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Fasciolosis is a waterborne disease, caused by Fasciola species. Snail Lymnaea acuminata is an intermediate host of these 	ukes.
Control of snail population is major tool in reducing the incidences. Variation in light intensity and wavelength caused signi
cant
changes in reproduction pattern of snails. Maximum fecundity was noted with bait containing carbohydrate (starch, 468 ± 0.10/20
snails) or amino acid (serine, 319 ± 0.29/20 snails) as attractant. Sublethal feeding of chlorophyllin bait with starch or serine
attractant to infected anduninfected snails caused signi
cant reduction in fecundity, hatchability, and survivability.�ese signi
cant
changes are observed in snails exposed to di�erent spectral band of visible light and sunlight. Maximum fecundity of 536 ± 2.0 and
minimum of 89.3 ± 0.4 were noted in snails not fed with bait and exposed to sunlight and red spectral band, respectively. �ere
was complete arrest in the fecundity of infected and uninfected snails and no survivability of uninfected snails a�er 48 h feeding
with bait containing chlorophyllin + attractant. Minimum hatchability (9.25 ± 0.5) was noted in red light exposed, chlorophyllin +
starch fed infected snails and hatching period of bait fed snails was prolonged. Conclusively, chlorophyllin bait and red light reduce
reproduction capacity in snails.

1. Introduction

Fresh water snail Lymnaea acuminata is the intermediate
host of Fasciola hepatica and F. gigantica [1, 2], which caused
endemic fasciolosis in cattle population of eastern Uttar
Pradesh [3]. Use of aquatic plants as fodder is the primary
cause of 	uke infection. About 94% of bu�aloes slaughtered
in the local slaughter houses are infected with heavy infection
of liver 	ukes [4, 5]. Transmission of fasciolosis can be con-
trolled by reducing the population of vector snails by the use
of molluscicide. Now it has been advocated that use of syn-
theticmolluscicide is not environmentally safe [3, 6]. Alterna-
tively, plant basedmolluscicides are used against vector snails.
Behavioral response of snails against light has attracted the
attention of biologist working in the 
eld of chronobiology
[7]. Light intensity and wavelength are the important factors,
which a�ect the physiology of organism [8], behavior [9, 10],
and reproduction of organism [11]. Recently, Tripathi et al.
[12] had noted that snail L. acuminata is more attracted

towards red spectral band of visible light. Chlorophyllin, a
derivative of chlorophyll, is potent larvicides against insect
and helminth larvae in sunlight [13–16]. Snail L. acuminata
breeds round the year. Snail reproduces 169–172 eggs a day;
likewise an adult liver 	uke Fasciola gigantica reproduces 10–
20 thousand eggs a day [17], and both the parasite and the
host reproduce tremendously to maintain their existence. In
the present study chlorophyllin baits will be fed to infected
and uninfected snail L. acuminata and incubated for 3 hours.
�erea�er, the fecundity of infected and uninfected snails
will be counted to elucidate the e�ect of chlorophyllin on the
reproduction pattern of chlorophyllin fed snails.

2. Materials and Methods

2.1. Collection of Snails. �e adult snails (2.25 ± 0.25 cm
in length) were collected from Maheshra Lake Gorakhpur,
India. �e 
eld collected adult snail L. acuminata were accli-
matized for 72 h, in dechlorinated tap water, at 22∘C to 24∘C.
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�e pH of water was 7.2 to 7.3 and dissolved oxygen, free car-
bon dioxide, and bicarbonate alkalinity were 6.2 to 7.2mg/L,
5.2–6.3mg/L, and 102–106mg/L, respectively. Acclimated
snails were used in the experiment. Infected and uninfected
snails were identi
ed by the method of Sunita et al. [18].

2.2. Test Material. Chlorophyllin was prepared by the
method of Wohllebe et al. [13]. Chlorophyll was extracted
from deep-frozen spinach leaves by adding 100% ethanol to
the extract and incubating it (for about 2 h) at 55∘C; then
CaCO3 was added to avoid transformation of chlorophyllin
into pheophytin (about 1 g/1 kg plant material). �e extract
was 
ltered and petroleum benzene was added. �e upper
lipophilic phase was taken and saponi
ed with methanolic
KOH, which converted the chlorophyll into water soluble
chlorophyllin. Attractants (carbohydrate and amino acid)
were purchased from Sigma Chemical Co., USA.

2.3. Preparation of Bait. �e bait pellets were prepared by
the method of Madsen [19] as modi
ed by Tiwari and Singh
[20]. Carbohydrate starch (10mM) and serine (20mM) were
added to 100mL of water in 2% agar solution, separately.
Chlorophyllin was added inside the bait. �e mixture was
stirred constantly for 30min and spread at a uniform thick-
ness (5mm); a�er cooling the baits containing chlorophyllin
were cut out measuring 5mm in diameter. �ese baits of
chlorophyllin + starch/serine were fed to the snails; therea�er
the reproductive behavior of snails was noted.

