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The study of the Boring Organs in Oyster Drill
Thais clavigera Kiister(Gastropoda: Muricidae)

C. F. Lo, C. H. Wang, F. Huber and C. C. Shen

Abstract

The proboscis and accessory boring organ of the oyster drill, Thais clavigera
Kiister, were studied histologically. Its radula and the borehole on the shell of
its prey, Crassostrea gigas were observed with the scanning electron microscope.
It is suggested that the boring process involves a chemical phase followed by a
mechanical phase. The functional morphology and these organs were discussed.

% B

#4E (Crassostrea gigas) RALRBEEFEBNERS — - RERZWECH4L » ERBE
ZHE LD o HRRER B AT » Carriker (1955) WS BB EREHEE » 25 R &
BENBEBRRYERRENEZSFREREEZHHSSHE » mEHE SR SE5RE » Hibne
EEERGAZBEREE - 7 LIREMRASEE® o Hwang and Huang (1971) o BFHRERE
Brim iR BREELIBE IR B H 2 E = o Hu et al (1977) XKLin and Hsu (1979) BIE Bt &R
FR o P EEREEEE  DIBAEIRZ HABE®? o Carriker and Chauncey (1972) %
ERE R (Urosalpinx cinerea) ZHFLEHE: » B ykE B8 (Carbonic anhydrase) ST A
B EEMBHBEOHRTEEERBIET  c ERATE AR SIIELE A2 BRI 5 E
8/ » K » Polystream » L%k » REHFHEE ~ HAEHD ~ IEFR N RS » BEBHIRLE
s AREZFERRERZER 2 o IR Z AT AR EMIE » ERTAARILIEES o HIERME
ERAT—RAR R RHEF (Calcium Carbonate) %19 » TMIE T SEFLIEEMBER » LIEHE
BEAZER o # Carriker and Van Zandt (1972) Z#¥ » MIERATRAETE » EHEHS
(Mechanical phase) F1{t23\ (Chemical phase) “EZLEEST » RERZEIL - FhEyR
(Proboscis) HFLMHA » MALBHIFREER “2 o Carriker et al (1974) IRBIFEE B i
(Slow-motion picture photography) FEEHFLZERSHEEYEA » 8F (Radula) rmaz
fERY® o Carriker et al (1978 a) FCarriker and Williams (1978) LUFZRREHZ BT R i
B2 AR U. cinerea Hi{LETRNETLE: » BRBRA IR R AR R A 2 BTLERBh 28

W AZBL Y% Fu Jen Catholic University, Biology Department, Taipei, Taiwan



— 65 —

% (Accessory boring organ) KA TAMA AR FERWRMPIY o

HREEAEERTE Y HAEENERAE LR » 2T ARAS A Z R T R
H o HRSEHEZEE o ANEIENXERBHABTEARHARE FIHEZAR Thais
clavigera ZBTLIE » MERBIHDETH—BHEE  LURHRABETERSREAERANL
#rE > RRLENETHAUYREERZYE  LREE—SPRELSE « ENARMILET
MR R (G R i B 2 R » AU 3 BRSO o

HHERFIZ

ii8 (Thais clavigera Kiister) HREFHAREILHERME o REZIRKREBWZTHET
T RE o

L | MR S TR I S o ST » EREBEESE TRRRRL
BE o B—FEATEEURZESERE  FUTZVHIABA Zenker REEHTEE » HiLR
AEELEE > SRE Tum ZHORETEN - AR (Hematoxylin) R fF4L (Eosin) Z
&% D—Rt RS RRL R o

2T RS | ERAEAAT  AUBKARNRETRT » BRIOZERLsHmgT N
#1044 LRI R W » IS IR A LA BRI REEA R (Stub) b » FEZERAHR—R » BURZ
s pmEAk LI RS HES  WRRHRBTERHS (SM-15) RRe

3BT SRS 2 B REZ TR R B MR —EA R MAI0ERRS
SIBRIOERFEH S » SHINA 3 SIS - RRURTEHITERAK - —ERRLBMEE R » 8
R E T MEHRETEASER (BARER2A) ©

ABTLEREE S s © RS » R E PR IR 2 mmaghs o DT REE
B T A BT R 2 e SRSV o BH - BT AMMENRE - &
TR ARG — LGS T » BR Zenker REEWHEREY » B Tum ZREFT - LU
DEREBRLBRY o

sS4 eEEY 2227l (borehole) #iZE 1 WERTLZHMERLIMIEGER 5 mm 25 - AFEEK
pE—R » HEREA TN o ZHEA 60°C BAENER=X » MREXRFRE LHRUIE
o EILUF R T EAG (ISM-15) B o

