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Abstract. Bioindication assessment of water bodies of Ukraine can be carried out using the ratio of males 
and females of mollusks of the genus Viviparus. In practice, it is very convenient to determine the sex of 
mollusks by the differences in their shell. Male and female freshwater snails Viviparus viviparus (Linnaeus, 
1758) and V. contectus (Millet, 1813) are shown to have reliable differences in shell morphology depending 
on their age. There is almost no sexual dimorphism by shell morphometrics and indices in Viviparus snails 
aged one to three years. After three years of life, mature females have significantly larger shell width, higher 
body whorl, and size of the aperture. Females of V. viviparus at the age of two to five years may be 
differentiated from males by the relationship of mean shell width and shell height, which is statistically 
significant higher than in males. This difference is explained by the different size of the mantle section genital 
organs of mature male and female. The obtained results should be taken into consideration in establishing the 
sex of viviparid snails. 

1 Introduction 
Mollusks of the genus Viviparus Montfort, 1810, namely 
V. viviparus (Linnaeus, 1758) and V. contectus (Millet, 
1813) are quite common in the rivers, floodplain lakes and 
large ponds of Ukraine, in which they can accumulate 
significant numbers and biomass [1]. The freshwater pond 
snails are essential in the maintenance of water 
ecosystems, as part of various trophic chains, particularly 
as intermediate hosts of many bird parasites [2]. Also, 
these prosobranch gastropods with filtration and 
sedimentation cleanse water bodies from suspended 
matter, depositing it on the bottom [3, 4].  

Viviparid snails were found useful for bioindication of 
water bodies of Ukraine [5]. For that, the ratio of males to 
females in the mollusk population is used. The sex 
structure of freshwater pond snails in water bodies with 
an increased organic matter content (alphamesosaprobic 
and polysaprobic zones) is characterized by an increase in 
the number of females, less often young (1–3-year-olds 
individuals) males [1]. In practice, it is important to 
clearly distinguish between male and female freshwater 
pond snails when conducting bioindication studies. 

The representatives of the genus Viviparus are 
dioecious freshwater snails with exact sexual 
dimorphism: in males, the right tentacle is shorter, 
thickened and blunt (transformed into copulatory organ), 
while in females the right and left tentacles were of the 

same shape and size. Sex chromosomes in both species 
were not identified, but there are statistically significant 
differences in dimensions of homological chromosomes 
of V. viviparus and V. contectus males and females [6, 7]. 

The studies about sexual dimorphism in the shell 
morphology of Viviparus are contradictory. For example, 
sexual dimorphism was not found in the shell sizes of 
V. sphaeridius (Bourguignat, 1880) and V. viviparus, 
collected in the Southern Buh river [8, 9]. However, 
statistically significant sex differences in the 
conchological characters of these species in the Bucha 
river were noted in that study. Examination of five species 
of the genus Viviparus (V. viviparus, V. contectus, V. 
acerosus (Bourguignat, 1862), V. ater (Christofori et Jan, 
1832), and V. hellenicus (Clessin, 1879)) revealed no 
dimorphism between male and female snails in the shell 
shape [10]. 

At the same time, a number of studies point out the 
presence of such differences. In particular, females of 
Viviparus are usually larger than males, with more convex 
whorls, and wider aperture [11–13]. T. A. Andriychuk [6] 
revealed sex differences in the shells of Viviparus using 
discriminant analysis and dispersion statistical analysis. 

Geometric morphometric analyses of three shell 
characters (ventral/aperture, dorsal, and top/whorl 
portion) indicated sexual dimorphism in the shape in 
V. angularis (O. F. Müller, 1774) [14]. Sexual 
dimorphism in the shell sizes was also noted for the 
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American endemic species V. subpurpureus (Say, 1829) 
[13]. Females of this species have relatively lower shell 
spire, more convex whorls and larger size of the aperture 
compared with males. In V. viviparus [15] and 
V. contectus [16], there were marked sexual differences 
by the allometric coefficients of the relationship between 
shell height, shell diameter (width) and aperture height. 

However, there also are reports [such as 17], 
according to which male snails are larger than females and 
these differences are statistically significant. 

Taking into account the discrepancies in the literature 
about sexual dimorphism in the shell morphology, we 
decided to carry out our own study. 

The purpose of our work was to study sexual 
dimorphism in the shell morphology of V. viviparus and 
V. contectus, taking into account the age of mollusks. 

2 Material and methods 
The materials for the study were the samples of 
V. viviparus (Fig. 1a) from the Irsha river (city of 
Khoroshiv, Zhytomyr region, Ukraine; 50°60'31" N, 
28°45'42" E) and V. contectus (Fig. 1b) from the 
floodplain of the Tnya river (village of Nesolon, 
Zhytomyr region, Ukraine, 50°56'08" N, 27°92'81"E) 
collected in August, 2016. The mollusks were collected at 
a depth of 1 m. At each station, at least three samples were 
taken [18]. 

