RS X

THAAAA, Astriclypeus manni
(VERRIL 1867)¢] A el s =43} 47

EMNKBR KB
kLR

19994 128



o

T A A A Astriclypeus manni

(VERRIL 1867)9] Aejets A3} A

REHE & X W
RO

o] WS BHEMEME WXE ZHE
1999% 12f1

B e HEELEN RS HEY
FHEER A A H  wH

oy

% B A B3 2A @
S B ol dE

EINRER KREBEE

19994 12A4

2(}



Ecological Characteristics and Growth of the Sand

Dollar, Astriclypeus manni (VERRIL 1867).

KANG, Do-Hyung

(Supervised by professor CHOI, Kwang-Sik )

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
MASTER OF SCIENCE

DEPARTMENT OF MARINE BIOLOGY
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

DEC. 1999



List of Figure
List of Tables

I FHAYAA, A manni®] BEEE S 6
2. AAMEL FATE FE e 9
Bo AT BB st 10
4, A7) el BITA ZA s 11
m. 23
1 7RAYANA, A manni® AEASEE 4 17
AR R R ) e 25
SRR ¢ ) e e S s O e 38
A, A E D ZA ettt 44
IV. ZL b e SRR bR 50
V8 et bR bttt 54
VID BEILF B ettt e et bt e et et n e 56

Appendix I
Appendix O

A 2



b

10.

1L

List of Figure

Location of the StUdY area..........occoooeeeeeeeeee e e s 13
Nllustration of sand dollar tagging technique...........cveeieene. 15

Diagrams of recapturing and tracing procedure of tagged

individuals for annual growth of sand dollar......cccoeeivinnn. 16

Size frequency distribution of the sand dollar, A. manni at

HamdocKk, (NZ182) v esssoesmeesoooeseoeoeeeoeeseeseeeeeeeeeeeseeeesseessassersesesenees 18

Seasonal changes in bottom water temperature and salinity

AL THE SEUAY ATBA..eieiverrerririrsiiessessesees e sreeeesesseseeseesssens et asseseasnans 19

Morphology and habitat of the sand dollar at the study

Composition of sediment collected from the study area. The

numbers in the illustration represent sampling locations in

Diagram of the habitate density on sand dollar, A manni.

The regular types of spatial diStrbULION....o.covvvereevrsrreeeeeereeenees 28

Relationship between locomotion speed (cm/hr) and size in

terms Of teSt AlAMIELEY .......coiv ettt e bs bbb s 31

Frequency distnbution of reproductive stage of male and

female sand dollar, A. PG ..ot 33



Figures continued

12.

13.

14.

15.

17.

18.

19.

20,

21.

Photomicrographes Of LeSHIS. ... i rebe oo 34
Photomicrogranhes Of OVAIIES....c.ocvirveeve et rievee s s 36
Monthly recapture rate of the tagged sand dollar................ 39
Relationship between test diameter and monthly areal
BTOWEN, (NZDT) e e bttt et eere s st st bt st s st s em e 41
Correlations between test diameter and areal growth by
recaptured INAIVIAUALIS ... et 42
Diagrams of the constructional morphology of sand dollar,
A, manni. (A: dorsal side, B: ventral side, C: cross sections
through sand dolAr teSIS) . 43
Purified egg of the sand dollar.........ccveiicicciecenin i, 45
Standard curve by plotting the net (blank corrected)
absorbance. Protein standard reagent :@ Bovine Serum
ATBUITD. (BSA) eererrereseveresseseesssscesesssoessssessseeessseeesseesesssassssseeroes 46

Standard curve by plotting the net (blank corrected)

absorbance. Carbohydrate standard reagent : soluble agar...... 47

Diagrams of comparison with three biochemical components

by two species (A. manni, A. crassiSDING) €EES . eneaiens 48



List of Table

Page

. Developmental pattern of ovary and testis Astriclypeus manni
In an annual cycle. Reproductive pattern is divided into six
categories according to Byrme (1990)....cccoiiiiieinnnvnnnnnnn 14
Results of sediment grain size analysis. DWT (%)=percent dry
weight of sediment, Cum. DWT (%)=cumulative percent dry
welght Of SEAIMENT ... e s e 23

. Results of grain size analysis of sediment contained in the
o4 1 O SR, 27
x % test (variance to mean ratio) for habitate density of sand
dollar, A. manni. d: normal variable..........lie 29

- Results of locomotion speed on sand dollar, A. manhi........c...... 30

- Protein, carbohydrate and lipid levels of eggs of M,

49

quiquiesperforata, A. manni and A. crassiSpiNG......ccovvvivniiviiinns



Summary

The sand dollar, Astriclypeus manni is commonly encountered on a
subtidal sand bottom along the coast of Cheju Island. Limited
information have been reported on their biology despite their natural
abundance This study firstly reports ecology and an annual

reproductive cycle of the sand dollars present at Hamdock, northern

coast of Cheju Island

1. A manni collected from Hamdock revealed that they are 80 to 200
mm in test diameter Sediment gran size analysis indicated that A
manm: mostly occurs on medium (particle diameter of 500 um) to very
find sand (particle diameter of 125 m), particularly on fine sand
(particle diameter of 250 m). Internal morphology and in situ
observations on their feeding habit indicated that A. manni is a deposit

feeder,

2 Gonadal tissues of the male were yellow In color while female
gonads appeared to be purple. Fully mature eggs, with a mean
diameter of 381 m and sperm were observed from the histological
slides of the sand dollars collected in late July to August, suggesting
that A. manni spawn during July to August when water temperature

reaches 205 to 247C.

3. Observation of gut contents indicated that A. manm feed Inorganic

and organic detnitus and living material  Inorganic particles included






THAAAA, Astriclypeus manniv 44 A7 (Class Echinoidea), 94 ¥
4 A% (Order Clypeasteroida)oll &&= #A4Y AAZ +4 6-35 m M
9] B & TE YoM MAEn, =9 AFEL} dE2 Sagami Bay,
Boso peninsular, Amam-Oshima Island, Ogasawara Island, £ %%
ARl Fo EXdE A2 4HA dth (Shin and Rho, 1996). T
AAGAE TEE T4 AAFE Feb7) AdRE FAHAANA A2}
€ T d4AAAM AdEstE Fog2 RaH7 AlRste Ao o2z
Jrk REg A FAEF AAFE d471F RN A 95
AAFe BEdeM AZdte AYLAREZ FEHS U (Seilacher,
1979). o AT AEH ANE A mannic FHEHoz <GIF Y
EE Y RFoEM, oA tiAlely g #}EE dAE dd et
&7 o] yekAdol Aok EFY EWHEL BE S5 m ol #E sMAE
2 9y Az, HoldH FL &g 8 ZdS FHEAG olFs=H o
42t} (Bames, 1987, Pomory, 1995) dHi@d] e 7ZIAEE Hde e
YAES ddH ez THHE 7158 AUd, ddd gae 509 FF
(lunule)& AA FHo® ZolA HAth, EWe 7FAELS B o A
By HolE o] Fshdl ol &3t (Telford et al, 1985). ol&ld A&
Bt Holg AHste AYAARE YA HHEARE deiA 3
on HAE Jo A f712S AT £ A4 AZdAM 4
3hE o2& HolE HAY W A T olFy EHL e o]
T2 HAHZe ngd A € 5 U™ (Reidenauver, 1989) A YA A

HoldHAE AR olFol ofsl HHZe wAtd doA HAHEW

rr

=
R



F7152 Yol ESE AFFAIIE 7% S AT JenE Hole] 47
ob 23 B4 L Tt A4 HAUY {718 FUH 8 g FL
3 A g& 3} (Pomory et al, 1995 Telford et al, 1985, Vernon 1991).

