml) was then transferred to a slide and all of the species 

were identified. Cell counting for phyt,,plankton was performed in the Sedgwick

Rafter Counting Chamber and the sum of the counts were calculated and expressed 

for the phytoplankton standing crops i11 cells//. 

RESULTS 

Comparison of detected characteristic~ with 3 Bay The comparisons of physic

ochemical and biological parameters in these observed areas \Yere shown in Table 

I with those of europhicated seawater~ (Yoshida, l973). The mean transparencies 

\Vere the shortest in Masan Bay with 1. Om in depth, and 2. Om in Haengam and 

Jindong Bay. The mean values of th, chemical oxygen demands(COD) were :;, 62, 

4. 23, and 4. 95mg0,/l in the surface water of Masan, Haengam, and Jindong Bay, 

respectively. The dissolved nitrate-n 1trogen concentrations of surface apparently 

varied with different order of values in each Bay. The average in Masan Bay 

was about 3 and 12 times as high as those in Haengam and Jingdong Bay, resp

ectively. On the other hand, it was ir terested to note that the phosphate-phospho

rus concentrations of surface in Haengam Bay was exceeded far more than those 

of Masan Bay. pH in most stations rot over 8. 6. Saturations of dissolved oxygen 

in surface were definitely different from those of bottom. All of the saturations 

in the surface water were supersatun: ted, but those of the bottom were unsatura

ted. The monthly mean values of chlc,rophyll-a were about 40, 10, and 47mg/m' 



Table 1. The average characteristics of physicochemical and biological parameters in surface water compared v-..ith eutrophicated seawaters 
[{' 
)1. 

in Jinhae Bay of KoreJ during the summer (Ju]yrvSept.) in 1981 -<O 
-------· --- cc.. --;c.-----=--- --- . ··-. - - ~ 

Stations 
------------ -----

Parameters *E.S. I, 2, 3(Masan Bay) 4(Haengam Bay) 5, 6, 7(Jindong Bay) r 
rn 
rn 

July Aug. Sept. mean July Aug. Sept. mean July Aug. Sept. mean lo> 
:,: 

-- - -- - ··----- -· ··----·-·· ~ 

~ 
Transparency(m) 3~10 1.0 I. 5 1.0 1.0 3. 0 1.0 I. 5 2. 0 3. 5 1.5 1.5 2.0 

Q 

" • c.o.D.(mg0,/1) 1~3 4. 6 7. 5 4.8 5. 6 2.8 4. 5 5.4 4.2 3.3 6.6 5.0 5.0 • il.. 
"· • 

NO,-N (µgN I!) 24~140' 613. 7 785.0 342.3 580. 3 93.0 nd 310.0 201. 5 17.0 nd 122.3 69. 7 ;;· • • 
r'Uct'(µgN/ t) ;m"-'lUU" rn. ~ ::.11. l 44.4 ji. ti 35.4 71. 0 .J5. & 47. 6 4. i 25. i Zi.3 io.O • 

1l 
~ • ,,. ,· • 

pH 9. 3 8. -! 8. 2 8.6 8.6 8.4 8. 7 8.6 8. 7 9.0 8.6 8. 8 a • ,, 
rn 

" Saturation S : IOU 179. 6 179.9 151. 5 170,3 IU2.9 210. 4 162. 3 158.5 130,7 171. 0 156.4 152. 7 .:., 
of D.O.(%) r~ 

rn 

ll : 30~80 26. 7 10. 0 41. 4 26.0 75.3 10.2 60.U 48.5 86.9 30.0 59.4 58.8 

Ch!.-a(mg/m') 1~30 27.0 :ll.9 61. 5 40. I 2 C .J 17.3 9. 3 9. 7 5.4 114. 3 22.0 47.2 

--·-- ---- ----
* Eutrophicated seawater (Yoshida, 1973) -a : Inorganic N, b: Total phosphorus, S : Surface water, B : Bottom water, nd : non-detected 

'-" 
"' 

"' C 

"' 
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in Masan, Haengam, and Jindong Bay, respectively. 

Environmental conditions during rei-tide Environmental conditions during Gym· 

nodinium nagasakiense red-tide were r,resented in Table 2. Seawater temperatute of 

surface ranged from 23. 3°C at stati,m 5 in September to 29. 3°C at stations 2 and 

5 in August, 1981. Monthly variatiolls of v,:ater temi::erature were 23. /,-...,26. 1°C 

in July, 28. 2~29. 3°C in August, anc 23. 3~25. 3°C in September. Salinity of sur

face water extremely varied from 19 78%0 at station 4 in September tr1 31. 29%0 at 

station 7 in August. Salinity pattern did not coincide with the months or with the 

areas. The mean values of salinity \'ariations in July and August \\'t:re 29. 33%0 

and 30. 56%0 , respectively. In Septc;nber, due tu heavy rain-fall, salinities from 

the wh0le surface water ranged from 19. 78 to 22. 48%0 which was less than those of 

July and August. Saturations of dissdvcd oxygen in surface water ,vcrc supersat

urated at all of the observed station, during the surveJ cd period. The monthly 

mean saturation percentages of dissol~·ed oxygen \verc 133. 6% in July, 191. 9% in 

August, and 171. 7% ia September. fhe COD frum surface water rar1ged frnm 

2. l0mgO,/i at station 6 in July to 8. f6mgO,/i at station 2 in August. The monthly 

mean COD levels were 3. 29, 6. 62, a 1d 5. 2lmgOji in July, August, and Septem

ber, rcspectiw~l>. The COD values of surface water mostly exceeded S. 0rngO2 // at 

all of the snneyed stations in Augus. and September, 1981. The pl! v,ilues during 

the period ranged widely in surface water from 8. I at station 2 in August and 

September to 9. 4 at stations 6 in August. The monthly mean pH values for the 

surface were 8. 83 in July, 8. 69 in Angust, and 8. 48 in September. Extremely high 

values of pH were observed in the puiod. 

Nitrate-nitrogen concentrations in surface water varied from non-detectable levels 

at station 5 in July and at stations 3,4,5,6, and 7 in August to l,052pg// at sta

tion 2 in Jinhae Bay on August 1981. July and September samples ,ho\\ ed the 

mean \'alues of nitrate-nitrogen with 33. 7 µg/ l and 119. Oµg/ l, respectively. Partic

ularly the maximum nitrate-nitrogen ··oncentration was surprisingly 1, OJ2µg/l at 

station 2, but at the other stations nitrogen contents in surface were uot detected 

in August. Phosphate-phosphorus concentratirms of surface water ranged frnm 0. 6 

µg/1 at station 6 in July to 71.6µg/l ,t station 4 in August. In August the mean 

phosphate-phosphorus concentration was around 37pg/l and similar to in September, 

but that of July was low le,·el of 22. ')31,g/i. 

