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ABSTRACT

Population study was made on Austropeplea ollua (Gould), the snail intermediate host of avian
schistosomes which caused paddy field dermatitis, from the viewpoint of successive changes in the size of
the snails in the field in relation to the occurrence of the dermatitis. The growth of the snail host was
observed by analyzing the shell-size distributions of summer and overwintering populations. Y oung snails
born in autumn composed the overwintering population in rice stubbles, and appeared on the soil surface
in spring season after irrigation water was introduced into the paddy fields. During the first breeding
season in early summer, the snail population on the soil surface consisted of two different size-groups, i.e.,
a few large snails which overwintered in rice stubbles and a majority of samll ones produced by the
overwintered snails. During the period from May to October, breeding of the snails was observed twice,
first in early summer and again in autumn. The large snails, which were more likely to harbour the
cercariae, were found in May-June, August and October, but their density was low in August and October
due to draining of the paddy field as a step in rice farming. In consideration of these circumstances, the
large snails found in May-June were suggested to be responsible for the occurrence of the dermatitis.
Accordingly, snail control measures should focus on the large snails which overwinter in paddy fields.

Keywords: Cercarial dermatitis, Paddy field dermatitis, Snail intermediate host, Overwintering of
Austropeplea ollula

INTRODUCTION

A dermatitis of unknown etiology occurred frequently in the Yatomi area of Aichi
Prefecture around 1968. The dermatitis, named “kayui-kayui byo” or “itching disease” by the
people, was characterized by prickly and itchy skin sensations followed by development of
papules and pustules. A total of more than 730 patients, most of whom were rice-cultivating
farmers, were reported from the endemic area." The epidemic of the dermatitis subsided ina
few years but has occurred again since 1973.”

At first, the main cause of the dermatitis was assumed to be agricultural insecticide,
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chemical fertilizer or other pollutants which came into contact with the farmers’ skin.
However, through parasitological investigations carried out by Kumada ez al., *' etiology of
the dermatitis was elucidated by the detection of causative schistosome cercaria from the
aquatic snail, Austropeplea ollula (Gould); the cercaria was experimentally confirmed to
cause the dermatitis in man.

According to the results so far reported, the causative cercaria belongs to an avian
schistosome, Trichobilharzia. The cercariae are shed into the water from the snail
intermediate hosts, 4. ollula, which infest paddy fields of the endemic area. As avian
definitive hosts, Anas poecilorhyncha zonorhyncha Swinhoe and other waterfowls of the
Anatidae family have been suggested.*

One of the fundamental measures for preventing the dermatitis is control of the snail
intermediate hosts, and they may be controlled by the application of molluscicides if they
infest limited areas. The endemic area of the dermatitis, however, includes a wide 8 70-hectare
area heavily infested by the snail hosts. Accordingly, it has been difficult to control the
dermatitis epidemic effectively in such an extensive area.

In order to develop effective measures for controlling the snail host, ecological studies of
the snail were carried out. The present paper deals with population sutdies on the snail host
from the viewpoint of the successive changes in the size of snails in the field in relation to the
occurrence of the dermatitis.

MATERIALS AND METHODS

In the endemic rice-farming area, one paddy field was selected for monthly samplings of the
snail population. This paddy field had an area of 22 ares and had been heavily infested by the
snail hosts in past years.

Two kinds of samplers were used for collecting the snails. One was a metal dredge sampler
(20 cm long X 10 cm wide X 5 cm high) screened with wire mesh at the bottom, which could
collect a soil sample together with the snails on the soil surface. The snails could be sieved out
from the soil by washing the soil sample. The other was a metal tube sampler with a diameter
of 10 cm. This sampler was used for collecting overwintering snails which were often found in
the spaces of the rice stubble. After separating the bundled rice stubble, the snails were sieved
out by washing the stubble and soil.

About 10 samples were taken randomly with the dredge samplers during the period from
May, 1980 to March, 1981. With the tube samplers, a total of 47 rice stubbles were taken
systematically in a grid-wise manner from October, 1980 to March, 1981. In addition to these
monthly samplings taken from the paddy field, dredge samplings were made randomly in
three drainage canals around the paddy field during the winter months.

