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Abstract

Followings are the results of the study on the growth of age
determination factor of Anthocidaris crassispina collected on the coasts
of Daepo and Youngrak, Cheju, Korea from August 199 to July 1996.

The ring marks on the Madreporites were studied precisely from 2
year old groups to 6 yesr old groups.

As there no different coefficient expression between the test diameter
and the radius in the two regions, the coefficient expression was as
follow.

TD = 22.58R - 6.01(r=0.960)

In the study of the maginal growth rate by month, the assumed
period of ring marking was in the between March and May.

In the examination the growth of shell length by month, the fast
growing period was from December to March, and the resting period
was from March to June, and the gradual growth was observed in the
rest of the months.

Bertalanffy equation was more adaptable than Logistic equation and
the result was as follows.

Daepo @ L. = 46.65(1-e 0%30210)
Youngrak : L. = 65.60(1-¢ 1074

As there different coefficient expression between the test diameter
and the total weight in the two regions, the coefficient expression was
as follow.

44.90(] - 0202103
131.27(] - 190102743

Daepo @ Wt

i

Youngrak :@: Wt



A4 A (Sea Urchin)x 3 3% E £ (Phylum Echinodermata), 4 #l %
(Class Echinoidea)oll 43l = F#AMEZ 3 23S 3l At
FH 4ol " 27 EEH Aok fudddA AasHe d2s 9
BARE H8oF o&H1 A: HAY FH: 2AAA Anthocidaris

L.
h
E
=

crassispina, 2%FA4A  Hemicentrotus pulcherrimus, YZAA,
Pseudocentrotus depressus 12831 BZDEAMA  Strongviocentrotus
intermedius ©1th(x=9} ¥l 1986). olE AAEL HAE - L2ts} Po] Ha
folal, B2 2HE AHolslnz HZ Fa Asso7tn Yde Axe &
29 Fad F dJez A4gn okYotsui and Maesako, 1993). ©)
FoAME HadAE SR8 olla) AFE A Atel B¥aiw i

B2 QWA Aol M3 A Fyo] wdalo 9 Ztest)e zteth
THS FAHOF wide 50 s} 5709 R 2 pRAG B
Fol ¥ X33 Rl THEA e FHATE R glon &3 v}
AlZ2A olEdtt -2 A% 3 R(periproct) o] Fdel Ue AH HE
2o A= Aol AL, FE FYo= 5709 A Be) FATo] A )
ou 1 Hito] HFHo| Aty T, 1994). o] FAHeE dao] HAH
o] ol o5 7t AR Aol o] &g},

A A Folyd ZHe] MarizM MRS Ay =FoRE Mzr
& Adel MA3= Echinus esculentus®l Al uliw(Moore, 1939),
Strongylocentrotus nudus®l A&3 AHPAYE A(Kawamura, 1966),
Strongylocentrotus intermedius®] ol A3 A& o) g Mefsty A7
(Fuji, 1967), A2l QA" (Jensen, 1969), A13)Z2e] A Aul(Pearse
and Pearse, 1975)%°] A3, 53] Gage(1992)x tetracyclineg o] 83+
tagging YO 2 AZd AAo] 1A FANYL JZ&AY. ey 2y
AM AL AF 3 el BdF A7 BANA A3 AFHF T
1982), Hemicentrotus pulcherrimus®l A A A& (Hur et al, 1985)%
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A7 ZHd AvA Fed 222 AFE Atd A Aste HalAA 9
NLBH2AN AP FH3l FFzAel w-to} vaste YFL 79



I A=z 2 4y

A GAFT ¥ A e AdelM A3 AckFig.1).
Hxe At F4 5~10molA 1995 8HAA 1996 7474 vid 13
o A3 sysol AP 837/MA S}, Fete]l AtlA 19959 1€ A
& 967 Ao WY A FEAPE Cassie(1954)9] &EA WP 4 2-=8
e

