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Abstract: The results show that it is possible to maintain marsh snail Lymnaea stagnalis L through the
generations, under laboratory conditions, but with the first generation of animals bred in the laboratory from
egg masses from the nature, is not infected with parasites. In conditions when egg masses are kept in Petri
dishes in 50 ml of tap water at a temperature of about 20°C, embryonal development lasts 16 days, the survival
rate of embryos is about 90%. During embryonal development, from the 8th day, it is possible to register a
summary spon taneous bioelectrical activity of the embryonal nervous system (pedal ganglia). Embryonal
growth (longitudinal) and postembryonal growth (longitudinal and weight) mathematically describes the
sigmoid curve of growth and length-weight relationship describes the exponential growth function, which
turns into a linear logarithmic dependence. The value of the parameter & (line slope of the linear relationship)
in our experimental conditions is 2.68 and indicates that under these conditions, weight growth increases
proportionally slower than the longitudinal growth (negative allometry of growth). Based on morphological,
electrophysiological and pharmacological characteristics of the dorsal surface of the visceral and right parietal
ganglia of adult snail identified 9 neurons. Marsh snail Lymnaea stagnalis L. is relatively good indicator
(in- dicator weight G 3) of B- mezosaprobic zones (relatively pure water) of aquatic ecosystems, where it is
most commonly found, but it also habitates in oligosaprobic (pure water) and o-mezosaprobic zone
(pollution-regulated water).
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INTRODUCTION

Due to its biological characteristics, pond snail
Lymnaea (systematic  classification:
Mollusca, Gastropoda, Pulmonata, Basommatophora,
Lymnaeidae), as well as other

stagnalis L.

representatives  of

mollusca species, is a suitable experimental animal for
fundamental neuro-biological, embryological, biochemical,
endocrinological and parasitological researches and also
for applied ecological research (estimation of the pollution
level of the water environment based on the distribution
of indicator organisms - saprobiological analysis). Marsh
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snail is a hermaphrodite, with separate male and female
genital opening, but self-insemination does not occur as
the egg and sperm of the same individual mature at
different times.

This paper presents some biological characteristics
of the marsh snail and summarize our and literature results
obtained while working with this species, as with other
types of the fresh water molluscals, showing that
fresh water mollusca, especially marsh snails are suitable
experimental models in fundamental and applied-term
tests.

Maintenance under Laboratory Conditions: Suitability for
experimental work stems from the relatively low
maintenance requirements under laboratory conditions.
The snail can be kept in glass or plastic aquarium, which
can be instantaneous or aired, but not necessary. As a
stenotherm species, the snail does not tolerate large
variations of temperature, but can be kept at a temperature
of 5-25°C. In order to control the diet, it can be fed with
lettuce, which this animal consumes well. Portion size
depends on the temperature at which it is held. At lower
temperatures the snail eats almost nothing and pulmonary
respiration replaces breathing through the skin. At higher
temperatures, it consumes all the food given to it and if
the dead snails are not removed from the aquarium,
cannibalism is observed.

The literature lists different data on the volume of
water required by an individual snail: a 10-15 ml [1], 400 ml
[2], 100 m1[3] (cited. [4]); 150-170 ml [5], 500 ml [6], 160 ml
[7] and 5000 ml [8].

Our results showed that if the animals were kept in
non-flow-up aquariums, a large number of egg masses
were deposited withim an hour of changing the water,
suggesting that an (increased oxygen concentration
would stimulates laying of egg masses). The possibility of
ob- taining a large number of egg masses, with a large
number of fertilized eggs, enables conduction of various
embryonal development tests (e.g. length growth, the
emergence of the bioelectrical activity of the embryonal
nervous system, the influence of different environments
on embryonal development, development in vitro, etc).

Embryonal Development, Embryonal Developmentunder
in vitro Conditions, Embryonal Movements (Passive and
Active) and Bioelectrical Activity of the Embryonal
Nervous System: Developmental threshold temperature is
12°C. Long-term effect of 37°C temperature leads to the

death of embryos, whereas shorter treatment, up to 30
min, leads to the formation of abnormal embryos [9]. Head
region is specially sensitive. Sensitivity of embryos to
higher temperature is highest after the 3 trench [10].

Trench in Lymnaea is holoblastic and spiral, with
successive cleaving of deiotrop or leiotrop. First
deiotrop grooving operations cover 8th degree of
blastomere, but the next trenching is leiotropic, etc... [11].
Division is synchronized to the level of 256 cells
(8™ trench), after which the synchronization is lost.