After identifying the snail hosts, A. ollula, the shell length of all the snails was measured to
the closest 0.1 mm with an eyepiece micrometer in a binocular microscope. In order to
discriminate different size-groups (cohorts) in the shell-size distribution, the measurement
data were analyzed on a probability graph paper. The composition rate, mean shell length
and standard deviation of each component size-group were determined by Cassie’s method.”

RESULTS

1. Relative abundance of the snail intermediate host in the paddy field

The number of aquatic snails collected in the three field surveys are shown in Tables, I, 2
and 3. A total of 3,168 snails were collected with the dredge samplers during the study period,
of which Austropeplea ollula (Gould) accounted for 98.1%. The rest were Physa acuta
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Table 1. Relative abundance of the snail intermediate host, Austropeplea ollula, among aquatic snails
found in the paddy field (dredge samples)

Due  Awropwls  Phsa  Onloma RGN
malleata

May 31, 1980 427 0 0 0 427
Jun. 12 730 0 0 0 730
Jul. 10 887 0 0 0 887
Aug. 11 98 2 0 0 100
Sep. 14 659 36 8 5 708
Oct. 2 205 1 5 0 211
Nov. 13 — - - — —
Dec. 11 31 0 0 0 31
Jan. 10, 1981 27 1 0 0 28
Feb. 12 38 0 0 0 38
Mar. 12 7 0 | 0 8
Total 3,109 40 14 5 3,168
Percentage 98.1 1.3 0.4 0.2 100.0

Draparnaud, Oxyloma hirasei (Pisbry) and Cipangopaludina chinensis malleata (Reeve) in
decreasing order (Table 1). '

Table 2. Relative abundance of the snail intermediate host, Austropeplea ollula, among aquatic snails
found in the paddy field during winter months (tube samples)

Date Austropeplea Physa Oxylorrfa P?lypylis Total
ollula acuta hirasei hemisphaerula
Oct. 2, 1980 48 0 3 0 51
Nov. 13 130 8 4 1 143
Dec. 11 234 46 2 0 282
Jan. 10, 1981 441 28 0 0 469
Feb. 12 171 94 2 0 267
Mar. 12 205 34 2 0 241
Total 1,229 210 13 1 1,453

Percentage 84.6 14.4 0.9 0.1 100.0

With the tube samplers, 1,453 snails were recovered from the rice stubbles dug out together
with the soil. Among these snails, the dominant species was A4. ollula (84.6%), followed by P.
acuta, O. hirasei and Polypylis hemisphaerula (Benson) in number (Table 2).

Out of 307 snails sampled from the nearby drainage canals, however, only a few A. oulla
(1.3%) were found during winter months. In contrast, most(97.1%) of the aquatic snails in the
canals were O. hirasei (Table 3).
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Table 3. Relative abundance of the snail intermediate host, Ausiropeplea oliula, among aquatic snails
found in drainage canals during winter months (dredge samples)

i aludina
Date 0;; { ii;r;a Aus:)rltl)flzp lea Cpacnhgizgnsis 52] IS: Total
malleata

Oct.  2,1980 40 0 2 0 42
Nov. 13 — — — — —
Dec. 11 164 4 1 1 170
Jan. 10, 1981 2 0 0 0 2
Feb. 10 70 0 1 0 71
Mar. 12 22 0 0 0 22
Total 298 1 307
Percentage 97.1 1.3 1.3 0.3 100.0

2. Successive changes in the shell size of the snail host in the field

The monthly changes in the snail size are shown in Fig. | for the dredge-sampled (soil-
surface) population in terms of shell length. In order to follow the growth of the same size-
group (cohort), calculated frequency curves are fitted to the observed size frequencies.

A number of A. ollula appeared on the soil surface of the paddy field in spring after
irrigation water was introduced for rice planting. After rice planting (May 31), the snail
population was composed of two clearly different groups, i.e., a majority (85%) of small snails
(group I with the mean shell length of 1.70 mm and group I1, 2.55 mm) and a few large ones
(group 111, 6.40 mm and IV, 7.95 mm). Abundant egg masses found on the soil suggested the
first breeding of the snail to have taken place during this period. On June 12, the small (group
I, 1.50 mm and 11, 2.45 mm) and middle-sized snails (group I11, 3.50 mm) made up 95% of the
population, but a minority of large snails (group 1V, 7.35 mm) still remained.

