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Abstract: Organotin compounds, especially tributyltin (TBT), are widely used as biocidal additives in antifouling paints
because of their effectiveness. However, they also cause severe damages to non-target organisms while they kill fouling
organisms. For example, TBT has been reported to induce imposex in gonochoristic gastropods, that is, imposition of male
sexual organs such as penis and vas deferens on female sexual organs. In the present study. we describe anatomical and
histological structures of imposex genital sysytem of Conus betulinus and C. vexillum, and evaluate their imposex and
possibility as an ideal biomonitor in organotin contamination along the Southeast China Sea.

Conus betulinus and Conus vexillum were collected from Naozhou Island of Zhanjiang and Zhapo Fishery Harbor of
Yangjiang in Guangdong in September of 2001 and June and August of 2003. After they were identified to the species, the
samples were narcotized using 7% MgCl, in distilled water, and the salient features of the reproductive system were examined
with a stereomicroscope. The external genital characters (e.g. vas deference and penis) were differentiated with the divisional
system established by Fioroni et al in 1991, and vas deference extension and penis length were measured to the nearest 0.1

mm. The genital tracts of males and imposex females were embedded in paraffin, and serial sections were cut and stained with
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azan. The anatomical and histological photographs were taken with a Zeiss Axicam, and analyzed with the analytic system of
Axio Vision. To evaluate the degree of imposex, the imposex indices such as incidence of imposex (IOI), sex ratio index
(SRI), relative penis size index (RPSI), vas deference sequences index (VDSI), and the percentage of sterile females per
sample (% STER) were calculated by the methods of Gibbs ez a/ in 1987 and Barroso et al in 2002.

All female of Conus were found to be imposex, and 93. 4% imposex individuals were found having penis and vas deference.
The stages of imposex in Conus included Sics Sips Sz Sys S s Ssps Sics and Sg,. Individuals at S;,. Sses and Sg, stage were
sterile due to the occlusion of the opening of the vulva or the split of capsule gland. Based on the imposex stages observed, two
possible evolutional routes of imposex for Conus were suggested: one was S;.—>S 3¢—>S,—>S;,—>S;1,» and the other was S;.—>S,,
—S,—>S;.. In some S;. individuals of C. betulinus sampled in Naozhou Island of Zhanjiang, the capsule gland and genital papilla
were found to be open. In a few of S, of C. betulinus, the vas deference were found to have two types, one with open back-end
and closed forepart, and the other with closed back-end and open forepart.

C. betulinus was found with RPS index of 53. 8%, VDSI of 4.9 and %STER of 44.0% in the samples collected from
Yangjiang in June 2003, and RPS index of 12. 9%, VDSI of 4.1 and %STER of 9. 0% in the samples collected from Naozhou
Island of Zhanjiang in August 2003. Although RPS and %STER of C. betulinus collected from the shallow open sea around
Naozhou Island in September 2001 were only 2. 7% and 0, C. wexillum collected at the same time and same place was found
with a RPS of 14.7% and a %STER of 15.4%. Although IOIs of all sampled populations were all 100% with a sterile rate of
0~44.0% , their SRIs were all larger than 1. 0. These findings indicated that C. betulinus and C. vexillum were all sensitive to
organotin, and could be used as ideal bio-indicators of organotine contamination for low tide and subtidal waters along the
Southeast Coast of China because they shared many favorable characteristics such as big body size, wider distribution, easy
sampling, and diversity in imposex stages and types. When combined with Thais clavigera, an ideal bio-monitoring species for
organotin contamination in tidal zone, a complete and more accurate bio-monitoring system for organotin pollution along the
Southeast Coast of China could be established.
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’ Fig. 2 Characters of male, female and imposex individuals of Conus
Fig.1 General scheme of imposex development in prosobranchs

sppt?]
[reference 9. 24, 25] a Appearance of male individual; b
ac Aborted capsules; cg Capsule gland; gp Appearance of female individual; c
Genital papilla; obe Open bursa Appearance of imposex individual; d Cutaway
comptrax; ocg Open capsule gland; ocv view of male individual; e Cutaway view of
Occlusion of the vulva; p Penis; pd Penis female individual; f Cutaway view of imposex
duct; pr Prostate; te Tentacle; vd Vas individual ; 1 t Testis; 2 k Kidney; 3 pr
deferens; vdp Vas deference passing by the Prostate; 4 p Penis; 5 ov  Ovary;6 ag
vulva; vds Vas deference section; a.b.c 3 Album gland; 7 ig  Ingestion gland; 8 cg
Mean three kinds of imposex; * Capsule gland; 9 ac  Aborted capsules; 10
Means a kind of imposex which vas deferens passes a  Anus; 11 vd  Vas deferens; 12 vo
by the vulva Vaginal opening; 13 ocv  Occlusion of the vulva
Slil) b o
Sic ( ), s
S, , .
Ss s s ¢ 3a),
Ss ) , , ,
N , ¢ 3b),
Sse , , ) .
¢ 3c),
Sep , ) )
C 3d.
S:sh\sxm SX\S{ ~ S;b Ssc; SM\S;;I)‘Sth Sﬁl)( 1)e
D3 Ss , (
3e,); @2 1 S, C 32);® 1 S, , (  3h,1),
2.4
60~78 mm( 2),2001 9 34. 8 mm,
10. 4 mm, RPSI  2.7%, %STE  0,2003 6 8
13.4 mm, 10. 4 mm 6.8 mm,

RPSI 53.8% 12.9%, %STER 44.0% 9.0%.2001 9



2 : 293

Fig. 3 The imposex stages and characters of Conus spp

a Si Sy individual (X6) 5 b Sy, Vas deferenceentering into the genital papilla of S
individual (X 6); ¢ Sse Open capsule gland of S;c individual (X10); d = Sgp

Aborted capsules in the genital cavity of Sg, individual (X6); e f Ss (X12) (X
40)Open genital papilla along the mantle of S individual andits histological section; g S, A open
section of vas deference of S, individual(X20); h,i S, s (X6) (X100) Open back-

end and closed forepart of vas deference of S, individual and its histological section
1 2 Abbreviations see Figs. 1 and 2; dvds Distal vas deferens section; ogp Open genital
papilla; pvds Proximal vas deferens section;  3a.b.c.e.f.g,h,i , 3d The

note means that these photographs come from Conus betulinus. except for the fourth from C. wvexillum

31.1 mm, 16. 4 mm, RPSI  14.7%,
STER  15.4%.,
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