& F

(s732 Thais clavigera Kister 23+7% & (la,1b)

g T. clavigera Bty R (Gastropoda) 2Rl (Muricidae) HERZEHEY
) BED 13,985 (FH2.8485) + BHIE 1.46 E 2.20 A% (FH 183845 o REER 1R
(Spire) WEZEN T o B (Body Whorl) AR ERSENZBIVIRN - ABEZH T :?;%"
SR ETHE  MESRENE/ N BNE - EREUBNREREE - RERERKAE
BAEAEL o AEY (Operculum) ERFBEEREE - AOKRIE (Outer lip) I’WJEE‘E}@
A » HETS2BAE o BIEES EEERUZEEEEEREE o /8 AL Z ik -
TR HI4E o NEERBIHK -

O 4 &% & (Odontophore) 2 #:&
W9 S AR T2 B AL GRS T2y - RERIZE X/ ITR » F5i10



4mm o FREGEERAY (Proboscis sheath) s BFARBILE L[ H o W2 PIEEE » A7
RAEREE (Buccal cavity) » W~ AEMAYEE S o RAETH » ORBBHEAEE » S—F8k
FRME o R ETEHWE  BEAENTREEE (2 2) M2 afir » Biidius—
FELIE o MIEELR—ERE (sulcus) BIHAIMAYR—EEM® (Radular sac) BRkEFIEHSE
ZHERES ﬁl%&i’;’%ﬂﬁﬂl"%ﬁr PR REAESCRAMIA TR ARE c iERE 1.15 1. 4mmﬁ
1.95% 2.60mm » 5 —# &V 300~349 ZEFIHE o —ﬂ%ﬁﬁ;@%ZEﬁ&ﬁ%{lﬂ%ﬁde\ﬁﬁi@m °
T. clavigera ZHRRB=HFIRX 1 +R+ 1 R » FEIEA—Fchigy (Rachidian) Bmzlmsss
(Marginal teeth) rFRZfE#E91%E156um » rRI g S o g (Intermediate groove) £519.5
Z 26um 37 o N ERGRT R B TR 2REN » MR EERE » 2SS HahRe nTiELeh
Rfh b o T H 2 BN REEIEIEEES o BEBEERERE T RERNSHAESEETY
P (Odontophoral Musculature) REKEELEEZERTHERE (H2b) o mEIAEHET
Z I TR SEIR R ERA » AT LY A IR TR B 2 M 25T o
VBEENA » SBAK (Cuticle) REMBEBER  XESBHEER (B3 - 4 - 5) °
G EEREROL PERERE  HEST YRS (B4) o
B%T o#kpall (Buccal Musculature) fE R EBEMUEES 2B » BESREEZ—BEK

(Odontophoral membrane) ZEEERZ ARIHENEAEES « BB ETARTEEZE
+ (E4) » EFEZAEHER TR » BEEYNEEY S 05 B ARITEMS » B8 0 ©800um
Z AL EENE TR A200umE » XAHEH400um o B 5 Byl B2 S EigE » aEE TS s
IR EEEE (Odontophoral cartilage) 2 b » b2 @B MR REH o X » O
RERENFDEEAK  RAROE TREENEZAKEE o ELTEFEETREORIES
' BREERE o

EEExhmit

B7~URT. cavigerati B2 FHNEFEBEE » MRS TIEZ84%% (Marginal teeth)

EEER AT F i (Rachidian) 2R o spoigis » A— e (Central cusp) R{EMIEE
(Lateral cusp) Zmi{E#k#iE (Marginal cusp) o Hit» 7. clavigera 2 REBALHE (B
8) o XEIERMBF » MEnEENATEIGEZ—4 » HRBIBRSE o flEEpRALEA % BN
5 (denticles) (9D o EgEEMEEZMA—KHP/ & (medial denticle) HIEERM
LR o iR Ee 2 FAIA 5 ~ 7 @4\ (Marginal cusp) » Foop A RO I R e 7Y
A E AT ES R » T A AMEAE L B A/ BN BN » AR —
PMERME (B9 ~10) o AEENHZEREERIATBERAA » LERE » TERSNTYR
ERE HEREER » BNESEESEES (I o

8L mEEZEL

ARISRFLZ IR S > DR ETEASERE F%ﬁﬁﬁﬁiZ%ﬁrﬁ’\ﬁ*ﬂ{ﬁ%ﬂ@E*ﬂ%
REPUET (125 13) o BRZASERLEERNHR TEME 2T EERET o PREZ TG
BR—HEMNTE » FELEFSHERER » BARERHREZEE (B13) o Rmgreasries
s EERITEBEREHIER » TIIRFRIENEE -