In the next month (July 10), the large snails were no longer found, and the population was
composed of 66% of small snails (group 1, 1.45 mm and 11, 2.20 mm) and middle-sized ones
(group 111, 4.20 mm). In mid-August, small (group I, 2.30 mm and II, 3.00 mm) and middle-
sized snails (group 111, 4.15 mm) accounted for 85% of the population, but some snails had
grown into large ones (group 1V, 5.65 mm)

These large snails disappeared in mid-September; at the same time, small snails (group I,
1.55 mm and 11, 2.45 mm) increased in number together with a majority (72%) of middle-sized
snails (group I1I, 3.55 mm), and the population density became much higher than that of the
previous month. This change suggested the start of the second breeding in autumn. After
harvest of the rice crop (October 2), small snails were no longer collected from the soil surface
and the population consisted of a majority (90%) of middle-sized snails (group I, 3.65 mm and
11, 4.80 mm) plus a few large ones (group 111, 5.95 mm).

The tube sampling was started from October to examine the overwintering population
found in the rice stubbles left in the drained paddy field after the harvest.

Fig 2. shows the successive changes in the shell size distributions together with the fitted
frequency curves. Shell-length histograms for the soil-surface population are also shown for
comparison.

On October 2, a majority (92%) of small snails (group I, 1.60 mm and 11, 2.70 mm) were
recovered from the rice stubbles together with many egg masses. The production of the egg
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Monthly change of shell length distribution of the snail intermediaté host, Austropeplea ollula
(dredge-sampled soil-surface population)

Observed frequency distributions are shown by the histograms along with the calculated frequency
curves. Component size-groups are indicated by the Roman numerals and mean shell length (solid
circle).
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Fig. 2 Monthly change of shell length distribution of the snail intermediate host, Austropeplea ollula
(overwintering population in rice stubbles and populations on the soil)
The transparent histograms indicate the distributions of the tube-sampled population in the rice
stubbles and the solid histograms show those of the dredge-sampled population on the soil.
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masses indicated the second breeding which was suggested by the change in shell size
distribution and density in mid-September.

It should be noticed that the shell size distribution of the rice-stubble population was quite
different from that of the soil-surface population. This difference suggested that the small
newborn snails gathered in and around the rice stubbles, while the large snails remained on
the soil surface. In mid-November, the size distribution did not differ from that of the
previous month except that the percentage of middle-sized snails increased.

From mid-December to mid-January when snails were very scarce on the dry soil surface,
the smallest snails (group I, in Dec. 1.75 mm and group l inJan., 1.95 mm) became abundant
and accounted for most (68—70%) of the rice-stubble population together with the second
smallest snails (group 1l in Dec., 2.75 mm and group II in Jan., 2.75 mm).

In the next month (February 12), smallsnails (group 1, [.95 mm and 11, 3.05 mm) still made
up the larger proportion (66%) of the snail population. On March 12, however, middle-sized
snails (group 11, 3.60 mm and 111, 4.55 mm) accounted for more than half (53%) the number
and some large snails (group 1V, 5.55 mm) were also found in the rice-stubble population.

From December to March, the size distribution between the rice-stubble and soil-surface
populations differed little, but the population density was very low on the soil surface of the
paddy field.

DISCUSSION

In the present study, it was clearly shown that (1) Austropeplea ollula, the snail host of the
dermatitis-causing cercaria, predominated on the soil of paddy field during rice-farming
seasons and in the rice stubbles during the winter season (Tables 1 and 2), and (2) drainage
canals were not important as overwintering sites of this snail, in view of the scarcity of the
snail observed there during the winter months (Table 3). Similar results were obtained in
preliminary surveys carried out in 14 other paddy fields in the same area over an entire year
(unpublished). It can be concluded from these field surveys that the paddy fields are most
important as the natural habitat during rice-farming seasons and also as the overwintering
sites of the snail host.

Until the detection of a large number of overwintering snails in rice stubbles, there was
thought to be a possibility that the overwintered snails might be introduced by irrigation
water from the pipe network originating at the upper part of the nearby river. However, this
possibility was denied conclusively by the repeated tests of sieving the water with a wire-
screened dipper.