In conditions when egg masses are kept in Petri
dishes in 50 ml of tap water at a temperature of about
20°C, the embryonal development is 16 days and survival
rate of the embryos is about 90% (Fig. 1A, curve 3). The
presence of jelly mass (tunica interna) is necessary,
because in the absence of jelly masses, the survival rate
of the embryos in isolated egg membranes is about 40%
(Fig. 1B, curve 3), while the absence of jelly masses has
no influence on growth of the embryos in the isolated egg
membranes (Fig. 2A and 2B, curve 3) [12].

Partial development of embryons under in vitro
conditions, in artificial medium, also showed that the
presence of egg membrane and perivitelline liquid in it,
are necessary, whereas the results are statistically
dependent on the age of embryos. Embryos were taken
from the egg membrane on 6-th, 7-th and 8-th day of
embryonal development. Only the embryos removed from
the egg membrane on the 8-th day of embryonal
development and further developed in vitro, reached the
end of a normal embryonal development (16" day), in a
high percentage (71%). Transferred to the tap water,
all embryos died in the next 20 days. When extracted at
7" day of embryonic development, only 17% of embryos
reached the end of the normal embryonal development
(Fig. 3). Embryos of all age groups that are developing
under in vitro conditions, had significant growth slowing
compared to the group of the same aged embryos
developed within isolated egg membranes and developed
in artificial medium (Fig. 4) [13]. Similar outcomes,
indicating the importance of the perivitelline liquid and the
egg membranes were obtained during long-term culturing
of decapsulated marsh snail embryos (Helisoma trivolvis
Say) [14].

Perivitelline liquid has a nutritional role, as it contains
carbohydrates and proteins [15-17]. At a very early
embryonal stage, after gastrulation and loss of vitelline
membrane [18], embryos start to use these substances, as
partly as an energy source and partly as a building
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DAYS OF EMBRYONAL DEVELOPMENT

Fig. 1: Survival rates of embryos developed in intact egg masses (A) and isolated egg capsules (B). Curves 1 synthetic
fresh-water (non-buffered), curves 2 synthetic fresh- water (buffered), curves 3 tap water. The initial number of
embryos was 120 in each subgroup.
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DAYS OF EMBRYONAL DEVELOPMENT
Fig. 2: Mean values of the longutudinal growth of embryos developed in intact egg masses (A) and isolated egg
capsules (B). Curves 1 synthetic fresh-water (non-buffered), curves 2 synthetic fresh-water (buffered), curves 3
tap water. The initial number of embryos was 120 in each subgroup.
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Embryonal and postembryonal development [d]

Fig. 3: Survival rates of embryos developed in the absence of the egg capsule (A) and of embryos developed in isolated
egg capsule (B) from the 6th (a) (initial number of embryos was 62), 7th (b) (initial number of embryos was 64) and
8th (¢) (initial number of embryos was 73) days of embryonal development in the artifitial medium.
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Fig. 4: Mean values of the longutudinal growth of embryos developed in the absence of the egg capsule (A) and of
embryos developed in isolated egg capsule (B) from the 6th (a) (initial number of embryos was 62), 7th (b) (initial
number of embryos was 64) and 8th (¢) (initial number of embryos was 73) days of embryonal development in the

artifitial medium.
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Fig. 5: Recording of the spontaneous bioelectrical activity of the pedal ganglia during embryonal development and
after hatching and in adult animals of the pond snail Lymnaea stagnalis L.

material [19]. Early startup of using the deposits of
perivitelline liquid reserves is the result of the fact that
the egg Lymnaea telolecit, contains a small amount of
vitellus in the vegetative pole, that is used up to the
gastrulation phase [6].

During embryonal development, which takes place
entirely inside the egg membrane, within the egg mass, it
is possible to follow the longitudinal growth of the
embryo and organs development. While the embryo is
diameter is measured, when bilateral

spherical, its
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elongation of an embryo starts, longer diameter is
measured, when the shell appears, the length of the shell
is measured. Growth of the embryo can be traced from the
fertilized egg through its first distribution, from the
appearance of micromeres and macromeres and so on
[6].

