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Predation analyses of simple benthic communities on
the tidal rock bottoms in OhSan, East Sea

— oxygen budget between phytobenthos & zoobenthos —
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19939 9¥ AYE 48N GutAEe] EXE BFE 3, gt
T ALAAFTHE FASAT. AEANSEE YIFTE AHEEHY
AFARAsL, FFIHHAE MAXNFTEE 7123 guFFPe
AL TFE, AF PEASE 2000 ml TP Fol @AA
W gF3 F, 8EALS A3FE Winkler-Azide ¥H o2 Z2A3o
A 43R o

F8 28T AAFAE FAHY AF4E de 2o 1) 23
AxFe AL HL, AFEZRFQA  Cordlina pilulifera (181
mg-Ox/h/g-AFDW")7} 52%<Q Ulva pertusa (149 mg-Oxh/g-
AFDW), & &9 Polysiphonia spp. (49 mg-Oxh/g-AFDW), W3
ax7F<Q Sargassum thunbergi (0.8 mg-Oxh/g-AFDW)¢}t S,
confussum (0.3 mg-Oyh/g-AFDW) Bt} ¥4 A 2) AAEE]
AL 48E 1FFS  Ceratostoma rorifluum (139 mg-O/h/g-
AFDW)3} Nucella freycineti (9.6 mg-Ox/h/g-AFDW)7} & x]#¢l
Septifer virgatus (1.3 mg-Oh/g-AFDW) Xt} AH]&L IRy
AEFo] YEEE XA S Septifer virgatus (ca. 850 g dry wt/
01 mA)7t At Q F A2 2u|Fe] 80% o)FE Aw g,

FRF BEFIY AAFXE 1HINY AR J12F TG
4y GwEe ALAAFH(ca 770 mg-02/0.1 m)S AuF
(ca. 650 mg-02/0.1 m)F W& $F& FA3Y, =0go) JAF
EX3E= MB5ZF Cordllina piluliferast $XF Septifer virgatus®
Qo] v|¢ TS AR,

~ AFDW.: ash free dry weight






ABSTRACT

Benthic production with distributional pattern of benthic organisms
was estimated on the tidal rock bottom near OhSan (East Sea) in
Sept. 1993. Quantitative samples were taken with depth (upto 8
m) and the changes of dissolved oxygen in bottles(2,000 ml) con-
taining benthic species were measured by Winkler-Azide method
through in situ culture experiments.

Followings are results on the capacities of benthic organisms
for oxygen production (or consumption): 1) oxygen production rate
per g-AFDW" of red alga Corallina pilulifera (181 mg-Oyh) is
higher than any other algal species such as green alga Ulva
pertusa (149 mg-Oxh), red alga Polysiphonia spp. (49 mg-Ox/h),
brown algae Sargassum thunbergi (0.8 mg-O2h) and S. con-
fussum (0.3 mg-Ox/h). 2) mussel Septifer virgatus, which consists
most of benthic biomass (ca. 850 g dry wt./ 0.1 m?, consumes
about 80% of total oxygen consumption in the tidal community
even though the rate is much lower (1.3 mg-Ox/h/g-AFDW) than
gastropods Ceratostoma rorifluum (139 mg-O2/h/g-AFDW) and
Nucella freycineti (9.6 mg-Oyh/g-AFDW).

Estimated oxygen budget of an benthic communty on the tidal
rock bottom near OhSan beach (East Sea) shows balanced pattern
between production of phytobenthos (ca. 770 mg-O¢/0.1 m® and
consumption of zoobenthos (ca. 650 mg-02/0.1 m?). Calcareous red
alga Corallina pilulifera and mussel Septifer virgatus, both littoral
species, seem to make important role in automn production.

~ AFDW. ash free dry weight
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oE deje] A7t BEFEC] FojW Fo] oH Yoz EA
=71 BEXE A3 B3, 3 FZ(community structure)$}
39 715 (function)& A&3HA oldstalE Aot (F2E 75
vk jit}). HolAt&(food chain)dl i@ A& HoAlETRE H¢
31, HolAlE S T3] o]F A+ energy flow (or material flow)S
AgA oz mopsiaie Zolg. Yolrt AHA AT IAFEHL,
RAE-BHAN A HFFH AFE dF3= Aotk

HolAte Ex HolW(food web)el Qu|E AEZRHUFNA do
U= Y43 ¥4 iy £tz I} AFFZoltt (Cohen,
1978). Predation analysist X A% HA#AE SOz FHI}E=
Zo]9, Lotka-Volterra equation®] ¥ %¢# 3% modelelth. o] %]
Qe A F(trophic species)e, 3 A EFH $(a common set of orga-
nisms)g HolZ 39, FAlo T & AEIHe 3] Y3l QY&
A delh(Briand and Cohen, 1984). o9, ¥4d(link)2 H1 Y3
T F2te @AW, A&(chain)e ¥5d A2 AA FZolT (an
energy path or sequence of links).

