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Jing-Ying Wu, Pei-Jie Meng, Ming-Yie Liu, Yuh-Wen Chiu, and Li-Lian Liu (2010) A high incidence of
imposex in Pomacea apple snails in Taiwan: a decade after triphenyltin was banned. Zoological Studies 49(1):
85-93. The South American apple snails Pomacea canaliculata and P. scalaris were intentionally introduced into
Taiwan in the 1980s. Subsequently, P. canaliculata has become a serious pest to aquatic crops, and triphenyltin
(TPT) was the major control agent. We conducted a nationwide survey on the imposex status of P. canaliculata
and P. scalaris to evaluate the effectiveness of the ban on TPT use in agriculture since 1999. Pomacea
canaliculata was distributed island-wide, but P. scalaris was only distributed in southern Taiwan, sympatrically
with P. canaliculata. The imposex condition was found in snails from all collecting sites of the 2 species.
Based on vas deferens sequence (VDS) indices, P. scalaris and P. canaliculata have the same susceptibility.
Additionally, imposex-affected individuals of P. canaliculata were found in all types of freshwater habitats, i.e.,
crop drainage, reservoirs, and wastewater drainage, with respective VDS indices ranging 1.02-1.40, 0.75-2.00,
and 1.00-1.88. Based on these survey results, the illegal use of TPT in agriculture has likely continued, and

extra control actions are urgently needed. http://zoolstud.sinica.edu.tw/Journals/49.1/85.pdf
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The South American apple snails Pomacea
canaliculata (Lamarck, 1822) and P. scalaris
d’Orbigny, 1835 were deliberately introduced into
Taiwan for aquaculture purposes in the 1980s
(Chang 1986 1994, Cowie et al. 2006, Hayes
et al. 2008). However because of poor market
reception by local people, they were released by
snail farmers. The apple snails spread into various
natural waterways through irrigation drainages.
Subsequently, P. canaliculata invaded East Asian
waters, and has become a serious pest to aquatic
crops in the region (Naylor 1996). By contrast, the
distribution of P. scalaris remains limited to Taiwan
(Lee and Wu 1996, Cowie et al. 2006), and so

far, Taiwan is the only site where P. scalaris has
successfully established itself outside its native
range (Hayes et al. 2008).

Although various methods can be used for
managing apple snail pests, e.g., hand picking,
duck pasturing, and careful water control, including
occasional field drainage and maintenance of low
water levels (Naylor 1996, Teo 2001, Joshi and
Sebastian 2006), the use of molluscicides such as
metaldehyde, niclosamide, and triphenyltin (TPT)
acetate (TPTA) is the most common way to control
this pest in Taiwan (Cheng and Kao 2004). In
1999, the Council of Agriculture (COA), Executive
Yuan banned the use of TPTA in agriculture as
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a precaution against its unclear toxicological
effects. However, over 70% of farmers surveyed
nationwide expressed dissatisfaction with
metaldehyde and niclosamide, and 27% of them
still used TPTA as a pest control agent in 2004
(Cheng 2004). Tributyltin (TBT) and TPT were
detected in 3.5% and 43.8% of a total of 144 rice-
field irrigation sediments with concentrations of
not detected (ND) ~52.4 ng TBT/kg wet wt. and
ND ~319 ng TPT/kg wet wt., respectively (TACTRI
2003). The presence of imposex, with the vas
deferens sequence (VDS) indices ranging 1.1-2.8,
was reported in TPTA-targeted P. canaliculata
from central and eastern Taiwan (Liu et al. 2006).
Additionally, in eastern Taiwan, no TBT was de-
tected in P. canaliculata with VDS stages of 0, 1,
and 2, but respective TPT concentrations were
435, 918, and 1,276 ng/g dry wt. (Chuang 2005).

Imposex is an induced response from
exposure to organotin compounds (e.g., TBT
and TPT) (Oetken et al. 2004) that results in
the formation of a penis and/or vas deferens in
female gonochoristic caenogastropods (deFur et
al. 1999). Imposex was identified in more than
170 caenogastropod species worldwide, but
considerably more attention has been paid to
marine than freshwater taxa (deFur et al. 1999,
Oetken et al. 2004, Shi et al. 2005). This is also
the case in Taiwan (Liu and Suen 1996, Liu et al.
1997, Hung et al. 2001, Lee et al. 2005 2006, Liu
et al. 2006).

