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s A sakslodA sz 3B AAPH G¥S @ AoR JAHE T2 (Strongylocentrotus
nudus) WA 2 ik AEErE A7 sttt 20029 689 du|ATFE S8l 23tel 374 AP (1T
27, A5, Adszh S A5, 8¢, 109, 1290 $24A ] Lxet HAg, T, =44 =3
o A F2AAL A2 e AAdszgel 7 wekoy, ZH (test diameten)®] SA5E M 2
7 (Kruskal-Wallis test, 8%, p<0.001; 10¥, p=0.036)2.2 et} < A9 2ol AAES FAsh7] AT
A8 (enclosure cage experiment)S AAs| Ao SRR o™ gLt (0ol Z+7} 160, 13.8 mg seaweed/g
sea urchin/day® FREHAcH S24A N Fha E2ge) 4d7 2 wag s Fd a9
(tethering experiment) 2 ZXE zpAs|Zge] 4 oto] T2 F A7 Hla) AjFos T2 Zloz Ul
T AY £ A BRE ZAGE RRE THEFEQ Ao Jeigew off x4 I R &
ATk 2o AAY A 4AS g Bug ol g3le] T 2 metsly] g AYS ok T2
A AE BEE Neptunea arthritica® BEIWAVE] Asterina pectinifera, JAF Pagurus cf. samuelis, 183
ATl &3 Atergatis integerrimus 501, RAFS Paguristes barbatus®t AR Actaea subglobosa= 7}

40 S BAA Ao 2AAAT. AUT 2 s BE AF2RY (1) GA9) B N4 dset @
A ecle TAYI, (2) ol £4b S99 wWa Wgel WA, 449 e BAY 2 TFeP ABVIAZ A
At Aoz sy,

An ecological study on a sea urchin population, Strongylocentrotus nudus, a key role species in recovery
of macroalgal bed, was conducted in Hosan, Samcheok area on the east coast of Korea. Three exper-
imental plots, namely, AMB (artificially-restored macroalgal bed), BG (barren grounds) and NMB (natural
macroalgal bed) were established after a pilot survey in June 2002. Distribution and abundance, grazing
rates, predation pressure and predator guilds on S. nudus were estimated in three plots bimonthly from
Aug. to Dec., 2002. Abundance of S. nudus was lowest, but median test diameter of the urchin was highest
(Kruskal-Wallis test, p-value, p<0.001 in Aug. and p=0.003 in Oct.) in NMB. In-situ grazing rate of S.
nudus estimated by enclosure cage experiment in NMB was about 12 times higher in Aug. (160.0 mg sea-
weed/g sea urchin/day) than in Oct. (13.8). Predation intensity measured by tethering experiment was
higher in NMB. Most of the predators on S. nudus were invertebrates and no fish predators were found.
Predator guilds identified by the fish trap experiment using live or dead sea urchins included whelks Nep-
tunea arthritica, starfish Asterina pectinifera, hermit crabs Pagurus cf. samuelis, Paguristes barbatus,
brown shawl crabs Afergatis integerrimus and crabs Actaea subglobosa. High predation pressure on S.
nudus in natural macroalgal beds was the likely cause of its low density. Elevated sea urchin density and
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the consequent lasting deforestation of macroalgae in barren grounds demonstrate the importance of pre-

dation pressure on sea urchins.

Key words: sea urchin, Strongylocentrotus nudus, grazing rate, tethering experiment, predation intensity, cage