HolAlEo] g oA 714 (energetic hypothesis)e ©&3#2th:
A2} AH(primary productivity)e] &% AEjAle] HolAlgo] A
(Hutchinson, 1959). °o]®l, HojAl& <] ZHo|@ dA 4 (the number of
links)& vt} Hojal&o] did FHY AN 71 (dynamical
stability hypothesis)& &3 Zth Al&9 Zoj7lt 70 FALFE



Y ZIHA A FPLEHZ Eolrlr) ot Wt AAAE e
o] vkl At&e] ol ¢ Zold Ro|tH(Pimm and Lawton,
1977). 22y oA /MR & ARPdE ol ¥ FAE wAY F
o= (Pimm, 1982) ¢j&°] A|715%131, Briand and Cohen (1987)&
A=A 7133 P9 A 7R dAHE AdRE LHIHYY
@¥, Briand (1983)&, 34709 Yolg& AHESD, 239 A (two
dimensional environments)®2t} 3349 FZoA Holal&e Zo)r}
o dde FE ALt 93 x4 YA Ue Edo|FF}
T3 AP E B|I3E 712AF 0|, Predation analysisE 53l
TR ddE AY U HolAgd U@ YA AYH A
AR 718 L =@ AXJ} ol e AEHTe] F2G FAo)y,
T AdelA e HFo] Hasi,

A A kA o) A (2-dimensional) = ¥ %43 € 4l (3-dimentional) .t}
de@ Holdd F2E 2+t (Briand and Cohen, 1987). ¥
FZ7} @ guk 22 olA trophic species®] W A FARES
33l Lotka-Voterra equations®] #&31d Alde&d JF &L
A ¢ Aot °)AL material flow?] A4to] 7}5 e o v g},
A& TF8oz FPIE 71HE, £ 2= FH, AL vy
o2 foze AYH} AF S ¥ & Y7 W&o}

2 ¢ uigrl B A9 wnlto] wls] AEe HAYEs}
£33 P44 E ¥ ¥d(Holme & Mclntyre, 1984; Raymont, 1980).
AL AXMBES EXE AP F79 AAA wa 34 Asy
(Thorson, 1957; Nybakken, 1988), Ado] <tAg <yt zsjdel:
¥ AxF7F AF A (Mann, 1982).

o2 §9E NI AR g@aEage] o)



$7122 AV D, QA Ho|dHF S8 49 JFRAZ o)F
@t} (Lindeman, 1942). olUx §5& AE-AeAY w$ 2
Aoz oA o8 (Odum, 1971), AES AANe Y@ AFE
AAL 71529 SHE ENARE g 2 $uoz A4HT
gk, 2E, SEUE B8 dode] WY QFE= BRI 29
Fzo) #@ Ro) YREow, ZHY 715 q# AT WS Ne}
3hu}, QH(1984)3 =(1987)%to] L %ol R A uH(Sargassum confusum)®)
HA3 PN, AZFRNASES A4 da ATRE Bolu},
go)mANe Eder ohutzsiy AEF BE FES AXd
(Koh & Sung, 1983), 433 4L BAY (Koh & Ahn, 1985).
S ohitzade] J4L, o8 RAWRF o8, Agdls
ngs AR 2e gYTERF g8 A P¥L By
(Koh, 1983; Koh & Sung, 1983). qi3 2277} W53l A7]d+=
HZEAMNAEES JEF G40 ZAWAAN AT HFo]
¢ ATk, 1986 X, 1987). 1Y <88 uizsiy HEF
HREe AR EANFI 4581, ALY wnAde FEY
nes} AlERsE oky MRSl E o] 7edlE REHZFY
BEFo) AASA 2T BN HAZEY NAFES HEIET
A Base, AZ &4 hitER0] JuUEY ABFY YRES
A=)37 At

gaist dalvt Pz =250 9= 4 woEd, $s ¢
Gebel QRGEE sl2d s, s wase g utolt
metd B8 YE-QA, 53 A2AHAY oHE AN T
ohule YUY AMTPe) AR T AAY EAo] Masojo} g},
S8 A2e SEZPC UY ATE ofF I E3 UEEH



HEAIH S AMFETHA A= H(1990)7F A THEFo| of 3,
A(1993)7F AAEESY EXE, 41(1989)% Shin & Koh(1993)7} Awj
B/HlE e £XE AFHE otk 53] systemd AAAFIH
A, i} EFA3ES AFE A3, LAY WAuige
A E QZ3ts st dasia. 983 (8= 449 F3o]
AAsta A¥EE dvx] = EFAFR Y #F Aoy, dgEF ol
NI E WEsE systemUA otHH FF3t= systemUA {AE
887t it