The male apple snail copulatory apparatus
consists of a muscular penile sheath, penile bulb,
pouch, and penis. In females, a rudimentary penis
(also called a vestigial penis) develops into a
penile pouch and penis when treated with TBT or
testosterone (Takeda 2000). Meanwhile, a newly
grown penile sheath can also be observed in
imposex-induced females.

Although TPT usage in agriculture was
banned in 1999 and TBT use on small boats has
been restricted since 2003, detectable levels
of these organotins are still present in aquatic
systems. A review of aquatic organotin pollution in
Taiwan found slowly decreasing levels of organotin
contamination during the period of 1996-2005
(Meng et al. 2009). Because the half-life of TPT in
soils ranges 27-140 d (Loch et al. 1990, Paton et
al. 2006), high levels of detected TPT are probably
not just residues from previous use. This indicates
that the illegal application of TPT by agricultural
interests possibly continues. The consequent
chemical risks to human health are a serious
concern, both for farmers and consumers eating

potentially contaminated food. Therefore, the
effectiveness of the ban of TPT use in agriculture
in 1999 was evaluated by a nation-wide survey on
the imposex status of apple snails P. canaliculata
and P. scalaris.

MATERIALS AND METHODS

Pomacea canaliculata and P. scalaris were
collected from various freshwater habitats, i.e.,
crop and wastewater drainages and reservoirs in
Taiwan and adjacent islands during the period of
Mar. 2006 - Apr. 2007 (Fig. 1, Table 1). Samples
were returned to the laboratory and frozen at -20°C
for later use.

After thawing, snail shell length (between the
tip of the apex and the edge of the bottom lip) was
recorded before the shell was broken in a vice.
Snails were sexed based on the appearance of
gonads and accessory organs.

Reproductive structures (i.e., the lengths
of the penile sheath, rudimentary penis, and
straightened penis), if present, were measured
(Figs. 2, 3). Development of imposex in females
as the vas deferens sequence (VDS) follows Liu
et al. (2006) (Fig. 3). The 4 stages are: stage 0
with no evidence of a male genital system; stage 1
with the appearance of a rudimentary penis; stage
2 with a rudimentary penis and a penile sheath;
and stage 3 with the rudimentary penis developing
into a penile pouch and penis. The VDS index
was calculated as the average imposex stage
of a population. The VDS data were analyzed
and compared between species and among
populations, using 1-way analysis of variance
(ANOVA) and Tukey’s multiple-comparisons test.

RESULTS

Distribution of P. canaliculata and P. scalaris in
Taiwan

In total, 26 locations were surveyed (Table 1).
Thirteen populations of P. canaliculata were from
crop drainages, 10 from wastewater drainages, and
3 from reservoirs. Only 3 populations of P. scalaris
were collected, 2 from crop drainages and 1 from
wastewater drainage. Although both species were
found, P. canaliculata was widespread in Taiwan
and on adjacent islands, occurring at sites like
C13 and W10 on Orchid I. and R3 and W9 in the
Penghu Archipelago (Fig. 1, Table 1). Pomacea



Wu et al. — Imposex in Apple Snails of Taiwan 87

N
1 —25°N
*2, V1,
—24°N
*5, #2
Penghu Is.
o #3, V9
Y/ ~.
N, o= TAIWAN ' e
q o_".y‘
v5
) 7
4 V6
4]
*7
—123°N
*9
Orchid I.
0 20 40 km ra 22N
*13, ¥10
| | |
120°E 121°E 122°E

Fig. 1. Map of Taiwan showing rice fields and sampling sites for both Pomacea canaliculata and P. scalaris. @, rice field; %, crop
drainage; #, reservoir; ¥, wastewater drainage; [1, P. canaliculata and P. scalaris coexist; %1, Nangang; %2, #1, V1, Jiaosi; %3, ¥
2, Hsinchu; %4, Fusing; %5, Puli; %6, Guanfu; %7, Syuejia; %8, Guanshan; %9, Cishan; %10, Pingdong City; %11, Wanluan; %12,
Fangliao; %13, ¥10, Yuren; #2, Puli; #3, ¥9, Dongwei; ¥ 3, Dali; ¥4, Shoufong; V5, Yuli; ¥6, Douliou; ¥7, Jiouru; ¥8, Jioucyutan.



