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Lymnaea acuminata breeds round the year. The effect of pH, temperature, dissolved oxygen, carbon
dioxide, light/dark period and clean/polluted water on the fecundity, hatchability and survival of
young snails of L. acuminata were studied. It was observed that these environmental variant abiotic

Maximum reproduction of this snail was observed in the months of March to May. A significant
positive correlation (p < 0.05) between D.O. (3.1-7.7 ppm)/pH (7.01-8.96) of water with fecundity
(6.0-196.33/20 snails), hatchability (54.69-96.91%) and survival (61.3—-95.86%) of young snails was
observed for each month and each interval of 24-72h. In contrast, a significant negative correlation
between dissolved CO, (4.6-16.6 ppm)/temperature (16—37°C) of water was noted with fecundity,
hatchability and survival of snails. Percent hatchability in the eggs in different regimens of water was
between 96.91-54.69%. The hatching period was prolonged (2-14 days) in snail exposed to
different groups of water compared to the control group (2-9 d). This study conclusively shows that
variant abiotic factors in different months of the year can significantly alter the reproductive ability

and development process in the snail Lymnaea acuminata.
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INTRODUCTION

Fascioliasis is one of the most debilitating zoonotic diseases
of domestic herbivores and human beings (Ashrafi et al.
2006; WHO 2006; Lewin 2007; Alatoom ef al. 2008). Earlier,
fascioliasis was limited to populations within well-defined
watershed boundaries: however; recent environmental
changes and modification in human behavior have
increased the risk in other new populations (Savioli et al.
1999). Liver flukes Fasciola hepatica or Fasciola gigantica
are the causative agent of fascioliasis (Ghanaei et al
2006; Taheri et al. 2007). The freshwater snail Lymnaea
acuminata is the intermediate host of F. gigantica (Singh &
Agarwal 1981). An effective method to reduce the incidence
of fascioliasis is to control the population of vector snails,
thereby breaking the lifecycle of these flukes, or by reducing
the reproductive capacity of snails (Godan 1983; Katz 1986;
doi: 10.2166/wh.2009.035
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Agarwal & Singh 1988; Singh et al. 1996). Earlier studies
have shown that the reproductive capacity of snails varies
from one season to another (Maat et al. 1983; Wayne 2001).
It has also been conclusively shown that oviposition in
snails is induced by a neuroendocrine hormone of the
Caudo-Dorsal Cells (CDCs) in the cerebral ganglion
(Geraerts & Bohlken 1976; Takeda 1977; Maat & Lodder
1980; Maat et al 1982; Singh et al. 2008). Several
mechanisms are involved in the release of the ovipository
hormone by environmental factors (Highnam & Hill 1977;
De Jong-Brink et al. 1992). Environmental factors such as
temperature, pH, dissolved oxygen, carbon dioxide and
light/dark period are major seasonal variants that affect
the morphological characteristics of CDCs (Joosse 1964;
Maat et al. 1983; Wayne 2001).
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The objective of this study was to explore the possibility
whether seasonal changes in the abiotic factors tempera-
ture, pH, dissolved oxygen and carbon dioxide, dark and
light exposure can influence the fecundity, hatchability
and survival of young snail L. acuminata in each month of
the year 2006-2007. This will be helpful in deciding the
most suitable time in the year for their control.

METHODOLOGY
Animals

Adult L. acuminata (2.60 = 0.30cm in length) were
collected locally from ponds, pools, lakes and low-lying
submerged areas located almost adjacent to our University
campus. The collected snails were acclimatized in dechlori-
nated tap water for 72 h.

Experimentation

The following experiments were carried out in different
regimens of water:

Dechlorinated tap water (control).
Dechlorinated tap water changed at 24 h (group A).
Ramgarh lake water (dirty/polluted water) (group B).

Han -

Well-aerated dechlorinated tap water changed at 24h

(group C).