AHPAL PABRE o) LA o (Fig.2), N AR L & U= AL
AL 28, £E(440009 dwutgt F AAAY o ¥y ¢ITY==2
Argpo] HeMon HIW7R 7t & F A2 HE canada balsam®.
2 slide glass ol 8% AZAA, o)A (X2 FEE BE53}H
5709 AARF 7M1 Z23n £33 42 madreporite(H F ) S did o
2, wEHA ¢gn FFo] G dizy Aty 18770A, d=e] At
S537HME A, && 2HAM HASFEY &EFE FAHHAG
(PLATE 1. 4349 FH& Walfordd AxEHE o] &% Ishioka(1988)
o] 2o 7 Bertalanffy?), Gompertz3}, LogisticA-& T3t B3}

At

L]
Cheju

o
11140N

Cheju Island

A"
330'N
1

126°€ Km 127

Fig. 1. Locomotion of sampling areas.
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Fig. 2. Apical system and periproct of Anthocidaris crassispina.
(modified from Shigei 1986, Fig 9)
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| AL 59 ! Ao

A 4] B (madreporite) ) & & %3 dl(translucent) s} B %™ o) (opaque) 2
TEHo Uehye], 89 4L 7 BEWYY ug 22 2Ry
TR EFFdE €M o2 Yehug Fo4o - st S8
e ESHUY Zo] YA ndAoZ #4542 syxiae gRe
Ao e Foh HF 4P Ye T2 P A HPHo| =
EHe A%l Ao FAEIN g YA ojn) Yy KT =
Ao dEe At Jte] At BE 282N 68574 DAY
G (PLATE 2-6).

Z 879 HE ¥ HE(Fig. 38 2 $Y 4879 Yy
TAE FHORZ F9diA) J7te A HEYL eI o] Fs e
ot FHE FEAM)E 8T 42 AR L 4239 Table 19
HERARITh tiEe] Aol HEE HFE 19 087/mm, o) 124mm, r:9)
1.50mm, rs9] 1.69mm, rs9) 1.86mm, 19 198mm%th. Jete) AMe HFF
n9 0.92mm, r29) 1.34mm, r3¢] 1.65mm, rs<) 1.92mm, ;9 2.15mm, rs<)
2.34mm% o},

o] BAE e Zgg H&er] 9 ZHtest diameter ; TD)T
A B (radius ; RIFAS) BANL TR AAFo] vma Fag wx
%71 fste], 24t Imm ATl g BARAY) FFFoa N 7o 37
e F AARo) YA} Qlo(Table 2), F Ade BE FHojy 73
233 AABAe BANL L Bok(Fig. 4)

TD = 2258R - 601 (r=0960) @  -——————oeeo (1)
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Table 1. Average widths(mm) of each ring mark in second genital

plates in Daepo and Youngrak area

No. rings No. samples Width(mm) of ring mark
r T2 I3 T4 Is e R
Daepo area
2 4 09 1.26 1.62
3 91 08 127 153 1.72
4 65 08 122 146 170 1.87
5 16 08 121 145 165 187 201
6 11 082 116 140 161 180 196 2.09
Mean (187) 087 124 150 169 18 198
Youngrak area
2 9 096 141 1.66
3 20 08 132 163 1.83
4 15 08 125 158 187 2.08
5 6 092 134 164 192 211 2.22
6 3 098 140 174 198 220 234 247
Mean (53) 092 134 165 192 215 234

Table 2. Calculate the analvsis of covariance for Anthocidaris

crassispina
Deviations From
Regression
Line State df 3x ZTxy XY Reg.Coef. df S.S M.S.
1 Daepo 20 1.05%6 27310 770.00 258 19 63.716 3.353

2 Youngrak 21 2041 4235 1020773 2075 20 141777 7.089
39 205493 5269

3 Within 41 3097 69.666 1790.773 2249 40 222836 5572
4 Reg.Coef. 1 17.393 17.393
5 1 0303 8447 235506

6 Total 42 3.400 78.113 2026.279 41  231.679

7  Adj. Means 1 8.793 8793

Analysis of slope @ F=19.393/5.269=3.301(df =1,39)N.S
Analysis of height : F= 8.793/5.572=1.578(df =1,40)N.S

Table 19 H#g& A9 Aol 2z dYANA &&ol FAHE 27|19
BEZAHTD)& &8 AH(Table 3). ¥ Atd g=te] At ne
Zt7t 1363mm# 14.76mmo 2 o)zt flou, F&o FAYFE A
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Fig. 4. Relationship between test diameter and width of the second
genital plate in Daepo and Youngrak area.