The elements of the nervous system are formed from
a quarter of micromeres. Lymnaea nervous system is
conceived in the form of two cephalic plates. From the
cephalic plates the cerebral ganglia is formed first and
then the body parts that they innervate (eyes and
tentacles) [20].

During embryonal development, starting from the
8th day, it is possible to register summary spontaneous
bioelectrical activity of the embryonal nervous system
(pedal ganglia) (Fig. 5) [21]. Pedal ganglia can be observed
on the 6-th day of embryonal development, when active
movements of the embryo in the form of spontaneous
light contractions and relaxations of foot basis first
appear. Embryonal nervous tissue and other tissues are
colourless, but the pedal ganglia can be identified by
perceiving the statocysts, with white statolite. Statocyst
is located near the pedal ganglia.

In further development, spontaneous contractions of
the foot base gradually grow into reflex movements in the
form of contractions and relaxations of the foot parts,
which is increasingly emerging as a response to touching
of the inner side of the egg membrane. This is the second
phase in the development of movement function, so-
called "active movements", when the embryo actively
changes and restores the shape of the body.

"Active movements” during the development phase
are preceded by the so-called "passive movements"
consisting in two forms of rhythmic movement: 1) rotation
of the embryo around its axis, without changing the
position within the egg membrane, 2) rotation of the
embryo dur- ing which the position changes. Passive
movements are caused by the movements of prototro-
cha, when the whole embryo moves and there is no
change and the restoration of body shape. Our results
show that the first form of rhythmic movement occurs
around the 3rd day of embryonal development and the
second form on 5th day, when it starts to lengthen
bilaterally. Rotation of the embryos is influenced by
complex interactions of abiotic environmental factors
(the most important ones being temperature and oxygen
concentration, but also pH and conductivity) [22] and is
also influenced by dopamine and serotonin [23, 24].

Postembryonal Development, Longitudinal and Weight
Growth, Rates of Longitudinal and Weigth Growth,
Mathematical Modeling of Growth and Length-weight
Relationship of Growth: Postembryonal growth was
followed up to the 155-th day of development. In our
experimental conditions (first 2 weeks of postembryonal
development of 10 animals in Petri dishes in 50 ml of tap
water and then 10 animals in 1600ml of tap water, room
temperature), the survival rate is about 20% and 28% of
animals reach sexual maturity at about 83-day of our
postembryonal development. Literature data show that in
summer season adult snails become sexually mature in
less than 3 months and during the winter period in 4
months [4]. During postembryonal development,
inflection point of the longitudinal growth is the 80-day
(Fig. 6) and 103 day for weight growth (Fig. 7). Inflection
point represents the highest gains in longitudinal and
weight growth [7]. After reaching inflection points,
longutudinal and weight growth will continue, but the
growth rate starts decreasing to reach a final maximum
possible value for the given conditions of growth
(upper asymptote of mathematical models of growth).
In our experimental conditions, the maximum length of
shell growth was 47 mm. Under natural conditions, we
found some individuals with shell-length over 60 mm
(7.1% of the total number of animals collected), although
the most common length of the shell is 50 to 60 mm
(70.8%) [7].

Increasing rates of growth up to reaching inflection
points is the result of multiplicative growth, with the
number of cells increasding exponentially, leading to an
increase in body size. After reaching the inflection points,
multiplicative rates reduced as a
consequence of desynchronization of divisions [25].
Tracking postembryonal growth of Lymnaea stagnalis L.
under laboratory conditions enables us to observe the

of growth is

whole postembryonal development, because in nature one
can not find a snail smaller than 20 mm. Shell length of
20-30 mm is found in 2.6% of the total number of collected
animals.

Embryonal growth (longitudinal) and postembryonal
growth (longitudinal and weight) are mathematically
described with a sigmoidal curve. Criterion for choosing
the most appropriate mathematical model of growth is the
size of square error and it depend on experimental data.
A variety of mathematical models describe the sigmoid
growth curve: 1) different forms of logistics functions: a)
3-parameter Verhulst's function [26, 27], b) 3-parameter
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Fig. 6: Mean values of longitudinal growth (A), rate of longitudinal growth (B) and survival

rate (C and D) during

postembryonal development of Lymnaea stagnalis L. The initial number of snails was 300.
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stagnalis L. The initial number of snails was 300.

