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Abstract
We  investigated the emergence  of  the overwintering  apple  snail, Pomacea  eanaticulata, from  Paddy soil after
irrigation in a rice paddy  in Kumamoto  Prefecture, japan. Prior to irrigation, densities of  the snails, which
were  estimated  by examining  soil samples  from the paddy, were  1.81m2 and  10.0/m2 for live and  dead snails,
respectively.  The proportion of live snails was  O.IS3, which  may  represent  the survival  rate  throughout the
overwintering  period. After irrigation, we  surveyed  the snails emerging  in 12 enclosures  (pens) of  2m × 8m
constructed  in the paddy. A  mean  of  27.8 snails  per pen was  found within  the first five days after  irrigation,
and  3.5 per pen  were  captured  in the subsequent  16 days. Thus, most  of  the snails emerged  rapidly,  within  five
days after irrigation; this period  of  emergence  is far shorter  than  past records.  The  shell height of  live snails
collected  after  irrigation ranged  from  4.9 to 25.8 mm,  with  a  mean  of  11.5 mm,  which  was  significantly  larger
than  that of  dead snails, suggesting  a higher mortality of  smaller  snails during the overwintering  period.
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INTRODUCTION

  The  apple  snai1, Pomacea  canalicuima

(Lamarck), indigenous to South America, has
been introduced to many  countries  in East and
Southeast Asia since around  1980 as  a human
food resource  (Halwart, 1994). However, be-
cause  the snails remained  unpopular  as  a  food
item, the snail lost its market  value,  and  snail

farms were  abandoned.  The snails that escaped
or  were  abandoned  have dispersed through
waterways  and  irrigation canals. They eventuai-

ly invaded paddy  fields and  have become major
rice  pests. In some  Asian countries,  including
Japan, the rice farming system  of  direct seed-
ing has recently  been promoted. Since the snails

prefer the young seedlings  of  rice plants, snail
hazards have been most  serious  for direct-

seeded  rice  plants (Litsinger and  Estano, 1993;
Halwart, 1994; Wada,  1997).

  There have been many  studies on  the biol-
ogy  and  control  of  P. canaliculata  as a rice  pest

(for review,  see  Halwart, 1994; Shobu, 1996;
Wada,  1997). However, the population dynam-
ics of  this species has been little studied  (cf.
Tanaka et al., 1999), and  some  aspects  of  its life
cycle  remain  unclear.  It is known  that when  a

rice  paddy  is drained in autumn  in Japan, the
snails dig into the paddy  soil  and  overwinter  in
the fallow paddy (Oya et al., 1987; Kiyota and
Sogawa, 1996). Low  temperatures in winter

cause  large mortalities depending on  shell  size

(Kiyota and  Okuhara, 1987; Oya  et al., 1987;
Ozawa and  Makino, 1988; Yano  and  Nakatani,
1989). When  the paddy  is irrigated in the fol-
lowing spring  or  early  summer,  the surviving
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snails emerge  from  the soil  (Oya et al., 1987).
They  damage only  young  rice  plants, and  the

damage depends on  the density and  size of  the

snails  (Oya et al., 1986; Yamanaka  et al., 1988;
Yano  and  Nakatani, 1989; Litsinger and  Esta-

no,  1993). Hence, to forecast and  control  the
darnage to rice by the snails, it is necessary  to

determine their emerging  time and  the density

and  size of  the emerging  snails.  If the snails

emerge  shortly  after  irrigation, their numbers

may  be dense enough  to infiict considerable

damage  to rice plants at their most  vulnerable

growth stage, i.e., the young-seedling stage  just
after transplanting or  upon  seedling  emergence

of  sown  rice. In this case, early control  of  the
snails prior to transplanting or  sowing  of  rice

may  be effective and  necessary  to protect the
rice. On  the other  hand, if the snails  emerge

gradually over  a  long period, the density of

emerging  snails may  be rather  low at the time of
transplanting or  sowing  of  the rice. In that case,
control  of  the emerging  snails may  not  be
needed  when  the overwintering  snails  are  not

abundant  in a  paddy. However, when  the

overwintering  snails are abundant,  early  control

of  these snails  may  be necessary,  though  not

entirely effective. Additional controls  would  be

necessary  because many  snails will emerge  even

after early control.