Monthly variations (,f G. nagasakie,.se cell number from the surface \·aried with 

months and ranged from non-appeara11cc of the cells at station 1 in July and Aug

ust to the maximum 1. 5X10 7 cclls/l at station 6 in Augu!'st 1981. /\s shown in 

Table 3, the maximum cell number cf G. nagasakiense was observed at station 3 

with 3. 9X 10" cells// in July, while they appeared less than 10' cells/I from the 

neighbour stations 11 2, and 7. The G nagasakiensc also appeared to be as high as 
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Table 2, Relationship between cell number of Gymnodinium nagasaJdense and physicochemical factors•of 
V, 

surface ,vater in Jinhae Bay of Korea, 1981 • )!. 
---- - --- ---- - --------==--- _. ---··-- . ·····- .... "-'"'-"'----~---_ .. -G. nagasakiense W.T. Sal. D.O. Sat. COD NO,-N PO,-P Chl.-a ~ 

Month St. pH 00 

(cells/ I) ('C) er~> (%) (mg0,/1) (µgN/1) (µgP/1) (mg/m') a, 

--- -

July. 3 5.9Xl0' 26. 1 28.06 171. 7 4. 10 9.1 92 44. 7 29.90 
C"' 

4 2.0X!O' 23. 7 30.62 102.9 2.75 8.6 93 35.4 2.54 • • 
11,> 

5 5. 7X 10' 25. 3 29.15 137.8 4.20 8. 8 nd 11. 0 6. 51 ;,: 
~ 

6 l.6Xl0' 25.5 29.47 122.0 2. 10 8.8 6 0.6 3. 07 ~ 

"' 
Gl 

Aug. 2 l.!XIO' 29.3 28. 60 206.1 8.96 8.1 1,052 52. 1 49.16 " :! • 
3 2.8XIO' 28.5 31. 02 190. 0 5.54 8.2 nd 12.2 27. 70 t 

"· • 
4 3. lXlO' 29. 1 31. 02 210.4 4.51 8. 4 nd 71.6 17. 26 •• :! 

• 
5 3.0XIO' 29.3 30,16 181. 4 5.62 8.9 nd 12.2 2. 18 Q ., 

Q 

" 
6 l.5X!O' 29.l 31. 26 193. 0 6.67 9.4 nd 58.9 72.56 Q .. ~-

nd 17. 5 290.46 • 
7 4. 7xl0' 28.2 31. 29 170.5 8.43 9.1 " • 

"" • 
Sept. I 2.!XlO' 25. :) 22.13 164.0 4.95 8.2 56 58.9 75. 15 0. 

.:.i 
n: 

2 2.8Xl0b 24.3 20.99 200. 7 4. 81 8. I 54 57.6 94.22 • 

4 2,3x1oe 24. 1 19. 78 162.3 5.44 8. 7 310 35.8 9.33 

5 8. 3 X 10' 23. 3 22.05 156. 3 4. 35 8. 5 158 9.4 20. 34 

6 2. 2X 10' 23. 7 22. 48 175. 2 6. 51 8.9 17 23. 1 25.96 -- ·-- ------ --- ------- ~ 
~ 

nd : non-detected 

"' -
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5.7X105, 2.ox1u·, and l.GX10° celh/l at station 4,:;, and 6, respectively, in the 

surface ,vater of July. In August, th1: highest G. naga:.akit:nse value with 1. 5:-< 107 

cells/l in the surface was obtained al station 6 and, at the other stations, the cell 

number appeared tu be almost simila:· to the values of lrv5Xl06 cells/l except at 

station 1. The G. nagasakicnse was 11ut occurred even though at the same st~tion 

1 in July. In September, on the othc · hand, a plenty (If G. nagasakiensc with 2. I 

Xl0 6 cells// \\·as counted from the s irface of station 1 where \\as located in the 

central part of the Masan Ba:, as \\ell as station 2 with 2.8X10~ cells//, and as 

station 4 with '.2. 3>~ 10" cells// in the Hacngam Bay. Cell number of G. nagasaki

eme with 8.3>:1U ccl:s// and 2.2x10·, re!ls// at both stations 5 and 6 appeared, but 

quite !ow at station ~1 and /. 

Table 3. \"arialitm~ of the G_\mnodin, um nagasakiense cell number during the perio:!:,; 

from July to September 198. 
=------------=~--- --- ---- ---.-_-

:\Ion th 

Julv 1981 
Aug. 

Sept. 

2 3 

36,540 5,941, 18] 

1,075,000 2,75:,238 
~.096,1~6 2,838,860 69,776 

Stations 

4 

201, 020 

3, l:lS, 746 
2,346,566 

5 6 

S68,820 157,777 

3,017,210 15,145,659 

826,798 224, OD 

7 

8,7M 

4,690, 4.30 

4,116 

Am mg the ph~ topL:rnkt,ir: comm11nities obscn·cd, the cau-,·ati\·e organisms for red

tide except Gymnodil1ium r.agasakiense \\·ere minor species, l. e., Prororentrum mic• 

ans, P. minimum, ar:d P. triestinum. In July, cell number nf Prorocentrum spp. in 

the surface ,·.::iried extensiYcly with 1 he surveyed Areas, ranging from 0. 32,-..,2. 31 

XlO" cells/I in Ji11do11g Bay to 1.2:;~l.32Xl0' cells/I i11 Masa11 Arca (Lee et al., 

1981b). It \\·as ,·cry remarkable that Prorocentrum spp. in thl' surface- water had 

shown the Yalue~ less than 10~ cells; l at almost all of the stations in August and 

September, but it ,\J.~ rernrded as 1 26X10~ cells// at station 1 in the same period 

of August (Lee et al., 198Ib). 
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The causati,·e organisms ,, ere dist ributcd in surface ,,·aters \Yith heavy densities 

with months and ubserved areas (Chu, 1981; Lee et al., 1982; Park, 1982; Yoo, 

1984). The culor of the surface waters was generally brown in patches (Cho, 1981). 

Such heavy red-tide had not been C\er seen in the Korean coastal \Yaters (Cho, 

1981; Lee et al., 1982; Park, 1982). Furthermore, damages for aquatic products 

due to the red-tide were estimated to be 1. 7 billion Won from Jinhae Bay in 1981, 

and were equi,·alcnt to US$ 2. 2S million (Cho, 1981). 