88 Zoological Studies 49(1): 85-93 (2010)

scalaris was only found in southern Taiwan (at
sites C10, C11, and W7) and was always found
sympatrically with P. canaliculata.

Imposex in P. canaliculata and P. scalaris

Indications of imposex were found in all
collections of both P. canaliculata and P. scalaris,
at VDS stages 0-2 (Tables 2, 3). No individuals
in stage 3 were found. The pattern of imposex in
P. scalaris was similar to that in P. canaliculata.
Seriously deformed females of neither species
(e.g., with split oviducts, oulva occlusion, or
darkened eggs in the reproductive tract) were

observed.

In all, 58% and 88% imposex-affected
females of P. canaliculata and P. scalaris were in
stage 1 (Tables 2, 3, Fig. 4). Although VDS indices
of P. scalaris were usually higher than those of
P. canaliculata in the same location, a significant
difference was only found at site W7 (p < 0.05,
Tukey'’s test).

Imposex-affected individuals of P. canaliculata
were found in all examined freshwater habitats
(crop and wastewater drainages and reservoirs,
Fig. 4). VDS indices in each habitat had
overlapping ranges, i.e., 1.02-1.40, 0.75-2.00,
and 1.00-1.88, respectively (Table 3). Among

Table 1. Environmental characteristics of sampling sites in Taiwan and adjacent islands.
C, crop drainage; R, reservoir; W, wastewater drainage; Pc, Pomacea canaliculata; Ps, P.
scalaris

Locality Locality code  Sampling date Environmental characteristics

Co-existence of Pomacea canaliculata and Pomacea scalaris

Wanluan C11-Pc 20060326 Drainage of a betel nut field
C11-Ps “

Fangliao C12-Pc 20060527 Drainage of a pineapple field
C12-Ps ¢

Jiouru W7-Pc 20061020 Crop and domestic wastewater drainage
W7-Ps “

Pomacea canaliculata in different environments

Jiaosi R1 20070327 Reservoir

Puli R2 20070405 Reservoir

Dongwei R3 20060427 Reservoir

Nangang C1 20070329 Drainage of a rice field

Jiaosi C2 20070327 Drainage of a rice field

Hsinchu C3 20070330 Drainage of a rice field

Fusing C4 20070403 Drainage of a rice field

Puli C5 20070405 Drainage of water bamboo

Guanfu C6 20070131 Drainage of a rice field

Syuejia Cc7 20061020 Drainage of a rice field

Guanshan Cc8 20070129 Drainage of rice field

Cishan C9 20060429 Drainage of rice field

Pingdong city C10 20061020 Drainage of bok-choy and banana

Yuren C13 20060403 Drainage of a taro field

Jiaosi W1 20070327 Crop and domestic wastewater drainage

Hsinchu w2 20070330 Crop, domestic, and industrial wastewater drainage
Dali W3 20070405 Crop, domestic, and industrial wastewater drainage
Shoufong W4 20070201 Crop and domestic wastewater drainage

Yuli W5 20070130 Crop and domestic wastewater drainage

Douliou W6 20070403 Crop and domestic wastewater drainage
Jioucyutan w8 20060530 Crop, domestic, and industrial wastewater drainage
Dongwei W9 20060427 Crop and domestic wastewater drainage

Yuren w10 20060403 Crop and domestic wastewater drainage




Wu et al. — Imposex in Apple Snails of Taiwan 89

Fig. 2. General appearance of a male apple snail (Pomacea canaliculata). (A) Gross morphology. (B) Straightened penis. P, penis;
PP, penile pouch; PS, penile sheath; scale bar: 10 mm. Photos from Liu et al. (2006).

