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Abstract:  The extent and infl uence of imposex in the neptune whelk, Neptunea arthritica, in 
Saroma Lagoon, northeastern Hokkaido, were investigated from 1997 until 2001 (excluding 2000), 
based on three criteria: relative penis size index (RPSI), frequency of imposex, and sex ratio 
(male/female). The condition of imposex in female whelks in the lagoon turned into better year 
by year. The RPSI value of 13.7 in 1997, declined every year, and dropped very low to 0.1 in 2001. 
The frequency of imposex in adult whelks was 100% in both 1997 and 1998, but lowered to 76.9% 
in 1999 and 50.0% in 2001. The sex ratio in the adults was very high with values of more than 2.0 
in 1997 and 1998. However, subsequently it sharply decreased to 1.62 in 1999, and furthermore to 
0.81 in 2001. From these results, it was considered that the neptune whelks in Saroma Lagoon have 
recovered from imposex. In addition, based on the yearly change in penis index (PI) distribution, 
the relation between shell height and penis weight, and simple anatomical observations on repro-
ductive organs and digestive gland in female whelks, it was supposed that individuals suffered from 
imposex might recover at a very slow rate.
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The neptune whelk Neptunea arthritica, a large-
sized gastropod of the family Buccinidae, is 
distributed on the muddy sand bottom and 
in the rocky shore from the upper sublittoral 
zone down to a depth of a few 10 meters along 
Tohoku, Hokkaido, Sakhalin, and other coast-
lines. This species was one of the important 
commercial fi sheries from the inshore waters of 
Hokkaido until the 1960s. However, the whelk 
population in some embayments decreased due 
to overfi shing in the 1970s, and in the 1980s the 
whelk fi shery in many embayments was sub-
jected to crushing damage by TBT (tributyltin)-
based antifouling paints used on boat hulls and 
fi sh-pen nets1).

In Japan, the use of TBT-based antifouling 
paints on boats less than 25 m in length and fi sh-
pen nets was prohibited in 1990. After about 
10 years from the prohibition, Fujinaga and 
Nakao2) reported that the relative penis size 
index (RPSI) of the neptune whelk in Usu Cove, 
Hokkaido, had drastically declined, and sug-

gested that female whelks in this cove possibly 
recovered from imposex. But, even at present, 
the whelk fi shery has not resumed in many 
embayments, including Usu Cove, and an action 
to restore the whelk population is not yet set 
about. This could be attributed to the percep-
tion that the whelk still does not recover from 
imposex, because it takes a long time for the 
whelk population to restore.

The recovery of the neptune whelks from 
imposex in an embayment could be assessed by 
comparing the present extent of imposex with 
the worst state before and just after the restric-
tion of the use of TBT compounds3-7). However, 
in  Hokkaido  such comparison seems to  be 
impossible because there are no available data 
before the restriction except for Usu Cove2). 
Instead, we considered an alternative method to 
determine the recovery of the whelks by moni-
toring continuously RPSI, frequency of imposex 
and sex ratio over several years, and from the 
changes in the values obtained. The objective 
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of the present study is to evaluate the condition 
of imposex of the neptune whelk from Saroma 
Lagoon based on RPSI, frequency of imposex 
and sex ratio in 5 years and examine the pos-
sibility if female whelks suffered from imposex 
might recover from it in terms of annual change 
in penis index (PI) distribution, the relation 
between shell height and penis weight, and ana-
tomical observations on reproductive organs 
and digestive gland.

Materials and Methods

Collection and measurement of neptune whelks
Neptune whelk samples were collected from 

Saroma Lagoon located in the northeastern 
Hokkaido (Fig. 1) from 1997 until 2001 exclud-
ing 2000. Saroma lagoon is a closed embayment 
with two inlets (a wider one in the western part 
and a narrower one in the eastern part), which 
serve as entrance and  exit  of  the water from 
Okhotsk  Sea.  Whelks  were  collected  every 
summer, and the collection methods differed 
from year to year. Whelks were handpicked in 
shallow waters near the beach in 1997, by scal-
lop dredge in 1998, by shrimp cage in 1999, and 
by SCUBA diving in 2001. The size of whelks 
collected differed among the collection meth-
ods. In 1997 and 1998 only large-sized whelks 

were obtained,  and particularly  in  1998 the 
whelks were restricted to big ones larger than 
75 mm in shell height. In 1999 and 2001, small-
sized whelks were also collected and the shell 
height of whelks collected ranged from 35 mm 
to 95 mm.