DISCUSSIOr- AND CONCLUSION 

Nutrients were concentrated on very high value in the surface water of Jinhae 
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Bay, especially nitrogen, phosphorus, and the other chemicals, and they had been 

gradually accumulated every year (Lee et al., 1981b, 1982, 1983). Gymnodinium 

'65-lype occurred in Omura Bay of Japan \Vas found for the first time in Jinhae 

Bay, the south coast of Korea (Lee et al., E80). Thereafter, the species had been 

obserYed in ever summer in this Bar according to Lee et al. (1981b). From 

July to September in 1981, large scale red.tides were caused by Gymnodinium nag

asakiense in the whole area of this Bay (Cho. 1981). 

As shown in Table 2, water temperature .1cted as one of the important enviro

nmental factors during; the surveyed period. Adachi(1972) also pointed out the high 

water temperature for grnwth of G:ymnodiniuw sp. 1. Gymnodinium '65-type occurred 

intensively at the high water temperature in early and middle of August 1966 in 

Omura Bay, but its occurrence was not enough to be cause of the red-tide (Iizuka 

and Irie, 1969). Low salinity after heavy raiofall was also one of the important 

factor. The large amount of freshwater influx was attributed to the heavy rainfall 

in the middle and the end of July in this area (C.M.O., 1981). Numaguchi and 

llirayama(l972) obtained the suitable chlorioity 11. 0~18. 5%, for the growtj1 of 

Gymnodinium '65-type. The red-tide by the Cymnodinium '65-type was associated 

with the inflow of freshwater in rainy seasons (lizuka and Irie, 1969; Iizuka, 

1972). 

Saturation percentage of dissolved oxygen was all supersaturated in surface \\'ater 

during the surveyed period in Jinhae Bay 1981. This may be a result from inten

sive oxygen production due to the outburst •)f G,ymnodinium nagasakiense and the 

other phytoplankton cells. The COD in the coastal waters near the municipal or 

industrial areas was likely enough to be cor1trolled by one or both of two factors; 

municipal sewages and industrial waste-waters. In the central part of the Masan 

and Haengam Area, the control factor for COD in surface water seemed to be the 

former, and at Jindong Area the latter seemed to be important. In previous works, 

COD Yalues were I. 26mgO,/i in 1974 (Lee et al., 1974), I. 92mgO,/1 in 1977 (Chung 

et al., 1977), and 2. 23mg0,/1 during the per od from 1979 lo 1980 (Lee et al., 1980) 

in the surface of this area. Furthermore, CO) levels were exceeded 3mg02/l, which 

were the limit for the hypereutrophic state (Yoshida, 1973), in the almost whole 

surface areas during the surveyed period. Numaguchi and Hirayama(l972) reported 

the suitable pH value of 7. 8 for red-tide, but extremely higher values of pH were 

resulted from the primary production in this area. Adachi(1972) also explained 

that high levels of pH was a result from prnsperous phytoplankton photosynthesis. 

During the period of three months under tht- red-tide by Gymnodinium nagasakiense, 

it was very interested in the variations of the dissolved nitrate-nitrogen concentr

ation in this area. The dissolved nitrate-nitrc,gen concentrations were strangely not 

to be detectable in August except station 2, while these values were changefully 

measured in July and September. Hirayama et al. (1972) mentioned that, in order 
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to find the limiting factors for the growth of the red-tide organisms Gymnodinium 

'65-type, the supply of inorganic nutrients into the sea water was essential to the 

outbreak of red-tide by this species. I zuka(l976) studied on the succession of red

tide organisms resulted from the condition of \\7ater pollution. According to his res· 

ults, the outburst of Gymnodinium pop 1lation was mainly caused by water pollution 

from land. There were many case st1 dies on the seawater pollution in this Bay 

(Lee et al., 1980, 1981a, 1982, 1983). The red-tides could be derived from the 

pollutant inflow due to heavy rain-fa! in these seasons. In the surface water of 

Masan Area, it was considered as co1sumption by the outburst of Gymnodinium 

nagasakiense that the dissolved nitrat,~-nitrogen could not be detected in August. 

But the nitrate-nitrogen content was the highest in the surface water of station 2 

in August, and it indicated the con tin mus inflow of the fresh\.vater, sewages, and 

industrial wastewaters from Masan ar d Changwon area. 

The high phosphate-phosphorus concentration in the surface during the surveyed 

period was always observed at station 4 named Haengam Area. lt could be thought 

of a result from the wastewaters of f :!rtilizer plant, the Jinhae Chemical Co. (Park, 

1975; Cho, 1978; Lee et al., 198la). The high phosphate-phusphorus concentrations 

in all of the stations, therefore, could be regarded as an effect by the current 

diffusion. Sulorzano and Strickland(J9,39) indicated that the phytoplankton could 

polymerize the polyphosphate from th, o-phosphate and take it in the storage pool 

for the source of phosphorus. Accordi11g to this idea, the dissolved phosphate-phos

phorus was not used directly to make the red-tide up. 

:o1: lilf'IE-l=- 1981 '¥ 7 Jl-'/-el 9 Jl "}"l il/f!lill!.ej 7 00 )l'flioJl "'1 l\litkJ-lHJ-=1.~ //.lllll''f.tii 
~ 0J Gymnodinium nagasakiense Oil .ej ~ m,IIIJJl!,~oJl tjj-o}oj 'F.l!.~"lli¥.J2..sc 9\:UJl-o}'.l,J. cf. 

ID!l:i1l:Mra1 'a- tk,J!l[ • 1t.!J!i¥J ll<!IJl''li!El-" !1!1t.-l=- J.K~ 0 l 23. 3~29. 3"C, !15t 19. 78~ 

31. 29%,, i1'rlfl'iU; !ll'lf!l!J!: 102. 9~210. 4%, COD 2. 10~8. 96mgO,/I, pH 8. 1~9. 4, 
',!litll-',\\'~ trace~!, 052µg/l, llll'iUI -·1$1 0. 6~58. 9µg/l, .::z.c.j 2 chlorophyll-a 

:: 2. 18~290. 46mg/m' .ej 'll $1 ½ '-t'4• I 9JA. 
$';7i!Jit~':E~~ tf.t~c§fN;;l{ 0J Prorocentrum micans, P. minimum, P. triestinum, ~ 

Gymnodinium nagasakiense 9;1,2, 7 ~ oJl C Prorocentrum spp . .2} G. nagasakiense oJl 21 
~ multispecific red-tide 'l] "l'ii 8 -11-4 9 -1l Oil -l=- G. nagasakiense l'/!-11lloJl .eJ ~ mo

nospecific red-tide '.l,J. cf. ,~,IIIJ~El':!'.tk,.S ffillff!lll: !!!!1t.-l=- 7 -IHl Prorocentrum spp. 7} 

0.3~J2.5XI0' cells/I, G. nagasakiense71 0.2~5.9XJ0' cells/1'.l,J.2.oj, 8~-4 9~ 

oJ]:: G. nagasakiense7} 7-}7-)- J.1~4.7'.<I0' cells/I, 0.2~15.lXl0' cells/I½ '-+'4'-ll 
9J cf. 