  There have been no  studies  on  the emerging

process of  overwintering  snails after  irrigation
in paddies, other  than Oya  et al. (1987). Oya  et

al. (1987) reported  that the snails gradually
emerge  over  one  month  after irrigation in a

paddy. In their method,  however, the ob-

servers walked  in an  area  of  31× 12m  in a

paddy to search  for the  snails.  This method

would  have  made  the paddy  water  muddy  and

produced  many  footprints, where  the snails

would  be diMcult to find. In the present study,
we  investigated the emergence  of  snails from the

spil  after  irrigation in a rice paddy, using  en-

closures  (pens), which  minimized  the negative

effects of  observers'  activities  on  the ethciency

of  searching  for snails.  This paper determines
the emerging  period and  abundance  and  size of

the emerging  snails.

MATERIALS  AND  METHODS

  Study field. This study  was  carried  out  in an

experimental  paddy field (30mxlOOm) of

Kumamoto  Prefectural Agricultural Research

Center in Kumamoto  Prefecture, Kyushu,

Japan. A  quarter of  this field was  cordoned  off

with  a  sheet-metal  fence for the surveys.  The

paddy  was  plowed with  a rototiller in November
1995 and  mid  May  1996. The paddy was  irri-
gated and  rototilled on  6 June 1996. A  rice  cul-

tivar, Yumehikari, was  sown  on  7 June 1996 in
rows  separated  by 30-cm intervals. After sow-

ing, we  set up  12 large pens (2 m × 8 m)  to sur-

vey  the emergence  of  R  canaliculata,  and  six

small  pens (1 m × 1m)  to examine  whether  the

emerging  snails would  dig again  into the soil.
The pens were  constructed  of  a 45-cm wide

polyvinyl chloride  sheet supported  with  angle

irons and  plastic poles and  had two  windows  (20
cmx20cm)  covered  with  plastic screens  for

water  fiow. The  pens contained  no  material  that

would  inhibit the snails'  dispersal across  the pen
sheet, e.g.,  no  copper  material  was  attached  to

the pen  sheet  (cf. Tanaka et al., 1999). Each
1arge pen contained  six rows  of  sown  rice, and

each  small  pen contained  three rows  of  rice.

Water temperatures in the study  field were

monitored  using  a Micro  Datalogger (IBC Co.,
Miyaxaki, Japan).

  Density of  snails before irrigation. To  deter-
mine  the density of  P. canaliculata  before irri-

gation, we  censused  the snails on  and  in the
paddy  soil  on  21 May  1996. We  removed  clods

of  soil, each  50 cm  x  50 cm,  9 cm  deep. Since a
22-cm  layer of  soil  had been plowed, this cor-

responds  to the removal  of  41%  (9f22) of  the

plowed  soil. We  systematically  took 24 such  soil

samples,  arranging  three rows  (separated by
6.5-m intervals) by eight columns  (separated by
4-m  intervais). In the case  of  20 samples,  we

placed each  sample  in a 5-mm  mesh  sieve  and

washed  it to  collect  the  snails.  We  put the col-

lected snails into water  in the laboratory to test
whether  the snails were  dead or alive. The live
snails started to crawl  within  several minutes.

We  measured  the shell height of  both the dead
and  live snails to the nearest  O.1 mm  using  a

digital slide calipers.  In the case  of  the other

four samples,  we  immersed the soil in water  of

plastic containers  (50 cm  × 35 cm,  30 cm  deep)
to test the emergence  of  snails.

  Emergence  of  snails after irrigation. We  sur-
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veyed  P. canaliculata  emerging  from the paddy
soil in the large pens at days 3, 4, 5, 7, 11, 15
and  21 after irrigation, without  entering  the

pens. We  collected the snaiis found on  or  above

the soil  surface  and  measured  their shell height
to the nearest  O.1mm  with  a slide calipers.