7H&d T3 GutEY FIFRE vy aesid (7, 1983).
T8 A G 8 AFARFE o)#Ey] A, ZARFA}
HE3= 71EEY FIATAE dFstn gurEFe AAAH FR3E
A8 s A& FESAG: 1) &3 ¢9FH 2 net production
g4 plus(+)U71? 2) dPE2FE ST 13449 FHUA?
3) 2709 AEFH YJEEFS JA 23 2y eI dF:=
22 Eoll @ AT APAAMFE] 2§ 4A¥| patterno] FHE
gEoy, gutEe AEF E¥XYYLS FA F8F %
gE 3 SHEHY A4F A (oxygen budget)E A3



Il. =AY

7Hed 8 G AL FAHI A8, T d@
A7} v A NN £PE FYE IAT L3YA9H FHEx
HEE FEANA PBA ¢& FUE FIFT AHAE AU
(Fig. 1). 24898 2AXYoz ARY F71: d5H 2ok 1)
E8¢te] & ALY hitsits 2] nHE AFHY
Fagt de megg 23 glew, hiel wEAHsL ¥5 3.
2) @ g8 F3 o sud vs guEF 2EZHI} HuH
k& sich 3) ste = H2o| LolFH, FHUY FHHE VY +
th 4) F9e] FAAo] Qich wEd FFu| o] ALgd] }E A
ojulzte] BYQF n@FL MY & QU 5) Xdd T¢H BEFH
REANP) 2 9P F5Aule xgo] Lol3tn, FH9 w0
dAF4 ol 7Hs 3t

ZAA G ] gtube RAYALY SELRUGLE o]FoF on,
Zyo msiete EFAHI F5F BHSPNJAZ7] ¥ 025
mm)Z TFAE Ak A F (19939 9/11-9/14) EF59
422 20°C-22°C(Fig. 2), 9% 33 oot ©] &2 .Q."]‘?’“m-’]
APl 25 FEAY /1A AF@FH E Ao/t S
AAFRHCH(A, 1983; <}, 1984; X, 1987). AW 2A{vte] 7‘]‘7‘3
w]$ ZoH<05 m) X PNHPES EXE FIH e AYH
Rtz 24 noE g 9P A dE Ae= dddr



T
If

Hi. Z=ApE
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A Bo PATPY AL 2R A8, P HEZ
EXP4E DAL, YEFWAIN ST T2 28 Haga
(FE AxxH) 53¢ AFoI4 SR

1. A& A

EE ANSE WYT(165 cm * 24 cm, ca. 0.04 mHE A3
MAAEE 38 - 73 wEAYS, FIFHLS YUY G Y2 F
#e 2 ALgSAT. 239 Fo: A5dld A2E APz,
488 BtoE £3SE AHES) MAR FAHL 71=sq9
FARS AEF HolA $AT dY AMAYEC g Atz Aw] o
4L 23Uk g A APo] TFF micro benthic algae,
A ANETE HEY B BN GutEy AA AN L
Adster X85 Furt

2. 8 9F9 B2 FALH) 34

AL L T3 VEF AN $AsdT BIY 109989 gt
HER 106F9 PHFEES Hdstd FFNA 2000 ml FPHol
7HFol Wigadth. RE AEAEE Wgded IUL F9 He=
R0l B WAt 71F &3 acclimation) AF A4S ol
sto] Mg AT MFANL A8 FFG Fe u8sta o 408-
N A== 2E3Q0, FA S S5 229 FFL SHHA



A4Fe) BEAE g AT 2uFe nAs) 98 sewe
A ¥ W(blank bottle)E THE WMPFWH FA TP ZAstA
) 3 Aok

YgAZe] AT 5, WFo] B YEANRE TUY T3P
SENATE FRHFY §ENLFI WA, FENLY FHo| L
% BB oF AAAH(EE A2ANFos AT o,
Seme A W oy (light & dark bottles)d] S&A4A WS
aHse] WEANRE THS PP SEALF e AN
$EN2FE] 2L Winkler-Azide B8 o2 AN FF3Ach
HAo) ALY Bl FMIEF(N2S:008 $WE 01 mAA gl
$282%¢ ANSYT, WP A48 JENEE Dry OvenolA
60°C2 o 72X WZYE %L, FurnacedlM 550°CE H&F
ash free dry weighttAFDW)& 0.01 mg7tA] &A3s9t (AFDWE
AEFIH BT Ge BAS FAR TAS AR

F2 2WF o A2ANFH AuFe ZE A2 s 43
NBAYHAL, 4719 2ARFTNN Fa@H JARES WY de
Z 28 WEFE AT BB G BANDY A2PMEE A2
AH)EE ALANT. & Ao o] 83 $ENAT H4 ¥ (Winkler
-Azide method)2 ¥ Z9] A g]3l%tH(Appendix 1).