2 ke A A T dFE kg E Fa% HaAA

By

(Anthocidana crassispima)® BFA A (Hemicentrotus pulcherrimus)®l
w3 e 47 2t Aok (Yoo et al, 1982, Kang et al, 1993; Lee
et al, 1998, Park and Son., 1998) ZZtthellAd % AmY FA7A BX
ste EEdAY RFEAAAS dEALR UdE Fad FoF o FE
AABUE 4T FH Lo ATl #I 7T o FH
?l Wgle nlotg A% AT FAHu UE . o & F F2 4
Ao F doM oE HAFA W Y 2 olua AARE EG
(2t 5, 1990). AF=eol MAstes A # A7 BAdAY I
# 4 (F% A, 1998), AF At x4 A AHEH (o F,
1998) Fol vk, Z2v BagdAY THEAAFS 2 AE AAFS
gzl B AARY 7HAdAAE AFE ¢ R T obrlotel
TEEL U= E73n Y A& Hd w2 449 H AR JE
ol MATL *HQ HEe AH A AFAE Fobstr] A AAFA
71, BE, A A3 A% T FF 7= A o)A ¥ A
o FEASGA A4S AEALE oldlEy] AT A e
42 gl 7124 AFFH S FF A7t avEd 4o g
A 54 ol#sly] HMAE LAV F XA UAYeE FQ
g odld, g@e3E 2 AF 59 YRS BAsts Aol F8dd
(Chot et al, 1993, George et al., 1997, Jacqueline and Lawrence, 1972;
Lee and Heffernan, 1991). Mol ti@ 7]zxze A gz Fo 0 7)
Aol 4RI FEol o) &dnt ARAAAF e B3 dFE

Strongylocentrotus nudus® A& AR AA ¥3d (Kawamura, 1966), 4

ol
o

£



Aol APAHY (Jensen, 1969), H2pd A 4@zt 4 (Yoo et al, 1982),
Bt Al (Anthocidaria crassisping)d A=z A& (E3 A 1998) 5o
Aoy FAFAAT 4o B¢ A7 AFT AGolt}

o] de AF gy dAtel FEILUE FHALAAA Aejsty &
ol B A72 FHAIGA A L A g 712 AA AR R
AGALE oldlistn AT A7l WE dAYHY AF
28 ¥R3ed a1 2Ho] gt



. THAAEA, A manni®] YEjSE 4

—

ZAK] g AF AL AFE FAFT §9 AUA2 AR £
S g2 8 2493 NGl (Fig. 1), #4& U= Y& A 3~4 m,
HE A 2~3 m B ¥y ¢2 Agolth o] AgdE FHAAAGA
Aoz MAsn dom, AHxde #HE s Fd 2T, Zostera
marina T o] wEEHok o] AHY AF F2L 12~25T, g

30~34%9 BHE H=

a
% Al

nal

Mk

A2 x|

1
rg

& E3E FYaYddAe 44 5L SCUBAE 9]
£35td BEEH2H, Nikon F-90 7hlgtEd NX 90 underwater camera
housingell #3ste] FAelA 3 #Q3Hct, AL ML #4384
He  UEA] SCUBAE o83l € 2 Algssion, @A A4
F,AYHE A YR B2E o)f, A} FEE AP Hl ¥
FH 44& 01 m 7HA AT AF FHo] ¢ AE AL BY
ot A7IFE ol 4dtd 9 FH A& Yo M F AL
& FE3Yh. F%E Y4 2= Bouin's solutiond] nHE F 52 g
ol 24A1F FAM g H, 70% ol et&e Baslge
e F22 THALGAT A T4 2~3 me FANA FA
dES AEY 5 ANgg AdFEE & H, dEEFF7

(YSI-85)2 &4 35},

o



ENME dgEA  FYAYNAL YRR Addn U ¥y A
o Hx8 B4% oldiatr] sted SCUBAE ol 8, Uoiel 47 K (Fig.
D H42g 15 m 2ol74A AFsAt 4PL2 §747 HHE NBE
3%29 H.0:% 0.1 N HCl& A2 718t #7183 #4E8S AAT F,
60T AZ7olN 48 At AxsHATh AZ HAE ABE 63 m G4

o

& o4, 63 um o] E, 2 olste] 272 EHEHL 63 m ol 4R
v EEAES olE FEALLE T 4dAE LYsHn, AT YAEL
Y= ¥ FHEEEE TS AFFENR) G FHARFHU(Z A
t} (Lim, 1993). %3 Folk (1980)2] /¥l 71Z38lo Fine sand, coarse
sand, silte] Tl BE HHAEL FEEAC

T U8E dE ¥ HeE BFE ¥ ANEE SCUBAE o83t
gE M 99 89 239 AT 10709 AANM A A A
Ae 4%, 418 FARAHRD AT F, AXNEE AY9F F (Gung "=
ot 7191 E Ab-g-8ted A F Phosphate-Buffered Saline (PBS)2.E W
AEThE 83 Modd U 2FSTE FEIHICE FEE MRS
10%° FAEaddLd0 e 15m FEo 7132, 244 F 10% 9
FHELZLAL 70% dE22 nHYAE v BAFACT (Lee et al,
1998). AEAH 2L e 3~5%9 rose bengal® ¥o] FAAH
o+ (Walton, 1952). Rose bengaldl A8 A2+ 6417+ £ 0.063mm A
£ o]gsted Moy Aol NEE FHHA B Fo BFAEE
Fol 7HEA AHelFH HFUR Ko sieE AEES HZ =A B
olgf o] HlEEE 0063mm Al Fold ZHy FAUY (+ F, 1999).
0063mm #H ol Zofzxl MEEL A oM 22 2 HETES AR
o A" AEESL WA B HAYEL WP E Mgt #Aen

NaEFe gt W HATY YExye A%Y HPHe T2l



g olgatel 7 YRS UEA FE2 olF FASYh

Malale 9 ofSHzl EF  FHAYAAY AAdEE 99¢ 649, 1
me] WPFet FaAE AL T W ME CE A AGelA oo
Z SCUBAE o] &3td dA8AT, ZA& 30me] Zdolz XF 9ol 4
ZANA 324 transectS TEIDL ImY BHFEF A F g F
zdAA MAsa e TEALAAE A2 At THALY
Ao FUNEE ARl 24 B G ATd H4UE, EEHAS 7o

2& Hlazte Fagon, x® testd olgdtal AMT BE HHE
78k

FHALGA 9 o]EAE £HS SCUBAE o] &3t @39 A4 A
A A AAstgtt 99d 593 84, 23] ZA F 07HAE ddoR
AAEAY HIZE o AE lom, o)l 20em A= YT g Al-Es}
o F&eolx Sle KA 2 FuloA 2k 05em FE HolA 2 HY AA
o ZfE A o W FAE % 50m AR FAZ AHST uiA L
NAE FHstA gk 1AL Fo £ & E2xF o &3td 7 S
o] o]FAYE FAH}HU. FoAA olFAHE &4 X JAAEY 4
L2 Zofo] e HEHZE vernier caliper® AM&3to] dat gFo A2
Aol 23] 459t (Reidenauer, 1989).



2 MAMzS TSN BE

A2 Bag A% FYAAdYA AEE SCUBAY 9dtd, 19984 3
AEE 19999 39 74X, o 4 10~15 AHAE AISAct A dEHE
§e 24 Feho]=& Powell et al. (1993)9] Wgo] whet ¢EE ol &3
of gg H BAHyel Tefstdch Tolg 2 A&E #lolaZEE A
B3 6 um FAE EEES 2HAL A} ¥, Haris' Hematoxylin@
Eosin Y (Howard and Smuth, 1983; Powell et al, 1993)2 & ¥aatt
AAMEe] 23 Aae BT HUFLS ol &t BFon e A7)
= A=Y BA4EAM software? Image Pro® & ol£3ld =A"sgt
(Bayne et al., 1985, Die et al, 1995; Wootton et al., 1995)

THALGA A A dEIAE 2 E7] (recovery stage), 477
(growing stage), 4% @ 7](premature stage), 4 =7] (mature stage), W&
7] (partly spawned stage), FA7] (resting stage) 5, 6 ©GAZ TE¥3}
Ho™ (Byrne, 1990), 2 715¥& Table 134 Zth,



g ZFHA A manme) 4 $4L SCUBAZ 98 4€+5-8 150
A M BEALFE AASAT BAEFRE SHaE FA% AEME
ol &M A mannid) 5718 FF (lunule)F S AHstn A9 2 Yo
Aol YEF =&akA AAse LRIUT (Fig 2. HFE A mawms
42 AT T FFAA FetaE Folo BAYE AMEEA ZF (tesh) ]