ERFREZ PG » /NERSNEIRER o Foeh (i R i S BRSNS TR » T ~
SHNERREEITRITIIE Y o

ESRERT B4 RepREzEEE RN EEZ BT ENEENTA— » TBRXwmiEE [
IR Z REZERD o



— 67 —

HEALBYEEZHRR

SIS E AR R R 0 BB AT 2 mmigiE o FREHERREEZILES
ERIBR ST ERERERT GF L (B14) o fhZBTMBIEE RS E PN
MEER—WE o PILBYEE A RSB ATAER o B2 T BB REZERNR
0.8 mmo

REBIRERE ﬁ?LﬁEﬁ%‘%ZEﬂhﬁﬁﬁ%‘%ﬁ%Zt&?ﬂﬁ@%@éﬁﬁ%%ﬁﬂﬁ (Secretory epithel-
jum) A RERER o KBS MREEEERHEE (Microvill) #ESHRRERIR T £ R A
s 128.24pmE o ([ELS) o

W@ 15FF » WEEEZ B (Pedal epithelium) B L EHHA Y (Hematoxylin)
s e 2 SR (Mucussecreting epithelium) » ZEStFLE) B2 IR R TR AR 60 L 5 48

R4 HERE T o
NSRBI BTSSR REIEE

%%%Zﬁ——@%éﬁﬂ‘%%é’ﬂ?ﬂ%.t%ﬁﬁ%%—@%ﬁﬂﬁ%%%”ET 2oty (EL6) o BRTUD
PEASEZ SRES » FERSBRERUELRR (17~ 18~ 20) o FEA MW RITEAILTT » 1L
R E IR R R G R AR CENs B A Ry R E R WY AR
o 20T RS S E FLEE Rk Z et 5 Ub ) HABMARMIER AR T BB R
SEERYERZENN THERA ERLER E YRR SEE A BRI E Lz e

s

A TR TR » FHREIZERBEATIE Purpura clavigera®?? Drupa
marginadaft Thais tumulosa®® o AEBFTREGTELE Z IR o IR R G R
B S Thais clavigera Kister o E (| HEZ Mg EA B AR » T Drupe BRABEAED »
BT EES Drupa B o X » Purpura Bz —pmmg Thas X » BIRERE 2 b EE/NT
JREAEE » B Thais i o BBz AR ER Thas FEEHALE © Hik Hyman (1967) B
Purpura [BEE T (Hypobranchial gland) » @45 WeErtak (Purple dye) WE%LE  BE

AR RABTTRRER s TAAIIE/R Bt o Rzt o AiFE T RO ERNEBBAEK
a5 o jFeeskEE Kira (1964) By Thais clavigera Kuster 522—3% o
B Wu (1965) » HESEERERREEEVBZRET DEEEREETCVERENR
s BERRZMREEE R M HYEEERGT o AEBRAREHIETEGBET. clavigera Z
wERE BENRARNEERERRERD FAREHBM Carriker (1975) i RIEH &S
as, Wu (1965 MEUSEECEETRSRPBEESE (B4 s R SR 2 oy SERUR
3 s I Purpura$i Thais ZehdeIEE AL @E@&%EZEF;‘?&?E@L%E%EWE s B
B EMEZNE BEEEEmRIE KR »

BE Fr A& EENETLSEARE WEIE MR B R — o LR I A S AT o DU 2 8
SEETSEGEZEERE B o) b S i S v e BRI RERR REiaRZ » SMNEBERZ &
AP/ NS ST 52 R B TR HEEERERMEE o EELERECTIERSRIE T EEZITLER
i e gs RIS 0l 2 @%ﬁ%%ﬂ@&%ﬁﬁ%?ﬁﬁiﬁZ%ﬁ%T s REER S R ELNE 0 B
ARZIRIBY R ZFWHEE B AT 4725 o Carriker and Van Zandt (1972)» #E
EREEIEEE b2 RER AR T B 7 /D BT RN (strontium)  £% (magnesium) 7

E!_lLI



— 68 —

(Boron) B (Silicon) # (iron) » 8 (Zinc) BHERBTEW o [fij Carriker et al (1978b)
UgTzarmpny RRS BRI ER 2 7% » ERETLH ~ SRPHRY A RS S0y z&
B BT SRSy RE s, WRERZ AR E RN ARy E AR o

