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An Ecological Study on the Sand Dollar, Astriclypeus manni
(VERRIL 1867), in Hamdock, Cheju Korea
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The sand dollar, Astriclypeas manni is commonly encountered on a subtidal sand bottom along the coast of Cheju Island. Limited
information has been reported on their biology despite their natural abundance. This study reports ecology and an annual reproductive
cycle of the sand dollars present at Hamdock, northern coast of Cheju Island. A. manni collected from Hamdock revealed that they
are 80 to 200 mm in test diameter. Sediment grain size analysis indicated that A. manni mostly occurs on medium (particle diameter
of 500 um) to very find sand (particle diameter of 125um), particularly on fine sand (particle diameter of 250 um). Internal
morphology and in sifu observations on their feeding habit indicated that A. manni is a deposit feeder, feeding on organic debris
contained in the sediment around its habitat. A. manni were more frequently observed near Zostrea marina bed where content of
organic matter in the sediment is considered to be higher. 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 ym, and sperm were observed from the histological slides
of tlllle sand dollars collected in late July to August, suggesting that A. manni spawn during July to August when water temperature
reaches 20 to 25C.
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Fig. 1. Location of the study area.
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Bouin’s solution®] ZAE F 2 X FAS H, 0%
o) Byl

A & FYANGAL HAdte F4 2~Im F4ol
A APy, 48 5 AgE Ag4dR T |, 948
7] (YSI85) 2 &3t

ENE YT BN

FHELAA AQe2 N e Y <t HFHE
EXHL ol83t7] 93t SCUBAE o4, 9499 44 A4 (Fig. 1)
HAEE 15cm oA Ayt 4842 $AR HHE A
¥ 3%9 H,0.% 0.1 N HCIE A2 718te {71838 @4
< AAT H 60C AZ710A 48 A 2P, Az HAE
ANEE 63um FAAE o4, 63um °1F L, 1 o3y A2
£33 63 um o139 YR EEAE o4, AFAAS 54
AAE 2P, BAT dAEL U= H FFULEE 13
o AFFv) (%)} FAAFHY (%)2 A (Lim, 1993).

ANz ZAEY UH

HAx 2L AT FHIYAA A8 SCUBAY 93},
1998 3228 19999 39 7tx], u) € 10~15 AAE AFHA
o AL BEE T 23 &gol=E Powell et al (1993)¢)
o] uwe} ¢FE o] 3te] g3 A g EnfsAct ¥
e 23 AgE welAZES AL 6um FAR Hdado

H9¢ A& ¥, Harris’ Hematoxylin®} Eosin Y (Howard and
Smith, 1983; Powell et al, 1993)2 A3}t A XY 27
Age 3% oA E ol4sted B ¢ IvE AFH
BAEA software?] Image Pro®8 ol 8319 A3
FRAYAA Y AL FdAAE FA7] (resting stage), B3
7] (growing stage), 44 A7) (premature stage), 4% 7] (mature
stage), "% 7| (partly spawned stage), 227 (spent stage) ¥, 6
gA 2 FEF92 (Byme, 1990), I 7|F& Table 13 21}

Zn o 23

Ty M B Y 37|

o] A7 ¥39 AMFIE THAL A= 2L 277 A 80~
200mm A=)t (Fig. 2). ¥ 129 /A FHAIEA F4&
£A43% A7 F2 130~180 mm Aoy 7RAEo] 713 BWe] X
sz giglen 2A A F AJD AR F R ZLE AAe
2% 816mm oo, 714 & AAde 4% 193 mm ©|Uch
Shin and Rho (1996)= A4HE Qetell A AHE FHAAA
AL 1180~1370mmE 2323 v g, o] 744 AR
AAEY 271EEE 9 %A Jenda gl

B 24 712 5 4%l 80mm ©lFe AL AAs FEHA
ottt o] Ao FHALAA S Fe AMAV FAHA g
R oA MAY A A7} & A 7Y EGE A
F A BAA 7198 Aoz AlzdEd. ¥ #2Ed



AFE Y Al A4se FHILAA, Astriclypeus manni (VERRIL 1867)9] Aejsta E4¢) @ 47 347

Table 1. The pattern of gonad growth of the sand dollar, A. manni based upon histological observations

Stage

Female

Male

Resting stage
(FA71)

Growing stage

(B3

Ovaries contain primary oocytes (PO) and clusters of
early oocytes along the ascinal wall and extensions of
nutritive phagocyte (NP) project into lumen.