5. Dechlorinated tap water kept in dark (aquaria covered
with black cloth) for 24 h (group D).

6. Snails exposed for 6 h light in 24 h (group E).

Six groups of twenty snails were kept in six glass aquaria
separately for each regimen with 5 liters of different regimens
of water. The aquaria were covered with wire netting to
prevent the animals from escaping. L. acuminata laid their
eggs in the form of elongated gelatinous capsules containing
2-180 eggs on the lower surface of leaves of aquatic
vegetation. After every 24 h up to 96 h, the total number of
eggs oviposited by the snails were counted in each aquarium.
Dissolved O,, CO,, pH and temperature of different
regimens of water were measured simultaneously. Tempera-
ture and pH were measured by a thermometer and digital
pH meter, respectively. Dissolved O, and CO, were
estimated according to methods prescribed by APHA (2005).
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Since it is difficult to detect the mother snails for a
particular spawn, capsules containing eggs from each aqua-
rium were incubated at 30°C in covered Petri dishes containing
the same regimen of water as given to the adult snails.
At regular intervals, the development of embryos was
observed under a binocular microscope till their hatching.
Dead eggs were removed, to avoid any contamination. Young
snails were immediately transferred to the same regimen of
water and their survival was observed up to 72 h after hatching.

Statistical analysis

Each experiment was replicated at least six times, and
pH, dissolved O, and CO,
are expressed as the mean of six replicates. Values of

values of temperature,
fecundity, hatchability and percent survival were expressed
as mean *+ SE. The product moment correlation coefficient
was applied to determine significant (p < 0.05) differences
between environmental factors such as temperature, pH,
dissolved O,, CO,, exposure of dark/light and fecundity/
percent survival of snails in each months of the year
2006-2007 (Sokal & Rohlf 1973).

RESULTS

L. acuminata laid their eggs in gelatinous strings, each egg
floating in albuminous fluids bounded externally by a
membrane. The ovoid eggs were laid in two rows. There
was a significant (p < 0.05) variation in the fecundity of
L. acuminata kept in different regimens of water, viz. A, B,
C, D and E (Tables 1 and 2); in the control group of snails
the maximum fecundity was observed in the month of
May (196.33 eggs/20 snails) and the minimum (20 eggs/20
snails) in July (Tables 1 and 2). A significant positive
correlation between dissolved oxygen/pH of water and
fecundity, hatchability and survival of young snails was
noted for each month and each interval of 24 h up to 72h.
In contrast, a significant negative correlation between LCsq
and dissolved CO, and with water temperature was noted.
(Tables 1 and 2). The control group of animals hatched into
young snails within 2-9d (Table 1). Complete embryonic
development was lacking in the eggs of snails exposed to
different regimens of water. Percent hatchability in the eggs
of different regimens of water was between 96.91-54.69