;$: lilf'JtoJl '.ll <>J.-<1 G. nagasakiense oJl .s] ~ cJi 'ii-Y #~-l=- 1$mr7.K 'l1 IJi!!/li!J.K.sc 

v!t:A"l:: 7-r't- fffUl@:71 ¾-'/--0}2, ~~ J.Km-4 {l ~ l,if,ffiJloJl nJ-at oJI t;!!i."1- 2~10 
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Summertime hydrographic features in the southeastern Hwanghae 

HFl'N(i-JAE LIF" 

(Received 20 Novemher \48). 111 revi.1ed form 11 Fe/1ruary 14H7, affepicJ 2fi Fchnwrv !91'7) 

Abstract-(TO casts m the ~{1uthea:-.tcrn l l~anghae (''dlow Sea) were made in August llJHJ and 
1984 to describe the <,patial <;tructurc of the ~ummc1time hydrographic feature:-. Cold coastal 
water appearcd around the southwc:-tern coast of 1-.orca, which was formed by, strong tidal 
-..tirnng. Tidal mixmg in thl' :-.tudy area :-.ecm'.', In han hl'cn enhanced by the pn:sencL· nf m.m~ 
'.',m;tll 1~!.inds In the deeper rcgil)n beyond thl' tidal tront. stratification became much stronger 
and the hullum IJ.ycr bclow '.',Ca~un:.11 thl·rmodinc \\;1, occupied mostly hy tht> lh.anghae Cold 
Watn char;1ell'rized by ,1 temperature lower than Ill'~ ,md a :-.almity of J2.5--JJ.0% ... 

'I hL· northeastward extem1on uf the ( 'h,mgjiang Dilutl'J Water W.I'.', shown hy a tongue-likl' 
plunw uf rclat1vely warm frL•<,h w:t!cr. continl'<l In the 1hin surface la\-Tf J(l m th1ci... ThL're w;,is no 
e\idencl· f{1r the Hwanghae Warm Current nmying high '.',alinity water into the ea~tcrn 
Hw;mghaL· c1long the Korean coa~t. The w.irm current "'"°' found to flow 111 a narrow hanJ clo~e to 
the \\l'SI and north co.1st of Chejudo (Chl'JU bland) .ird then to pass e<1~t\\<ard thwugh the Chc1u 
St1a1t. Thus the ca~krn part of the cyclornr circulat1on in thc '.-iurfact· la~er canm1t he con-..ider1.·d 
t1i he a nurthv.ard continuation nf the Hwanghae Wai m ('urrent The local salmitv m,1x1mum in 
the hmcr Lncr oft Kuns,111 and thL' h1ghn ,ahnit\ on ·he v.c~t ,idt: nl the ccntral tn1ui:-h than {1n 
the c.i:-.t :-.ttk, \\ou!d unply a northward' tlov, 1m th~ wc~t flan!,._ of the trough In compcn~ah.' for the 
-..outh\\.ard intru,ion nf the Hwanghae Cold Water. fr im which an ,mtic\"dtmK nrculat1un could 
lie expected in th1.· lower laver. 

Ii'. fHO[>I"CTJO;-..: 

HYuROGRAPll!C conditions in the Hwanghae (Ye low Sea) of shallow water arc known to 
he strongly associated with winter cooling and ~ummcr heating. fresh input from rivers 
into the coastal area, precipitation an<l advection of warm saline water from south, 
Physical properties of sea water thus show a dra~ tic seasonal variation under influence of 
the Asian monsoon climate ,wcr the sea (L11,. 1-185). 

In winter. when water is vertically homogenerus, water masses in the southern part of 
the Hwanghae arc classified into two types: one is the low temperature and low salinity 
Hwanghac Cold Water in the lower layer dur ng summer. and the other is the high 
temperature and high salinity Hwanghac Warm Current Water. The two different water 
masses meet together in the region west of Ch,,judo (Cheju Island) and consequcntlv 
form a strong surfacc-to-hottom thermohalinc front running from west to cast (LrL 
1985). In summer when stratitication is well established. heavy precipitation and 
abundant discharge from land make hydrographic conditions much more complex. 
especially in the coastal area. Tcmperaturc-salinitv (T-S) diagrams based on 20 year
long data (Fig. 1) exhibit a good contrast of the hydrography between February (winter) 

* Physical Oceanography Labnra!Ory. Korea Ocean Rt -;carch & Dcvelnpmcnt Institute. P.O. Box ~q. 
An'.-ian. Seoul. Kore.i 
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period of 1961-1480. The hyJrographic station~ arc ~hown tn Fig J. 

and August (summer). Waters in summer have a wide range of temperature and salinity 
as compared with those in winter. reflecting the effects of ~ummer heating of surface 
water. heavy precipitation and abunda 1t fresh water discharge. More than 6<Y¼) of the 
annual precipitation occurs during the period June to Septcmher in the ~outheastern 
Hwanghae (LIE, 1984). 

Typical water masses in summer an, generally grouped into four types: Hwanghac 
Cold Water in the lower layer, Hwan1:hae Warm Current Water, Changjiang Diluted 
Water and coastal waters. The Hwanghae Cold Water (HCW), formed in winter, 
occupies the lower layer of the central area from May to Octoher (UDA, I 934, I 966 ). The 
Hwanghae Warm Current (HWC), one hranch of the Tsushima CurrenL has been known 
tu carr1 waters of high temperature and high salinity into the Hwanghac along the 
Korean coast. The Changjiang Diluted Water (CDW), mainly formed by the direct 
outflow from the Changjiang (Yangt;e river), extends with a relatively low salinity 
plume-like pattern to the northeast in the direction of Chcjudo and mixes with 
surrounding waters (BrARD\LEY, L1MU:H'KNf<JC Ll:, lit:. CA'\NON and PA\llJ'\;SKL 198J: 
Lr, 198.1; lJ1>.,, 19.16). Coastal waters have a relatively low salinity mostly due to river 
run-off. 