3. ABRES A} FAHTA WY AR

$Y7E ALstd AYY WEARE QPN ALA EFRe
A% 10% Formalin® 2 ¥FAYF 7, APUANN FH=2 £Js)a)
Azt 23FE 2ANAYT. 449 A2 ¥H e AFINEE
ogst] NANY BANANT 4EF A2E DEUT. BHVAZ



AEF A8E o83ty 4T F 1 mT A LY BEF
ARE T3, FL £WFTY 99 WFF T ALAAF(EE A2
249%) A8E Fi3td dRTAY YHEE FA3UG, ANAR LS
a3 AAEE 9SHy 2ok

1) gt e HAAE YEF
WgT0.04 md) & BES AFF PT « AR HF /004

2) 4tER F 1m 3 AAVEF
MAAE BEFY F F (F=d+23d+23H)

3 Gz P4Y

FRF iEFH F 1m 7 ALPNFH(EE L¥H)9 §
(x F2F] 4ALWLF = 99 AT FT ALAAF + BEF)



Iv. dntet &

1. ¢ Ee X

11993 99, T3 LAtE¥ ¢hite]lA Y GWNAAEe FEEL
Table 1.3 o9, XX @& AEF EXE Table 2.9 2t}
Fig. 3.2 F8 28%9 F£IAEXE AT 2 Ygd Aoy, 234
Aol = FL 5 (Littorina brevicula)® F85FHF Y315 (Granuli-
littorina exigua)©l BX @t ZF&7197v8)(Chthamalus challen-
gerde Z7d RN #A4E 27X WA LAY, AFuD
(Cellana grata)® = ¥w'2(Collisella dorsuosa)®] #|5H H-Lo
EFAEA £¥sa Aok 23d(F F4 1 mHA)E FLE38HHA
(Septifer virgatus)7t ¢4EHe| HPo] YIAEXESIH, Y&
(Ulva pertusa)®t ¥4 (Polysiphonia spp.), ZH&T&AtE X (Coral-
lina pilulifera)°] 43¢ Y2 EX3t EANMFE d43Es 2
X} Zo)(Sargassum thunbergii)®t ¢ BY B A%ol R AWK (Sar-
gassum confusum)L =EA EXT. U d Y FS Audg
(Phyliospadix japonica)®?] ¥ ¥38t= Ao #&FHUG

Z3U(F4H 1 m °)3)e] o2 WA EL AL Ho|R gon,
A7, LDuFR, Bt R EFA Al(Hemicentrotus pulcher-
rimus), €%/M(Arca sp) 59 ¢WEEC] T AL AAHYH
Stut Al B 2 )| = ¥N(Pachymeniopsis lanceolata), A °}2l(Gratelou-
pia spp.)7} WA &@39, oyt 1E8ulg ' (Dictyota spp.)stel
E4EA patch§ °|F3 . ¢te] Evte 4 7-8 mol °ol2H



AL RYR o]FH oy, X Ao EZFHo Q& otute
®WHol= YAlvHLaminaria japonica)7t 971 7] &5 6] o}
A Y auR =X gt}

2. F-&s|zo ANTES VEF 74

A3 FLs Hay PutER BEFS A Eo] oF 309, gt
TE°] ¢ 70%E AAstH, /1A Fi guFALe GuiAE ng
dFEEo] T MAEFY QR EL o)Fa UtHFig. 4). MR @
BEF T, dHER AA BEFY 4 60%71 $£4 1 mojule
F3d B2 AP 3, 23giE 2Py BHo AAx wye
B WA oF 30%9 BEFwo) EXPrHFig. 5). R FRE
¥ <315 (Littorina brevicula)® 2%-2}7) w71 ¥|(Chthamalus challen-
ger)Z< Y ET X3, AN 8L AR g} g
guto] Eue nige B 3L, AN v Laminaria japonica)7t A e
EE AEFE ARG /1A B8 A de AEFLS 27g9)
LA} FLEHBI R (Septifer virgatus)?t F BEF9] 40% =
AA @} (Fig. 6). AA AEFS 60%7F G2 LEA A(Hemicen-
trotus pulcherrimus), €%7(Arca sp.) 3% 93 HFH{Ho Yu}.
AR ELS A Fo|(Sargassum thunbergii), ©+A\vH Laminaria japo-
nica), 124913 Z(Dictyota spp.), Avlct2(Phyllospadix japonica)©)
B3F] BEFE RoAT, 4 A PYEF oF 4%-6% Y=
A2 Polth(Fig. 6). FH2HN(Ulva pertusa)St FLF&AED
(Corallina pilulifera)& Z7ttio] QAjE B3sin guzy &
BEFANA AA 3= REL v $ o