2.4. Protocol of Light Source. Xenon arc lamp (500w) was
used as visible light source. Spectral responses from 400 to
650 nm were produced with the help of interference colour

lters. Light intensity was measured against each 
lter and
then output of light was adjusted to get the equal irradiance

of 500Wm−2 at each band to study their e�ect on snail
reproduction [12].

2.5. Fecundity Experiment. Group of 20 snails kept in glass
jars containing 3 liters of dechlorinated tap water were fed
separately with bait containing sublethal concentration of
chlorophyllin and exposed to visible light. Total number of
eggs masses and eggs laid by the each group of snails were
counted every 24 h up to 96 h. L. acuminata laid eggs in
the form of elongated gelatinous capsules (egg mass or egg
strings) on the lower surface of leaves of aquatic vegetation.
�e egg laid by the snail L. acuminata was collected in glass
petri dish. �e hatching of the eggs was studied under the
microscope, in light and dark condition. �ese egg masses
may have 2-3 rows of eggs, the number of eggs ranging from
5 to 200 or sometimes even more. Capsules containing egg
forms treated and control groups were separated carefully
from the lower surface of lotus leaves and incubated at 30∘C in
petri dish. �e development of embryo was observed under
the microscope up to their hatching period. Hatchability was
noted in the eggs laid a�er 24 h to 96 h feeding of bait. Dead
embryos (lack embryonic movements and become opaque)
were removed immediately to avoid any contamination. A�er
hatching the miniature snails were reared on lotus leaves and
their survival was observed.

Four experiments were done simultaneously to notice the
e�ect of chlorophyllin on the reproduction pattern of snail L.
acuminata. In experiment number one (control a) snails were
exposed to di�erent spectral band of visible light/sunlight/no
light (dark) for 8 h without feeding. �erea�er, fecundity,
hatchability, and survivability of miniature snails were noted.
In experiment number two (control b) snails were fed with
the bait containing di�erent carbohydrate or amino acids in
laboratory condition and, therea�er, fecundity, hatchability,
and survival of miniature snails were noted. In experiment
number three infected snails were fed with bait containing
chlorophyllin + starch/serine and exposed to red light or
sunlight. In experiment number four uninfected snails were
fed with chlorophyllin bait; therea�er, fecundity, hatchability,
and survivability of miniature snails were noted.

2.6. Statistical Analysis. A Student �-test was applied to
determine the signi
cant (� < 0.005) di�erences between
treated and control animals. Product moment correlation
coe�cient was applied between exposure time and fecundity
and survival of hatched snails [21].

3. Result

�epresent study clearly indicates that there was a signi
cant
reduction in reproduction of snails fed chlorophyllin bait and
exposed to red light a�er 3 h. Amongst the entire spectral
band, red light was more e�ective in reducing the fecundity
of snails. Although fecundity of snails signi
cantly decreases
in all the spectrum of light, maximum reduction was noted
in red light (24 h 89.3 ± 0.4/20 snails and 96 h fecundity 0),
hatchability, and survival of snail.�e hatching period of eggs
laid by snail in control experiment (a) was prolonged in red
spectral band (14–17 days) with respect to control (no light
10–12 days) (Table 1). Fecundity was enhanced, when snails
were fed with bait containing di�erent carbohydrate/amino
acids in laboratory condition. Starch (468 ± 0.1 and 96 h
84 ± 0.26) and serine (319 ± 0.29 and 96 h 70 ± 0.72) bait
fed snails had the maximum fecundity amongst di�erent
carbohydrate/amino acids compared to control (24 h 200 ±
0.23 and 96 h 98 ± 0.31), respectively. Survival of miniature
snails whose parents were fed with serine bait (24 h 167±0.42
and 96 h survival 127 ± 0.97) was maximum in comparison
to control (24 h 100±1.2 and 96 h survival 85±1.2) (Table 2).

Sublethal feeding of bait containing 24 h LC50 of 40%
and 80% chlorophyllin + starch/serine signi
cantly reduced
the reproductive capacity (fecundity, hatchability, and sur-
vivability) of L. acuminata snails. Feeding of chlorophyllin
baits caused dose dependent change in fecundity, hatchability,
and survivability of snail’s exposure to 660 nm wavelength.
Reproductive ability of snails was reduced to the maxi-
mum when they were fed bait containing chlorophyllin
and exposed to natural sunlight/red light (660 nm). Feeding
of bait formulation containing 24 h LC50 of 40% chloro-
phyllin and serine in red light causes maximum reduction
in reproduction of infected snails (24 h 99.05 ± 0.4 and 48 h
survival 11 ± 0.28). Hatching period was prolonged to 15–
17 days in red light and 15–19 days in natural sunlight with
respect to 7–9 days in control. No survivability of newly
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Table 1: E�ect on fecundity, hatchability, and survivability of snails kept for 8 h exposure in di�erent visible spectrum of light.