Table 1: Mathematical models used for the estimation of experimental data

Model No.  Function (Y) Name of functions

1. K 3-parameter Verhulst logistic function
1 4 @

2. _K 3-parameter function
1+ae™™

3. _ K + 4-parameter function
14104+

4. K S-parameter function
1+ ea+rx+cx2 +dx®

5. a+rx +cx?+dx? Polynomial function

6. Ko—d o Gompertz's function

7. K(1 — ™) Bertalanffy's function

function [28], c¢) 4-parameter function [29], d) 5- parameter
function [30, 31], 2) 3-parameter polynomial functions, 3)
Gompertz's function [26, 32, 33], 4) Bertalanfi's function
[32] (Table 1). Their graphical presentation, together
with presenting their maximal and minimal fitting
values, we obtain a "corridor" of growth and its rate of
growth (Figs. 8 and 9) [34]. Mathematicaly expressed,
rate of growth is the first derivative of the function of
growth.

In both 3- and 4-parameter functions as well as in
Gompertz and Bertalanffy’s functions, the parameter K, C,
a and r have t he following mathematical or biological
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meanings: K is the upper asymptote or the highest growth
value, C is the lower asymptote, a is the position of the
curve for x=0 and r is cpecific growth factor. The
interpretation of the nature of polynomial function is
not possible while in 5-parameter logistic function only
parameter K has both mathematical and biological
meaning (the upper asymptote or the highest growth
value) [34].

The length-weight relationship is described by the
exponential growth function:

Woal® m

where W is the weight, L the length. Logarithm of the
exponential function confers a linear dependance:

logW =loga+blogL (2)
which is the common form of linear equation:
Y=a+bX )

Values of the parameters a (Y axis intercept) and
b (line slope) are determined from experimental data.
The parameters a and b have the following biological
meaning: g is the density and shape of the body, b is the
change in body shape during growth [35]. Value of the
parameter b in our experimental is 2.68
and indicates that under these conditions, the weight
of growth increases proportionally slower than the
longitudinal growth (negative allometry of growth, the
value of the parameter b is less than 3.00) (Fig. 10) [7].
If the value of the parameter b is greater than 3.00
(positive allometry of growth) the increase in weight
of growth increases proportionally faster than the

conditions

longitudinal growth and the value of parameters b 3.00
indicates that the longitudinal growth is proportional to
the longitudinal growth (isometry of growth) [33, 36].
The value of parameter b in some freshwater mollusca may
depends on environmental factors and can have values
from 2.6 to 3.2 [37] and on the degree of environmental
pollution (saprobic index values of aquatic ecosystems)
[38].

As the parameter b of the length-weight relationship
of growth, after logarithmic transformation of the
exponential function to a linear function, represents the
slope of the linear function (i.e. regression coefficients),
it is possible to compare the length-weight relationship
growth by comparing the slopes using analysis of
variance [39].

Neurobiological Researches: Adults of marsh snail, as
well as other types of mollusca, are particularly suitable
models for a variety of neurobiological researches,
because of their relatively simple nervous system with the
following features: the number of nerve cells is relatively
limited, nerve cell bodies are lo- cated on the surface of
the ganglion and have relatively large diameter and a
relatively constant position in the same species, while
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hatching to sexual maturity) and the length-weigth relationship during postembryonal development.

their axons belong to the peripheral nerves and form
synapses in the interior of the ganglia. The size of the
cells electrophysiological testing,
where microelectrodes are introduced into the nerve cells.
The large size of the nerve cells also allows introduction
of multiple microelectrodes in the same nerve cell.
This further enables neuron mapping and tests can be
performed on the same neurons,
identified neurons, with well known morphological,
electrophysiological and pharmacological
istics. Unlike neuronal bodies of other gastropods, in
adult specimens of marsh snail, perikarya are pigmented.
They contain pigments: red and yellow
hematoprotein, protein-carotene, found in granules in the
neuronal body. The granules contain one or both pigment
[40]. The importance of pigments is not known, but
pigmentation of neural bodies makes them visible and
suitable for identification.