experiment, predator guild
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Aotels) sjze Hole] FRALLA EE T Y@
A2 PR T Bz BFH A28l thEstes,
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%S 7)12cH(Estes and Palmisano, 1974; Hagen, 1995; Estes et
al., 1998; Lafferty and Kushner, 2000; Dean et al., 2000; Edmunds
and Carpenter, 2001). o] & &%, Nova Scotiadl X = A A F
(Strongylocentrotus droebachiensis)®) AT I71E 283 = X
2124 w7 B (Homarus americanus)’t 'S80 2la] #g ko)
FoJ &2 AR didalo] WAEle S-S A HIL, F
vz B R 8 HolxiYo] A=W AT A
2717} A28 A 214E o8 JAREAA T, AAFE FA
A2} (gonad production)°l] FHHE AUAE RFLE2HN 2 A
o 715 fAEK . AT oleigl Mgk F-8i= 7 (barren)
o mje & HgEE Fostd, Falx Aeirt A 717 A &E
AcH(Clark, 1986). th¥ 2255 (macrograzer)oll &8t AARE
tlokst o] AES Wol2 3} )& B9 S. droebachiensis
T SRR, BRI, QLA e, 8T, RS E, e¥E
&, o5 AHl, A & HelZ 37 (Himmelman and Steele, 1971;
Christopher Pearce at Fisheries and Oceans Canada, pers. comm.),
Ao uAZE 714 o] &-8th(Pearse et al., 1970). Ho] A=
el A o]Eol Zh= Tt ¢lER 3log "olrvt A&
dofst @7 WM = 2 A 2718 P EHeE X 4 3
A dlFe - F23 29d Aoz Azt gk, =3
o} 2lo] sdAEN AR Ao F-83 o=
sfeh, 2 A AA AAY 722 90%E A sk UelA] A
ALl gt 87t FFSIL Al R/ AAUA 422 4
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7] 918l EZ2AAE o] 8¢ AFATe} e AA B
At 718% 0 23t Aeo tiste] 4771 Za= 22 Atk (Hagen,
1995; Stien er al., 1998; Lafferty and Kushner, 2000). =ru]¢] A
Al A AT iEE A=) gl sk Aol (R 5, 1982;
¥} Natsukari, 1995; &2 4, 1998; 7 5, 1999; | &, 2003),
ZAFERA 2 A B3 AT e] 5, 1988; £,
2001) B AR 2719 2H a0 2A g2-E 2o A3 ey
3 dte A givk £ A7elMe 8 sixde] gEd oy
Z2%5 7Fed i) 5247 (Strongylocentrotus nudus)e] A1
A2 BEE g A EE Tebstal, o] &9 Al )8 23
sk EalAkeh 22900 sl A4S B A&t AL St

HEEHd
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7T A 3AE emfiel A 20024 69l FAE o)z
ALoA S-2AAIZE AR dme] thEE(1 em o) AA AR
o] 95%y& st AR UEsen, uetr S2EAE A3
i AEE At T29AY A237Y Aort o]E9] A
Ejgla EXo] ofBA| JFE vFeA Hetslr] fste Add
ZZHNMB; natural macroalgal bed), 131 Z"¢(AMB; artificially-
restored macroalgal bed), 122 78 =54 (BG; barren grounds)
o= o] AFTE A SAThFig. 1). AAN=FY T4 oF
10 m Fxol, $-831 d)2Fe Qo) RN (Sargassum horneri)
ol UFAMEHL o] °f 9m B=Ee|, thA v Laminaria
japonica), #1719 (Costaria costata), N3 (Eisenia bicyclisys= ©)
28l AFAH LT AT Folth. AHSAG S s|=F/7) glon,