The results obtained from the analysis of the snail size distribution (Figs. 1 and 2) can be
summarized as follows: (1) large snails in early summer were regarded as overwintered snails,
which survived until mid-June, (2) a lot of young snails were produced by this overwintered
generation in the first breeding period (May—July), (3) the second breeding in autumn was
observed during September and October, (4) large snails which produced young in autumn
died in winter, (5) in their place, young snails composed the overwintering population in rice
stubbles, and (6) some young snails were found on the soil surface during winter months, but
their density was very low compared with that of the rice-stubble popultaion (Cf. Tables I and
2).

Some ecological aspects of this snail were reported from a veterinary point of view,*™®
because this snail is also an important intermediate host of liver fluke, Fasciola hepatica,
which mainly infects domestic animals and occasionally man. The results of these studies on
the natural habitats, seasonal abundance and breeding periods of this snail were almost same
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as those of the present field observations.

According to the findings of the above studies, the smallest snails that harboured F.
hapatica cercariae measured 4.8 to 5.5 mm in shell length and the smallest snail depositing egg
masses was 5.5 mm. This minimum size of the snail host for cercarial infection seems to be
almost same as that of Trichobilharzia schistosomes which cause the dermatitis.”'” Based on
these results, older snails larger than this minimum size are regarded to be important in
shedding the cercariae.

Many snails longer than 5 mm were found in the May-June period and also in August and
October (Fig. 1). However, the population density was considerably lower in August and
October than in May-June. The percentage of dead snails increased remarkably in this area in
the August-October period due to the draining of the paddy fields as a step in rice farming.'"
Judging from these-circumstances, the large snails in the May-June period seem to be
responsible for the occurrence of the dermatitis in these months. Moreover, the occasion for
farmers to enter the paddy fields is more frequent during rice-planting season (April-May).
This fact may be a factor which intensifies the occurrence of the dermatitis in this period.

Infection of Trichobilharzia cercariae among the snails was found positive during early
summer'® and the number of dermatitis patients reported has been highest during this period
in the past."” The positive infection rate of the snail hosts and prevalence peak of the
dermatitis cases jointly coincided with the abundance of large snails found in the field in
May-June.

In consideration of these circumstances, control measures of the intermediate host should
focus on the large snails in early summer which overwinter in the paddy fields.

The growth rate of this snail host was calculated by rearing captive snails in outdoor
conditions.” However, an accurate estimation of the rate in the field has been difficult '?
because many size-groups were included in a population, consequently frequency curves of
the component size-groups overlapped in the snail size distribution.

In the present study, an attempt was made to analyze the polymodal size distributions by
assuming that the snail-size measurement of one size-group (cohort) was expected to fit a
normal distribution. As was seen in Figs. 1 and 2, this assumption seemed to be adequately
satisfied for the purpose of estimating the growth rate in the field.

In Fig. 1, for example, many snails of one size-group were regarded to grow as follows:
Group I (mean shell length = 1.70 mm) on May 31 — group 11(2.45 mm) on Jun. 12 — group
111 (4.20 mm) on Jul. 10 — group IV (5.65 mm) on Aug. 11. A large number of another size-
group were estimated to grow as follows: Group I (1.50 mm) onJun. 12 — group 11 (2.20 mm)
on Jul. 10 — group III (4.15 mm) on Aug. 11. During the next months, a great number of
group III (3.55 mm) on Sept. 14 were thought to grow into group II (4.80 mm) on Oct. 2.

Using these estimations, the average growth rate of the shell length was calculated to be
0.053 mm per day during the period from May to October. Based on this growth rate, more
than two months are needed for snails in the field to grow from small (1.50 mm) to large snails
longer than 5.0 mm.

For the overwintering snails in the rice stubbles (group I, 11, Il and IV in Fig. 2), the growth
rate was estimated to be very low (0.0024 mm per day) between December and February.
Each size-group, however, started to grow more rapidly in early spring from February to
March, the rate being estimated to be 0.018 mm per day. These growth rates during winter
and early spring corresponded to 4.5% and 34.0% of the rate during rice farming seasons.
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