3. AEFTY A2L0FAALHY EXEY

outE R F8 FHFY SHATT LWV F(=EE A i‘ﬂ"ﬂ‘)
pattern< Fig. 73} Zu. ¢t &9 99 AFFF LA HFS
mg-Oz/holA 5 mg-OyhZE WAZ H&F £FL BAY, *3%%4
QREL AR FLZHUGX(Septifer virgatus)e] AtiAm)z}
N How, 1579 AFuD(Cellana grata)d} F= ¥ L(Colli-
sella dorsuosa)®] Anvl%o] Aujdez @rl 28y ash free dry
weight(AFDW) @ Ata 4] $4-& B3y, 1523} Fegud
(>10 mg-Oxh/g-AFDW)°] ®Xl(ca. 2 mg-Or/h/g-AFDW) Rt 5
v o]43e] A E 4w P

hitNEY @9 WEFF ALYAFE <Img-O/holAH 10 mg
~-Oy/hZE $o] wg & W3E B BANRS A Fol(Sargassum
thunbergii)$t &%0] 2A ¥ (Sargassum confusum)®] At2AAHEH
(<2 mg-Oyh)e o}F Zow Foan#(Ulva pertusa), FLT<€
Ay 3 W (Corallina pilulifera), ¥&(Polysiphonia spp.)8] A=A
(>5 mg-Ozh)e] €53 Atk AFDWT A444 pattern® MK
g welt ¢hiEEF upANXNZE HEFY §E FEE Hil=
A) % o)(Sargassum thunbergii) Bth AEFo] MR AL FPL 3
(Ulva pertusa)®t & FEA3 X Corallina pilulifera)®] A=A F
(>15 mg-Oz/h/g-AFDW)o] &4 =t} Eold L AFDWT A4
qAre A3 279 Coralling pilulifera’t 525 Ulva pertusa® th
o =& AL HRAgE Hold

Fig. 8¢ 72 #W¥%¢) AFDW7 A4 2FFA Axshe )
e YELE Yehd Aolg UWNEES AFFY ¥ 20-30%71,
JutA B AFF o >80%7t €T fU1E HEIFUAS ¢ 7



At GX 72 Septifer virgatus?7} GRHEEZNE =L #2(50%),
A5 ZFQ Cordllina pilulifera’7t ¥ EFNAE 713 ¥ e &
(40%) B.Qt}.

4. 7HEE R AaFA

Fa¢ GuTHY 1 S TS AEF EX, F8F9 Ax
AH(EE Aa4N]) $EE n3ly ALY, T3 GEHe AH
HAaFA g AR A AL2FA FES O3 2o (Figs. 8 - 11):
Z3Y AEE GutEEo] oF Aie] AnFET du, gRE
Qs Anj@Fo] xde IFHY QU kA Ee) oF A
A Gt o] o AiAHE AR ¥£F £ FA319,
T3 G el A £AAF A= AHAZ Bl ogd
(AE 71gdolE JURAE HE3}E systemeZ B7E o
23518 e XEA dutEER 200 FHA uHHA gL
Z 54719 /M8l (Chthamalus challengeri)®] AW E 13 3H, A4S
FT3HE system¥ 7HsAol Uoh). FF2AG HEA FEY N4
S4WE HEFH QAP FAHo] o]FAR] g YutFE e
AEF3a} 44 A4, 283 microalgal species$t WA Fo] g R
Ayl o]FAXE uo Y Aol /15 ol T3 AEA
AAE 2 uAg DY FEE AL A ME B3
ALY AAA] A Bt AL A7 ¥esi)



1993\ 94, Fali¢t sy qwEHe FAHN WEF BE¥, FQ
28FY A2 MM EE A2 4H]) patternd B oL 2ok
1) GutEEo] AEF dHFEL AAFIO70%). (FLEF3UEA,
Septifer virgatus ca. 40%). 2) wolge] ABEFo] XA R (4
1 mol)el AZF =] Uth(ca. 60%). 3) BXF Sargassum thun-
bergii(AFol)e YNAE HEFY o 25%E AR FAT, 12344
(AN F S Rz A, 4) xide) IAF EXse s
oo of AAAAFo] AEF ®ls 4233 2ok (>7000mg
-O2/h/1 m). 5) ST AL AALFL An)Fo) wjs] FE3) =X
2t (@atA oxygen source® B7] oJHt}).