Although the water masses and the general circulation of the Hwanghae have hee-n 
reported by several authors (NAKAO, I \'77: Gu AN. 1984; Lte, I 984 ), there are few studies 
on hydrographic features and dynam cs in the eastern Hwanghae, especially during 
summer. The main objective of this paper then is to identify and dcscrihe the following 
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principal hydrographic structures in the southeastern Hwanghac in summer: (i) tidal 
mixing around the southwestern coast of the Korean Peninsula where tidal currents arc 
known to be very strong: (ii) the physical properties of the HCW occupying the lower 
layer which may he important in controlling the dynamics of the Hwanghae: (iii) the 
extension of the CDW in the study area which h "not yet hccn ohservcd in detail and (iv) 
the HWC which has hecn suggested to flow nJrthward along the '-'CS! coast of Korea 
(N11,o and EMr.RY, 1961 ). For this purpose we conducted CTD casts (Neil Brown Mark 
Ill) at 52 stations during 6-10 August 1983 (S.1rvcy I) and at 61 stations during 15-26 
August 1984 (Survey ll) in the southeastern H ,vanghac (Fig. 2). 

COLD COAST A I. \\' A 'I 1.: R A RO t: ND '.'-, 0 l' T II W [: S r L: R '.\ KOR I- A!'< PF!\' Ir,; S l. I..\ 

In order to see g~ncral propertie~ of sea surface temperature (SST) in winter and 
summer. mean sea surface temperature for Fehruary (winter) and August (summer) was 
ohtained using 20-year hydrographic data colkcted from I 96 I to 1980 by the Fisheries 
Research and Development Agency of Korea (Fig. 3). In winter a relatively strong 
thermal front forms. running in an east~wcst direction west of Che judo. while in summer 
cold water appears in the southwestern coastal area of the Korean Peninsula. The 
boundary between cold coastal water and warm offshore water can he ckarly seen hy a 
surface front detected hy satellite infrared images or hydrographic observations across 
the front. 

Figure 4 presents vertical sections of temperature. salinity and density along the lines 
A (Stns E()-EoJ and B (Stns HI-SW). Along th,, line A. surface temperature and salinity 
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changed only slightly from one station to another but along the line B, isotherms crossed 
the sea surface between Stns H2 and H5 in the U[•per layer. Isotherms in the lower layer. 
heing parallel to the sea surface in the offshore region, tended to deepen in the shallow 
coastal region. The east-west gradient of surface temperature between Stns H5 and H2 
was very strong with a value of about (U0C/km. The water column to the east of the 
surface front wa~ vertically well mixed as compar ~d with that to the west. Such a thermal 
front was also found near Stn H3 in June and Jul:1 1983 (KOROL 1984). The sharp front 
near Stn HJ. which extended southeastward. served as a houndary between the coastal 
water and the offshore water in the surface la) er. The near-surface temperature and 
salinity distributions during Survey I show that the coastal water was characterized by 
lower temperature and relatively higher salinity compared with the offshore water 
!Fig. 5). 

The existence of the coastal cold water was clearly seen in the satellite image (Fig. 6) 
which was estimated with no correction from the surface radiance in the infrared hand of 
10.5-11.5 µm measured by the NOAA 8 AVHRR on 4 August 1983 just before the field 
measurements. The apparent radiation temperature was expected to he about 2°C less 
than the true surface temper,ature. This tigure indicates the appearance of cold coastal 
water around the southwestern coast of Korea and in the Kyunggi Bay located off 
Inchon. The front formed off Mokpo i~ different from that west of Chcjudo in winter 
(Fig. 3). The latter is _just a thcrmohalinc front \"ihereas the former is a thermal front as 
shown in Fig. 4. 

The pattern of isotherms in the section Bis fairly consi~tent with the vertical structure 
of the fruntal zone around the British Isle~ by tida mixing (F1·.:\Rl\"lll· \D. 197); SrMPso·...,. and 
Ht:'-n·.R. 1974). In order to predict occurrence of frontal zone. these writers have 
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suggested a stratification parameter. IPg HI U', where His the local water depth and U a 
characteristic tidal current. Very strong .idal current off the southwestern coast of Korea 
is well known. According to model results (Fig. 13 in BEARL>SF1' et al., 19K1: personal 
communication from L1::.1: ). the location 1lf frontal zont: is in approximate agreement with 
the contour of low :-.tratitication parameter despite simplified gcomL'try in the models. 

IIWANGIIAE COL[) WATFR 

The Hwanghae Cold Water (HCW) n the lower layer is one of the most important 
water masses from the viewpoint of summer circulation hccausc it occupies nearly the 
whole bottom layer in the central hasi11 from spring to fall and t:xtcnds southward in 
summer with a tongue-like structure of temperature to mix with saline waters in the East 
China Sea (N.\KAO, 1977). Its formation is thought to he due to cooling during the cold. 
dry winter monsoon. Lung-term hy<lrog1aphic data have shown that cooling i'> vl..'.ry active 
<luring December-February and that in February in the eastL·rn Hwanghac off Kun~an 
there exists only one repre~entativc wakr mass with a temperature of 3-r(·C and salinity 
nf 32,()-33.11%" (Lile, 148:i), 

In the upper layer of the ca-.;t-west St;(:tiom, (Fig. 4) isotherms WLTC ,warl\ parallel to 
the sea surface with a large vertical gradient of ahout S°C/10 m hctwccn surface and .. H) m 
in the offshore region, but water in the lower layer was uniform. h;wing a tl'mpcrature 
lcs:-. than I0°C and a '.-.alinity of J2.:i-3J 0%o. The ranges of kmperaturc and salinit) lie 
within those nf the HCW classitied by LIL (1984). In the north--south ,·crtical sections 
along the line C (Stns Hl7-E6), the isoiherm of lll"C sharply separated the upper la,er 
of relatively high temperature and low salinity from the lower layer of uniform 
temperature and salinity (Fig. 7). The col<lc~t water wa~ found tn he lc'is than WC near 
Stn H12 where the centre of the HCW ,eemed to he located. 

Figure 8 shows a T-S diagram constructed from all CTD data in August 1983. As 
mentioned ahovc, the cold water of tcnperature less than l(J"C had a salinity range of 
32.5-33.3'½,., which might he divided int, two small ranges such as 32.5-33.0'½w and 33.0-
13.J"'i>n. The lower salinity range corresponds to that of the proper IICW. Salinl' water 
larger than 33.0'½,, appeared in the lower layer of Stns H 16 and H 17 in the southern study 
area, and also on the western side of th, central trough deeper than 80 m (Fig. 9). The 
near-hottom salinity distributions (Fig. s) show that the proper I !CW was located mainly 
in the deeper central trough. hounded by a strong halinc front formed alnng the isohath 
of 80 m on the western side of the trcugh and northwest of Chejudo. The water off 
Chcjudo. having a salinity of JJ.(J-34.0~tio, can he considered as a mixed water het\\.'een 
the HCW and the Hwanghac Warm Clll rent Water. During the two surveys, the salinity 
in the lower layer was a little higher in the western part of the trough than in the eastern 
part (Fig. 9). 