Table 1 | Effect of temperature, pH, dissolved oxygen and CO, in different water samples on the fecundity, hatchability and percent survival of the snhail Lymnaea acuminata in the months November 2006 T
to October 2007 2
D.o. CcOo, Fecundity after 24h Hatchability percentage Percent Percent Percent z
Month Parameter T pH (mg/l) (mg/1) (egg/20 snails) (hatching period in days) survival 24h survival 48h survival 72h ;Qj
Nov., 06 Control 24°C 8,61;? 51" 12.0% 119.00 = 0.81 100 (2-6) 100 100 100 g
A 24°C 8.64;:: 527 13.04 83.66 £ 0.33 90.47 = 0.40 (2-9) 90.80 £ 0.87 81.36 £ 0.73 71.71 = 0.33 §
B 25°C 8.70? 4.2% 16.6" 21.50 = 0.22 76.98 £ 0.79 (3-10) 81.25 + 0.30 62.87 £ 0.32 48.36 + 0.54 ;
C 26°C 7.84% 7.7" 8.1 42.50 = 0.34 73.45 = 0.74 (3-13) 64.92 + 0.79 44.01 = 1.18 28.34 + 0.34 »
Dec., 06 Control 21°C 8,67;:: 5.7 12.6’5‘ 92.00 £ 0.77 100 (2-5) 100 100 100 o'i
A 21°C 8.56’:‘ 557 13.3:¢ 94.33 = 0.95 92.99 = 0.47 (3-7) 90.95 = 0.92 74.50 = 1.44 64.20 = 0.87 %‘
B 21°C 8.81T 55" 14.0% 17.50 = 0.56 78.12 £ 0.49 (3-9) 64.61 £ 0.78 28.75 = 0.11 18.52 + 0.33 g-
C 21°C 8.73" 6.9 8.0 57.83 = 0.54 56.67 = 0.77 (3-10) 61.52 = 0.67 32.47 = 0.86 15.78 = 0.50 §
Jan., 07 Control 16°C 8,68;:: 6.1" 90 62.33 £ 0.84 100 (3-7) 100 100 100 é
A 16°C 8.69?‘ 6.0" 9.0“'¢ 59.00 = 0.51 89.82 = 0.09 (4-9) 94.33 = 0.05 77.07 £ 0.71 58.19 = 0.52 3
B 16°C 8.39'i 5.8" 10.0;:: 20.00 = 0.93 82.55 = 0.40 (4-11) 72.74 = 0.47 60.51 = 0.60 51.71 £ 1.02 §
C 16°C 8.83" 7.5 8.0" 31.00 = 0.44 67.35 = 0.44 (4-14) 61.21 £ 0.76 41.81 = 1.15 29.84 = 0.59 g
Feb., 07 Control 20°C 8.17" 5.7% 13.04 112.00 = 0.57 100 (2-7) 100 100 100 §
A 20°C 8.19J 55" 14.0’f 113.00 = 1.12 96.91 = 0.61 (3-11) 93.30 = 0.75 86.76 = 0.39 71.84 = 0.47 ;
B 20°C 8.53'i 52" 16.0;:: 23.50 = 1.20 81.53 = 1.09 (3-13) 75.59 £ 0.26 62.61 = 0.49 52.87 £ 1.15 o,
C 20°C 8.38" 6.4 11.0% 44.16 = 091 59.97 = 0.32 (4-14) 73.67 = 1.21 62.15 £ 0.91 43.99 = 1.04 g
o . o
Mar., 07 Control 23°C 8.75':‘ 5.8 12.0:‘ 97.16 = 0.54 100 (2-9) 100 100 100 E
A 23°C 8.73* 52% 13.0'? 74.50 = 0.72 95.54 = 0.45 (2-9) 9490 = 0.43 81.18 £ 0.53 58.60 =+ 0.12 §
B 23°C 8.96u 4.0" 15.0* 19.16 = 0.65 84.26 = 0.50 (3-10) 87.53 = 0.46 61.72 £ 0.82 3493 £ 0.77
C 23°C 8.91% 6.6 9.0 64.00 = 0.96 68.16 = 0.82 (4-12) 77.01 = 0.64 47.96 = 0.96 29.43 = 0.47
Apr., 07 Control 33°C 8.54’:E 39" 10.1% 115.33 = 0.42 100 (2-5) 100 100 100
A 33°C 8.66T 3.8" 11.5':< 114.50 = 0.72 92.13 = 0.04 (3-6) 93.84 + 0.28 80.58 = 0.54 75.82 = 0.57
B 33°C 8.86" 36" 1448f 28.33 = 0.55 77.66 £ 0.35 (3-8) 80.34 = 0.67 66.68 = 0.54 54.48 = 0.75
C 33°C 843 45% 9.0" 96.83 = 0.54 71.60 £ 0.53 (3-12) 66.84 = 0.71 54.81 = 0.33 4495 *+ 0.44