Exposure
Fecundity %

Hatchability %
Survivability %

24 h 48 h 72 h 96 h 24 h 48 h 72 h

Control (no light) 250 ± 0.2+∗ 197 ± 0.9+∗ 102 ± 0.7+∗ 50 ± 0.40+∗ 34 ± 0.63+∗ (10–12) 45 ± 1.8+∗ 25 ± 1.6+∗ 12 ± 0.96+∗

Red light 89.3 ± 0.4+∗ 63.2 ± 0.2+∗ 20.3 ± 0.8+∗ 0 32.6 ± 0.91+ (14–17) 22 ± 0.9+∗ 13 ± 0.01+∗ 0

Sunlight 536 ± 2.0+∗ 316 ± 0.14+∗ 398 ± 0.04+∗ 300 ± 1.6+∗ 396 ± 1.92+∗ (9–13) 245 ± 1.8+∗ 192 ± 2.6+∗ 157 ± 0.97+∗

Blue light 185 ± 1.8+∗ 85 ± 0.04+∗ 73 ± 3.8+∗ 42 ± 1.9+∗ 96 ± 1.92+∗ (10–14) 55 ± 1.8+∗ 40 ± 1.8+∗ 0

Green light 251 ± 0.03+∗ 188 ± 0.24+∗ 142 ± 3.7+∗ 66 ± 0.2+∗ 82 ± 0.25+∗ (9–14) 76.6 ± 0.2+∗ 60.5 ± 0. 9+∗ 55 ± 1.81+∗

Yellow light 291 ± 0.03+∗ 146 ± 0.28+∗ 93 ± 0.2+∗ 56 ± 3.2+∗ 44 ± 0.47+∗ (10–12) 21.6 ± 0.9+∗ 38 ± 1.0+∗ 35 ± 1.1+∗

Each experiment was repeated six times and the values of fecundity, hatchability, and survival were themean of six replicates. ∗Signi
cant (� < 0.05) di�erence
was noted when Student’s �-test was applied to treated and control groups.
+Product moment correlation coe�cient showed that there was signi
cant (� < 0.05) negative correlation in between exposure period and fecundity of L.
acuminata snail. (0) shows no fecundity, hatchability, and survival.

Table 2: Fecundity, hatchability, and survivability of snail (L. acuminata) 2 h exposure to attractants carbohydrate (10mM) and amino acid
(20mM) in bait.

Exposure
Fecundity %

Hatchability %
Survival %

24 h 48 h 72 h 96 h 24 h 48 h 72 h 96 h

Control 200 ± 0.23+∗ 80 ± 0.25+∗ 155 ± 1.2+∗ 98 ± 0.31∗ 150 ± 0.25+∗ (7–9) 100 ± 1.2+∗ 99 ± 0.21+∗ 89 ± 0.12+∗ 85 ± 1.2+∗

Maltose 283 ± 0.25+∗ 218 ± 0.33+∗ 123 ± 0.13+∗ 14 ± 0.68∗ 189 ± 0.36+∗ (8–10) 91 ± 1.04+∗ 143 ± 0.39+∗ 125 ± 0.11+∗ 13 ± 0.26+∗

Glucose 276 ± 0.93+∗ 218 ± 0.27+∗ 123 ± 0.08+∗ 14 ± 0.68∗ 183 ± 0.25+∗ (10–13) 151 ± 0.41+∗ 113 ± 0.22+∗ 107 ± 0.91+∗ 95 ± 1.8+∗

Sucrose 258 ± 0.76+∗ 224 ± 1.1+∗ 108 ± 5.2+∗ 79 ± 0.63∗ 151 ± 0.25+∗ (8–13) 140 ± 1.81+∗ 125 ± 1.81+∗ 115 ± 1.8+∗ 91.3 ± 0.24+∗

Starch 468 ± 0.1+∗ 290 ± 0.2+∗ 143 ± 19+∗ 84 ± 0.26∗ 162 ± 0.35+∗ (11–14) 142 ± 0.20+∗ 121 ± 0.14+∗ 112 ± 0.91+∗ 95 ± 1.8+∗

Serine 319 ± 0.29+∗ 232 ± 0.21+∗ 81 ± 0.20+∗ 70 ± 0.72∗ 239 ± 0.34+∗ (8–12) 167 ± 0.42+∗ 154 ± 1.91+∗∗ 143 ± 0.26+∗ 127 ± 0.97+∗