Growing ovary with early vitellogenic oocytes (EV) and
nutritive phagocytes. The primary oocytes increase in
size.

Premature stage Vitellogenesis continues and premature ococytes at all

(A&R7))

Mature stage
(B&7)

stages of development are present in the ovary. Nutritive
phagocytes surround vitellogenic oocytes (VO).

Prespawning ovaries are filled with closely-packed ova
and nutritive phagocytes are reduced.

Partly spawned Partly spawned ova are loosely packed with spaces va-

stage ("4&7))

Spent stage

cated by spawned ova. Ova may also be present in the
oviduct. Vitellogenesis is mostly finished and the nutri-
tive phagocytes are reduced.

Spent ovaries have thin ascinal walls and appear empty

Testis the ascinal wall is lined with a thin nutritive pha-
gocytes of primary spermatocytes.

The basophilic layer increase in depth as columns of
spermatocytes project centrally.

Premature testes contain columns of spermatocytes
along the ascinal wall and spermatozoa accumulated in
the lumen and nutritive phagocytes around periphery.

Mature testes are packed with spermatozoa and the nut-
ritive phagocytes are limited to the periphery.

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

Spent testes have thin ascinal walls and a pale mesh-

(287) except for relict ova.

work of nutritive phagocytes around the periphery.

THAYNAE TEd oo dRE Rz o EF 9l
SCUBA9| 8¢ S @ao] &0l gatct £3) o A7l
AME SCUBAE °43 A3 te] =35 0j SCUBAY &% A
R A AuFeg BFo] fol dy AAte] ARHAUL
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Fig. 2. Size frequency distribution of the sand dollar, A. ma-
nni, in Hamdock.
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Fig. 3. Seasonal variation of water temperature and salinity at
Hamdock.
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Morphology and ecological habitat of the sand dollar, Astriclypens manni in Cheju. A. Dorsal view of A. manni. PPT: pore
series of petal, GP; gonopore, MP: Madreporite, PT: Petaloid, LU: lunules. B. Ventral view of A. manni. AG: ambulacral
groove, MU: mouth, AN: annus, LU: lunules. C. Internal sturucture. LU: lunules, MU: mouth, AL: Aristotle’s lantern, AG:
ambulacral groove D. Aristotle’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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Fig. 5. Composition of sediment collected at subtidal area of
Hamdock in Cheju. The numbers in the illustration re-
present sampling locations in Fig. 1.
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Q%M X (nutritive phagocytes, NP) 2 2% (lumen, LM) %9
#&H. Fig. 6-BE 19989 49 T34 AL AAY Air2,
AR AE £ AHdA 2L de EEH JYAENt F
tte EEE BAEd Fig 6-Ct A5A7Y 42 4299
1o 359 A& FAF JFAXY #2o) t5dd Fig
6DE 45719 B4 2 19983 7€) AFE MNA2RE #2H
Atk A5 F2e AR (sperm, S 715 AHAL dFAXTE
Edd 38" Ao #AP) Fig. ¢Ex WE7E, 9% IR
WEo] gt &g Uy Wl FIo] FAHIL RESH FAE
#2Ed, Fig. 6-F= 252719 A4Z, 19989 102 39 AJE
AN zRE F2SAG 22719 Arele vge 2E IR
FEAEL BFEHY AYGL QL ¥ TR Fopdo

Fig. 7& TR 994A 939 dF 444 HgE BoFE 2
golth. Fig 7-AE 1999 2¥9 AR 7HALNA &R A
22, FAV AAE BFa Ao FAZde 2t Fe
HAME (previtellogenic oocyte, PO)7} BG4 ¥ & wel EX3n,

Table 2. Result of sediment grain size analysis. DWT (%)=percent dry weight of sediment, Cum. DWT (%) = cumulative percent