Based on the electrophysiological characteristics,
identified neurons can be divided into: a) neurons that do
not generate action potentials spontaneously (so-called
silent neurons), b) neurons with the rhythmic endogenous
bioelectric activity without  synaptic potentials, c)
endogenously active neurons whose bioelectrical activity
modifies synaptic potentials and d) spontaneously active

neurons, whose action potentials cause activation of
synaptic inputs [41]. There is also a categorization of
neurons based on
acetylcholine, dopamine, norepinephrine and 5-hydroxy-
tryptamine [42].

nerve enables

continuously

character-

two

responsiveness to transmitters:

Table 2: Mean + S.D. values for electrophysiological properties (Resting
Membrane Potential (RMP)(mV), Amplitude of Action Potential
(AP amplitude)( mV) and Frequency of Action Pitential (AP

Frequency) (imp./sec.)
RMP AP AP Frequency

Neurons  (mV) Amplitude (mV) (imp./sec.)
A 34+38(N=79)  55+5.7 (N=81) 0.5+ 0.2 (N=59)
Al 32+44(N=15) 51+7.6(N=16) 0.5+ 0.2 (N=10)
A2 32+48(N=24)  54+7.1 (N=26) 0.4+0.1 (N=17)
B 32423 (N=22)  55+48 (N=21) 0.4+0.2 (N=18)
C 33+32(N=18) 58+6.3 (N=18) 0.1+0.1 (N=13)
D 33+£73(N=23)  54+2.5(N=23) 0.6+ 0.2 (N=17)
E 3743.6 (N=13)  59+3.1 (N=14) 0.5+ 0.2 (N=13)
N1 51465 (N=26)
N2 -49+7.5 (N=17)
By ArambaSi¢ and PasSi¢ [43] based on their
morphological, electrophysiological (Table 2) and

pharmacological properties, neurons were identified on
the dorsal side of the visceral and right parietal ganglion
of the pond snail Lymnaea stagnalis L. The total of 9
neurons were identified out of which 7 (A, Al, A2,B, C, D
and E) were found to be responsible for spontaneous
genesis of action potential and 2 (N1 and N2) were
“silent”. Among the spontaneously active neurons 4
(A, Al, B and D) were involved rhythmical genesis of
action potential and the other 3 (A2, C and E) were
characterized by intermittent bioelectrical activity.

Parasitological Researches: Lymnaea stagnalis, as well
as other fresh water snails, is the first intermediate host in
the developmental cycle of various species of parasitic
trematodes. Animals that are taken from na- ture are
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abundantly infected with redias of parasitic trematodes
[44]. This does not pose a danger to persons working
with Lymnaea, because for the complete cycle of
trematodes development, it is necessary for the cerkaria
to leave the redia and find a second interme diate host
(eg, fish) or end-host (eg, fish, birds like waterflow or
mammal), where trematodes development ends and
poses as threat to humans. Literature data show that it
is possible to infect a marsh snail with a parasite
(Elaphostrogylus rangiferi Mitskevich) that does not
naturally live in it. Lymnaea stagnalis is not a natural
intermediate host; natural hosts are land snails [45].
Our results show that the first generation of animals
grown in the laboratory, from egg masses of population of
animals collected in nature, was not infected with
parasites.
Saprobiological Analysis: Marsh snail
stagnalis L. 1is a relatively good
[B-mezosaprobic zone (relatively pure water) of aquatic
ecosystems, where it is most frequently found, however,
but it can be also found in oligosaprobic (pure water) and
a.-meso-saprobic zone (contaminated water) [46]. Saprobic
marsh snail has the following characteristics: the weight
indicator G is 3 (a fairly good indicator, because it is
found in 3 saprobic zones. Saprobic valences are as
follows: oligosaprobic: B-mezosaprobic : «-mezosaprobic
- 2:3:1), saprobic index of the species s 1.85, G 3 [47],
saprobic valences oligosaprob.: f-mezosaprob. : «-me-
zosaprob. - 2:6:2, saprobic index s 2.00 [48], with 1.85, G 3
[49], s 1.9 [50], s 2.0 [51]. There was no information in the
literature about finding Lymnaea stagnalis L. in
xenosaprobic (very pure water) and polysaprobic (highly
polluted water) areas.

Based on the presence of Lymnaea stagnalis L. and
other mollusca indicator species [52] by using the formula:

ZSihi
i

2h
i

by Pantle and Buck [53], where: s is the saprobic index of
indicator species, 4 is relative presence of the indicator
species, S is saprobic index of aquaoes ecosystem), or

Lymnaea
indicator of

S= 4

expanded formula:

ZsihiGi

S = 1
ZhiGi (5)

[54], where: s is the saprobic index of indicator species,
h is relative presence of the indicator species, G is
indicator weight of indicator species, S is saprobic index
of water ecosystem) one can calculate saprobic index of
a water ecosystem i.e. estimate the pollution degree of a
water system and rank the quality of water into one of the
7 zones (4 classes and 3 subclasses:, I-IL, IT, TI-IIL, IIT, IHI-IV
and IV) [55, 56]. Saprobic index of a water ecosystem can
be calculated on the basis of the presence of all indicator
species (plants and animals) found in the tested
ecosystem, including the fresh water mollusca [57].