Fig. 3. General appearance of a female apple snail (Pomacea canaliculata). (A) Stage 0 with no evidence of a male genital system.
(B) Stage 1 with the appearance of a rudimentary penis. (C) Stage 2 with a rudimentary penis and penile sheath. (D) Stage 3 with the
rudimentary penis developing into a penile pouch and penis. P, penis; PS, penile sheath; RP, rudimentary penis; scale bar: 10 mm.
Photos B-D are from Liu et al. (2006).
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crop drainages, sites C2-C5 and C8 had higher
incidences than other crop sites (p < 0.05, Tukey’s
test) (Fig. 4). Although crop drainages received
irrigation water from different crops, i.e., rice
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and banana (C10), the degree of imposex was not
related to the crop type.
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Fig. 4. Relative occurrence ratio of vas deferens sequence (VDS) stages in Pomacea canaliculata and P. scalaris. (A) VDS stages
of P. canaliculata and P. scalaris when both species coexist. (B) Pomacea canaliculata collected from various freshwater habitats. C,
crop drainage; R, reservoir; W, wastewater drainage; m, stage 0; =, stage 1; o, stage 2. Horizontal bars signify populations that do not
significantly differ (ANOVA, p > 0.05; Tukey’s test).

Table 2. Summary results of imposex surveys in localities where both Pomacea canaliculata and P. scalaris
coexist. C, crop drainage; W, wastewater drainage; Pc, P. canaliculata; Ps, P. scalaris; n, sample size; VDS,
vas deferens sequence; Stage 0, with no evidence of a male genital system; Stage 1, with a rudimentary

penis; Stage 2, with a rudimentary penis and penile sheath; values are the mean + SD

Penile sheath

Penis length Rudimentary penis VDS stages

Locality code Sex n  Shell length (mm) Weight (g) length (mm) (mm) length (mm) o 1 VDS index

C11-Pc F 21 40.6 £3.7 16.5+4.2 0 2.01+0.35 0 21 0 1.00
M 9 41.4 3.1 16.3+4.0 17.01+1.87 33.7+ 9.8

C11-Ps F 18 38.3+25 142+3.3 0 1.52+0.30 0 18 0 1.00
M 10 37.9+19 13.2+20 1266+3.12 294+ 53

C12-Pc F 31 33.1+3.6 6.4+22 0 1.41+1.19 1 20 0 0.65
M 21 335+35 6.7+22 1258+333 36.1+10.8

C12-Ps F 26 37.2+35 9.2+23 0 1.71+£0.95 5 21 0 0.81
M 16 38.0+22 9.0+12 1275+277 31.0% 83

W7-Pc F 16 316+1.8 6.4+1.2 0 2.29+048 0 16 0 1.00
M 17 319+32 58+16 11.49+263 350t 4.8

W7-Ps F 24 36.7+2.1 95+14 0.09 +0.31 252 +0.73 121 2 1.04
M 4 37.0+26 83+13 1257+417 26.3+13.0
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Table 3. Summary results of imposex surveys in localities from freshwater habitats in Taiwan and adjacent
islands where only Pomacea canaliculata existed. C, crop drainage; R, reservoir; W, wastewater drainage;
n, sample size; VDS, vas deferens sequence; Stage 0, with no evidence of a male genital system; Stage 1,
with a rudimentary penis; Stage 2, with a rudimentary penis and penile sheath; values are the mean £ SD

Locality code Sex Shell length Weight (g) Penile sheath Penis length Rudimentary penis VDS stages VDS index
(mm) length (mm) (mm) length (mm) 0 1

R1 F 27 37.5+438 13.8 + 59 0.04 £0.19 2.68 £ 0.59 0 26 1 1.04
M 6 329142 94 + 41 13.66 £3.13 46.0+9.8

R2 F 20 484 +6.5 23.99+£10.18 0.56 +0.72 3.53+0.84 0 12 8 1.40
M 8 489 +6.5 231 + 96 20.77£3.30 54.5x11.9