These collected  snails  were  not  returned  to the

pens. Three or  more  observers  surveyed  the
snails on  each  survey  day.

  To  examine  whether  the snails would  dig into
the soil after emergence,  we  conducted  an  ex-

periment using  the small  pens. We  marked  the

snails collected from the large pens with  paint
on  the shell apex  and  the last whorl,  and

waterproofed  these marks  by covering  with

transparent nail  polish. We  released  five
marked  snails in each  of  six  small  pens on  21
June 1996. In three of  the pens, we  supple-

mented  food with  ca. 300 g of  rice  seedlings,  but
added  no  food in the other  three pens, in order
to examine  the effect of  food availability on  the
behavior of  the snails. We  observed  the re-

leased snails at 11:OO a.m.  on  days 1 and  6 after
release.

RESULTS

Density and  shell size befere irrigation

  No  P. canaliculata  emerged  from the four soil
samples  immersed in water.  We  washed  these
soil  samples  seven  days after the immersing and

found 11 empty  shells  (dead snaiIs). Since some
of  these may  have died due to water  immersing

(see Discussion), we  analyzed  the data from the
other  20 samples.

  We  found  nine  live and  50 dead snails from
the 20 soil samples.  Thus, the densities were

1.8fm2 for live snails and  10.01m2 for dead
snails, and  the proportion of  live snails (the
number  of  live snails!the  nurnber  of  live and

dead snails) was  O.153, which  may  represent  the
survival  rate of  the snails  throughout the

overwintering  period.
  The shell height ranged  from 7.6 to 16.6 mm
for live snails  and  from 5.6 to 20.4 mm  for dead
snails  (Fig. 1). The  frequency was  highest in 6 to
8mm  shell  heights, including live and  dead
snails. The proportions of  live snails  with  5-10,
10-15, and  over  15mm  in shell height were

O.07, O.20 and  O.67, respectively, and  differed
significantly  from one  another  (p=O.OO19,
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 Fig, 1. Frequency distributions of shell  height of  live
and  dead P. canaticulata  collected from the paddy  soil

before irrigation.

Fisher's exact  probability test). These results

suggest  that the smalier  snails  suffer  higher mor-
talities throughout  the overwintering  period.

Emergence  of  snails after irrigation

 Mean  daily water-temperatures  in the study
field were  rather  stable, ranging  from 21 to 280C
during the study  period. Maximum  daily water-
temperatures, on  the contrary,  fluctuated from
23 to 390C, probably depending on  weather.

When  emerging  snails were  surveyed,  the water
temperatures were  between 22 and  31OC.

 We  found 27.8± 3.0 (mean± SE) snails  per
pen within  the first five days after irrigation and

3.5± 1.0 snails  in the subsequent  16 days (Fig.
2). Thus, most  of  the snails  emerged  within  five
days after irrigation. The number  of  sRails

emerging  from the paddy soil  within  21 days
after irrigation was  calculated  to be 2.01m2,
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 Fig. 2. Mean  cumulatiye  number  of  P, canaticuima

captured  per pen, Venical bars indicate standard  error of

the mean.
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which  was  close to the live snail  density in the

soil samples  before irrigation. In addition,  we

found two  marked  snails  which  had originally

been released  into the other  pens unused  in the

present study,  inside one  of  the large pens on
day 15, and  three marked  snails outside  the pens
on  day 21. Thus, the snails were  able  to disperse

across  the pen sheet.

  We  measured  the shell height of  334 live and
274 dead snails collected within  five days after
irrigation (Fig. 3). We  used  the data within  five
days to exclude  the growth  after  irrigation. The
mean  shell  heights were  11.5±O.18 SE  (range
4.9-25.8) mm  for live snails and  8.9±O.21
(4.3-26.9) mm  for dead snails. The  difference of

shell heights between live and  dead snails was
significant ip<O.OOI, Mann-Whitney  ULtest),

suggesting  a  higher mortality  of  smal1  snails.