May., 07 Control 35°C 8.22jE 4.1 9.0*'¢ 196.33 = 0.61 100 (2-8) 100 100 100
A 35°C 8.20'i 35" 10.8™ 103.33 = 0.76 93.72 = 0.60 (4-9) 95.86 = 0.01 80.37 £ 0.03 73.14 = 0.04
B 36°C 7.15% 2.8" 10.5 76.50 £ 0.50 70.38 £ 0.55 (4-11) 81.41 = 0.53 60.98 £ 0.12 57.26 = 0.13
C 36°C 7.82 4.2 5.8 90.50 = 0.50 59.48 = 0.26 (3-12) 75.84 = 0.07 52.93 + 0.60 46.73 = 047
Jun., 07 Control 37°C 7.18? 3.1 10.1? 84.66 *+ 0.61 100 (3-6) 100 100 100 s
A 37°C 7.22':‘ 327 11.0:: 77.00 = 0.77 86.35 = 0.29 (4-7) 91.71 = 0.35 81.70 £ 0.76 65.15 = 0.19 5
B 37°C 7.94% 2.7 133" 17.50 + 0.50 77.04 + 0.67 (4-9) 77.61 + 0.86 65.47 + 0.53 43.08 + 0.75 =
C 37°C 7.42 46" 6.8" 53.33 = 0.76 59.99 = 0.16 (5-11) 7497 + 0.36 53.62 = 0.29 37.99 + 0.46 g
. « 2
Jul, 07 Control 36°C 7.16=: 4.6 11.0':‘ 20.0 = 0.68 100 (3-4) 100 100 100 (]
A 35°C 7.20;:‘ 45" 11.0% 13.66 = 0.49 91.59 = 0.82 (5-6) 91.96 = 0.20 83.94 = 0.41 66.69 *= 0.64 §
B 35°C 7.41=f 32" 12.0' 6.00 = 0.44 63.74 = 1.35 (6-8) 63.47 = 1.08 36.50 = 1.08 0 F3
C 35°C 7.54* 5.4% 8.0" 12.83 = 0.40 57.18 = 0.71 (6-9) 72.61 = 0.75 54.76 = 1.50 27.38 £ 0.75 ?;
Aug., 07 Control 35°C 7.01#i 59" 6.1% 96.66 = 0.76 100 (4-6) 100 100 100 §
A 35°C 7.08;:‘ 5.8 7.84 84.83 = 0.65 92.72 = 0.20 (7-9) 92.79 = 0.25 79.87 £ 0.28 62.48 = 0.34 =
B 35°C 7.25;:‘ 55" 7.5% 13.33 = 0.33 7742 £ 0.58 (5-8) 80.53 + 0.66 62.92 = 1.04 43.46 = 1.11 §
C 35°C 7.29% 6.8" 6.3 25.00 = 0.63 61.30 = 0.14 (6-11) 67.26 = 0.94 56.54 = 0.18 33.77 £ 1.16 ©
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Table 2 \ Effect of temperature, pH, dissolved oxygen and CO, in different water samples on the fecundity, hatchability and percent survival of the snail Lymnaea acuminata in the months November 2006 ?
to October 2007 L
D.O. Cco, Fecundity after 24h Hatchability percentage z
Month Parameter Temp. pH (mg/l) (mg/l) (egg/20 snails) (hatching period in days) Percent survival 24h Percent survival 48 h Percent survival 72h §
Nov., 06 Control  24°C 8.61’? 51%  12.0%  119.00 + 0.81 100 (2-6) 100 100 100 g
D 26°C 7.61?‘ 51" 13.3' 36.33 = 0.55 78.47 = 0.85 (3-10) 77.92 £ 1.16 57.80 = 0.48 36.79 = 0.78 é
E 26°C  7.64° 58" 12.3% 74.33 £ 0.76 85.65 = 0.14 (3-9) 89.02 = 0.95 79.68 = 0.95 63.36 = 0.77 =
Dec,06 Control ~ 21°C 867" 57 126"  92.00 *0.77 100 (2-5) 100 100 100 )
D 21°C 823" 45 140" 2883 +054 7491 + 1.12 (3-8) 7753 + 0.85 65.97 *+ 0.35 49.03 = 0.36 =
E 21°C 857" 55" 13.0 64.66 = 0.49 85.60 = 0.91 (3-7) 76.51 £ 1.01 69.00 = 0.31 67.16 = 0.46 %‘
Jan, 07  Control  16°C 868" 6.1" 9.0" 6233084 100 (3-7) 100 100 100 °
D 16°C 849" 53% 100"  2550+034 7251 + 0.38 (3-10)  83.57 = 0.31 53.16 + 0.48 41.40 + 0.52 S