R3 F 45 431147 189 + 6.9 0.05+0.23 3.23+0.89 1 42 2 1.02
M 7 38.1+4.2 119 + 39 1749+291 40.6+16.2

C1 F 23 33.9+238 100 + 2.8 0.38 +0.68 2.59+0.47 0 17 6 1.26
M 8 31.7+£3.3 76 £ 26 17.93+237 47356

C2 F 19 49.7 £ 5.7 254 + 7.6 2.88 £ 0.64 3.78 £ 0.68 0 0 19 2.00
M 1 446 +3.8 174 + 42 19.36 £2.85 48.0+6.2

C3 F 21 34.0+3.9 9.0 = 3.2 2.08 +0.60 3.00 +0.55 0o 0 21 2.00
M 10 31.9+£25 75 £ 20 17.07£2.06 419x7.2

C4 F 23 42.8+4.9 16.8 + 5.5 2.27 £1.00 3.71+0.86 0 0 23 2.00
M 1 40.3+5.0 13.7 + 55 23.02+536 53.5+8.6

C5 F 15 336+1.8 83 + 1.8 1.83+0.68 3.07 £ 0.46 0 0 15 2.00
M 16 354 +£38 86 = 27 17.23+£243 504+6.9

C6 F 13 45357 202 + 74 0.25+0.39 3.88£0.92 0 9 4 1.31
M 16 41.8+4.8 155 = 4.2 1757 £3.15 493197

C7 F 19 305+44 70 £ 23 0.15+0.35 2.55+0.97 1 15 3 1.1
M 10 31.4+£31 64 £ 15 9.60+£3.67 29.5+09.1

Cc8 F 21 36.4 £ 3.6 109 £+ 341 2.15+0.95 3.92 £ 0.66 0 0 21 2.00
M 9 36.2+3.0 94 + 15 13.45+330 444+84

C9 F 31 26.8+4.3 46 = 21 0.04 £0.22 229+1.15 3 27 1 0.94
M 37 27.8+£3.7 42 =+ 13 1215+£3.67 40.1+13.3

C10 F 20 299+3.1 6.1 £ 1.7 0.11+£0.29 211 +£0.62 1 16 3 1.10
M 10 30.1+1.9 65 + 14 8.53+1.79 30.7+6.0

C13 F 20 255+4.6 37 £ 1.9 0.28 £ 0.59 1.14+£1.13 9 7 4 0.75
M 30 251+£40 32 £ 14 8.87+£3.96 26.2+9.8

W1 F 17 38.5+£6.5 14.7 + 841 0.99+0.84 3.00 £ 0.97 0 12 5 1.29
M 14 344142 96 + 34 1425+327 40472

w2 F 28 416+4.1 171 = 40 1.22+0.75 3.00 £ 0.58 0 6 22 1.79
M 6 36.4+£35 120 = 3.0 1717 £3.05 46.6+5.2

W3 F 18 409+1.8 132 =+ 24 0.25+£0.47 3.02£0.52 0 14 4 1.22
M 13 411156 145 + 64 20.95+2.78 521+6.3

W4 F 12 40.3+4.4 143 = 42 0 3.64 £ 0.83 0 12 0 1.00
M 19 42454 149 = 6.2 18.66 £3.76 55.0 = 11.0

W5 F 22 37.1+£4.2 13.2 = 44 1.70 £1.32 3.38£0.97 0 4 18 1.82
M 8 38.7+6.9 140 = 82 17.02+288 52.1+10.7

W6 F 24 47.3+35 21.0 + 4.2 1.37 £0.82 3.34+£0.48 0 3 21 1.88
M 8 435+2.1 166 + 2.7 21.22+423 553+74

w8 F 18 50.2+7.6 236 + 83 0.30 £ 0.60 4.58 +1.41 0 14 4 1.22
M 1 46.1+6.9 19.3 + 841 19.90+£3.95 50.7+9.3

W9 F 33 414 +44 13.8 =+ 438 0 3.60 +0.96 0 33 0 1.00
M 38 39.8+56 113 = 4.0 11.74+4.75 31.2+101

w10 F 19 34.5+£39 82 £ 19 0.53 £0.62 2.66 £ 0.66 0 10 9 1.47
M 26 31.6+4.1 66 £ 24 156.52+266 37579
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More than 95% of all examined females of
P. canaliculata and 90% of females of P. scalaris
had a rudimentary penis with mean length ranges
of 1.5-2.5 and 1.1-4.6 mm, respectively (Tables 2,
3). The mean value of the penile sheath length
in males was longer than that in females for both
species, with respective ranges of 8.5-21.2 and
0-2.9 mm, in P. canaliculata, and 12.6-12.8 and
0-0.1 mm in P. scalaris.