FoERE EUZ g & FE0] 75tk Bl gukEgol
Ao EAhFe] 98, Agde Wgs vty 22 gy
2z Fo] o8 gutEe AEFH Pido] FEEHAR, EAWRF )
2 E3te 7t&de FRHZ{/Y AEF) FAA LY, A=
BAMATESY AEFL gy 48T A7 &5 GitEEo
ZH9 #N PEFE FEIPd RIAHXF HEe 23 A&
EXE dF3td, a0z s 29 2PUE g YAse=
GAF Septifer virgatus7t FHER AA HEFL FEIA FHol
22t AEFo) 23U BEZEL F7MEA A /H&E ¢
TR 1AL, BAMFIE A3 QU EREF] §S FEE
AARAD, BEFo] e FHF Az AFds) Fedch g



TR AL GBAE) o7 AxAite] GutFEEC) oF A4
Anjo] H|&] FE3 A ¢7] @&, oxygen sourceE LNF3}7E
oAyt 23|23 FFEAFN MAEA Qo] Al THHA gL
Zd0 Ao 571508 (Chthamalus challengeri)$t =3t 2]
A Fe 22 MEA uEEY AHE 1A ALE FFIE
systemd 7FsAde]l Ut} Microalgal species®t ¥HEolE X §sl=
B AU EME T8 w8 g dyA) W& F5 %o
AME £ ol 3 AA9 oy EAS4R, £33 T AS
BRAZ FhEHE AR HFo] 7H53id.



<
%]
Kl
Ao
v

7294, 1988. 3¢t L3 AY 2 gute] HMYE BE, o)F
ALY =&. A&dga. 41 pp.

AgZ. 1983, F38l, SEAY 23 AMAYEY FHAFR AP
QAF. ol GAHALES EE. N LU, 65 pp.

AFEA 1989, @5 F3 S8 T dFAAY AvjEsHMAEY £X
o) & AL8t ) =F. A &gl 52 pp.

g . 1986. 2o MAde ARZINF Cellana gratast Colli-
sella dorsuosa®l A XA A€e] T AF. o|FAAY =E.
A-&igal, 51 pp.

Qtl<g. 1984, &3¢t L&A Sargassum confusum(ZZF, ZAh
3ol A AL, o] AEY] =&, A&dga. 46 pp.

)3, 1986. Sargassum confusum®] A4 3= HAXEH HAFE
i AT, o) FAALEY] =8, A&dUlda. 34 pp.

AFZ. 1993. = FASNY AAFAAN MH3te QAFE X
ojgtutAl ety =F. AM&dieta, 296 pp.

Z49. 1987. &% 0] A ¥H(Sargassum confusum)® AZERD A4
FEY AAA. oA =&, MU 71 pp.

HZ4. 1990. &5 F3 S5 dFAHY MYse AMUGRF
Z3. o]gAlEts) =8, AEuisti. 166 pp.

Briand, F. 1983. Environmental control of food web structure. Eco
-logy, 64: 253-263.



Briand, F. and J. E. Cohen. 1984. Community food webs have
scale-invariant structure. Nature (London), 307: 264-266.

Briand, F. and J. E. Cohen. 1987. Environmental correlates of food
chain length. Science, 238: 956-960.

Cohen, J. E. 1978. Food Web and Niche Space (Monograph in
Population Biology, 11. Princeton Univ. Press). 189 pp.

Holme, N. A. and A. D. Mcintyre (eds.). 1984. Methods for the
study of marine benthos. 2nd ed. Blackwell Scientific Pub-
lications, Oxford. 387 pp.

Hutchinson, G. E. 1959. Homage to Santa Rosalia or why are
there so many kinds of animals? Am. Nat. 93: 145-159.

Koh, C. H. 1983. Community structure and productivity of phyto-
benthos in Juckdo (Eastern Coast of Korea) II. seasonal chan-
ges of algal vegetation in relation to annual growth of large
brown algae. Korean. J. Botany, 26(4): 181-190.

Koh, C. H. and N. K. Sung. 1983. Community structure and pro-
ductivity of phytobenthos in Juckdo (Eastern Coast of Korea)
I. benthic marine algal vegetation and its environment. Korean.
J. Botany, 26(3): 119-130.

Koh, C. H. and I. Y. Ahn. 1985. Community structure and pro-
ductivity of phytobenthos in Juckdo (Eastern Coast of Korea)
III. growth pattern and productivity of Sargassum confusum
(Phaeophyta). Korean. J. Botany, 286(2): 119-126.

Lindeman, R. L. 1942. The trophic-dynamic aspect of ecology.
Ecology, 23(4): 399-418.



Mann, K. H. 1982. Ecology of Coastal Waters. Blackwell Scientific
Publications, Oxford. 322 pp.