Table 3. Average test diameter(mm) at each ring was marked.

Test diameter(mm)

Rings Daepo area Youngrak area
1 13.63 14.76
2 21.99 24.25
3 27.86 31.25
4 32.15 37.34
5 35.99 42.54
6 38.70 46.83

2. 28 "HAT|

19959 8¥H-H 19963 79712 ¥4 AW AAEOMGR 5 (Rr)/fara1)



(Fig. 5)&, 1995 894 119l 0.71~0.72mm=2A & #H37}t 7,
129 %€ 271317] Al&ste 1996 2~39ol Hugk oF 095mmE yrehdl
3, 2 olERE FF3 PAse 596 042mm=E JHE FR, 6¥dle
of 07mm=E Z713Ach WA A9 FEHAHAZIE 39X 594}l
2 F3do.

0.9 1

0.7

MGR (

0.5 1

0.3 -

1995 1996
Month

Fig. 5. Monthly change of MGR(mm) for Anthocidaris crassispina.

3 AE YoM F=FE H&

gzl At AF=A(Fig. 6)A Cassied] HEA PYo= 79 =
=& 310+ 16mmet 37.7124mme] 247 F33A Yelgt. ol§ 2-&=
e AP YAANM 24T Table 29 34(32.36mm) st 441(38.00mm)el 3}
ZEe Aoz v ZHE Aol



WE2) cte) YPAFZAH(Fig. DM 19659 84¥ L FEA2ZA B
-=& Es 43 419 »-= 268+25mm, 31.1%2.2mm, 35.5%2.4mm,
377t24mm 9}, 1996 7Y ENM= 370¢] ®-= 315*1.5mm, 355%
28mm, 380*28mm7} #AHUG. 199539 8¥e AwAAM M4 vl
At -2 AAMST) Ao FRAAE AW, AAH AWH 43
o) Age MW 4 U 1954 s¥e] ALo2 FWHE 68mm
o) -2t 129(ck 8mm)7tA Agol @uatT, olF FAZEA 290l
o 05mm7AA ARE ¥, 790l 315mm7AA AFETh 19969 8l 2
W3 2-T 31 1mme 129 325mm, 1€ 335mm, 29 355mm 7R A
A F 79712 A€ 3WA 2-& 355mme 12¢¥€ 365mm, 19
375mm, 29 B/SmmAA AL, 1 o)Fe) 2L A= RFo
T olael 2FelA Zge) HBE 2 1294A o5 248 Aol
@riztel o101, 3YRE 5-69 Aol Aol FAHT 1 olF %
B 129 Alolt wl$ utg AL B oz FPdT.

Frequency (%)
\
/
|
|

% pudy [ [I11[]1
2729 31 33 033 0339 41 43 43 47 9 31 Ay 3s

Test Diameter(mm)

Fig. 6. Frequency distribution of test diameter in Youngrak area.
Normal distribution was drawed by free hand.
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Fig. 7. Frequency distribution of test diameter in Daepo area.

Normal distribution was drawed by hand.
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Youngrak
70

50 - Dw1 =0820D n+11.57

(r=0.99)
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50 - L==46.65

40 -
D1=0.753D o +11.91

(r=0.99)
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Dv.(mm)

Fig. 8 Walford’'s transformation for Anthocidaris crassispina in
Youngrak and Daepo area.
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4 MEAo 3H

Kol & MY T FEo U3 2+ FEAS) HIFA WA (t-test)
¥ A3 nellA FE felye) AFsol s} Jetele RRFEE 4
FHAE V&AM 0 3505 Dtew om=2576, r3 : 5118 >t
000=2.576, 14 : 5906 >t 000=2.617, 15 : 44352 Dty 0on=2.750, 15 : 3.653
>taz, 0n=3.055). AP P AN FHF 2+ {F FA Al719] 2% (Table 3)
o ARzAGANM FAYF -7t AL dAEER, ZF FRE Ao
Bertalanffy 4], Gompertz4], Logistic4]-& 4289 tHTable 4).