ACKNOWLEDGEMENT

The authors like to thanks Miss Marija Djurdjevic¢ for
the translation of the manuscript into English.

REFERENCES

1. Turner, F.M., 1927. On the effect of overcrowding on
the growth of the water snail Lymnaea peregra and
Lymnaea stagnalis. Essex Nat. 22:48-57. cit. Noland
and Carriker, 1946.

2. Colton, H.S., 1934. The results of twenty years
of self-fertilization in the pond snail Lymnaea
columella Say. Amer. Natural. 68: 129-136. cit.
Noland and Carriker, 1946.

3. Baily, J.L., 1939. Physiological group differentiation
in Lymnaea columella. Amer. Hyg. Monogr. Ser. 14.
cit. Noland and Carriker, 1946.

4. Noland, L.E. and M.R.Carriker, 1946. Observation on
the biology of the snail Lymnaea stagnalis appressa
during twenty generations in laboratory culture.
Amer. Midl. Natur., 36: 467-493.

5. Crabb, E.D., 1929. Growth of a pond snail Lymnaea
stagnalis appressa as indicated by increase in
shell-size. Biol. Bull., 56(1): 41-63.

6. Mescerjakov, V.N., 1975. Prudovik Lymnaea
stagnalis L. In book Obekty biologii razvitija, red.
Detlaf, T.A. Nauka, Moskva, pp: 53-94.

7. Arambasi¢, M., M. Pasic, Lj, Koji¢, A. Kalauzi and
V. Markovi¢, 1987. The growth of pond snail
Lymnaea stagnalis L. in laboratory conditions.
Zool. Jb. Anat., 116(1): 119-128.

8. Colton, H.S., 1908. Some effects of enviroment on the
growth of Lymnaea stagnalis Say. Proc. Acad. Nat.
Sci. Phila, 60: 410-448.

9. Verdonk, N.H., 1965. Morphogenesis of the head
region in Limnaea stagnalis L. Doctoral thesis.
University of Utrecht.

1446



10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

World Appl. Sci. J., 25 (10): 1438-1448, 2013

Verdonk, N.H. and S.J. Groot De, 1970. Periodic
changes in sensitivity og Limnaea eggs to a heat
during early development. Proc. Kon. Ned. Akad.
Wet. C-73: 171-185.

Ioff, N.A., 1962. Kurs embriologii bezpozvono¢nyh.
Vyssaja skola, Moskva, pp: 38-39.

Arambasi¢, M. and A. Kalauzi, 1986. Embryonal
development of Lymnaea stagnalis L. 1. The
importance of the presence of jelly mass
(tunica interna) on the development in different
media. Zool. Jb. Anat., 114: 255-262.

Arambasi¢, M., M. Pasi¢ and L.J. Koji¢, 1989.
Embryonal development of Lymnaea stagnalis L. 11.
Partial development in vitro in the absence of the
egg capsule. Zool. Jb. Anat., 119(1): 27-35.

Kuang, S., M. Regnier and J.I. Goldberg, 2002.
Long-term culture of decapsulated gastropod
embryos: A transplantation study. Biol. Bull,
203(3): 278-288.

Ivanov, P.P., 1950. Opsta i uporedna embriologija.
Horstmann, H.J., 1956. Der Galaktogengehalt der
Eier von Lymnaea stagnalis L. wihrend der
Embryonalenentwicklung. Biochem. Z., 328: 342-347.
Bayne, C.J., 1968. Histochemical studies on the egg
capsule of eighth gastropod molluscs. Proc. malac.
Soc. Lond., 38: 199-212.

Hudig, O., 1946. The vitelline membrane of
Lymnaea stagnalis. Proc. Kongl. Nederl. Akad.
Wet., 49: 554-564.

Elbers, P.F. and J.G. Bluemink, 1960. Pinocytosis in
the developing egg of Lymnaea stagnalis L. Exp.
Cell Res., 21(3): 619-622.