The shell height of the neptune whelk was 
measured to the nearest 0.05 mm with a ver-
nier caliper. The soft body tissue was extracted 
by breaking the shell, and its wet weight was 
weighed to the nearest 0.01 g. If a penis was 
found behind the right tentacle, it was cut off 
from the junction part and also weighed. The 
sex of the whelk was differentiated based on 
the presence or absence of the penis, and fur-
ther decided based on the penis size, the pres-
ence of capsule and albumin glands, and the 
colour of the gonads.

Assessment of the condition of imposex
The extent and infl uence of imposex in nep-

tune whelks were assessed based on three cri-
teria: RPSI, frequency of imposex, and sex ratio 
(male/female). Furthermore, in female whelks, 
simple anatomical observations on the appear-
ances of gonads, digestive gland, capsule and 
albumin glands were conducted.

The neptune whelk continues to grow after 
reaching its  sexual  maturity  and male penis 
weight increases almost linearly with the soft 
body weight2).  RPSI of  the whelk in Saroma 
Lagoon was calculated based on the following 
equation, conforming to Fujinaga and Nakao2).

RPSI (%) = {(Mean PI in females)/(Mean PI in 
males)}× 100

where, PI is obtained by the next equation.

PI (%) = {(Penis weight)/(Soft body weight)}
× 100

Size at sexual maturity
The size at sexual maturity of the neptune 

whelk in Saroma Lagoon was assumed to be 
50 mm shell height in males and 60 mm shell 
height in females, based on the maturity sizes 
in Usu Cove8).

Fig. 1. Map of Hokkaido showing the place (●) where 
the neptune whelk Neptunea arthritica was collected.

Sea of
　　Okhotsk
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Results

RPSI, frequency, and sex ratio
From 1997 to 2001, the condition of imposex 

of neptune whelks in Saroma Lagoon turned 
into better year by year (Table 1).

The RPSI value in the adult whelks, which 
was 13.7 in 1997 decreased every year with a 
very low one (0.1) in 2001. On the other hand, 
the RPSI value of the immature whelks in 1999 
and 2001, when immature whelks were cap-
tured, was 0.

The frequency of imposex in adult whelks in 
both 1997 and 1998 was 100%, but thereafter it 
decreased to 76.9% in 1999 and to 50.0% in 2001. 
The frequency in immature whelks was 36.4% in 
2001, lower than the adult whelks.

The annual change in sex ratio in adult whelks 
followed a decreasing trend similar to that of the 
frequency of imposex. The sex ratio was very 
high with values of more than 2.0 in 1997 and 
1998. But, subsequently it sharply decreased to 
1.62 in 1999, and furthermore to 0.81 in 2001.

Table 1. Measurements of imposex and sex ratio (male/female) 
of adult Neptunea arthritica in Saroma Lagoon during 
1997 to 2001. Numerals in parentheses represent meas-
urements in immature whelks

 Measure 1997 1998 1999  2001

 RPSI 13.7 9.7 6.3( 0 ) 0.1( 0 )
 Frequency (%) 100.0 100.0 76.9(50.0) 50.0(36.4)
 Sex ratio 2.20 2.14 1.62 0.81
 n 16 44 34( 2 ) 47(18 )

Fig. 2. Frequency distribution of penis index in female Neptunea arthritica from Saroma Lagoon 
during 1997 to 2001.
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PI, relation between shell height and penis weight, 
and anatomical observations

The mean in PI decreased yearly, and the 
mode also shifted towards lower values (Fig. 2). 
In 1997 the PI values in most of females were 
between 0.50 and 0.75 (the mean: 0.590). But, 
in 1999 most of values were less than 0.25 (the 
mean: 0.198), and in 2001 the PI values were 
lower than 0.25 (the mean: 0.003) with only one 
female whelk whose penis weight was not zero.