3709l Ao A SSR(sum of square of residuals; Zxte] B4 o)
713 A& g2 Bertalanffydoltt. Bertalanffy42 H{AZE we
Walford g2t 9@ z}3o] A4IHL Fig. 8, 99 1, 434e e g,

W= @ L = 4665(1-¢ 020 (2)
d&a L = 6560(1- MWWy (3)

4 (2), Qo 2 AP Y3led, A¥E AFL FHEY, gz AL
< 1419 1352mm, 2419l 21.70mm, 3412] 27.84mm, 4412} 32.48mm, 54
¢ 3597mm, 6Me] 3860mm, FEALL 1M 1469mm, 249
2387mm, 3M9 31.42mm, 4M9] 3758mm, 5M¢] 4263mm, 6419
46.78mmelth. HEel AMFHAE ¥y AL HPPAM 650g~
39.45g, d&e BEL 112g~6490g0 2, ZHZH FFo] VAL {7}
10|(Table 5) F A9 zZt @5 FFape] AL L3 ZrHFig. 10).

HED : W =0397%x10° L =0817) = - (4)
geta) © W = 0465x107° L® (r=0976) -———=—mmmmmm (5)

A9l (4,54 Gl V2T ANAF(L-)E Y3, o83 A
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FT(We)2 diEe)det 4490g, d2te] Ate 131.27golAd.

AR WE MFE 73, ¥ AL 149 1.09g, 249 451g, 3A
o} 9.55g, 4419] 15.15g, 5419 2059, 649} 25.44gelo) F&e] AW 1A
©] 147g, 2419 6.33g, 3Al9 14.40g, 4419 24.67g, 5419 36.03g, 649
4760go 2 eI

Table 4. Growth parameters of Anthocidaris crassispina calculated
from the three different growth equation

Group Bertalanffy Gompertz Logistic
Daepo Lo 46.644 41.069 38.066
k 0.283 0.542 0.862
to -0.210 1.173 1.7
SSR 0.742 2548 4.021
Youngrak L 65.596 51.939 46.215
k 0.199 0.474 0.817
to -0.274 1.494 2.030
SSR 0.969 3.327 6.434

Bertalanffy’s growth equation
Gompertz’s growth equation

Logistic’s growth equation

! Le=Lo[1-exp{-k(t-to)}]
" LeeL= expl-exp{-k(t-to)}]
¢ Le=Le[l+exp(-k(t-to)}]

Table 5. Calculate the analysis of covariance for Anthocidaris

crassispina
Deviations From
Regression
Line State df % Sxy Xy RegCoef df SS MS.
1 Daepo 21 0180 0301 0.660 1672 20 0157 0.008
2 Youngrak 25 0183 0483 1.338 2639 24 0.063 0.003
44 0220 0.006
3 Within 46 0363 0.784 1.998 2160 45 0.305 0.007
4 Reg.Coef. 1 0.08 0.085
5 1 0064 0220 0.753
6 Total 47 0427 1004 2751 46 0390
7  Adi. Means 1 0.085 0.085

F=0.085/0.005=17.000(d.f =1,44)P < 0.01)
F=0.085/0.007=12.143(df =145)P < 0.01)

Analysis of slope
Analysis of height :

19



50 -

—a— Daepo
—&— Youngrak

Test Diameter (mm)

0 1 2 3 4 5 6
Age(year)

Fig. 9. Growth curves of test diameter for Anthocidaris crassispina.