I.X rF~S10~ UF CH, .. ~(JJIA:--.c; [)JI l"Tl·D WAll:R 

In summer when the Changjiang Ri,·er is flooding. fresh water from the river flow.;; 
eastward and then points to northeast to .var<l the direction of Cheju<lo (BI:.ARos1.1:- Y ct al., 
1983: Le, 1983: NAKAO, 1977). The northeastward extension in the southwestern Hwang
hae is clearly marked hy a plume-like pai tern of relatively low salinity water in the surface 
layer. In this section we examine the northeastern limit of the extension in the study 
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area. together with its hydrographic properties \v'hich have not hcen reported in detail ~o 
far. 

The T -S diagram in Fig. 8 shows waters warmer than 2)°C with salinities less than 
3 l .5'You. Initial analysis might lead to a wrong conclusion that this warm and fresh water 
was coastal water along the Korean coast. The vertical sections along the lines A and B 
(Fig. 4) indicate no such water mass in the cm stal area because the field observations 
were made just before the heavily rainy perioJ. Waters of high temperature and low 
salinity were found only in the surface layer aroL nd Stn 117. These warm and fresh waters 
should have come from south (Fig. Illa). Vertical sections along the line D strongly 
suggest that the low salinity water in the thin upper layer extended nl)rthward since the 
surface salinity increased rapidly from south to north. At the same latitude the surface 
salinity along the line D was lower in comparison with that along the line C. For 
example. the salinity difference between Sins S8 and H 15 was about 2I,a. An abrupt jump 
in salinity between Stns S9 and S10 should be roted. 

Vertical distrihutions of temperature. salinit) and density along thl' line E (Fig. 10h) 
indicate a gradual incn:ase in salinity with a gradient of ahout 0.3%o/10 km. hut a 
decrease in temperature from west to east. From those rc~ults low ~alinity water must 
have originated in the northeastward extension of the CDW with a tongue-like pattern. 
Considering the CDW to have a salinity less 1han 30.0%0, warm and fresh water was 
contined to a ,cry thin surface layer Ill m thick (Fig. Ill) and extended nllrthwanl up Ill 
Stn S9 and eastward up to Stn S5 in the study , rea. 

The nt.:ar-~urfacL distrihution~ of temperature and salinity (Fig. 5) show a plumc-lil,..c 
pattern of the CDW in the study area which forns a sharp thermal front with cold coastal 
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water. l!ydrugrnphic ohservations made in August IYK4 (Fig. 11) also indicate the 
extending of the CDW, the nnrthern lir1it of which retreated southward compared with 
that ohtained during Survey I. The sou1 hward retreat might hl' rclateJ ro the northeast 
wind with a speed of 5-10 mh,cc hcfore and during ohsen,r;itions at the southern stations. 

A cyclonic circulation in thL' _..,outhc,n part <luring summer ha.\ been rcportcJ to he 
composed of the northward llwanghac Warm Current (HWC) and the southward flow 
along the Chinese coast. Our hydrographic rL:sults. however. gave no indication that the 
HWC cro~sed the J .. f'N cast-west secticn in the study area. Water more saline than .,4'1/o 
carried hy the HWC was observe-ti o 1ly in a narrow band confined to the coast of 
Chcjudo. According to vertical section~, along the lines A .ind B, we assume a two-layer 
ocean whose interface is con~idcred to correspond to the upper houndary of the 
HCW going down to the hottom. Thus the horizontal gradient of density would imply a 
northward geostrophic flow in the upper layer ahove the HCW except the crnistal area of 
tidal mixing area where vertical mixi-lg is enhanced due to the presence of islands. 
Current measurements at Stn H4 also showed a persistent northward flow of ahout 
9 cm/sec at a depth of 20 mover a peri,,d of 44 days between 22 June and 7 August 198.1 
(KoRDI, 1984). Therefore, a cyclonic ,irculation in the upper layer is composed of the 
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extension of CDW along the boundary betv.cen the I lwanghac and the East China Sea. 
the southward current along the Chinese coast ~-nd the northward geo-.;trophic flow along 
the Korean coast carrying waters of high temperature and low ~alinity. not a continuation 
of the HWC. 

Compared to the upper circulation suggested hy many authors. there is no detailed 
information ahout circulation in the lower layer. Despite several trial~ of mooring in the 
central trough. we failed to collect direct CL rrent data because of fishing <H.:ti\·it!. 
However. hydrographic data can he used as an indirect indicator of circulation. In the 
study area, the lower layer wa~ occupied hy the HCW: thus the circulation in the lo\¾cr 
layer can he considered to correspond to that of the HCW. Salinity can provide 
information on a path of flow more t'ffcctivcly than temperature since salinity is more 
conservative and salinity on the western side of the central trough was higher than that 
on the eastern side. 

Figure I 2 presents vertical pro tiles of salinity -.elow 40 m along line.., C and D in l 9l•n. 
Along line D. salinity in the lo\\er layer was gl ncrally higher at southern stations than 
that at northern ones. Along the line C. salinity gradually decreased from north to south 
between Stns E9 and El3. hut increased from Stn El3 tu Stn 1117. The salinity value at 
Stn E9 was about 32.84°1m which was higher hy l.l%o as compared with that at Stn E13. 
This saline water is clearly seen by an isotherm of l(J°(' arnund Stn E9 (Fig. 7). The warm 
and saline water could he considered to he intruded from the western side because there 
existed no source of such waters in the central and eastern Hwanghae. The southward 
decrease in salinity between Stns E9 and E13 ~nuld result from a ~outhward flow. The 
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~outhward flow on tht' c;..islcrn side nf the trough should he compensated hy the 
northward flow on the western ~ide from the viewpoint of mass conservation. Although 
~uch a pattern of anticyclonic circulat·on in the lower layer ~hould he supported by 
hydrographic and direct current ohsenations. at present the ahove explanation is just 
one possihle reason for the southward decrease in salinity hctwet:n Stns Et) and El.1. 

st:\l\1ARY A1'D CU;',/Cl US!OS 

A summer thermocline or pycnocline was strongly C'.'-itahlished near the depth of 30 m 
due to summer heating and freshening effect of precipitation and fresh \\oater discharge. 
except the coastal area where stratification became weak. The thermoclirn: in the 
offshore area thus separated the war11 and fresh surface water from the cold and 
relatively saline water in the lower layer. The hottom water had nearly uniform 
properties. characterized hy a temperalurc less than 10°C and a salinity of 32.5-13.0'.'ti.,. 
This corresponds to the Hwanghae Col.I Water classified hy L1F (1984). The Hwanghae 
Cold Water formed hy winter cooling o,:cupies the lower layer in the central trough from 
spring to fall. keeping the same temper.,ture and salinity. except the southern part where 
mixing seems to he active between the HC\\' and the saline water coming from south. 