T3 HAHE (sdOOE EAMNE F AEIE NAEY 7IEANE 2 8 NE
HE FEAA (Fig 3) 7E% 4% Aac FHvd 2oz AAAY
FoshdEl ZEadg olfee ¥ d &%e RS & F e dAq
2t (Test diameter)®] =3 d&9 g T3l € d 4FE SFs0
(Appendix I. 1).
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Ho| HH @ Adxr)e FHAYAA, A manmd A A SCUBAE ©l &
slo Abekz)e)l g¥@o)] APEF L (Yoo et al, 1982, Kang et al, 1993,
7 &, 1999), A& d4sE At AU A 2¥HE &
A g8 oA A #AsgT F-FE 1 9 He]Fd v
AAF (gonopore)e] ot 2 FFatA HAAZl F 055 M KCl 2mE A A
o] A7} (body cavity)2Z FddtAdct old 4#H Hae AFf4rt @
20 v AL ALgEd 2 FAFSAG. A W A& @3 A(Es 2
& AN F did dEEFE ¥4I AFHFE MewM #IHAS
¢ 250 me FEE FAANA ZEEFH 22 EeEd AAdRIAG
g & B-FE AAS H8) AFdsfs2 789 AR AHDE F
o &4 2YFAUT oF REE ¥ @REE ol&std #F H A
438 3931 (Burke, 1983, Choi et al, 1993; Pearce and Scheibling,
1994; Eckert, 1995, Chiba et al, 1999) A A" &2 -70 CTAAM YFAF
2 FRAPEIE o) &3t A

CHHA Mgk TdaadAe ¢ del 289 584 ddde] Fgos
BCA protein assay reagent& o] &38t9ct FZHAAxE &€& 94 %F9 PBS
o} TSI (423 mg/me) ST 72 FHAFANHY TFHE ¢-PBS
Egde d4#g (7000 RPM, 30 min)stel 454 #Asti, 2 mg/me, 1
mg/mé, 05 mg/m 2 242 B A 3te] 338 w8 dYgsiHc HyE AgE L EE
G 01 mesk Al 20 mE 37 CTollM 308 WwEA71L, FFEY7] (562
nm2 FFZE SA FFE ¢¥ AR Bovine Serum Albumin (BSA
; 2.0 mg/mé)S AREEY T, 100~1000 mg/me 2 84 5t, AR FUgk WY
o7 Aok} grEAl7|n Zhzte R =g FA S F, standard curved T3}



gt} Standard curveE o] &3l A9 £ &4 gulA] ke 35,
Agel AMFA e HNE Ggez A3t (Choi et al, 1993; Lee
and Heffernan 1991)

EtT3lE A & a535 g3 dz-g4 AFYH (Dubois et al, 1956)
S ol g3yt FAMEE 449 ¥4S& dAF FRTY EFST 423
mg/me), 2S04 HHf712 FAAANACL THAYRE ¢-FHT TTAE 94
#2 (7000 RP.M,, 30 min )3t 45 HE #3312 mg/me, 1 mg/me, 0.5 mg/mé
2 27t Mt 38 v Ayt gAME Al 1 el 10% HlE 1 g
Rhg A7) T, 3L Smeek Aol A 1083F WA &, FRFEA 7] (485
m)E FHEE A9 EFE E53E 2 10% soluble agarg AH&3H%
i, 50~500 my/me 2 BA 5], Al FUG WHLR 10% #AEH At
RgAl7I ZbZhe] FREE FAHE F, standard curve® TIHUT
Standard curve® ©] &3t Al 8o B4dE IFE TN, Alg AA
A g HAE gozn @A}

& XNE g ANZ& az22F-vee A¥FY (Bligh and Dyer, 1959)&
ALgEte Fstdnt. FalE o (249 mg)S 15 MY L 2R E-HEE /7]
&0} (chloroform /methanol / water - 1 : 2 : 08, Bligh and Dyer, 1959)%}
Y A, 250 FH4712 2 Fsgo. /7180 EEE AR IR
EF4mE 92 &M F FRT4E v TFEEN 3549 2
717F 1.2 ymQl -3l 8 #9282 (GF/C, Whatman)Z o # 3l B+EL AA
s, dgE-FRT 4 AR2ZEF-NE o2 29U Y71A 4L BE
sttt ol F AZEF-AA F& Aste d2dM AxAD H, WA AE

2 o] &3t FHAYGA 2o AP FFE SHsn Mg AMF AN i
3 HAE oz g@asict
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Table 1. Developmental pattern of ovary and testis Astriclypeus manni in an annual cycle Reproductive pattern is

divided mto six categories according to Byrne (1990).

Stage Female

Male

Ovartes contam primary oocytes (PO) and ciusters

Recovery stage of early oocytes along the ascinal wall and
extensions of nutritive phagocyte (NP} project into
lumen

Growing ovary with early vitellogenic occytes (EV)
and nutntive phagocytes The primary oocytes
mcrease In size

Growmg stage

Vitellogenesis continues and premature oocytes at
Premature stage all stages of development are present n the avary

Nutritive phagocytes surround vitellogenic oocytes
(VO)

Mature stage Pre-spawning ovanes are filled with closely-packed
ova and nutritive phagocytes are reduced.

Partly spawned ova are loosely packed with spaces
vacaled by spawned ova (Ova may also be present
n the oviduct. Vitellogenesis 1s mostly finished and
the nutritive phagocytes are reduced.

Partly spawned
stage

Spent ovaries have thin ascinal walls and appear
Resung stage empty excepi for relict ova

Testis the ascmal wall s lined with a thin
nutritive phagocytes of prnimary spermatocytes

The basophilic layver increase m depth as columns
of spermatocytes project centrally

Premature testes contan columns of spermatocytes
along the ascmnal wall and spermatozoa
accumnulated n the lumen and nutntive phagocytes
around penphery

Mature testes are packed with spermatozoa and the
nutritive phagocytes are hmited to the periphery.

Partly spawned testes are similar to those of
premature stage, except that there are spaces n
the ascinal lumen and spermatozoa may be less
concentrated.

Spent testes have thin ascinal walls and a pale
meshwork of nutritive phagocytes around the
petiphery




Fig. 2. Tllustration of sand dollar tagging technigues.



Fig. 3. Diagrams of recapturing and tracing procedure of tagged individuals for
annual growth of sand dollar.



m 4 =

1. THAAMA, A manniel Mejsts 54

THAHAYAL] 2 X 37 o ATE Féd MY FIALA
Aw 2 ZA717F 2% 80~200 mn Y=ot} (Fig. 4). F 129 7fHe 79
AYAA 4L BAF A9, F2 131~150 mn Aol 9] AMHMBe] A B
Z3a Yo, A 710 F AFPE A F MY FL AT H
Z 816 m °olded, 714 & Ade 24 1993 m ¢JYvk. Shin and
Rho (1996)= AAE dotelA A" THALANASL Z3& 1180~137.0
mE 231% sk gled, of 7N AR AAES AVEEE W QY
A et itk

o] A7e EAIAYole Y ARAEQA 2H, Z mara T-Fo] L€
Hodet (Fig 1). o] g2 2exoz dAs] FAe FAge] Z o
Fojd Aoz FAEY (Harris and Chester, 1996) o] A7 &AL 71T
Z Zbe] 80 nm ©13Q] 22 AA #AHA gt @FFF A3}, T
HAYAAE o HolHH AN o3t tRE Y Fo EHU
SCUBA® 9|3 &<A w&o] folatn HFdth 53] o] dATFoA=
SCUBAE ©]&3 AF o] 5o}, SCUBA 2&ste AT o 4
Hoz HFo] folg dy MALe) AYHAAE 7HeAdeo] %

o]

M

=R
L=

Mo

A. manni?| X 54 I Y8 x4 7R Fo F23 ¢
120~25.1 T, 30.2~339 %°ldct (Fig. 5. A mannie] ¥ FAL
Fig. 63 zZth  #l9 (dorsal side)oll T 4 Y9 3FF (petalod,
PT) ¥ 3}FF (pore series of petal, PPT)el 5 7 &a13le, zte] F ot
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Fig. 4 Size frequency distribution of the sand dollar, A. manni in Hamdock. (N=182)
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Fig. 5. Seasonal changes in bottom water temperature and salinity at the study area.