dry weight of sediment

SEDIMENT
SIEVE
SITE 1 SITE 2 SITE 3 SITE 4

pm  Phi Scale  Size Class U pwits) U Dwits) %) DWits) (o pwila)
200  —1 Very Coarse Sand 0095 0095 00 0090 0838 0838 0398 0398
1,000 0  Coarse Sand 0284 0379 0146 0236 1075 1913 0514 0912
500  +1  Medium Sand 8.568 8947 6435 6721 1598 17895 1688 17795
25  +2  Fine Sand 2399 61346 58366 65087 67837 8572 66635 84430
125 +3  Very Finc Sand 36978 98324 34095 99182 14051 99783 15312 99742
6  +4  Coarse Silt 1612 9999 0815 99997 0215 99998 0255 99997
<63 >+4 * Sit 0004 100000 0003 100000 0002 100000 0003 100000
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Fig. 6. Histology of testis. (A) Resting stage: cross section of
recovering testis containing nutritive phagocytes (NP)
and lumen (LM). (B) Growing stage: columns of spe-
rmatocytes project centrally in growing testis. (C) Pre-
mature stage : premature testis with spermatozoa (S)
in center and nutritive phagocytes around periphery.
(D) Mature stage: mature testis filled with spermato-
zoa and largely devoid of nutritive tissue. (Eg Partly
spawned stage: partly spawned testis with spaces vaca-
ted by spawned spermatozoa. (F) Spent stage: spent
testis appear to be devoid of content, although relict
spermatozoa may be present.

FUAEE BFHLL Fig 7-BE 19983 4ol A3 d MA Y
w22, 27142 A X (early vitellogenic oocyte, EV)7} B3 =0,
Z71GRA XY AAL HF 137 ymelt}. Fig. 7-CE 1998 6Y
zo AJY AAY AH22, AEA7Y 2 D A (vitel-
logenic oocyte, VO)& X3t Qlon, ¥el A7l A% 262 yum
Axolct, o of, F W] & (nuclear, N)o| #&=n A47|9
Hla A ¢ Z7]e F oo o] Sl &G g AT AFR
t}. Fig. 7-DE 45719 @42 g45¢ ¢& X312 Q. g%
3 2 (ova, 0)d A%L i 381 ym FEolth, Fig. 7-E& 4&
719 FHAYRA 4R Axz, Ay ¥ de] FA9
A, wEe o W Fho] BFAL Fig 7-FE 199949 1
Lo Y AAY FAr2 2RI GASE BAZFT Yol
ZE GRAX (relict ova, RO)7F FEEH 42 JYHEE A9
i 2gel A9 Hlolgle Adejolt

Fig. 82 9 dgol J4ste 7oA 4A ) Ade) wg 4
A& AZE Ugd adold. R AS 114954 38974 A
A9 dds9 AAle FA719 4428 TFEL ARor, 4~
SE Aol AA7E AN 7¥97A A& FHALEAY

Fig. 7. Histology of ovaries. (A) Resting stage: cross section
of recovering ovary containing extensions of nutritive
phagocytes (NP) project into lumen (LM); small pre-
vitellogenic oocytes (PO) occur along ovary wall. (B)
Growing stage: growing ovary with early vitellogenic
oocytes (EV). (C) Premature stage: premature ovary
(0) with oocytes at all stages of development and nut-
ritive phagocytes surround rvitellogenic oocytes (VO).
(D) Mature stage: mature ovary packed with ova, nut-
ritive phagocytes are reduced to a thin layer along as-
cinal wall. (N: nuclear) (E) Partly spawned stage: par-
tly spawned ovary with loosely packed ova and a pau-
city of nutritive material, and the spaces vacated by
spawned ova. (F) Spent stage: spent ovary largely de-
void of ova and nutritive phagocytes; all vitellogenic
oocytes and relict ova will be resorbed.

A A7) 8~1044) 4718 Rgon, BAL 109744 ALE
Ao FHEY, FYALRAY GAx AT FAS 4449
AZH d2RdE 2e Aoz AsdY. ¢A9 A$ 1048y
39AA A&7 FAZA dden 44719 gL 3~5974
FREAT. AF L 5~79 Alolo] FAHJoH d5dy wh
# AA7L 7~88) SFHGT SRS vlZA] 1084 AL ¢
A FEAYR AN e F9A AA7F B2HA gt
Shin and Rho (1996)= AF A4 AdeA Add FHAY
AL AAAN7E 687402 B vt ok B dFAFQ §
gagtdM AFE AT A4 EAEH, )52 7~8434
Aed g FAV EEE vF & o FEALGAY A3
A7le AYdl wet gda Zolrt do, AFEY B 6~897%
o2 394, sand dollarF 9 A7 £33 99 g} o
£d), Vernon et al. (1993)2 WA AAHAF Clypeaster ravenelii
o) 7L 29T Ao Addn BuIgz, $8 e @l
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Fig. 8. Frequency distribution of reproductive stage of male and female sand dollar, A. manni.

gz X33 e FYEARA BadAY FZAVE 6~10
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