BEER BRI R ZBRES » HBRAEMER Y EaER EEoRE s SErgT:
53] (Chelat_ing substances) & o BEHMAL EE%%E@&%EEE&?&%%‘JZ&%&ﬁﬁ
/RNBiE o Carriker and Willians (1978) ?EH&'%ﬂﬂﬂ%Z%?L%@%Zﬁiﬁi&Eﬁ%iﬁm*ﬁl8~
4.1 RUAIRS.2) » amErrE - ME&RELE (Cytochrome oxidase) » RRNBRER

(Succinate dehydrogenase) &gig » ANBREENET ~ FHT SHETRBEBEZ 58T R
F o B EMMBEAREL S EREZ AR » HA RS ARMBZ AR ENER o TR
ﬁ@ﬁﬁZY?%'ﬂﬁEEﬂﬁ%ﬁ%ﬁ%ﬁZ@f&ﬁﬁﬁ » MBI rh o ) B R B A TR 2 T8 o
R 2 RABHM A S IE RS ®YE » MFE—H 2T o

1 B

BIRBZITIE Thais clavigera Kuster BREREAREL B Crassostrea gigas » ERA
W Z BRI R » DIEmNEERSC B o

7&5{1;(%%K%ﬁﬁ%?ﬁﬁﬁﬁ%ﬁmﬁzw%B&%E?Lﬁ%%%’é’%ﬁﬂ%%’é’ ' WBRERBER
BB ER LR o

T. clovigera Z@REB 1 +R+1 EIA—SIhRER TS » RS HGR » B
B 0 s B i o B NI 2 G ER o BRI BRR N R EE Ry
NHEXE » B 5 b M - BEST WA B B A A 48R L2 7L o BB EARNBTFHEAEAE
i %?Lﬁﬁb?%Zﬁ?ﬁ%ﬂﬁﬁﬁ*ﬁZ@%@f@%%ﬁfﬁZﬁﬁé%E%ﬁ » BABCIKEE S5 B2 ok

-]

AVRRBR G REBLISR » BB o ERE TR HERB AR TEE e
ABDARBEMNE  BRBBDEHAY » IR o

2 £ X m

1. Kou, H. (1964). Investigation on Taiwan edible shellfish. Spec. Rept. JCRR.
38: 99, .

2. Hwang, Y. W. and S. C. HUANG. (1971). Biology and control of the
Taiwan oyster drill. China Medical College Annual Bull. V. 2: 1-44.

3. Hu, S. H., P. F. LING and C. C. WANG. (1977). Radular, boring and food
searching of oyster drill Purpura clavigera. Bull. Tai. Fish, Res. Inst. No. 29.
‘Oct. 1977.

4. Lin, Y. S. and C. J. HSU. (1979). Feeding, reproduction and distribution of
oyster drill Purpura clavigera (Kiister). Bull. Inst. Zool., Acadenua Sinica 18

(1): 21-27.
5. Chu, S. H. (1979). Observation on the control of oyster drill Purpura clavigera



10.

11.

12.

13.

14.

15.
16.
17.
18.

19.

— 69 —

using the crude leaf extract on Nervium indicum Mill. Natl. Sci. Counc.
Monthly. KOC. 7 (11): 1115-1126.

Carriker, M. R. (1955). Critical review of biology and control of oyster
drills Urosalpinx and Eupleura. Spec. Sci. Rep. Fish. 143: 1-150.

Carriker, M. R. and H. H. Chauncey. (1972). Effect of carbonic
anhydrase inhibitor on shell penetration by the muricid gastropod Urosalpinx
cinerea. Malacologia 12 (2): 247-263.

Watabe, N. (1965).Studies on shell formation XI. Crystal-Matrix relationships
in the inner layers of mollusk shells. J. Ultrastructure Res. 12: 351-370.
Travis, D. F., J. F. Camilie., C. B. LAURENCE. and J. G. MELVIN.
(1967). Comparative studies of the organic matrices of invertebrate mineralized
tissues. J. Ultrastructure Res. 18: 519-550.

Travis, D. F. (1968). The struture and organization of, and the relationship
between, the inorganic crystals and the organic matrix of the prismatic region
of Mytilus edulis. J. Ultrastructure. Res. 23. 183-215.

Carriker, M. R. and D. Vanzandt. (1972). Predatory behavior of a
shell-boring muricid gastropod. Chapter 5, in H. E. WINN and B. L. OLLA,
Ed., Behavior of Marine Animals: Current Perspectives in Research, Vol. 1,
Invertebrates, Plenum Press, N. Y., p. 157-244.