S4e % 7m otk

S2YAI2 A=EZ I MARY

7t A TER AR B8 18 m Zol9) HER 4X5 m(20 m?)
HHel 78 e, 2 SellM 2AE F29A9 At 2
7 (test diameteryS @Aol|A 243}t A =7)o) WE A4
A Adzerb eA sefsr| s 4R FElE w54 e
EEAR sl | REE SPE0UT. 2 A TER bt
ABAR] Al e nissideh. Il dPTel M4k §
24719 S99 A4AL Zelvt fivk e ARTHEE A 9
ahod B R W9l Kruskal-Wallis test® 588}, 24 T3
1298 MINITABS ARE-&liTh,
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Fig. 1. Location of the experimental plots established from pilot sur-
vey in June 2002 (AMB, artificially-restored macroalgal bed; NMB,
natural macroalgal bed; BG, barren grounds).
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Fig. 2. Density of sea urchin, S. nudus in the experimental plots
(NMB, BG and AMB) in Aug. (a), and Oct., 2002 (b).
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Test diameter (cm) distribution
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ot "lAl= 20029 s¥ER= 1089 2Ert & B0 E v 50%
ik sYolE ARSALAN 1 we gs@l Ad2om) €| A
7] 4 T
- BYrh 1089 AFeEgelN 7P w2 BRI /20mY) E
- ZAGAL AHSAGNME v wE E 559 (6571 é 30%
120 7k B2k Ads 2= 88} 108 25 20 8
1A mee] g JEridnh sl B28 Agdzgine g X%
e WEE S22 AT AAGoR FeRst Fud 8 o _
i“—};!%%’% 2{17‘]3& ngg:?l 7}12; ?.}’:Zé&]?j‘\:]-. o - -
) Aol HAshe 247 A9 BEE Fig 3o v 0% e " ‘ B
1Rch AEe] 2= AR e 2 o 240 H9s dAz 7ivkd
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ol A A B A7 UAE 242 4.6911.16, 5.5610.69, g 40% [— - S
/50 1.24 cm@ATHKruskal-Wallis 73, p<0.001). 2002 1084 5 507
NF 2 AN G Ads) 2ol M) B 2ol Zhzk 547 &7
0.93, 5.6010.36, 6.21% 1.08 cm3ATH(p=0.036). S 20%
£
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Fig. 4. Comparisons of the proportion of sea urchin individuals uti-
lizing crevices as refuges among the experimental plots in Aug. (a)
and Oct., 2002 (b).
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Fig. 5. Comparisons of the distribution of test diameters among the
experimental plots and habitat types (exposed and cryptic) in Aug. (a)
and Oct., 2002 (b).

e 133%7F 2o
WA FEANHZE AR
8.51 cmel™, o)g8 FH FFF TS

in gramelth, 27258 BAE 4SS 160 mg seaweed/
g sea urchin/day®)tH(Fig. 6a). 20023 1084 287 71587}
1) F7t Ak 2447 FF HEFAME ThaIeke) A7t
4.5% s, 20 AdelMe A4 7.3%t 4.8%7F 28t
Ak F NS Ao ARE A A AL 747} 5.8-8.0,
5.1-82cm, olE9] 4 5 & 27 503.9, 509.3 gWwWte]
Ak W2 T2 E BAR T4 H2182 77 2533 24 mg
seaweed/g sea urchin/dayCGE ¢ 13.8 mg seaweed/g sea urchin/day)
©]ATHFig. 6b and c).

el AHe-E A
7}7} 5.32, 6.80,

SIMH0H chet mAlQH
2002 893} 10909 EULAReI F5E I AR 52
el e B AL Fig 79) VERITH 899 A5 A

S ZFoNA ) FNE2E 0.20 o)ReW, B AP FE o)7Y
25% FEH 00510tk 10€2] -9l 8ol wla) E45t 5

A7 Aukd o g yro} AAs R oA 0.083, A=A
0.067 ZL2]al A=A ofA] 0.03328 FH =AU

2EME F WA AEE AR 28 A4EEd 2002
W39 AReME APTE MRS 5T%7F E7MANRIT Astering
pectinifera® 213t Ao 2 Vehtom 29%7t HAF Paguristes
barbatus, 14%7} B8 Neptunea arthritica®ll €3 7102 Vet
T} 20021 1089] Aol = APas IRl 17%7t BSF Neprunea
arthriticeell &3 7102 Vet om, 83% = UEH o2 §-4F 90

160 mg seaweed / g sea urchin / day N
D0 day Bottom temperature=19.2 ¢ A
1000 [{mafter 2 days o
53% 13.3%
3 800
3
o 600
2
3
o 400
200 ——
0 L —
Controf Treatment
1200 -
[J0 day 25.3 mg seaweed / g sea urchin / day B
1000 | mafter 2 days Bottom temperature=19.3 C
1 after < aays |
4.5% -7.3%
] 800
ki
o 600 ———
2
3
» 400 F—— —
200 ——
0 L A
Control Treatment
1200 00 day 2.37 mg seaweed / g sea urchin/ day c
1000 Limafter 2 days Bottom temperature=19.3 C
-4.5%
-4.8%
5 800 f— LI
°
§ 600 «—j
3
@ 400
200 ——]
0 1

Control Treatment

Fig. 6. Grazing rate of S. nudus estimated from enclosure cage
experiment in Aug. (a) and Oct., 2002 (b and c).
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