30
25
20
15

10

Temperature (C)



# & (madreporite, MP)Z} A4 F (gonopore, GP)o] X8t At
T 72 sET zbo] W= 5789 71 EF (lunule, LU)o| &A3tx, &
Holv & wed 5709 Rl (ambulacral groove, AG)7t EAl gt &
W (ventral side) F¥ol= ¢ (mouth, MU)ol #A 3t I Hel &
(anus, AN)o] &A%t Fig 69 C¢ DE THAAAAAL Wy ez,
A manmu® T7) (Aristotle’s lanten)& HAF3T Avt FHILGA ]
7% ©E sand dollarf ot Zo] HAEZE Hol2 A4 Ho] HAAAM &
AHAE.

Fig 69 E, G& 9 4¢9 4 3 m oA #3dd FHdddA
gD WdE e FAech @9, FHALEA § WEES BN
T A, AEA HAFe) EAsE Ao o dFE T AU

rr

ElFSo 2l 4 dF A A9 #9 dde HAE I 4
AAE Table 2 B Fig 7% 2vh. #9 A<¢9 474 2A8A (Fig. D 9
A AYE HYe AMEE £4S 24F, XE 2AREY HIYEL A 3
717F 125~250 mm (2~3 @) Aygd WA v gade] = (fine sand~
very fine sand)Z ©]Fo]&x UL & F AATH

U= 74 FULE 3F FR FVES A8
o] k. 2 F FUEL HAE 94, dA¥FEY T
#AH Feol dAt AW HHEY YxzAHL @I ZHelrt 321~1238
im (mean=62.1), &&9] Zo|7} 453~186.9 mm (mean=932)8] £ & KA
Th (Table 3). ©] ATFANAME B&HA v Fo] FHAAYNAT] F2 A
Aats 879 HAE A A7 125~250 m (2~3 0)A AHAR o) F
oA U&& &+ Ao, FHY HHER o vt Attt (Fig. 8).

rﬂ -HN

- 20 -~



_21_



Fig 6 Morphology and habitat of the sand dollar at the study area. A.
Dorsal view of A manni. PPT' pore series of petal, GP: gonopore, MP
Madreporite, PT: Petaloid, LU: lunules, B, Ventral view of A manm. AG:
ambulacral groove, MU: mouth, AN. annus, LU lunules. C. Internal
sturucture, LU: lunules, MU: mouth, AL: Aristotle’s lantern, AG:
amburalcral groove D Anstotle’s lantern of A. manni, a magnified view,
E Feces of A, manni observed at a depth of 3 m. F. A manni covered
with fine sand observed near the turtle grass bed, Zostera marina. G.
Aggregation of the sand dollar near the turtle grass bed. H A. manni and

an irregular sea urchin, Peronella japonica (PJ).
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Table 2. Result of sediment grain size analysis DWT (%)=percent dry weight of sediment, Cum DWT (%)=cumulative

percent dry weight of sediment

SIEVE SEDIMENT
SITE 1 SITE 2 SITE 3 SITE 4
PPhi . DWT, Curmn. DWT. Cum. DWT,. Cum. DWT Cum
AM gegle  Size Class (%) DWT(®) | (%) DWT() | (%) DWT(®) | (%) DWT(%)
2,000 -1 Very Coarse Sand 0095 0.055 0.080 0.090 0.838 0.838 0.398 0398
1,000 0  Coarse Sand 0.284 0379 0.146 0.236 1.075 1.913 0514 0912
500 +1 Medium Sand 8.568 8.947 6.485 6721 15982 17.895 16.883 17.795
250 +2  Fine Sand 52.399 61.346 58366 65087 67.837 85.732 66.635 84.430
125 +3  Very Fine Sand 36.978 98.324 34095  99.182 14.051 09.783 15312 99 742
63 +4  Coarse Silt 1.672 09.996 0815 99.997 0.215 99,998 0.255 99.997
<63 >+4  Silt 0.004 100.000 0.003 100.000 0002 100.000 0.003 100.000




Fine sand

90% 90%

Coarse sand 50% Silt

Fig. 7. Composition of sediment collected from the study
area The numbers in the illustration represent sampling

locations n Fig, 1.
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Aa7E So] 74A ol HAHYPT 25FAH gt AR FHo
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Maale U o|SHE] AFAGN FHALEAL HAEEE o
dgel A Ag, 90 m*AAN & 38HAI o] AT 7 WEH TN
A+d AAE o2 Ndze FEHAS FTE A4S 23 FF
B3 7lzete Roz AR EY (Fig. 9, Table 4). ©f dFAe A4
UEE doHA A AFAAM AT ANES T FHFA2U, &
2004 RS AAMEL QAT Asde E4 R AT EESG 22
Agel ol gd Fol2& § F FAH A FAo] 2THS

olgAe &A= & 90 /AA9 Z4 103.8~161 2cm (mean=139.5)<]
MAEe) o)&FHRem, AA oFAY] HHE 20~648 cm/hr
(mean=21.8){ th (Table 5). Z#&e] 121~160 mme] H§, olFAgYE 20~
25 cn/hr2A ThE W99 MAEEGE Ao P¥ 111~120 me ¥
Aol e 48 MAFS o1 F A= 7H¢ @k (Fig. 10).

2. YA M xzo FHH

MAao] PR FRAYAY &, S 45T 33 ezl A=
¢ 4N2E e naAdg mn Se 44

T 9 %]
A xFAg drt FHAYA A WA AT Aristotle’s lantern FH5-
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Fig. 8 Photomicrograph of sediments contained on the gut of

A. mann t.
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Table 3 Results of grain size analysis of sediment contained in the gut

N

Min

Max

Meanx SD

Axis (Min) Axis {Max)
104 104
32.05 4533
123.80 186.89
62.13+17.35 93.15+26.99




02(0.404) < n (0.422)
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Fig. 9. Diagram of the habitate
density on sand dollar, A. manni.
The regular types of spatal

distribution.
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Table 4 X ° test (variance to mean ratio) for habitate density of sand dollar, A. manni. d norma! variable,

variance mean x* d

Value 0.4039 0.4222 851579 -0.264 P>0.00




Table 5. Results of locomotion speed on sand dollar, A. manni.

species N range {cm/hr) average rate {cm/hr) Reference

M. quinguiesperforata 10 12—25 19.2 Reidenauer (1933}

A. manni 90 20—648 21.8 This study




Speed —g— Freguenc
0 . sp q Y 45

25
20
15

10

Locomotion speed (cm/hr)
Test Diameter Frequency (%)

100-110  111-120 121-130 131-140 141-150  151-160 161<

Test Diameter Class (mm)

Fig. 10. Relationship between locomotion speed (cm/hr) and size in terms of test diameter



A EZe] &E  Fig 112 ZAZIY 3 AP TEALEAS 4
A de AEE o 52 7EIE 9E2 Vepd Tgeltt ¢ EF o
g 4~59FE Adzstd 7890 AJT T 11EFEH FAZ| £
3~49 % OA dRste vl FgE Bojn o

Fig 122 7Y ILHA $+RY A gg dF A4 dsE o
Bhdl T@olth. Fig 12-A< 1909 29 sizld 7RAle] A2 327
o Adelch,  HYMEe 1A HRAEE FAHE FeFT JIAE
(nutritive phagocytes, NP) ¥ %% (lumen, LM) 22 FA=o it}
Fig. 12-B¥ 19984 44 F<4d A€ MAe A4, AR AR7F &
d AN Tdstn FRAEZE FrhstA  Fig. 12-Ce 453719
Arz2 29 W FFAES ZAY FHoz APgudel FREHUY
Fig. 12-D= 4 %719 HAE 19983 7€o AP AM2RE FEEHA
ok s Hie HA (sperm, S)E ME MY D FUAEE HEH
FTEHe| FE3IAH Fig. 12-ET ¥E7|2, 4F Az W&o dout
29 e W Fdol FAEEL vtE AxEe] AERAT Fig. 12-F&
FA71e] A2, 1997 10870 AP Y AM=Ee FREAG F27)
9 Hiodle 429 HREE ¥ FRor dopgli, uFe IFE Hx9 o
FAE7} BEST U