Nybakken, J. W. (ed). 1988. Marine Biology: An Ecological
Approach. 2nd ed. Harper & Row Publishers. N. Y. 514 pp.

Odum, E. P. 1971. Fundametals of Ecology. 3rd ed. W. B. Soun-
ders company. Philadelphia. 574 pp.

Pimm, S. L. and J. H. Lawton. 1977. The number of trophic levels
in ecological communities. Nature (London), 268: 329-331.

Raymont, J. E. G. 1980. Plankton and productivity in the oceans,
2nd ed. Macmillan, N. Y. Vol. 1, Phytoplankton, 489 pp. Vol. 2,
Zooplankton, 824 pp.

Shin, H. C. and C. -H. Koh. 1993. Distribution and abundance of
ophiuroids on the continental shelf and slope of the East Sea
(southwestern Sea of Japan), Korea. Marine Biology, 115: 393-
399.

Thorson, G. 1957. Bottom community (sublittoral or shallow shelf),
pp. 461-534. In: The treatise on marine ecology and paleo-

- ecology, Vol. 1. Memoir 67, Geol. Soc. Amer.



Table 1. Species list of Macrobenthic organisms sampled in a tidal
community in OhSan, Sept. 1993.

I
4

x

Ulva pertusa 324}
Chaetomorpha sp. 9%

=

4

Polysiphonia spp. <24

Corallina pilulifera ZL7&€435%
Pachymeniopsis lanceolata 7} %%}
Grateloupia spp. *A%°}d

Dictyota spp. 1Eu}g%

azF
Sargassum thunbergii A% °)
Sargassum confusum 9% 0] XA}t
Laminaria japonica ©}HA|vk

29 F
Phyllospadix japonica Avic}h2

Granulilittorina exigua J¥285YZF41%
Littorina brevicula %Yi%

Collisella dorsuosa FZ=¥u]Z

Cellana grata RAFu|T

Ceratostoma rorifluum A2

Reishia clavigera W8

Nucella freycineti AT Eil%
Chlorostoma xanthostigma 833l%
Umbonium costatum VB9 il%
(Unidentified gastropod)



Table 1. (continued)

2T
Septifer virgatus FSEAVIA
Arca sp. %4
(Gomphina veneriformis W)
=85
Acanthochiton sp. 8%¢%
(Unidentified chitons)
7V €}

.Chthamalus challengeri =716 A")
Pachygrapsus crassipes 87l
Hemicentrotus pulcherrimus %% A
Amphipods 927

Sea anemones V| & HF

Hermit crabs I AF

Sponges @A F

Star fishes E7IAE&F

Polychaete worms 7ZAX]#o|#&



Table 2. Quantitative distribution of benthic species sampled from
each zone of a tidal community in OhSan, Sept. 1993.

g dry wt. (numbers)/1 m-width

Species A zone (B zone) C zone D zone T
Granulilittorina exigua 41(<3%4) 40
Littorina brevicula 1183(<319) 1180
Chthapalus challengeri 2(<3750) ?(>12500) + ?
Collisella dorsuosa + 104(63) 100
Cellana grata + 93(75) 90
Ulva pertusa 51 285 165 500
Septifer virgatus 119(+) 8500(>12500) © 8620
Reishia clavigera + +
Ceratostoma rorifluum 198(100) + 200
Mucella freycineti 180(75) + 180
Acanthochiton sp. + + +
Pachygrapsus crassipes + + +
Polysiphonia spp. + 208 210
Corallina pilulifera + 398 + 400
Sargassum thunbergii 1618 1620
Sargassum confusum 150 150
Pachymeniopsis lanceolata + +
Phyllospadix japonica 778 780
Grateloupia spp. 250 + 250
Dictyota spp. + 1155 1160
Arca sp. 2385(450) 2390
Chlorostoma xanthost igma + + +
Hemicentrotus pulcherrimus 2745(750) 2750
Sea anemones + +
Sponges 225 230
Star fishes + +
Hermit crabs 120(150) 120
(Umbon jum costatum ) 120(75) 120
(Laminaria japonica ) 1410 1410
FE 4ER 21220 >370 12570 8330 (22500)
" 4#2Aze) (4chdY of)  Factor

A zone: supralittoral ca, 75 co 0.75 18.75

(B zone: transitional) ca. 50 cm 0.5 12.5

C zone: littoral ca. 100 cm 1.0 25.0

D zone: sublittoral ca. 700 cm 7.0 150.0

(D zone: bottom) ca, 100 co 1.0 25.0
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Geological map of KangWon-Do showing the rock type of

the study area. Arrow indicates OhSan beach.