The relation between shell height and penis 
weight was elucidated from the data of alternat-
ing years (1997, 1999 and 2001) because during 
these years, there was a gradual decrease in the 
RPSI values. The data in 1998 were excluded 
because of the bias in shell height of the female 
whelks (more than 80 mm in shell height) col-
lected using scallop dredge. The female penis 
weight increased with the shell height in both 
1997 and 1999 (Fig. 3).  However,  the  penis 
weight decreased with year and the maximum 
weight in 2001 was below the minimum weight 
observed in 1997.

The simple anatomical observations of the 
colour of the ovary and digestive gland, and 
the size of capsule and albumin glands, showed 
that female whelks with abnormal reproductive 

organs and digestive glands decreased year by 
year. In 1997 and 1998 almost all female whelks 
had abnormalities, like the colour of the ovary 
was different from the normal one (a little pale 
ocher), the digestive gland was partially differ-
ent from the normal dark brown (or pale dark 
brown), and the individual with a small capsule 
gland without an albumin gland. But, in 1999 
the proportion of whelks with the abnormalities 
decreased sharply. In 2001, only 2 (7.7%) of 26 
female whelks had the abnormalities, and one 
of the two showed an improving impression.

Discussion

RPSI, frequency, and sex ratio
In the fi ve-year study,  the changes in the 

RPSI value, the frequency of imposex, and the 
sex ratio were monitored to assess whether the 
neptune whelks in Saroma Lagoon are recover-
ing from imposex or not. During the investiga-
tion period, the extent and infl uence of imposex 
in female whelks reduced every year, and the 
adult whelks gave the RPSI value of 0.1, the 
frequency of 50.0%, and the sex ratio of 0.81 in 
2001. The anatomical observations on ovary, 
capsule  gland,  albumin gland,  and digestive 

Fig. 3. Decrease of penis weight in female Neptunea arthritica with time. ▲ : 1997, ○ : 1999, ● : 2001.
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gland also revealed that  female whelks with 
abnormalities in the colour and size of these 
organs were very few (7.7%) in 2001. Although 
the sensitivity to the effects of TBT exposure is 
much greater in the immature whelk than in the 
adult9,10), immature whelks showed a zero RPSI 
value and a frequency of 36.4%, which were 
lower compared to adult whelks. From these 
results, it is considered that the neptune whelks 
in Saroma Lagoon has recovered from imposex.

PI, relation between shell height and penis weight, 
and anatomical observations

Although Saroma Lagoon is a closed embay-
ment with two small inlets and the number of 
adult whelks migrating from the open sea to the 
lagoon is likely to be very low, the RPSI value 
in the adult whelk steadily diminished during 
the investigation period. In the present study, 
its decrease was examined in terms of annual 
changes in PI distribution and penis weight, 
and anatomical observations on reproductive 
organs and digestive gland. The PI values that 
most female whelks exhibited between 0.50 
and 0.75 in 1997 decreased yearly and in 2001 
all female whelks other than an individual had 
zero weight value. The relation between shell 
height and penis weight in female whelks 
obser ved in 1997 and 1999, disappeared in 
2001, and the maximum weight in 2001 was 
below the minimum weight observed in 1997. 
In 1997 and 1998 almost all female whelks had 
abnormal reproductive organs and digestive 
gland, but in 2001 only 2 of 26 female whelks 
showed the abnormalities, and one of the two 
showed an improving impression. Causes of 
these changes during the investigation period 
might be attributed to the death of large-sized 
whelks suffered from imposex, and the possible 
recovery of the female whelks at a very slow 
rate. Generally, imposex is considered to be 
irreversible11). Therefore, it is thought that the 
individuals once suffered from imposex would 
not return to their original state, but that a pop-
ulation will recover from it with the reduction 
of TBT contamination12). Up to date, imposex 
is confi rmed in a large number of neogastro-
pods12,13). In the marine environment, muricid 

snails are commonly used as bioindicators of 
TBT contamination6,7,14-17). There is no study on 
the extent of imposex in a long-lived snail in the 
closed embayment such as Saroma Lagoon over 
several years, after the restriction of the use of 
TBT compounds. In long-lived snails like the 
neptune whelk, there seems to exist the pos-
sibility that snails suffered from imposex might 
recover at a very slow rate, which needs to be 
proven by a detailed experiment over a long 
period.