Fig. 13& 7HdYAA <A dF 444 ¥ste adelth  Fig
13-Ax 1998 240 AYF FHALEA G2 AA 42, FEY] 4H
g E24Fn gtk HEvlee Z7)7 2 AGFHAY GEAX
(previtellogenic oocyte, PO)7} dAB L wlz} BE3n], JUHESo] #
g Fig. 13-Be 19973 449¢ AFA A G2z 27333 @
RAXE (early vitellogenic oocyte, EV)7} @2 &0 Z7|dB84 YZAE
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Fig.
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98 99
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Il Mature M Partly spawned & Resting

11 Frequency distribution of reproductive stage of male and female sand dollar, A. manni
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Fig 12. Photormucrographes of testis (A) Recovery stage. cross section of recovering
testis containing nutritive phagocytes (NP) and lumen (LM). (B) Growing stage! columns
of spermatocytes project centrally in growing testes (C) Premature stage: premature
testes with spermatozoa (S) in center and nutntive phagocytes around periphery. (D)
Mature stage: mature testes filled with spermatozoa and largely devoid of nutnitive tissue.
(E) Partly spawned stage partly spawned testes with spaces vacated by spawned
spermatozoa (F) Resting stage’ spent testes appear to be devoid of content, although
relict spermatozoa may be present,
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Fig 13 Photomicrographes of ovaries. (A) Recovery stage’ cross section of recovering
ovary contamning extensions of nutritive phagocytes (NP) project into lumen (LM), small
previtellogenic oocytes (PO) occur along ovary wall. (B) Growing stage. growing ovary
with early wvitellogenic oocytes (EV) (C) Premature stage. premature ovary (O) with
oocytes at all stages of development and nutritive phagocytes surround vitellogenic
oocytes (VO). (D) Mature stage mature ovary packed with ova, nutritive phagocytes are
reduced to a thin layer along ascinal wall (N' nuclear) (E) Partly spawned stage’
partly spawned ovary with loosely packed ova and a paucity of nutritive material, and
the spaces vacated by spawned ova. (F) Resting stage: spent ovary largely devoid of ova
and nutritive phagocytes; all vitellogenic oocytes and relict ova will be resorbed.
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o) FAFLe H/y 137 mm o)t} Fig, 13-C& 1997d 692 A 7HA 9
MN22 HAEHre dih 2 3@y JdEMAE (vitellogenic oocyte,
VO)E st 9led, @9 Arie A 262 m BTolvk d Wil #
(nuclear, N)o] &= Mda7ie vlw Al @] A7jE F ¥ ol F7ist
o 29& A7) AFIl Fig. 13-DE A5719 darz2 453 €%
& vt S£3 L (ova, 0)9 AL HT 38l m FTelth
Fig 13-Ev %%719 FHAANA 439 AHL22, Hadd G233y
GEAZ7 FAlA S48, g 3 Wl F3o] BAEY. Fig. 13-F
T 1999 1¥el AFA AAY dAR FA7Y FAE HAFET i
T BE GEAME (relict ova, RO)Zl &5 48 FFAELE A9stn
E 249l AY vlejde Aol 2 dFAFA 9 dLeA AP
MAE] AL E42T, olg2 7~894d Hsd ¢ ¥ Aot #F
g& vFo] 2 o FHAYAEAY AZ A7E T-8¥AF o2 FAHEHL

MEHE Hz EAYFE YL 1507092, 2 F 6078
7t AZYEAT € 2 AZTELS Hz2 $F AHQ 98d 493 79 S
A9 BT 0~207%01 A} (Fig. 14). 99 2¥ele & AT ALY LA
gten 109 3IAANE AXYstget, AL wE AXYE AAs
d3e £2 (Fig. 3)9 W3ald) 71dete Aoz Holn, @AM #2F
Ax £go] ¢e AgAHNE NAES HHEF to2 FYstd FTAYFH
H HAES Fed onde] e Aoz Ut
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Fig. 14. Monthly recapture rate of the tagged sand dollar.
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2t%& (Test diameter)?d HEO| AMUfAME Hz= FAYFA AANS
o] #v|e 1302~1764m% o™, 151~160mm Atele] 7|AEe] 7Hd @tk
(Fig. 15) Fig 15 A g MAE 43 (F3H)z d34FE et
T en FHol AAFE WAANZLE FIEHL USE H9FD Yo
AEYY DA AAF F 146~160nn Ate)e] R ol BAP FFo]
WA 2ol FEF Aoz oy AXHE AANEY FE34 A
A Abe1e] Ao A FASE 17892A A A g W
FEAY FH3 4L AHPAS gdth (Fig 16).

ZtEnt Ao ost HEME AF 43S AXYH 6079 AN F
Hz dFA7IY 98 483 748 VELE o ddFEde V1EE M
6MAE LR st AR AL AFHe ZF HHe 1361
176.4mol A 2 @&l 743 B9 1205~160.6mmol itk AEF3 wEo
g AL i Zol7b AR LY 140mm 3ol =] (sd2l, sd24, sd30,
sd32, sd33, sd36, sd42, sd54, sdb56, sd98)ell M oF 2mm HEe AFAHAITE
BEY £ AVIL, FFol 140mm ol4te] HA oy AFHACl o F FA
##Zct (Appendix I) Appendix I Appendix II. 29 H71¢} 22
443 38 EUE & Z AA dAArzA 9 4 € AMY AF
SE, WA W gs ved RAoloh, WHLALL HE WFAY ¥4
7} 137499~20817.8 mr 2.2 of WY Wl MAEY FF9 Aol oF 40m
FERAT WHPELE AR A} FAG HHE ngon, Bo]
< AAe 2 By AARYG 22 A4g Rdd ()ghE 7HAE A

€ Zhe} nirg 242 A% Aoz ulEy AMdE IREY AHAo] o
FolA s AE THE 4+ Arl (Appendix I. 2). Appendix OE ¥ 2
AEHE NAE F 54 AAES] AAAEE B72 Vel 23o0)
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Fig. 15. Relationship between test diameter and monthly areal growth. (N=57)
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Fig. 16. Correlations between test diameter and areal growth by
recaptured individuals.
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Iig. 17. Dhagrams of the constructional morphology of sand dollar, A. manm. (A

dorsal side, B. ventral side, C: cross sections through sand dollar tests)



ok sd29% 98 49F-E 99d 7¥7A FrHow ARFHIJLU FF,
@3 agn WA g9ge A AUtk sd3dd 9Bd 7 Axdd F 99
W 7890 A AEZPEHUTG 989 799 &2 499 &7 vuE o
MA e 2z 24 BEY F YATE sdd9, sdS6H sd7Ee AFE Zol
&g NS BALFE Aoz S geuigel AT FAHY
ok sd74s} sd782 Z+e] mtR o} &4g e BIlolth sd7de & H
g Wo] utRof| 3] FEA WL YT A& BRAFL Jdov 7zl Zo
ot dAo] ZAadtgch wtEu A o) Zo] AYHE A, 49
Z Rz oAl AEEa ¢ F, Al AA o] o R WHEHE
ol dAF WAARANME Adstdc. FEALAALd A U
Hol & o 140m W2 ST, ¥3 A% &L ¢+ dft. T
HAREAT 7o golsh BRe] Wolrt Frtete Aoz 47go] o] Fo

Aok (Fig. 17).

4 M&udel =N

MEEE =M dudd @esgy F32e FE Alold AuAAE
Estos], Ao ddASE 099699 (Fig. 19, 20. FHALHA Lol
e @S PBSY EF AE, 423 mg/md F 943 wg/mEA 22.29%
o gz ngoen ©@FFEL 30426 pg/mE 7.19%, & AL 250mg2)
AE F 109mg L2 4377%9 #ES RAY dixyE 29 2Id4AY
%, 5 mg/molls ©HAR BdtEo] 1223 pg/ml, 333.82 pg/mbE 28.91%,
6.68%9 ol T, F AFL A& 312mg Fol 66mgo.EA 21.18%9 &
#F& By} (Fig. 21, Table 6).
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Fig. 18 Purified egg of the sand dollar.
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Figure 19. Standard curve by plotting the net (blank corrected) absorbance.
Protein standard reagent : Bovine Serum Albumin (BSA).
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Figure 20. Standard curve by plotting the net {(blank corrected) absorbance.
Carbohydrate standard reagent : soluble agar.
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Fig. 21. Diagrams of comparison with three biochemical components of
sand dollar eggs.