A surface cold water region was detected around the southwestern corner of th{.' 
Korean Penin"iula. The cold co;JstaJ region was well separated from the warm offshore 
region hy a strong thermal front as indi'"ated by a NOAA infrared image. In addition the 
vertical distrihution of temperature alo 1g the line B showed that isotherms, which were 
horizontal and concentrated near the thermocline in the offshore area, diverged on 
entering the mixed region such that the higher isotherms were sJoping upward to the 
surface and the lower ones going down to the bottom. Such a structure i~ reported to he 
formed in a region of strong tidal mixing (BowDLN. 1983: FLAR'illb\ll. 1975 ). Further
more. the vertical distributions along the line B indicated a local divergence of isotherms 
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and isopycnals only near Stn H3 in the upper layer which formed a surface front. This 
may result from vertical mixing enhanced due til the pre.-,cncc of ;.in isl;rnd. Hugsan<lo. 
near Stn HJ in the tidal mixing area (S1\l!'So'~- T1 n. J\fHiOlF-ESPHl'.'-il'.A. Env..,\RD~
Jo11-...1 '."I and S.\\'IIH,L, 19X2). The houndary of thv tidal mixing area -;ecmcd to agree \Vith 
the \lratifkation criteria given h~ S1\11':-.os anU l-!1·:-,.,1TR ( 197..t). 

Waters of high temperature and !ow salinity in the thin surface layer ~troun<l Stn SJ 
(Fig. 10) Vva'.'.. found to be the northcastwar<l cxtL nsion of the Changjiang Dilutc-<l \Yater. 
The plumt.:. originated from the Changjiang e'.'..tuary, extended more than )50 km 
toward~ the northeast \vithout loo\ing hy<lrogra 1hic properties. 

One rt·markablc point is that in the 5.tudy area there was no e\·idenct: for the I Iwanghat: 
Warm Current carrying waters more ~,dine than JU )'½,o into the H\\<anghae. although it was 
,uggcste<l to flow northward in the eastern part of the Hwanghae (N:\KAO, 1977: UnA, 
1934). KtM and l.H. ( l9X2). ha,ed on temperatu1e data in June 1981. supposed the warm 
current to flow clockwise around the western co:ist of Chcjudo. The CTD data in Augu'.'..t 
JtJ84 (K()RDI. 198)) ckarly \hO\h'd that the wan 1 and salint: ,vatl'r. corresponding to the 
Hwanghac \Vann Current. \\a~ foun<l in a narrow hand clo'.'..C to the west and north coast 
of Chcjudo. The Hwanghae Warm Current i, then helievcd to have turned around 
Chejudo clockwise anJ to go out to tht: east th1ough the Chcju strait. 

Conct:rning circulation in the upper layt:r. a cyclonic gyrc i~ proposed to be mainly 
compo~cd of the northL'a\t\\'ard cxtcn,ion of the CDW. the northward flow in the eastern 
Hwangh;ic along the Kore.an coa\t and the southward current along the Chinese coast 
(Fig. J., I. The north\\ard flow with a speed of about 9 cm/sec near Stn H4 ( Ko RD I. 1984) 
seem'.'- to he in gcostrophic balance. not a continuation of the I lwanghae Warm Current. 
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which is different from the conventional opinion on the circulation. The hydrographic 
results ~how a slightly saline water around Stn E9 and a gradual decrease of salinity from 
Stn E9 to Stn E 13. Since no source watt r with such a high salinity existed in the central 
and eastern parts and since in the sout~ ~alinity on the western side of the trough was 
higher that that on the castL'rn side. as·.;uming an anticyclonic circulation in the lower 
layer might explain ~uch hydrographic results. The assumption remain~ to he supported 
an<l verified hy simultaneous hydrographic surveys in the western Hwanghca and also 
direct current oh~ervations . 
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Abstract 

The geomorophology of the tidal flats near KU.in river estuary on the west coast of Korea was 

studied using satellite images. 

Three Landsat images of different tidal moment were geometrically corrected to be overlapped 

one another. Then topographic contours were extra ~ted for the analysis with the concept of 3-D. 

According to the morphological analysis, the tical flats around KUm river estuary area can be 

classified in three morphologically different groups: one is developped in a belt type along the 

shore; another is a delta type in the estuary; the other is developped between the shote line and 

islands. 

The morphological characteristics of the tidal flats in the study area seems to be mainly 

influenced by the tidal dynamics which are very strong on the western coastal zone of Korea. 

However the waves and human activities seem also ti) be important in some part of the area, 

I. Introdu,:tion 

In the western coastal area of the Korean Peninsular, the tidal flats are vastly developped almost 

all along the coast. 

These tidal flats can be territorial resources when they are reclaimed but they supply important 

foods to the living creatures in the sea when the) are left unreclaimed. In the other hand, the 

water ways for marine transport are often changed or even blocked by the evolution of the tidal 

flats near them. Thus the study on the geomorpholcgy of the tidal fiats and their evolution is very 

important for deciding land relamation and also for efficient maintenance of water ways. 
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The Kllm river drains land area of about 10,0•)0 square kilometers with a length of about 400 

kilometers. Its average anp.ual river run off is ab::,ut 6.4 billion cubic meters {Chung and Bhang, 

1984). According to the study by comparing bt:tween the existing data and recently obtained 

data(Choi, 1986), the tidal flats in this area changed much during the last 8 decades. Furthermore, 

a barrage was constructed in 1985 only about :W kilometers to the upstream from the Kunsan 

port near the mouth of the estuary. Thus a rapid evolution of tidal flats is anticipated in this area 

unless a proper management to maintain the navigation channel is planned. 

It seems to be proper to use the satellite ima~es in the study of the tidal flats mainly because 

of their synoptic view, and the availability of tfe multispectral data, which permit an easy con· 

figuration of tidal flats at a moment. 

The purpose of this study i.s to develope tr.e application technique of the satellite remote 

sensing on the problems of the tidal flat geomorphology. For this, the topographical contours of 

the tidal flats were obtained by overlapping three Landsat images of different water heights, and 

then the topographic profiles were derived from the contour map to be briefly analized in the 

concept of 3·D. 