 
Fig. 1. Shell and operculum of Viviparus viviparus (Linnaeus, 
1758) (a) and V. contectus (Millet, 1813) (b). 

 
Snail species were identified according to P. Glöer 

[19] and F.W. Welter-Schules [20]. 
We studied males and females of viviparid snails with 

different the shell size and age. The age of the mollusks 
was determined by the number of concentric dark 
structure on the operculum, which marks the slower snail 
growth in winter [1]. The snail sex was determined by the 
shape of the right tentacle [21]. 

The shells were measured using a caliper with the 
accuracy of 0.1 mm. Five shell morphometric parameters 
were analyzed: shell height (SH), shell width (SW), 
aperture height (AH), aperture width (AW) and body 
whorl height (BWH) (Fig. 2) [15]. According to these 
measurements, the following indices were calculated: 
SW/SH, BWH/SH, AH/SH, AW/SH. 

The received digital data are processed using standard 
methods of variation statistics [22]. Descriptive statistics 
was conducted using the program STATISTICA 6.0. 
Significant differences between the values were assessed 
by the Student’s t-test. 

 
Fig. 2. Measurements on shell morphometric parameters of 
viviparid snails: 1 – shell height, 2 – shell width, 3 – aperture 
height, 4 – aperture width, 5 – body whorl height [15]. 

3 Results and discussion 
At adverse conditions (prolonged colder winter 
temperature), the growth of viviparid snails is inhibited. 
As a result, the ion exchange and sedimentation of CaCO3 
decrease or even completely cease, which leads to the 
formation of a clear dark concentric structure on the 
operculum and spiral bands on the shell that are more 
visible than other formations of different origin. 

The river snails under a year in age (0+ age) do not 
have specific sculpture elements on their shells and dark 
structure on the opercula, because they have not 
experienced a winter period of slowed growth (Figs. 3, 4). 
At the same time, the operculum of shell of all age classes, 
including the one-year-old snails, bear the so-called 
embryonic mark (Figs. 3e, 4e). It is more or less 
pigmented and formed during the embryonic development 
in the body of parent female in winter. 

Snails with one spiral band on their shells and one-
year-old concentric structure on the operculum are here 
designated as 1+; accordingly, 2–6-year-olds are 
designated as 2+, 3+, 4+, 5+ and 6+. Figures 3 and 4 
depict the operculum of the V. viviparus snails (age from 
0+ to 5 years) and V. contectus (age from 0+ to 6 years) 
from different populations to visualize their variations in 
pigmentation, clarity and thickness of annual concentric 
structure.  
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Fig. 3. Winter marks on the operculum of V. viviparus: 0+, 1+, 
2+, 3+, 4+, 5+ − the 1, 2, 3, 4 and 5 year old specimens, 
respectively; 1−5 – post-embryonic marks; e – embryonic mark. 
Scale is 5 mm. 

 

 
Fig. 4. Winter marks on the operculum of V. contectus:0+, 1+, 
2+, 3+, 4+, 5+, 6+ − the 1, 2, 3, 4, 5 and 6 year old specimens, 
respectively; 1−6 – post-embryonic marks; e – embryonic 
mark. Scale is 5 mm. 

In the water bodies of Ukraine, the maximum age of 
V. viviparus mollusks was 5 years and that of V. contectus 
snails was 6 years [1]. 

We analyzed the representative samples of 
V. viviparus males and females of each age class from one 
population (Irsha river). When comparing the average 
values of the shell height, it was found that young (0–2-
year-olds individuals) have no sex differences in this 
parameter, at the age of 3, the males were larger than 
females, and at the age of 4-5 years, the females were 
larger than males (р >0.05) (Table 1). 

Table 1. Sex differences in shell morphometrics and indices 
(x ± mx) of V. viviparus of different age collected in August, 
2016 in the Irsha river (city of Khoroshiv, Zhytomyr region). 