Table 6. Protein, carbohydrate and hpid levels of eggs of M. quiquiesperforata, A. manm and A. crassispina

Percent (%4} of each component

species Protein Carbohydrate Lipid Total Reference
M. quiqunesperforata 2851 1745 27.89 7385 Jacqueline and Lawrence (1972)
A manmnt 2229 7.19 43.77 73.25 This study

A. crassispina 28.91 6.68 21.18 56.77




o] Aol FAIX| Ao Yt B HH, Z marina THo] HE
Hejdth (Fig 1) Hams and Chester (1996)= #AAAAFY
Strongylocentrotus droebachiensis®] AZ, 23 o] i FAF

A

A Aol g xR/ Be] REST ke 2 FAH 2EY
7} AL AGM f489 FAe] B Re] dojdntxy Bustu Yok
Zivb of AT ZA 71 F A7) 80 mn ofF AL sHE BEHA
okth o] oA FHALAA AL JHAIE wAHA @ AL
oA A A MRt ke R 7)Adsr|nche A YA
Aol 711%t ez Atardd. JAFAWHE BH, THALEAES d=s H
o]Ad# HAAe <3t dlFE 2 ol E3F Yo} SCUBAY 23 £IH
BEo) foldtx FAt 53] o] AFAME SCUBAE &% Ao
T8 =], SCUBAY A&d Y A Adiyez #ao] Zolgd iy A
gho] AP H AL 7F5 4ol EUt}h. Pearce and Scheibling (1990)2 sand
dollar, Echinarachnius parma 9 2% FHIALGAANE & A He Jdo
2 MAsta J&E B ew, sand dollar FA8e] AL e X
Ao HEgoky Rud vk 9tk Hamel and Himmelman (1992) 94
E parma 9 e old ARG A7 FEHT ASES 2T v e
o, o]E9 EXE Ix9 A7let AFE #AMN ASE RusEh

48 AR €d HHEAA2MY T4 AAFA sand dollar=
HHEWe #3%F AMTFEFL F718 & HolE 4= Aoz daA
A2 (Jacqueline and Lawrence, 1982, Reidenauer, 1989), o] uwiz}l &)

ZFHE F Wol2 A= AY YARY 29 Fr7h ° weHe Uk AL

M

M

N
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Z FR99  FHEALL8AY ¢+ GE sand dollarw 9 o] HAES
HolZ e Ho] @AM FAHUTE  wEM FHAYHAE 9B
sand dollarfo 2ol MHEY EHAES dFHez g Fid F5T
H, AUelA fr12e EF48n 32 HYES A ujdEs Aoz 4
Z+8tt  Reidenauer (1989)= sand dollar, Mellita quinquiesperforata®l
Holz HAE e MAste AM 84F, 5% Soldn Eud v 9l
o HAEWY #71ES HolE AFHde HAEAAEL HAEY g
A JdEEde wEo YAV o8 F £ FH REVL Fs-do
(Sanders, 1958) d¥txH oz EAEF9 YA ZAr7le AYAAAF (sand
dollar)®] ¥xeol A#H f9dez Ag3n, AAGAFE HAE] YA
2717k 63 i o1, 1 o " ghe] YA o] FolW AAAY F2 ¥
= AeZ BuEa Rtk (Wehe and Gray, 1968, Dexter, 1977; Jumars
et al, 1982, Lopez and Levington, 1987; Telford et al., 1985). Pomory
et al. (1995 QAAPAFA Mellita tenuis A FHAYGAL FAH
2719 HAE YAE HdEEL o5 wEt Hel dHE e T
o oEe 4 48 FE8& #1 v Eudn vk o] dF A9
A 8% 2 dIAAFI XS e 4T FAY Rz #¢
He PHAY9AY X HHEY dE Tl g AT e A
oz Amgrh v HAYEAAA  dAYATF,  Mellta
quinguiesperforata (LESKE)«= EH A 29 dX=7F 100~250 mol A el A
TEotn ASNE EFHE HolHdH AAHA FHEE B4 FE& FH9
AU Ad YA7E 50pm o) FF 7Y Aoz N EESHI Yty B
st ATt (Telford et al, 1985) o] AFoM=E B8z vie} o] 79
AAYAL =2 AHste 49 HAE YA A7)7F 125~250 mm (2~3
0)) AHE=E olFAA UL & F AN, FUe FHAEL ot
Zokel (Fig 8). ol¥ HAEYAY 483t AYAARY tyg 7714

o
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Arnistotle’s lantern FR2e] T8 EEG oz 7jfses FAHolt B
T E ]2 31 9lt} (Telford and Ellers, 1997).

o] AFAHo A Madte THALAAY REHH S MALZ 93
TEHE o FFTLEE LA (Fig. 9, Table ) LdHA A AGe N
ARG NAEE oo EAHE 7= Aot oF 200 A AAEL

(1965)2 ALAAFA M qunquesperforatadl @5 MAd=7t 714 =
= A71RL B3 A5 Alole] MAEE #2S T ZHe A7t 1.2~6.3
w1 T47HA o] o] BAY HAeZ RIFT vt

2 d7A9d #9 ddddAM AFE AAE B B o F
S 7884 A5 ¢ ¥ FAI BAYE vFo B o THAAAHA
o A A7le 7-8¥7 o2 FA ¥ Shin and Rho(1996)€ AF A4t
Ao AMYE FHAALA FFAVE 6¥A R Rug v o A
SAARY AIAZIE F3 AFel wet ok, Vernon et al. (1993)&
Ul AL AFA Clypeaster ravenelii® 79 292 ZHeo Aaddln B
AR T Ve dekd de £ gle AE AL RSEAY 4
FA 7= 6~108 408t RuEA 9td (Yoo et al, 1982, Kang et al,

Q
AR
1993). &8, $g udg AFe BESE HY HAFY FIZAHA,

£
=
rO
ol
o
(=]

=

Strongylocentrotus nudus®t W% Al, Hemicentrotus pulcherrimus®] A}
T2 3YolA 599 10~15T< 99l A 10¥e 23~18TolA o] Fojzair}
(Park et al, 1998) &4& X712 24H= 7T~8949 FEFEE 2052
4T HHE B ofuf o]2]d 2 HY oM FHIALAAL 2gto
o]FfxE Aer FAHEY, oo BT Ru} Y& 2 dF7 e w A
o2 Azdng

THALAA S dde Hetstvl st B2 WEE NAEY ALY
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& Add wet AXYH A ¥MEE Ldon, & (Fig. 3)d Hs
of 71dsts AeR Holn, M B A Lol W ALH
T MAEY HHEd Y Zelst o ZHelA EXNFHRE MAEE e
o gol A AR HAT AT AAEY FEH WA FdA
Bl FEe] Z7IAE7 dAe] He] FIE e AoR B F 3
Rew, o WS <Y W9 ¥HHE FHY d F e Aoz
AtuEY (Fig. 16) % &3 AXo o FHddGAL dF 4%
& BEARFE NAEC] HEE Aol o]FoR Aoz FAHHE A7]9
NAEE HPog oRolzgenz dAF A% AFdes vhh oYL
u, A&7 dxe BF umd gE 4o tis setstm Ao A
& olsig + ATk F F AF, dF¥Y ol e ¥EHMARE
Gt THAYGAY AAHA FAEAAE Fol¥ F UE HLE B
Aok EF F2 A7 AAEE ddez EAUFI ol F4A F713
A Agoz A4 ZAS FHALEA 4% A4% F=H, AHE F
et 2 Pyl E Rz Bt

THALGA ] ARl g WHAARY EY FHg AR @4nE
o FFEGE F Ad FFol o & ReF AlgHr} (Table 6)
Jacqueline and Lawrence (1982)= |AYAAF<U M. quinquiesperforata?
B¢ dFE "ol YEE HAEWY fUIE2ZAM Gy S53E0
gFrTE A o] =om Rudlz: Qo XA TFo] g
ojuf BrstErct 2 AL ATAVA A5 H AMFEFY dEdA
of 9% Aoz deiA Ut (Holland et al, 1974)
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V.8 %