Raven, C.H.P., 1958. Morphogenesis. The analysis of
Molluscan development. Pergamon Press, London,
pp: 64-65, 145-146.

Pasi¢, M. and M. Arambasi¢, 1990. Bioelectrical
activity of Lymnaea stagnalis L. nervous system
during embryonal development. Zool. Jb. Physiol.,
94(2): 181-188.

Shartau, R.B., S. Harris, E.C. Boychuk
J.I. Goldberg, 2010. Rotational
encapsulated pond snail embryos in diverse natural
enviromentas. J. exp. Biol., 213: 2086-2093.

Filla, A., L. Hiripi and K. Elekes, 2004.
Serotonergic and dopaminergic influence of the
duration of embryogenesis and intracapsular
locomotoin of Lymnaea stagnalis. Acta Biol. Hung.,
55(1): 315-321.

and
behaviour of

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

1447

Filla, A., L. Hiripi and K. Elekes, 2009. Role of
aminergic (serotonin and dopamin) systems in the
embryogenesis and different embryolnic behaviors

of the pond snail, Lymnaea stagnalis L. Comp.

Biochem. Physiol. C. Toxicol.  Pharmacol.,
149(1): 73-82.
Belousov, L.V., 1980. Vvedenie v obscuju

embriologuju. U31-80 Mry, Mocksa, ¢. pp: 170.
Backmann, G., 1938. Drei Wachstmsfunktionen
(Verhulst’s, Gompertz’s, Backmann’s). Wilhelm Roux
Arch., 138: 37-58.

Odum, E.P., 1971. Fundamentals of ecology. 3"
ed. Saunders Co. Philadelphia-London-Toronto,
pp: 183-184.

Mina, M.V. and G.A. Klevezal, 1976. Rost zivotnyh
na urovne organizma. Nauka, Moskva, pp: 22.
Plohinskij, N.A., 1970. Biometrija. 2-¢ izd. Izd-vo
Moskovskogo Universiteta, Moskva, pp: 268.

Baily, J.L., 1931. Some data on growth, longevity and
fecundity in Lymnaea columela Say. Biol. Generalis,
7:407-428.

Kretschmann, H.J. and F. Wingert, 1971.
Computeranwendung bei Wachtumsproblemen in
Biologie und Medizin. Springer-Verlag, Berlin-
Heidelberg-New York, pp: 28.

Kriiger, F., 1973. Mathematik des tierischen
Wachstums. II. Vergleich einiger Wachstums
funktionen. Wiss. Meeresunters, 25: 509-550.

Hoar, W.S., D.J. Randal and J.R. Brett, (eds.), 1979.
Fish Physiology. Vol. 8. Bioenergetics and Growth.
Academic Press, New York/San Francisco/London,
pp: 361-362.

Arambasic, M., L.D. Ristanovi¢ and A. Kalauzi, 1988.
The comparison of some empirical functions of
growth using pond snail Lymnaea stagnalis L. as
an example. Biom. J., 30(8): 975-983.

Zotina, R.S. and A.l. Zotin, 1967. Koli¢estvennye
sootno§enija mezdu vesom, dlinoj, razmerami jajc i
plodovitostju u zivotnyh. Zurnal Obscej Biol.,
28(1): 82-91.

Crncevié, Z., 2011. Starost i rast ugora, Conger
conger L. u juznom Jadranu. Diplomski rad. Predmet:
Ekologija riba. Studij "Biologija i ekologija mora",
Sveucili$ni  studijski centar za studije mora.
Sveuciliste u Splitu. Split, 2011.

Desjatik, LI, 1968. SootnoSenije vesa i linejniyh
razmerov u nekotoryh presnovodnyh moljuskov.
Dokl. Akad. Nauk BSSR, T. 12(it. 9): 845-848.



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

World Appl. Sci. J., 25 (10): 1438-1448, 2013

Arambasic¢, M., 1988. Einfluss der
Verschmiitzungsgrad des Wasser-okosystems auf
die Léngen-gewicht-bezichung Indikatorisches
Molluskenarten. In the 27. Arbeitstagung der
LLA.D. Wissenschaftliche  Kurzreferate  und
Ubersichtsreferate, s. 243-248. Konstanca- Mamaia
(Ruménien), 26. 30.9.1988.