Restoration of the neptune whelk population
In Japan, the use of TBT-based antifouling 

paints were banned in 1990 on boat hulls and 
fi sh-pen nets.  In  1999,  about  10 years  later, 
Fujinaga and Nakao2) suggested that female 
whelks in Usu Cove have possibly recovered 
from imposex based on the drastic decline of 
the RPSI value. Furthermore, in the present 
study based on the data in 2001, it was considered
that the neptune whelk in Saroma Lagoon has 
recovered from imposex. These suggest that 
the whelks in other embayments in Hokkaido 
are also recovering from it. The whelk was once 
one of the main commercial fi sheries from the 
inshore waters in Hokkaido. But, in the 1980s 
the whelk fi shery in many embayments was 
subjected to crushing damage due to the use 
of TBT-based antifouling paint2). At present, 
the whelk fi shery is still suspended in many 
embayments, because it takes a long time for 
the whelk population to restore. Consequently, 
there remains the perception that the whelk is 
not recovering from imposex even now. In the 
future, to eradicate that perception and to set 
about the restoration of the whelk population in 
Hokkaido, it is necessary to investigate the con-
dition of imposex in the whelks in other embay-
ments.

Acknowledgments

We thank Mr. Hiroshi Fujiwara and co-workers
of the Tokoro Fisheries Co-operative Association, 
for offering us the opportunity to study and pro-
viding us neptune whelk samples.



176 K. Fujinaga, A. S. Ilano, and S. Nakao

References

1 ) Fujinaga, K., A. S. Ilano, and S. Nakao (2001): Energy 
budgets in the neptune whelk Neptunea arthritica pop-
ulation in Usu Cove, Funka Bay, Hokkaido. Benthos 
Res., 56(1), 33-42.

2 ) Fujinaga, K. and S. Nakao (1999): A decline in RPS 
index of Neptunea arthritica in Usu Cove. Suisanzo-
shoku, 47(3), 457-458.

3 ) Evans, S. M., A. Hutton, M. A. Kendall, and A. M. 
Samosir (1991): Recovery in populations of dogwhelks 
Nucella lapillus (L.) suffering from imposex. Mar. 
Pollut. Bull., 22(7), 331-333.

4 ) Evans, S. M.,  S. T. Hawkins,  J. Porter,  and  A. M. 
Samosir (1994): Recovery of dogwhelk populations on 
the Isle of Cumbrae, Scotland following legislation lim-
iting the use of TBT as an antifoulant. Mar. Pollut. 
Bull., 28(1), 15-17.

5 ) Evans, S. M.,  P. M. Evans,  and T. Leksono (1996): 
Widespread recovery of dogwhelks, Nucella lapillus 
(L.), from tributyltin contamination in the North Sea 
and Clyde Sea. Mar. Pollut. Bull., 32(3), 263-269.

6 ) Smith, P. J. (1996): Selective decline in imposex levels 
in the dogwhelk Lepsiella scobina following a ban on 
the use of  TBT antifoulants in New Zealand.  Mar. 
Pollut. Bull., 32(4), 362-365.

7 ) Tester, M. and D. Ellis (1995): TBT controls and the 
recovery of whelks from imposex. Mar. Pollut. Bull., 
30(1), 90-91.

8 ) Fujinaga, K. (1985): The reproductive ecology of the 
neptune whelk (Neptunea arthritica Bernardi) popula-
tion, with special reference to the reproductive cycles, 
depositions of egg masses and hatchings of juveniles. 
Bull.  Fac.  Fish.  Hokkaido  Univ.,  36(3),  87-98  (in 
Japanese).