BRARANAFA FHALAAE AFE dtel dy XA U=
B n AH 2 H4o] B @FSo] Wl Aot o] AFE 79
AUgAL 9%, R Fel, A4, Ao HE 7z NEe &
AFTE g9oM SCUBAE Tt A&t

0

I FHAAAY A7)e 2 80~200 m AE (N=120)EZ, #9 A
of Mgste FEALYA] Ae AAAE ZAG 2B, ojEL 43I
EE gl (125~250 m (2~3 o) z&d Z@Ade] Aqsis, Y
geish A4 BRI HAFHY F718¢ HARE Ro2 DR
52442 FA8U

2 448 FAS AdiE EAdg Ou, e e w=adg 9o =
ura g o8 449 Be 1 W7ol 381 m AEOlT F&o] 20
5~241TQ 7T~8UA ol 4@t RoE FRW

3 AW HHEY JEEAHL ©E9  Zolsl 32.051~123803 /m
(mean=62 125), &&9 ZHols} 45327~186.839 mm (mean=93.152)8] & X &
Bk Ao MEEL FFF AAAY 274 F, d=Fo #8, 727 F

9 FHE SFIAETC ERET
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% 90 7HAle zZ+® 1038~1612cm (mean=1395)¢) 7HAEo) o] &2,
AA o)57e HYE 20~648 cm/hr (mean=21.8)%1¢h.

5 BEAMFE /MAEY ¥ 4 XYL 0~207%2 Yetkt, HzE: &
AFE HAEY A7)e 130.2~1764mmd 20, 151~160mm Akele] 7|
gol 7bg Bt Ay 2ol mE 49 Aok FusA g Ae
EAYFE AANEY £ 146~160m Abelsl AAMFol Hs) Aoz
we Ao JQdskAw 2ol av)7k AV4E e FHHL UL B
F3 Uch FHALYA) B 2ol WolWE o 10m W2 FHY
o,

6. AEZHE MAES] 433 HA HAo g F#HAS ohE 2o
Area (mr) = 21403 Test Diameter (mm)' ™, r* = 0.9172

7. 47 A THALEAY 2ol P WA gesE 2 F A9
2 22.29%, 7.19%, 43.77% S th.
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VI & 1

Si¥
2

A=y, HAA A4 199, AF= §9 dotd M FPAdAA,
Astniclypeus manni (VERRIL 1867)¢! A ejsrd E A &3 AT
g =2 d 3] R 32(3) 345352

.

o)

.

,oleE, ALY, 1990 BEA A, Hemicentrotus pulcherrimus (A

Agassiz) 9] A@7e #3 AT FAATFRIL, 41 67~76

4o

S8E, A, AR, WFg, AAHEL, F84 199, ohdT 5387 2
Foll WE HMA #HFF EF ¥ @A 42). 14~
154.

A, AAE. 1998 BEYA Al (Anthocidaria crassispina)®l &3 43
3 e4rekE AL 11, 302~308.
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APPENDIX 1

INDIVIDUALS GROWTH DATA



1D date Area to=ta  Axis{max)  tog=t,  Axis{min) bt
sde 980420 151152 145 5 136 0
980728 15236 6 121 4 145 2 -04 136 0 00
980901 15284 5 47 9 143 6 -16 136 6 06
990531 14801 7 -3828 1406 -29 135 8 -08
990723 14919 2 17 5 142 3 17 134 5 -12
Total —-196 1 -3 2 -14
sd22 980420 17250 9 152 5 145 2
980728 16833 8 -417 1 1495 =30 144 2 -10
990128 15458 0 -1374 9 142 4 -70 139 8 -4 4
Total -1791 9 =101 -53
sd23 980420 18707 7 157 2 151 9
980623 18406 4 -3013 1557 -1.5 1510 -09
Total =301 3 -15 -09
sd24 980420 145131 138 7 134.3
980728 142657 -247 4 1373 =1 4 133.2 -11
980901 14821 4 5557 140 0 27 135 9 27
990531 14434 2 -3871 1383 i iy 4 135 9 0.0
Total -78.9 -04 16
sd25 980420 17390 8 153.4 145 3
980629 17039 9 -3510 1514 -20 144.0 -13
981027 17341 1 301.3 153.5 21 144 7 o7
Total -497 01 -0.6
sd26 980420 18829 1 158 7 156 3
981222 18642 7 -1866 4 156 4 -2 3 155 4 -09
990429 18301 3 -3413 157 2 08 150 8 -4 6
990531 18464 1 162 8 159.3 2.1 150 6 -01
990723 18644 7 180 6 157 9 -14 154.8 42
Total -184.3 -08 -15
sd27 980420 163224 148 5 141 4
980629 15920 9 —-401 4 1458 -26 140 0 -15
981027 16049 1 128 2 145 9 01 141 4 14
Total -273 3 -2 5 00




D date Area toi=ty  Axis(max)  twa—t,  Axis(min)  thg =t
sd28 980420 197337 166 8 156 5
981027 193451 -3885 1606 -6 2 157 8 13
990531 183437 -1001 4 158 3 -2 3 150 3 =75
990812 194559 11121 162 2 39 154 2 40
Total -277 8 -4 6 -23
sd29 980420 187167 169 7 150 2
980901 188137 -1030 16689 -2 8 149 5 -07
981027 19036 0 422 3 162 7 -4 2 155 3 58
981222 18412 3 -6236 1616 -10 149 5 -5 8
990329 18301 4 -111 Q0 158.6 -30 151 4 19
990429 18446 3 144 9 158 2 -0 4 153 7 23
990723 187103 264 0 168 1 99 149.2 -4.8
Total -6 4 -16 -10
sd30 980420 137499 136 1 1295
980608 13777 9 28 0 134 1 -20 131.2 18
990429 13963 7 1858 13567 16 1323 11
Total 213 8 -0 4 29
8d32 980420 16564 2 155 6 142 7
980608 167125 148 2 150 2 -54 146 3 3.6
980728 16562 3 -150.2 1494 -0.8 143 6 -27
980901 16826 8 264 6 147 9 -16 147 0 33
980812 16583 6 —2433 1499 2.0 143 7 -3.2
Total 19 4 -58 10
sd33 980420 147727 140 1 138 5
980608 14708 9 -63 8 141 2 11 134 5 -4 0
981027 15291 6 582 6 144 2 30 1356 1.1
990812 14711 0 -5806 1417 -25 132.8 -2 8
Total -61 8 1.6 -5.8
sd34 980420 184139 157 6 1501
980728 18598 6 184 7 157 6 00 150 8 06
890723 18118 8 -4798 1570 -0.6 147 1 -37
Total -295 1 -0 6 -30
sd35 980420 184991 157 8 150 6
980608 18383 2 -1059 1571 -07 150 0 -06
981027 19041 5 648 2 160 7 36 1521 21
Total 542 3 29 15




D date Area ter=ty  Axis(max) ta~ty  Axis(min)  tha—ty
5d36 980420 16750 2 148 3 147 3
980608 16759 0 89 148 2 0a 146 1 -12
980728 16978 4 219 4 151 4 32 144 8 -13
981027 17629 8 6514 1551 36 148 3 35
Total 8797 68 10
sd37 980420 18653 0 162 0 154 6
980629 18484 2 -1688 1630 11 1481 -55
981027 18598 4 114 2 158.0 =50 152 9 38
990128 18034 6 -5638 153.9 -4 1 152 7 -02
990723 180137 -209 1609 7.0 147 3 -53
Total -639 3 -1 1 -72
5d39 980420 17391 3 1507 148 4
980608 17050 8 -3405 1495 -12 145 6 -28
981027 17868 5 817 8 153.9 43 149 0 34
Total 477 2 3.2 06
sd41 980420 18808 7 161 5 151 9
980608 18109 8 -6988 1550 -65 150 9 -10
981027 18303 7 193 9 1557 0.7 150.6 -0.3
990812 181401 -1636 1552 -05 149 4 -12
Total -668 5 -6 3 -25
sd42 980420 13077 8 133.9 126 4
980629 13671 9 584 0 136 4 25 128 7 23
981027 14028.7 356 8 138 3 19 130 7 20
Total 950 8 44 43
sd44 980728 20765.1 168 5 158 1
981027 210301 2650 168.4 =01 159 8 17
890723 207308 -2993 167.3 -11 159 5 -03
Total -34 3 -1.2 15
sd46 980420 196000 159.0 158 3
980608 18891 .4 -7086 1577 =12 153 6 -4 7
981130 19702 4 8110 160 8 30 157 4 38
Total 102 4 18 -09
5ci47 980608 176701 151.8 149 2
981027 190321 13620 1571 53 154 9 57
Total 1362 0 53 57