2. 3-0 Concept of Multidate Syst,m fot Intertidal Geomorphology 

The water line in the intertidal areas observed on satellite image can be considered as a topo• 

graphic contour of the heights corresponding to the water height at the moment of the image 

acquistion. Thus by overlapping several images c,f different water heights, we can obtain the same 

numbers of the contours as the used images, if it is supposed that the evolutions of the tidal 

Oa!s during the image acquisitions were negbgib e and that the water levels are almost uniform in 

the study areal Fig. l ). The topographic informations can be obtained for the mtertidal zone as 

the above without any stereoscopic image data ( Yerger. 1977). 

3. Image Processing 

Three Landsat Multispectral Scaner(MSS) images obtained at the water height of I 02cm, 

325cm and of 502cm (Table 1) from the zero kvel of hydrographic charts at Kunsan port were 

used for the study{Fig. 2). This images were firslly visualized after a brief c1assification to identify 

tidal flats from the seawaters and from the solid lands at the acquisition moments. 

532 



Tidal Flat Geomorphology - Yoo 97 

-.Vater level Image 

Image 2 Water level 2 

Image N 

Overlapped 

Image 

., Water level N 

Fig. I. 3-D. concept of Multi-date processing for the intertidal geomorphology. 

Fig_ 2. Landsat coverage map on the KJrean peninsular showing the location 

of study area. 
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Table I. Used Landsat images and tt e water heights at the acquisition moments 

Date 

1981. 4.13 

1983 5.17 

1983.10.24 

Sat<:llite 

Land,.at 

Land;.at 

Land.at 

Water height at Kunsan 

2 502 cm 
4 325 cm 
4 102 cm 

Each of the images were geometrically corrected in the Transversal Mercator Projection using 

the µhysical map of I /50,000 scale. The geometrical corrections were processed by Geocor system 

(KORDI, 1986) in which the resamplings were carried out by the nearest neighbour method 

(Bernstein, 1983). The images were then overlapped one another by Multidate system ( Yoo et al. 

1986) as in the figure 3 to obtain contours of the tidal flats. 
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For the processing, a VAX-I I /780 system(CPU: 4MB) and its peripherals were used. For the 

output ~isplays and hardcopies, a Tektronix 41 l 3B cclor displayer with a Tektronix 469 l inkJet 

printer and a Calcomp 906 X-Y plotter were used, For the geometrical correction, a Complor 7000 

X-Y digitizer(Houston Instrument) was used. 

a. 24 OCT.1983 b. 17 MAY 1983 

c. 13 APR.1981 d. OVERLAPPED IMAGE 

Fig. 4. Geometrically corrected images (a, band c) and the map-image (d) established 

by overlapping them, 
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4. Geomorphology of Tidal Flats Near Kum River Estuary 

The figure 4 shows the tidal flats in the area at the water levels of !02cm(a, 24 Oct. 1983), 

325cm(b, 17 May 1973) and of 502cm(c, : 3 Apr. 1981) and the map-image(d) which was esta

blished by overlapping the three images. Th! overlapped image shows very well the water lines of 

the upper three cases at once: the areas colored in green represent the surface height between 

102cm and 325cm: the yellows represent the height between 325cm to 502cm: the reds represent 

the surface higher than 502 cm from the zerc, of hydrographic chart. 

The image of the October 24, 1983 which was obtained at the moment near low water(Fig. 4. 

a) shows very well the tidal flats distribution in the area. With only this image the tidal flats in the 

area can be preliminarily classified into th1ee morphologically different types as follows: one is 

developped in a belt type along the northern shore of the estuary; another is a delta type in the 

central part of the area; the other is developred between the shore line and the islands. 

The figure 5 is the topographic contou · map extracted from the ovelapped image, and the 

Figure 6 shows the topographic profiles along the lines plotted on the figure 5. The topographic 

profiles show different characteristics of slot: es of the tidal flats. In general, the slopes are very steep 

on the upper part of the tidal flats away fr)m the mouth of the estuary(Fig. 7, A-A', B-B' and 

C-C'), while steep slopes are observed on the lower part of the tidal flats near the estuary(Fig. 7. 

D-D', E-E'), On the other hand, the slope; shown by the profiles F-F' and G-G' on the delta 

typed tidal flat seems particular. On the seaward part, the steep slopes are observed on the upper 

part of the tidal flat while on the landward part, the slopes are steep on the lower part of the tidal 

flats. The profiles H- ff and 1--1' show different slopes between the northern part and the 

southern part of the tidal flat and those of J-J' K-K' an-...d L-L' shows similar characteristics to 

those of A-A', B-B' and C-C'. It is interesting to note that the profiles of F-F' and G-G' show 

that the top of the delta type tidal flat is slightly sloped toward the upstream. 

It seems that the difference in the characteristics of slopes among the parts of the area is related 

to the dynamic regimes in the area. And tr.ree regimes can be considered in this area: Strong tidal 

current, the wave generated by strong wir1d from NW in the winter(Choi, 1986) and the river 

water discharge during the rainy season. 

The figure 7 is a schematic slope map, b.tsed on the topographic profiles, which was established 

to examine briefly the relationship between the geomorphology of the tidal flats and the dynamic 

regimes. A combined analysis of the figure 6 and the figure 7 permited to note that the strong 

slope areas in the lower part of the tidal flats are parallel to the adjacent channels while those in 
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Fig. S. Topographic contour map extracted from the overlapped image. 

the upper part do not seem to have so much relation with the channels but they are almost perpen

dicular to the direction of waves coming from NW. The slight slope of the top of the delta type 

tidal flat in the central part of the area seems to be resulted from the outerward sand migration by 

river discharge. In the other hand the shape of the tidal flats between the island of Osik-do and the 

land seems to be much influenced by the dike which form a sheltered zone from the strong 

dynamics. 

The figure 8 is the schmatic map of the relation between the geomorphological characteristics 

of the tidal flats and the influencing regimes in the stu1ly area. Besides the influence of the human 

activity, the tidal flats in the area seem to be differently influenced by each dynamic regime: The 

tidal currents on the lower part of the tidal flats anc the wave and sand migration respectively 

upper part and on the top of the tidal flat in the central part of the area. 
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5. Concli,ding Remarl<s 

By a multi-date processing system of satel:ite images, the geomorphology of tidal flats was 

studied with the concept of 3-D. And the their influencing factors were examined by -several 

schematic maps based on the satellite images. 

Even though we have yet only preliminary results, this study seems to show a strong applica

bility of the remotely sensed data on the problems of intertidal geomorphology. The further 

study is proposed as follows: 

- Overlap of more images of better resolu·.ion 

Establishment of 3-D images as Batson et al.(1976) or as Sakai et al.(! 985). 

- Study on the relationship between the sLJ.rface status of the tidal flats and the image data 

Detailed study on the relationship between the physical parameters and the geomor

phology 

- Establishment of a synoptic geomorphological map of tidal flats. 
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