40 -

30 -

25 -
¥ = 0.000397TD°
(r=0.817)

Total Weight(g)
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Test Diameter (mm)

Fig. 10. Relationship between test diameter and total weight of

Anthocidaris crassipina.
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N=96
70 -

60 -

¥ = 0.000465TD°

40 -~ (r=0.976)
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Total Weight(g)

10 -
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Test Diameter(mm)

Fig. 11. Relationship between test diameter and total weight of
Anthocidaris crassispina in Youngrak area.

Water Temperature(T)
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Fig. 12. Monthly change of water temperature in Daepo area.
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A9 43E FPstsde AMSd o ¥y (Bull, 1938), 3wy
o8 WY (Fuji, 1963; Evert, 1968), ZAZAo] o3 =W (Fuji, 1963;
Evert 1968), Zt&t49] A A dl(Moore, 1935), A2 %#<] 2 of(Moore, 1935;
Kawamura, 1966; Jensen 1969), Tetracycline ¥ 32| %¥(Gage, 1992)5 <& &
T FAT, HIZAE QB qadrt AFATFY dRES AXsn 3o
AR B AW FHo i gHo] QoA EE dnem, U
HZol M HA B2 (Jensen, 1969; F 1/2~2R)Ef& F, slide glass
of A4%e] Anted ¥ & canada balsamo. 2 HAA Uk HFeA ¢n
xylened ©] 837 A%, L FTHES 98 canada balsamO 2
ZVE7F A71A GEF ZASHUA ARG S B, AXAI)E RO
o

Kawamura(1966)= Al 584 #9) & §& FAsd 448 FHAA %,
& 7NN E FHo) ¥2H 4 madreporite(H TR, A2 W)L 4
L2 5t 2%9 F9E5YA A SBABVL HARFY REL F Ko
A, ndPog AFE 8 Zo] Fof & Yeyx] @ FFo] 3
At ¥H madreporite(A] 248 AAH F A A7) G ndE
9 #EE A7) 4. 28d BAAY] 4da Z9FYo) o
G3del .

T5AES A 18 EAMS HZY Ye Ago)wt, A 288 oA
AME &EAol EAHFA FolAus  FEFY ZF 24PN FB
(overlap)e] A3 Aoz Ho}l ujg AFo] s AL S UYL}
A2t 98 F YL BEY 4 2EA(m~19)e 2=00144 Hz7}
AAHAAT, 23TD)# AABR)AS #A42 TD = a + bRAA Eol(a)
% AHb) ¥ a=00194 a7t QAHA ¥ Ao ol AP
oAf &2 AT ztelrt de A T

A W8 ZA3EA(Fig. DolAM 23 ARZZLS 83 712@B¥H~12
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ol wf¢ =gy, AL(U2¥9~39)el A AZFe diF-Fo] o 7|zt A
Aeta, FAGY-~-5¥)E A AHAE Addeld. Fuji19%679 S
intermedius7 §-, 2AAME FEZH 2AF HAo] FA s, 34 )39
AudANME ASH HE AAsn 1 o9 ke AFo] FA§

T, 9™ gt AFE Aol7t AATh Gage(1991)= P. miliariso A
e B HAAEEE 33, 7hed Agols HdPol xdA T FASH
gt A old# o] AR HFE FFH wel AAd= o)zt
o= &AL 71Tl AAsE AL AHEA R 2o

e dAcbe MAse AAY && FAHAAMN7ZE 39dAM 59 Aol
Aol A AFs R} o] o] 7|zto] Bt A Ao FAstn Yx 7]
3 dAFoh FH ¥ Ao 92 (Fig 1)E #Fsid 39
AM 58 Abo]7t 143~156T2 AF 713 e Al7jojth. £&0] A%
ZAMNY = A+ EMoore et al; 1963; McPherson, 1965, Moore and
McPherson, 1965)3% o] &EAAAI7] 2 B FA7F $£29 Hg
d 7hsAdE ok