1D date Area tr=th  Axis(max) bty Axs(min)  tag—ta
sd48 980420 17920 9 153 3 149 3
980629 17872 6 -48 3 153 6 02 148 4 -10
Total -48 3 02 -1 0
sd49 980608 18278 2 158 8 148 1
981027 19112 9 834 7 165 7 69 148 4 03
Total 834 7 69 03
sd50 980420 17279.0 149 4 147 7
980608 17336 2 57 2 151 1 16 146 7 -10
Total 57 2 16 -10
sd51 980420 189081 161 2 154 7
980728 187851 -1230 1608 -04 152.2 -25
990329 184740 =311 0 157 -4 1 152 5 03
990531 185131 391 156 1 -0 6 163 3 07
990812 18526 2 131 166.2 01 154 6 13
Total -381 9 -50 -01
sdb2 980420 16261 3 149 5 1391
981130 16174 6 -86 7 1496 01 138 4 -07
Total -867 01 ~-Q7
5d53 980420 21493 4 169 2 162 4
981027 21435.3 -58 0 168.7 -0 4 162 5 0.1
Total -58 1 -0 4 01
sd54 980420 151807 140 9 137 9
981027 15420 4 239 8 142 0 11 1391 12
Total 239 8 11 12
5d56 980420 14533.1 139 8 135 1
980728 15104 3 571 3 142 Q 22 136.8 18
981027 15266.8 162 5 141 7 -03 139 3 25
Total 733 8 19 43
sd57 980420 17733 6 153 8 147 4
980629 17523 3 -2104 1516 -2 2 147 9 05
Total -210 4 -2 2 05
sd58 980420 16287 0 146 7 142 0
980723 16377 3 90.3 146.8 0.1 1427 0.8




D date Area tr—tn  Axis(max) b=ty Axisimin)  te—t,
sd72 980728 19892 3 170 0 156 4
980901 199737 81 4 165 1 -4 9 157 4 10
981027 191700 -8037 1616 -35 1537 -37
981222 19208 5 386 161 6 00 154 1 04
990429 18906 & -3019 1609 -07 153 8 -03
990723 18978 8 722 162 0 10 1556 2 14
Total -913 5 -80 -12
5d73 980728 20416 8 165 4 160 6
980901 20282 7 -1340 164 9 -05 158 3 -2.2
981027 19959 5 -3233 1639 -10 156 3 -20
990812 20053 5 94 0 165 1 12 156 4 01
Total -363.3 -03 -4 1
sd74 980728 19867 1 164 0 158 6
980901 19616 7 -2505 1616 -2 3 157 0 -15
981027 19186 6 -430 1 157 8 -38 156 3 -08
990329 18977.8 -2088 1580 02 154.1 -22
990723 18979 7 19 158 3 03 154.7 06
Total -887.4 =57 -39
sd75 980728 18216 5 156.0 150 3
980901 181551 -61.4 155 8 -01 149 2 -11
981027 18238 2 830 156 3 04 149 7 05
Total 217 03 -06
sd77 980728 18011 0 154 1 151 9
981027 17882.8 -1282 1526 -15 151 2 -07
990329 17361 3 -5215 1506 20 148.7 25
990812 17138 3 -223.0 1536 30 145.4 -33
Total -872 7 -05 -6.5
5d78 980728 18446 3 157 2 151 2
980901 180759 -3703 155 % -17 148 6 -26
990812 17793 4 -2825 1527 -28 148.9 03
Total -652 8 -4 5 -23
5d79 980728 19101 4 157.9 157 7
981027 19121 8 20 4 158 5 06 155 5 -2 3
981222 182961 -8258 1557 =27 151 5 -39
990812 18311 6 155 155 2 -05 153 5 20
Total ~-789 8 -2 6 -4 2




D date Area tor—ta,  Axis(max)  tw=ty  Axis{min)  the=ts
sd80 980728 19084 5 159 7 152 8
980901 18438 9 -6476 1570 -2 7 1501 -27
990429 18162 5 -2743 1550 =20 151 3 11
Total -922 0 -4 7 -15
sd92 980420 169307 151 4 1450
980901 17837 3 906 7 155 8 4 4 147.0 20
990812 17055 9 -7815 1510 -4 8 1451 -1.9
Total 1252 -04 01
5d93 980420 17854 4 158 6 147 9
981027 18187 9 3335 156 2 -2 3 150.7 28
990429 17726 2 -4617 1548 -14 147 3 -34
990812 17805 8 79 6 152 9 -1 9 149.6 2.3
Total -48 6 -57 17
5d94 980420 20817 8 176 4 157 3
980901 21157 3 339 5 167 1 -93 166.4 g2
981222 21057 5 -99 8 169 6 2.5 161 3 -51
990429 20616 2 —-441'3 167 3 -2 2 158 8 -25
990531 20916.6 300 4 167.5 01 160 7 20
990812 21025 6 109.0 167 7 03 162 2 1.4
Total 207 8 -87 49
sd95 980420 16597.9 147.6 143 8
980901 17229 0 6311 151 5 39 145.3 15
Total 631 1 39 15
5d97 980420 16351 4 149 2 140.0
981027 17214 5 863 1 149 8 06 147 2 72
Total 863 1 06 72
5d98 980420 13791 5 139 2 127 4
980728 14431 9 640 4 141 0 18 131 0 36
980901 14614.5 182 6 142.8 18 131 5 0.5
Total 822 9 36 41
5099 980420 16774 2 152 8 144 7
9R0728 17040 4 266 2 151 2 -186 146 2 1.5
980901 17129 6 B9 1 149 7 -15 148 4 22
981222 17092 0 -37 5 152 7 30 147 1 -13
Total 317 8 -0 1 24




D date Area to=th  Axis(max) tom=t,  Axis(min)  tog—t,
sd100 980420 16237 8 146 4 141 3
980629 16038 1 -1897 1456 -08 140 3 -10
981027 164758 437 8 147 5 19 142 2 19
Total 238 0 11 10
sd102 980728 16937 2 149 7 144 2
980901 17068 1 1309 1507 10 144 3 01
981027 17055 3 -12 8 150 0 -07 144 9 06
Total 118 2 03 07
sd103 980728 19707 2 163 3 153 8
990429 17428 1 22792 1506 -12 6 147 4 -6 4
Total -2279 2 -12 6 -6 4
sd104 980728 16038 9 146 9 139 1
980901 15837 8 -201 2 1457 -12 138 4 -07
981027 15873 6 358 1452 ~06 139 3 09
990531 15875.0 15 145 2 0.0 139 3 00
990812 157850 ~-80 0 146 3 1.1 137.5 -18
Total -253 9 -06 -16
sd106 980728 18944 0 158.8 152 1
981130 186471 -286 9 157 4 -1.4 1511 -10
Total -296 9 -14 -1.0
sd107 980728 18918 3 159 9 1507
090429 181857 -7326 1530 -6 9 151 5 08
Total -732 6 -6 9 08
sd108 980728 181855 154 9 149 5
981027 18253 6 68 1 157 4 25 147 9 -17
980429 18241 2 -12 4 156 7 Q7 148 3 04
990812 183237 82 6 157 3 Q7 148 3 0.1
Total 138 2 24 -12
sd109 980728 18999 8 162.4 151 1
980901 19041 0 41 3 158 7 =37 154 1 31
990812 18772 8 -2682 1588 01 152 2 -2 0
Total =227 Q -36 11
sd110 980728 17056 7 1501 146 3
980901 17196 1 139 4 149 8 -0.3 146 9 06
981027 17021 9 -174 2 148 5 -14 147 2 02
990531 16601 9 4200 1489 05 145 3 -19
Total -454 8 -1 2 -11




APPENDIX IO. 1

PROCEDURE OF DATA ANALYSIS USING
IMAGE-PRO®
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APPENDIX II. 2

RECAPTURE SHEET
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