Lee, J.D. and T.D. Lee, 1982. Comparison of
regression lines-Analysis of variance. Comparison of
slopes (regression coefficients) for two or more lines.
In: Statistical and Numerical Methods in BASIC for
biologist. Van Nostrand, New York/Cincinati/
Toronto/ London/Melburne, pp: 196-205.
Benjamin, P.R. and T.S. Walker, 1972. Two pigments
in the brain of a fresh water pulmonate snail. Comp.
Biochem. Physiol., 41-B: 318-321.

Salanki, J. and I. Kiss, 1969. Identified cells in th
central nervous system of Lymnaea stagnalis L.

(Basommatophora). Annal. Biol. Tyhany, 36: 63-75.

Kiss, 1. and J. Salanki, 1971. The heterogenic
sensitivity of the central neurones of Lymnaea
stagnalis L. Annal. Biol. Tyhany, 38: 39-52.
Arambasi¢, M.B. and M. Pasi¢, 1993. Nervous
system of the pond snail Lymnaea stagnalis L.:
Morphological, electrophysiological and
pharnmacological properties of identified neurons.
In the 12" International malacological Congress,
Book of abstracts, p.7, Vigo (Spain), 3- 8.9. 1995.
Soldanova, M., C. Selbach, B. Sures, A. Kostadinova
and A. Perez-del-Olmo, 2010. Larval trematode
communities in Radix auricularia and Lymnaea
stagnalis in a reservoir system of the Ruhr river.
Parasites & Vectors, 3: 56.

Skorping, A., 1985. Lymnaea stagnalis as
experimental intermediate host for the proto-
strongylid nematode Elaphostrongylus rangiferi.
Z. Parasitenkd., 71: 265-270.

Zelinka, M. and P. Marvan, 1961. Zur Prizisierung

der Dbiologisches Klassifikation der Reinheit
flieBender Gewdsser. Arch. Hydrobiol., 57(3):
389-407.

SEV, 1977. Unificirovannye metody issledovanija
kacestva vod. Part III. Merody biologiceskogo
analiza vod. Atlas saprobnyh organizmov. Moskva.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

1448

Ottendorfer, L.J. and W. Hofrat, 1983. Beitrage zur
Gewidsserforschung. XIII. Wasser und Abwasser.
Band 26, 145-146. Bundesanstalt fiir Wassergiite.
Wien-Kaisermiihlen.

Sladec¢ek, V., 1973. System of water quality from
biological point of view. Arch. Hydrobiol. Beih. Erg.
Limnologie, 7(I-1V): 1-218.

Meyer, D., 1984. Makroskopisch-biologische
Feldmethoden =zur Wassergiitebeurteilung von
FliePgewdssern. 2 Aufl. ALG und BUND, Hannover.
Mauch, E., F. Kohmann and W. Sanzin, 1985.
Biologische Gewdsseranalyse in Bayern.
Insformationsberichte ~ Bayer.  Landesamt  f.
Wasserwirtschaft, 1/85, s. 1-254. 6 Aufl. Miinchen.
Patzner, R.A., 1994. Die Wassermollusken im
Saprobiensystem. Nachr. Bl. Erste Vorarlberger
Malak. Ges., 2: 19-20.

Pantle, R. and H. Buck, 1955. Die Biologische
Uberwachung der Gewisser. Die Darstellung der
Ergebnisse. Gas und Wasserfach, 96(18): 604.

DIN 38410, Teil 2,1990. Biologisch-dkologische
Gewisseruntersuchung (Gruppe M). Bestimmung
des Saprobienindex (M2).

Arambasi¢, M., 1987. Die Verbreitung der
Molluskenfauna in der jugoslawischen Donau
von Belgrad bis zur Timokmiindung. In the 26.
Arbeitstagung  der L.A.D. Wissenschaft-liche
Kurzreferate, s. 317-321. Passau (Deutschland), 14.
18.9. 1987.

Arambasi¢, M.B., 1992. Assessment of water quality
according to the distribution of molluscs
(saprobiological analysis). In the 11" International
malocological Congress, Book of Abstract,
pp: 370-373, Siena (Italy), 31.8.-5.9.1992.
International Commission for the Protection of the
Danube River, 2000. Study on Bioindicators,
Inorganic and Organic Micropollutans in Selected
Bioindicator Organisms in the River Danube and its
tributaries. Prepared by: Institut for Water Pollution
Control, VITUKI Plc in co-operation with the
Secretariat of the ICPDR. Budapest, pp: 31-40.