+ =& 9lA Bertalanffy, Logistic, Gompertzt 4848 &A1 # A4s
43 SSR(#ate] Fubgho] /b4 AL A& Bertalanffy A 320t} £
%4 Al(Chung and Natzukari, 1995)2] 73$-ol = Betalanffyv 2ol $-4&%
o 224 Gage and Tyler(1985)% A& X=7|d= Sigmoidal growth7}
Bertalanffy2] Bt} Fou F7]d = Bertalanffyo]l d Fqohn o,
Nichols et al.(1985)= 1 7HA(0")7} )12 wol+ Bertalanffy2lo] i1,
olAMME THAAE W= Logisticd o] FF sttt st Fuji(1967)
9] S. intermedius®l 1= Robertson® 3 Gompertz2! 2. thE Bertalanffy 2]
o] HAgstdd. Lumingas et al.(1990)= S. granularisl ¥ ELEFAN I
program3 ©] &3 Bertalanffy2] & A1 28 Hxado. 2 4y
e ol A B8 AAAT, AARY AQdBYE AT AL
Bertalanffy 2} o] $-F3cti £},

AE2E HUdge gzl dcgte] 4665mm, Fe] Ato] 65.60mmo
2 B A% ol deEuz: o, HAAMFTL ¥ Agto

p—
L
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4490g, dee] dqto] 131.27go 2 Ztaa nAsINE & xolE Jehixn
Act. HEL e olgH<e HuZF 4665mm Btk 8 FEAAFE F 837
MAMZE 64, & 47.7mm, 49.3mm, 50.5mm, 53.5mm, 54.2mm, 59.3mm <}
MR o] A= wkd, dFele AAFEF /M 2 HAE 532mm
2 ol HuUZ4 66.60mmuct Y gt}

ol 43} o) HuiZbgel FAe) A dEee F¢E #4, =

St Figste Aol U7 oA HdFe D9 HH gkl
A FRE Aoy Wi yxele A #aHrtetn ¥ £ o 19
Y dgge Fdyrte 2 9A¢ #39E  dd I oA
HA 7ol AehFrt A7) W&o} o) ARAFTE FAHI HA2H
AR e ZHAa AFAA= A TR g wuHA A dAFA
o
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V. & %

19953 8¥HH 1996 7¥7HA AFE dAFT dhxe At B |
4 g At APRF A A, Anthocidaris crasisspina®] d3 Y
AN MEA 43E 198 A+ Aot

1. &4 A(madreporite)d] YEIE &FL 24 A 67 FREA @
zZE A (Plate 2~6).

2. 7 (test diameter ; TD)# AN A (radius ; R)#S] #AN LS F AY
o Fexst o

TD = 2258R - 6.01 (r = 0.960)

3. ¥ AMAZEMGR : R/ ZAAAM 38 &EYFPA 7=
39 A 5¥YALe] Tt

4 ARz dd JFATAA 1284 ofFa 3¥ Aozt F 47
B3, 3¥UAAM 569 Atole AR FAV, 2 ol9de] 7k ofF gwt
¢ 43E A

5. Bertalanffy 2] ©] Gompertz*] # Logistic2] 2ok A3, 71 A& o
o o
WEal L = 46.65(1-¢ 220210,
Qe : L = 65.60(1-e MBI



7. 42 AT BAHL F AGLA FAx7E AN,

WEE : Wt = 44.90(]-¢ 0B0210y3
ogete] : Wt = 131.27(1-e 1900z
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Explanation of plate

Plate 1

Fig. a. An example of measurement of second genital plate with five rings.
r : annuls width, R : width of second genital plate.

Fig. b. Photography of the second geintal plate at 2 years.
Test diameter : 35.50mm. X7

Fig. c. Photography of the second geintal plate at 3 years.
Test diameter : 36.40mm. X7

Fig. d. Photography of the second geintal plate at 4 years.
Test diameter : 34.40mm. X7

Fig. e. Photography of the second geintal plate at 5 years.
Test diameter : 37.00mm. X7

Fig. . Photography of the second geintal plate at 6 years.
Test diameter : 37.60mm. X7



PLATE 1
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