Light Intensity & Surface Temperature

(Ohsan, sept. 1993)
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Fig. 2. Diurnal variation of temperature and light intensity in the
surface water on a tidal community in OhSan, Sept. 1993.



Littorina brevicula- / 0.75 ;Supralit‘loral
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. Uiva pertusa+
+: Phytobenthos Septifer virgatus- Ltoral
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Fig. 3. Modified distributional pattern of dominant benthic species

on a tidal rock bottom in OhSan, Sept. 1993. Numeral is
the area of each habitat defined with 1 m width.



Composition of Benthic Biomass
(Ohsan, sept. 1993)

Zoobenthos (71.7%)

(Biomass unit: g dry weight)

Fig. 4. Composition of benthic biomass on a tidal rock bottom in
OhSan, Sept. 1993.



Distribution of Benthic Biomass
(Ohsan, sept. 1993)
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Fig. 5. Distribution of benthic biomass within each zone defined in
Fig. 3. on a tidal rock bottom in OhSan, Sept. 1993.



Biomass of Benthic Species
(Ohsan, Sept. 1993)

Septifer virgatus 38.3
(.
IR
. , 9.9.9.0.9.9.90.9.9,
Hemicentrotus pulcherrimus §SKKEKKAAEG12.2
P 0 _PRRRRRRRNRK]
Arca sp. 10.6
4
Sargassum thunbergii 7.2
]
Laminaria japonica 6.3
| |
Littorina brevicula 5.3
O
Dictyota spp. 5.2
[
Phyllospadix japonica 3.5
u
Ulva pertusa 2.2
] _g m phytobenthos
Corallina pilulifera 1.8 0 zoobenthos
" T T T T T T T

T
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(g dry wt/1 m width)

Fig. 6. Biomass of dominant benthic species on a tidal rock bot-
tom in OhSan, Sept. 1993.



02 consumption(or Production)Rates of
Benthic Organisms(OhSan, Sept. 1993)
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Fig. 7. Oxygen consumption(or production) rates of benthic organ-
isms on a tidal rock bottom in OhSan, Sept. 1993.



Percentage Ratio of AFDW in Dry Weight
of Benthic Species(Ohsan, sept. 1993)
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Fig. 8. Percenfage ratios of ash free dry weights (AFDW) in dry
weights of benthic species on a tidal rock bottom in Oh-
San, Sept. 1993.



A Oxygen Production of Phytobenthos
(Ohsan, sept. 1993)
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Fig. 9. Oxygen production of phytobenthos(a), and oxygen consum
-ption of zoobenthos (b) of a tidal community in OhSan,
Sept. 1993.



B) OXygen Consumption of Zoobenthos

(Ohsan, sSept. 1993)

Littorina brevicula z<§§€ff

Chthamalus challengeri

=

Cellana grata

Nucella freycineti Eéa

%z
Z
///’ T T

Ceratostoma rorifluum

0 1000 2000 3000 4000 5000
(mg-02/1 m width)

Fig. 9. (continued)
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Biomass & 02 Consumption(or production)

of Benthic Organisms(OhSan, Sept.
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. 10. Comparison of benthic biomass with oxygen consumption

or production of dominant species on a tidal community

in OhSan,

Sept. 1993.



oxygen Consumption & Production

in Tidal communities
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Fig. 11. Zonal distribution of oxygen consumption or production on
a tidal community in OhSan, Sept. 1993.



Appendix 1. Winkler-Azide titration method for dissolved oxygen

- A4k Oz (mg/liter) =

ER3 99 NEd <GAL>TH FAJVEE>E 71EHE 4%
)‘\l.

measurement.

Al 1AJACR )] FAHT, o] Yol §&
d&dts g Astdo(Z 43 A).

FAE I- EA) AL 718t &3 fEALF
d&3he L7t fredd. #3E ¥ NaS0; §4o=
A g

Al MnSO44H:0 480 g + B ———> 1 liter

Yy

KOH 700 g + KI 150 g + NaN3 10 g —--> 1 liter (Azide)

AR LY (AE 1g+ 8 100 ml ———>% 183 714)

0.025 N NazS:0; 3T89 (005 N KIO:Z ¥4)

005 N KIO; E&89

50% KI &9

(1+2) #4894

1) 0.05 N KIO:E 0.025 N NaS:0:2 &3

2) A& 100 ml 3 MnSOs¥ 0.5 mi# Azided 05 ml 9

3) A3A EEo] £2A42E nAda, ZYJAE] s
%S F 84 1 ml A7ee AL 5A% (L #fa).

4) NazS:0; ¥F 8902 HAY

A Ao 22 NaS5:0:¢ N < * 0.2 * 1000

A4 el Y83 (ml) - 1(ml)
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