Carriker, M. R., J. G. Schaadt, and V. PETERS. (1974). Analysis by show
motion picture photography and scanning electron microscopy of Radular function
in Urosalpinx cinerea during shell penetration (Muricidae, Gastropoda). Mar.
Biol. 25: 63-76.

Carriker, M. R., L. G. Williams, and D. Vanzandt. (1978 a). Preliminary
characterization of the secretion of the accessory boring organ of the shell-
penetrating muricid gastropod Urosalpinx cinerea. Malacologia 17: 125~ 156.
Carriker, M.- R., and L. G. Williams. (1978). The chemical mechanism of
shell dissolution by predatory boring gastropods: an hypothesis. Malacologia
17: 143-156 ‘ -

Hyman (1967). The invertebrates. Mollusca I. Vol. VI McGraw Hill.

Kira, T. (1964). Coloured illustrations of the shells of Japan. Hoikusha.
Wu, S. (1965). Studies of the radulae of Taiwan muricid gastropods. Bull.
Inst. Zool, Academia Sinica 4: 95-106.

Carriker, M. R. (1975).Radular anomaly in Urosalpinx cinerea (Gastropoda:
Muricidae). Nautilus. 89: 91-94.

Carriker, M. R., D, Vanzandt, and T. J. Grat. (1978b). Penetration of
molluscan and non-molluscan minerals by the boring gastropod Urosalpinx
cinerea. Biol. Bull. 155: 511-526.



Fig. 1. Two views of the shell of Thais clavigera Kuster.
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Fig. 2. The proboscis of 7. clavigera, showing the structure of the odontophore.
a. Dordal view, with wall of b. Dordal view, with odonto-

proboscis removed. phoral membrane removed.

M : Muscle

O : Odontophore

Oc: Odontophore cartilage

R : Radula

Rs: Radular sac
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Fig. 3. A longitudinal section through odontophoral cartilage.

Fig. 5. A cross section through Fig. 6. High magnification of odo-
the middle of proboscis. ntophoral carlilage.

Figs. 3-6. Light micrographs of the proboscis of T. clavigera, showing
the structure of odontophore.

BC : Buccal cavity OM : Odontophoral musculature
BM : Buccal musculature OMe : Odontophoral membrane
E : Esophagus. PI : Proboscis integument

M : Mouth R : Radula

(0] : Odontophore RS : Radularsac

OC : Odontophoral cartilage S : Sulcus



Figs. 7-9. Scanning electron micrographs of radula
of T. clavigera.

Fig. 7 A small pqrtion of radula showing one
central row of rachidian teeth and two

rows of marginal teeth,
L PRV TR) _ Jie s ppe—m— mmN

Fig. 9. Lateral view of rachidian teeth.
AMA : Anterior marginal angle.
CC : Central cusp MT : Marginal tooth -
LC : Lateral cusp PMA : Posterior marginal angle
LD : Lateral denticle RM : Radular membrane

MC :Marginalcusp RT : Rachidian tooth
MD : Medial denticle




Figs. 10-11. Scanning electron micrographs of radula, showing

the

rachidian teeth of posterior part (Fig. 10),

and anterior part (Fig. 11).

CcC
LC
LD

: Central cusp MC : Marginal cusp
: Lateral cusp MD : Marginal denticle
: Lateral denticle
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Figs. 12-13. Scanning electron micrographs of radula of T.
clavigera after boring.

Fig, 12. The worn-out portion of radula, showing the trunca-
tion of cusps.

Fig. 13. Higher magnification of worn-out central and lateral
rachidian cusps.
CC : Central cusp MC : Marginal cusp
LC : Lateral cusp MD : Medial cusp
LD : Lateral denticle MT : Marginal tooth
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Fig. 14. Light micrograph of the foot of T. clavigera, showing
the extruded accessory boring organ on the anterior
midventral region.

ABO : Accessory boring organ

Fig. 15. Light micrograph of the section of the foot, showing
the structure of the accessory boring organ.
ABO : Accessory boring organ.
AS : ABOsinus. S : Stalk epithelium.
PE : Pedal epithelium. SE : Secretory epithelium.
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Fig. 16. Scanning electron micrograph of a complete borehole
in the shell of the oyster, Crassostrea gigas.

Fig. 17. Higher magnification of borehole, showing the secre-
tion coat on the borehole surface. The arrow indicates
some of the secretion coat curled away from the
surface of the borehole.



Figs. 18-20. Scanning electron micrographs of the sides of the
___borehole.

Fig. 18. Some of the thick secretion coat was removed during
sample preparation.

M o TR S o N

Fig. 19. Higher magnification of uncovered area, showing the
loosened prisms of the shell. . .

one side adjacent to the shell.
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