E 16°C  8.69 6.1 9.0* 55.66 = 0.49 85.33 = 0.17 (3-9) 89.46 = 0.07 76.83 = 0.16 66.30 = 0.22 %
Feb., 07  Control  20°C 8.17?‘ 5.7F 13.0’f° 112.00 + 0.57 100 (2-7) 100 100 100 s
D 20°C 854" 42" 18.0% 33.33 = 1.14 77.43 = 0.60 (3-11) 83.38 £ 1.17 72.34 = 0.50 62.75 £ 0.93 =
E 20°C  8.28 5.4 15.0 85.50 = 0.67 86.23 = 0.63 (3-8) 89.59 = 0.51 80.80 £ 0.48 66.59 = 0.21 %
Mar, 07  Control ~ 23°C 875" 58" 120" 9716+ 054 100 (2-9) 100 100 100 8
D 23°C 853" 23" 180" 4133 +0.61 79.46 + 0.52 (4-9)  81.22 + 0.38 69.03 + 0.33 47.70 + 0.34 g
E 23°C  8.71F 52" 13.0% 72.66 = 0.92 88.77 = 0.31 (3-8) 90.68 = 0.09 75.70 £ 0.12 50.14 = 0.37 é_;
Apr,07  Control  33°C 854" 39% 101" 11533+ 042 100 (2-5) 100 100 100 g
D 33°C 833" 31" 166  5516=094 82.40 = 1.10 (3-7) 84.98 = 0.52 60.13 + 0.68 49.84 * 0.32 g
E 33°C 846" 3.6 13.8 99.00 = 0.81 87.54 = 0.32 (3-6) 91.16 = 0.44 75.78 = 0.60 66.92 = 0.32 =
May., 07 Control  35°C  822% 4.1 9.0 196.33 + 0.61 100 (2-8) 100 100 100
D 36°C 7.50' 3.4 12.5' 80.16 = 0.30 76.29 = 0.09 (4-10) 79.28 = 0.34 70.13 = 0.06 61.95 = 0.21
E 36°C 7.80° 3.8 8.1%  102.66 + 0.76 83.43 = 0.12 (4-9) 85.98 = (.12 73.92 = 0.06 68.46 = 0.27
Jun, 07  Control  37°C  7.18" 3.1 10.1%  84.66 = 0.61 100 (3-9) 100 100 100
D 37°C 7.20‘ 3.4 13.0' 40.50 = 0.50 69.94 = 0.35 (4-10) 84.13 = 0.63 69.43 = 0.29 58.55 = 0.67
E 37°C  733° 3.7 10.3% 62.16 = 0.75 80.44 = 0.60 (3-10) 89.01 = 0.58 79.01 = 0.58 63.34 = 0.66
Jul., 07 Control ~ 36°C  7.16° 4.6 110" 20.00 * 0.68 100 (3-4) 100 100 100
D 35°C 7.54’:¢ 37" 10.0?¢ 8.66 = 0.21 76.84 = 0.58 (6-7) 69.83 = 1.00 53.57 = 1.60 42.45 *+ 0.25
E 35°C  7.30° 4.0 9.0* 14.66 = 0.55 84.17 = 1.00 (5-6) 83.67 = 0.59 75.52 = 0.88 54.07 £ 0.14
Aug, 07 Control  35°C 7.01% 597 6.1  96.66 = 0.76 100 (4-6) 100 100 100 5
D 35°C 7.55' 6.2 12.3' 16.83 = 0.40 71.31 = 0.48 (4-9) 74.94 = 0.54 59.74 = 0.93 43.04 = 0.87 5
E 35°C  7.17° 6.3 7.3" 37.16 + 0.40 86.53 + 0.14 (4-7) 91.19 + 0.47 71.50 + 0.23 53.83 + 0.24 =
Sep,07  Control ~ 35°C  7.82° 57° 68" 4516+ 094 100 (2-4) 100 100 100 s
D 35°C 728" 39" 90"  1350*072 7410064 (4-9)  79.70 * 1.14 53.19 = 1.02 43.04 = 1.40 &
E 35°C 7.43% 457 68" 2816+ 145 86.46 = 0.57 (3-8) 91.13 + 0.25 78.68 + 0.39 64.28 = 0.68 3
Oct,07  Control ~ 34°C 845" 53" 75" 15883 +098 100 (3-5) 100 100 100 g
D 34°C 844" 457 68" 10683 * 1.35 79.71 + 0.16 (4-9) 80.43 + 0.21 52.64 * 0.74 46.14 = 0.54 =
E 34°C 853" 497" 7.3 141.16 = 1.42 85.15 = 0.80 (4-8) 90.43 £ 0.48 76.83 £ 0.20 68.31 £ 0.18 8
Each experiment was replicated 6 times and the value of pH, dissolved oxygen, dissolved free carbon dioxide is the mean of six replicates and fecundity is the mean = SE measured after 24 h period. Product moment correlation §
o