Aniline 254 ± 0.70+∗ 181 ± 0.81+∗ 110 ± 1.8+∗ 51 ± 0.40∗ 197 ± 0.27+∗ (7–10) 186 ± 1.99+∗ 145 ± 1.81+∗ 127 ± 0.91+∗ 115 ± 0.18+∗

Proline 71 ± 0.68+∗ 201 ± 0.27+∗ 125 ± 0.78+∗ 109 ± 4.3∗ 203 ± 1.37+∗ (10–15) 164 ± 0.24+∗ 118 ± 0.29+∗ 107 ± 0.91+∗ 85 ± 1.8+∗

Each experiment was repeated six times and the values of fecundity, hatchability, and survival were the mean of six replicates. Values in parenthesis indicate
the days. ∗Signi
cant (� < 0.05) di�erence was noted when Student’s �-test was applied to treated and control groups.
+Product moment correlation coe�cient showed that there was signi
cant (� < 0.05) negative correlation in between exposure period and fecundity of L.
acuminata snail.

hatched snails was noted in treated snails a�er 48 h; the newly
hatched snails in treated group were slow and had smaller
tentacles as compared with those of control group. Feeding
of bait containing 24 h LC50 of 80% chlorophyllin arrested
hatchability and survivability (Table 3). Sublethal feeding of
bait containing 24 h LC50 of 40% and 80% of chlorophyllin
+ serine to uninfected snails resulted in minimum fecundity
in sunlight + serine (24 h 74.25 ± 0.01 and 48 h fecundity
10.65±0.94) and red light + starch (24 h 56.25±0.84 and 48 h
fecundity 4.25±0.25) as compared to control (24 h 206±0.88
and 96 h fecundity 140±2.0). 24 h LC50 of 80% chlorophyllin
feeding of bait heavily reduces the fecundity of uninfected
snail (a�er 48 h). �e control snail laid equal sized eggs in
two rows in gelatinous strings (Table 4).

4. Discussion

Caudodorsal cells (CDCs) in the Lymnaeidae snails are the
main centre to control the egg laying [22, 23]. Seasonal
variation in egg laying pattern of Lymnaea is noted by various
works [24, 25]. Ter Maat et al. [26] reported the role of
light perceived through ocular or nonocular photoreception
on induced egg laying pattern in snail Lymnaea stagnalis.

According to them nonocular photoreception can modulate
the egg laying pattern [27]. �is light photoreception reaches
the caudodorsal cells through lipochondria present in the
intracellular neuronal organelles, which contain carotenoids
[28, 29]. E�ects of di�erent abiotic factors, namely, tempera-
ture, pH, dissolved O2, and free CO2, on egg laying pattern of
snails are reported by di�erent workers [23, 25]. �ere is no
study on the e�ect of di�erent spectral bands of visible light
on the egg laying pattern of Lymnaeidae snails.

Present study clearly demonstrates a signi
cant reduction
in the fecundity of L. acuminata snails exposed to di�erent
spectral band of visible light a�er feeding of bait containing
chlorophyllin + amino acid. Although red light attracts max-
imum number of snails [12, 30], it reduces the reproductive
capacity of both infected and uninfected snails. It is noted
that aquatic insects are more sensitive to red light than other
invertebrates. Red light penetrates water column more than
another band of visible light [31]. According to Bruce and
Shardlow [32] arthropods, Mollusca, and some worms have
eyes that are extremely sensitive to di�erent spectral band of
light.

�e reduction in the hatchability of L. acuminata snails
exposed to the di�erent spectra band of visible light may
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be due to more interference of reactive oxygen, a product
of chlorophyllin, with the embryonic growth and develop-
ment of the snails [33]. Young hatched snail shows delay
in attaining maturity in both treated and control groups
exposed to di�erent spectral band of visible light. Sunlight
having di�erent spectral bands a�ects the behavior, biological
rhythms, and physiological functions of snails [34, 35].
Reproduction of mosquito is prevented through blue light
irradiation on eggs, larva, and pupa [7]. Blue (470 nm) and
red (660 nm) spectral band may stimulate the production of
reactive oxygen substrate [36]. Yin et al. [37] suggested that
many microbial cells are sensitive to blue light as a result
of the accumulation of photosensitizers such as porphyrins
and 	avins. Fasciola infected snail requires higher feeding
due to larval growth of parasite in their body and higher
accumulation of chlorophyllin. It produces more toxic reac-
tive oxygen than uninfected snails. Consequently, negative
e�ect of chlorophyllin bait feeding was noted on fecundity,
hatchability, and survival of snails.

5. Conclusion

It can be concluded from the present study that the snails have
a capacity to monitor photo- and chemostimulus. At higher
intensity, snails attracted by red light caused the alteration
of reproductive capacity with bait containing chlorophyllin.
�ese behavioral responses of snail against both stimuli will
be a new tool in managing the population of snails below
threshold level to minimize fasciolosis.
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