  The marked  snails were  all visible  on  and

above  the soil in the pens, with  and  without

food supplement  on  days 1 and  6 after re-

lease. These results show  that snails do not  dig
into the soil after emergence,  irrespective of

food conditions.

DISCUSSION

  In this study,  most  snails  were  found within
the first five days after irrigation. Some  of  the

snails  found in the late survey  period may  have

already  emerged  in the early period. We  found

evidence  that the snails could  move  over  the pen
sheet. Thus, those found in the Iate period were

possibly immigrants from the outside.  Further-
more,  it was  not  easy  to find the snails in the
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 Fig, 3. Frequency distributions of shell height of  live

and  dead P, canaliculata  collected  in the pens within  five
days after  irrigation.
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early  period, since the activities of  rototilling,

sowing,  and  constructing  the pens made  the

paddy water  muddy.  Cloudy and  rainy  weather

often  reduced  the detection ethciency  as  well.

Hence, we  may  have missed  some  snails  in the
early  period. Thus, we  concluded  that most

snails  probably  emerge  within  five days after ir-
rigation.  This conclusion  is supported  by the

following observations:  When  the snails  were

artificially buried at 9 to 18 cm  under  the soil

surface  in plastic, water-fi11ed containers,  many

of  them  died within  nine  days without  emerging

(Wada, unpublished).  These results  suggest  that

the snails  could  not  survive  long under  irrigated
soil.

  Oya  et al. (1987) stated  that the snails would

gradually emerge  from the paddy soil over  one

month  after irrigation. However,  as  mentioned

earlier, the researchers  in their experiment

walked  around  a  larger study  area  to search  for

snails, and  these activities probably  reduced

their eMciency  of  finding snails. Hence, a  con-

siderable number  of  snails may  have been miss-
ed  in the early  study  period. However, it might
also  be possible that emerging  patterns of  the
snails  differ between paddy fields or  regions,  due

to unknown  factors such  as the physical prop-
erties of  the  soil. Further investigations on  the

emergence  process of  the snails  are  needed.

  After emergence,  snails  did not  dig into the
soil  during the study  period, and  the food
availability did not  affect this tendency. How-

ever, it was  observed  that in a hot period when

water  temperatures rose  above  400C, many

snails dug into the soil (Tanaka et al., 1999).

The water  temperatures did not  exceed  400C in

the present study,  and  hence, the snails  proba-
bly did not  need  to dig into the soil to avoid  high
temperatures.

  The shell height of  emerging  snails ranged

from 4.9 to 25.8 mm,  with  a mean  of  11.5 mm.
The  frequency distribution of  shell  height in the
living and  dead snails  collected  in the soil  before
irrigation showed  that snails smaller  than 10

mm  were  most  abundant  before the overwin-

tering period. Small juvenile snails  were  more

susceptible  to low temperatures during the

overwintering  period than  large juveniles
(Kiyota and  Okuhara, 1987; Oya  et al., 1987;
Ozawa  and  Makino, 1988; Yano  and  Nakatani,
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1989). In particular, snails smaller  than 4.9 mm
were  not  able to survive  the overWintering  peri-
od  at ai1 in this study,  as shown  also by Yano
and  Nakatani (1989). Thus, the mean  size  of

surviving  snails  may  have increased throughout
the overwintering  period. On  the other  hand,
snails larger than 26 mm  did not  emerge  in this
study.  Tillage might  tend to crush  large snails.

  Immediate  emergence  of  the snails  after  irri-

gation results  in large damage to rice  farming,
especially  in direct seeding.  The density of  snails

emerging  after irrigation was  estimated  to be
2.0/m2 in the study  field. This density of  snails

is great enough  to be destructive te direct seed-
ed  rice  (Wada et al., 1999). The emerging  snails

ate up  almost  all rice  seedlings  outside  the pens
in the study  field, while  there was  no  apparent

damage to the rice  within  the pens due to  the
removal  of  emerging  snails. Therefore, methods

to reduce  the density of  emerging  snails  are

critical  to protect the rice plants from P.
canaliculata.
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