9 ) Gibbs, P. E., P. L. Pascoe, and G. R. Burt (1988): Sex 

change  in  the  female  dog-whelk,  Nucella  lapillus, 
induced by tributyltin from antifouling paints. J. mar. 
biol. Ass. U.K., 68, 715-731.

10) Mensink, B. P.,  J. M. Everaarts,  H. Kralt,  C. C. ten 
Hallers-Tjabbes,  and J. P. Boon (1996):  Tributyltin 
exposure in early life stages induces the development 
of male sexual characteristics in the common whelk, 
Buccinum undatum. Mar. Env. Res., 42(1-4), 151-154.

11) Gibbs, P. E., G. W. Bryan, P. L. Pascoe, and G. R. Burt 
(1987): The use of the dog-whelk, Nucella lapillus, as 
an indicator of tributyltin (TBT) contamination. J. mar. 
biol. Ass. U.K., 67, 507-523.

12) Fioroni, P., J. Oehlmann, and E. Stroben (1991): The 
pseudohermaphroditism of prosobranchs; morpholog-
ical aspects. Zool. Anz., 226, 1-26.

13) Horiguchi, T. (2000): Endocrine disruption in wild ani-
mals, and the chemical responsible for the phenome-
non: molluscs, in “Problems of Endocrine Disruptors 
in Fisheries Environment: Fisheries Science Series 
126” (ed. by the Japanese Society of Fisheries Science), 
KouseishaKouseikaku, pp. 54-72.

14) Bright, D. A. and D. V. Ellis (1990): A comparative 
survey of imposex in northeast Pacifi c neogastropods 
(Prosobranchia) related to tributyltin contamination, 
and choice of a suitable bioindicator. Can. J. Zool., 68, 
1915-1924.

15) Bryan, G. W., P. E. Gibbs, L. G. Hummerstone, and G. 
R. Burt (1986): The decline of the gastropod Nucella 
lapillus around south-west England: evidence for the 
effect of tributyltin from antifouling paints. J. mar. biol. 
Ass. U.K., 66, 611-640.

16) Foale, S. (1993): An evaluation of the potential of gas-
tropod imposex as a bioindicator of tributyltin pollu-
tion in Port Phillip Bay, Victoria. Mar. Pollut. Bull., 
26(10), 546-552.

17) Stewart, C., S. J. de Mora, M. R. L. Jones, and M. C. 
Miller (1992): Imposex in New Zealand neogastro-
pods. Mar. Pollut. Bull., 24(4), 204-209.

サロマ湖に生息するヒメエゾボラのインポセックスからの回復

藤永克昭・Anthony S. Ilano・中尾　繁

　1997年から2001年（2000年を除く）にかけて，北海道の北東部に位置するサロマ湖において，
ヒメエゾボラのインポセックスの程度を，主に出現頻度，相対的陰茎サイズ指数（RPSI）およ
び性比（雄個体/雌個体）の 3つの規準を用いて調査した。サロマ湖に生息するヒメエゾボラの
インポセックスの程度は，年々改善された。 1997年に13.7であった RPSI値は年々低下し，2001
年には0.1と非常に小さな値を示した。成体個体におけるインポセックスの出現頻度は，1997年
および1998年はともに100%であったが，1999年は76.9%，2001年は50.0%に低下した。成体個体
の性比は，1997年と1998年は2.0以上の非常に高い値を示した。しかし，その後急激に減少し，
1999年には1.62，さらに2001年には0.81にまで低下した。以上の結果から，サロマ湖のヒメエゾ
ボラはインポセックスから回復したと判断された。さらに，雌個体における陰茎指数の年変化，
殻高と陰茎重量の関係の年変化および生殖器官と内臓の簡単な解剖学的観察から，非常に緩慢
であるが，ヒメエゾボラのインポセックスは個体レベルにおいても回復する可能性があるよう
に思われた。
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