Using data collected from populations of P.
canaliculata, signs of imposex such as the mean
rudimentary penile length and mean penile sheath
length were positively correlated, i.e. y = 0.47x%
-0.65 (R?=0.18; p < 0.05, n = 26).

DISCUSSION

Herein, we provide the first report of the
prevalence of imposex in P. scalaris, which
exhibited a pattern similar to that of P. canaliculata.
Although imposex was reported in more than 170
mollusk species, freshwater studies are rare, e.g.,
the ramshorn snail Marisa cornuarietis (Schulte-
Oehlmann et al. 1995 2000, Shi et al. 2005), the
mud snail Potamopyrgus antipodarum (Duft et al.
2003), and the golden apple snail P. canaliculata
(Takeda 2000, Liu et al. 2006). In the present
study, 1 more freshwater snail P. scalaris was
added to this list.

The occurrence of imposex at all of our
collecting sites for both P. canaliculata and P.
scalaris is likely related to the continued illegal
use of TPT by agricultural interests. The Taiwan
Agriculture Industry Association (TAIA 1997)
reported that more than 150 metric tons (mt) of
45% and 20 mt of 2% TPTA were used annually for
agriculture. In 1997, the use of mixed pesticides,
containing TPTA, benthiocarb, and chlornitrofen,
were banned, and all TPT usage in agriculture
was completely prohibited in 1999. The half-
life of TPT in various soil types is 27-140 d, and
degradation is thought to be via diphenyltin (DPT)
and monophenyltin (MPT) intermediates by means
of biological, physical, and chemical processes
(Loch et al. 1990, Paton et al. 2006). A decrease
in TPT concentrations in soils was expected after
the 1999 ban.

However, butyltins (BTs) and phenyltins
(PTs) continue to be detected in freshwater
environments. In general, patterns of organotin
occurrence in freshwater sediments and biota
are similar, with PTs being dominant (Meng et
al. 2009). Based on a rice-field study in eastern

Taiwan, BTs and PTs were in the ranges of ND and
< 80-700 pg/kg dry wt. in sediments and ND-321
and 815-1658 ng/g dry wt. in P. canaliculata
(Chuang 2005). The bivalve Corbicula fluminea in
culture ponds next to the rice fields also contained
BTs and PTs, i.e., ND-247 and 85-615 ng/g dry wt.,
respectively.

Both BTs and PTs were also detected in river
sediments and fish during a survey of major rivers
of Taiwan in 2005 (Lee 2005). TBT in sediments
was < 0.05 pg/g dry wt., and TPT was not detected
in Mar. 2005. In Aug. 2005, TPT (0.06 pg/g dry
wt.) was the only compound detected. In fish
(Tilapia zillii) muscle, respective concentrations of
MBT, DBT, TBT, MPT, DPT, and TPT were 0.33,
0.48, < 0.05, 0.19, 1.90, and 0.43 ng/g dry wt. in
Mar. 2005. In Aug. 2005, these same compounds
in fish muscle (Cyprinus carpio) were ND, 0.12,
< 0.05, 0.14, 0.82, and 17.00 pg/g dry wt.,
respectively. Obviously, the concentration of TPT
in summer was much higher than that in winter.
Based on those reports, it is known that organotin
pollution in freshwater environments is dominated
by PTs, and their origin is possibly agriculturally
related.

This is also supported by our island-wide
survey results of imposex in TPTA-targeted apple
snails. The snails’ VDS indices were 0.65-2.00
which was slightly lower than a previous study of
P. canaliculata from central and eastern Taiwan,
i.,e., 1.1-2.8 (Liu et al. 2006). Evidently, the
illegal use of TPT as a molluscicide still exists,
and the effectiveness of the regulations is highly
questionable. There is no doubt that more-
constructive control actions to stop the illegal
application of TPT are urgently needed in Taiwan.
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