coefficient in between the fecundity (egg/20 snail), hatchability, percent survival and different parameters indicate significant (p < 0.05) (+) positive/(*) negative correlation. D-Dark exposed water. E-Light exposed water.
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Holliday 2005). It may be possible that high oxygen
concentration changes the chemical composition of water
as well as morphological characterstics of CDCs and the
physiology of animals. The effects of high CO, exposure
cause a reduction of metabolism, protein synthesis, growth
rate and reproduction in marine animals (Portner et al
2004). When the CO, combines with water it forms
carbonic acids and releases hydrogen ions (Royal Society
2005). The hydrogen ions determine the acidity of the water
(Ruttimann 2006). Reduction in fecundity, hatchability and
survival of well-aerated water may be due to excess O, and
CO, concentrations. Day length is a crucial factor in egg
laying in Lymnaea (Bohlken & Joosse 1982; Maat et al.
1983).
system in snails light and day length may influence the

Due to the hypothalamus-hypophysis—gonadal

release of tentacular hormone, which alters the activity of
CDCs (Takeda 1977). In the present study the snails are
exposed in light for only 6h in 24h dark period which
initiates higher egg laying in comparison to snails kept in
the dark for 24 h. Wayne & Block (1992) have reported that
eyes play a role in mediating photoperiodic information
in the reproductive system in Aplysia. Singh (1987) has
reported there is no significant change in the egg laying
pattern of L. acuminata Kkept in the dark for 24h with
respect to control snails (normal daylight). In Helix aspersa,
the absence of photoperiod inhibited egg laying (Jess &
Marks 1998). However, in the present study we have
observed that the egg laying was higher in the control
group with respect to eggs kept for 24 h in the dark. If the
snails were exposed to 6h light and kept for the rest of
the period in darkness it indicates that light stimulation
plays some role in the fecundity of snails. Low level of
fecundity, hatchability and survival of the snail L. acuminata
in dark group D in comparison to light-exposed snails,
group E, may be due to the influence of light on CDCs.
Reduction in survival of newly hatched snails in groups
A, B, C, D and E in comparison to the control indicate that
it may be due to low intake of oxygen due to low surface
tension between water and the respiratory surface, increase
in CO, concentration and low pH (Shirayama 2005).
Variation in pH, dissolved oxygen and carbonate hardness
levels in water caused detrimental effects on the growth
and reproduction of Bithynia gracea (Eleutheriadis &
Lazaridou-dimitriadou 2001). Formation of the shells of
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newly hatched snails is sensitive to environmental factors,
but dissolved CO, (hypercapnia), which alters the rate of
shell calcification by changing pH, is one the most
important factor (Shirayama 2005). It may be possible that
variations in different environmental factors in the sur-
rounding water affect the reproduction and development
processes of the snails.

CONCLUSIONS

This study conclusively shows that variant abiotic factors
can significantly alter the reproductive ability as well their
development process. It has been observed that mollusci-
cides used in the control of the snail L. acuminata are very
effective in the summer season, i.e. March to May (Singh &
Singh 2008). The present study clearly demonstrates
that between March to May maximum reproduction of
snail was observed in the control group of snails. It is
obvious that the most suitable period for the control of
the snail L. acuminata in India is during the months
of March to May.
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