Age 
class, 
years 

n 
Shell morphometrics 1, mm 

SH SW BWH AH AW 

0+ 20 
20 

14.9±0.1 
15.1±0.1 

10,8±0,1 
11,0±0,1 

8.7±0.2 
8.8±0.1 

10.0±0.1 
9.9±0.2 

8.7±0.1 
8.8±0.1 

1+ 20 
20 

18.1±0.1 
18.2±0.2 

14,0±0,2 
14,2±0,3 

8.9±0.1 
9.0±0.1 

11.1±0.2 
11.0±0.2 

9.1±0.1 
9.2±0.1 

2+ 20 
20 

20.8±0.3 
20.5±0.2 

15,2±0,1 
16,4±0,2 

9.2±0.2 
10.0±0.1 

12.1±0.1 
12.4±0.1 

10.0±0.1 
11.2±0.1 

3+ 15 
15 

23.0±0.2 
22.2±0.3 

17,5±0,1* 
19.6±0.3 

10.8±0.2* 
11.9±0.3 

12.9±0.2 
13,0 ±0,3 

12.8±0.3*
13,9±0,2 

4+ 10 
10 

25.1±0.3 
26.5±0.2 

18.1±0.2* 
20.8±0.3 

11.3±0.2* 
12.8±0.2 

13,3±0,3 
13,8±0,2 

14,8±0,2*
15,9±0,3 

5+ 5 
5 

28.7±0.2 
30.1±0.4 

19.2±0.3* 
22.5±0.4 

16.0±0.2* 
17.2±0,3 

14,0±0,3 
14,2±0,3 

15,8±0,2*
17,0±0,4 

Age 
class, 
years 

n 
Shell indices 

SW/SH BWH/
SH AH/SH AW/SH – 

0+ 20 
20 

0.72±0.01 
0.72±0.01 

0.58±0.01 
0.58±0.01 

0.67±0.02 
0.66±0.02 

0.58±0.01 
0.58±0.01 – 

1+ 20 
20 

0.76±0.01 
0.78±0.02 

0.49±0.02 
0.49±0.01 

0.61±0.02 
0.60±0.01 

0.50±0.01 
0.50±0.01 – 

2+ 20 
20 

0.75±0.01* 
0.81±0.03 

0.44±0.02 
0.48±0.01 

0.58±0.01 
0.60±0.02 

0.48±0.01 
0.54±0.01 – 

3+ 15 
15 

0.76±0.02* 
0,83±0,02 

0.46±0.03*
0,53±0,01 

0.56±0.02 
0,58±0,04 

0.55±0.02* 
0,62±0,01 – 

4+ 10 
10 

0,72±0,03* 
0,78±0,02 

0,45±0,02 
0,48±0,03 

0,52±0,04 
0,52±0,03 

0,58±0,02 
0,60±0,03 – 

5+ 5 
5 

0,66±0,03* 
0,71±0,04 

0,55±0,02 
0,57±0,03 

0,48±0,02 
0,47±0,03 

0,55±0,02 
0,56±0,04 – 

Notes: 1 − conchological parameters are described in “Material 
and methods”; the numerator presents the measurements for 
males, the denominator for females; n — quantity of studied 
specimens; * — statistically significant difference between 
sexes (р˂0.05). 

 
The average values of the shell width in young 

individuals (0+ to 1 year old) of both sexes are almost the 
same. These parameter tend to increase in the females 
since the age of both when they become mature. At the 
age of three to five years, this difference is statistically 
significant (р = 0.05). 

We analyzed the limits of variability of the shell width 
for V. viviparus males and females of different age 
(Fig. 5a). The minimum and maximum values of this trait 
parameter for both sexes often overlapped. 

The body whorl height is higher in older females than 
in males, with statistically significant difference (p = 0.05) 
in 3−5 year old snails. There was no statistically 
significant difference in the aperture height between sexes 
of viviparid snails. As for the aperture width, in older (3–
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5-year-olds) females this parameter is significantly 
(p = 0.05) higher than in males. 

 
Fig. 5. Relationships of age and shell width in males and females 
of V. viviparus from the Irsha river (city of Khoroshiv, 
Zhytomyr region) (a), and V. contectus from the floodplain of 
the Tnya river (village of Nesolon, Zhytomyr region) (b) in 
August 2016. 

 
As for the relative values of the conchological 

character of V. viviparus males and females, starting at the 
age of 2 years, the most reliable for sex differentiation is 
the SW/SH index. Only at the age of 3 years, the indices 
of BWH/SH and AW/SH are significantly (p = 0.05) 
higher in females compared with males. 

During the morphological study of the conchological 
parameters of V. contectus in the population from the 
floodplain of the Tnya river, only one 5-year-old male was 
found, and 6 years-old snails were not recorded at all. 
Therefore, we did not statistically analyze the age class of 
5−6 years. 

It should be noted that in other populations of 
V. contectus, as well as V. viviparus, males of this age are 
also very rare. The reasons for the number of males 
decreasing with age in the populations of Viviparus 
remain unclear. Possibly, one of the causes are trematode 
infections. After all, higher infection rates are noted for 
older males than females of the same age. There is an 
evidences that males are less resistant to parasitism in 
general and to trematodes in particular [23]. Lower ratio 
of males in the freshwater snail populations may also be 

associated with less favourable conditions for their 
existence in the modernized transformed water bodies of 
the Ukraine, where females exhibit greater viability. 
V. А. Geodakyan [24] considers that male individuals of 
many animals in the populations have less sustainability 
to influence of unfavorable environment factors. The 
revealed changes in the sexual structure of the viviparid 
populations can be considered an adaptive strategy for 
reproduction in a transformed environment. 

No significant sexual differences were noted in the 
shell height of V. contectus snails (Table 2). Shell width 
from the age of one year, and body whorl height from the 
age of three years were significantly higher (p = 0.05) in 
females than in males. We also analysed the variability 
range of shell width for V. contectus males and females 
with different ages (Fig. 5b), and noted that the minimum 
and maximum values of that character often overlapped in 
both sexes. 

Table 2. Sex differences in shell morphometrics and indices (x 
± mx) of V. contectus of different ages collected in August 

2016 at the floodplain of the Tnya river (village of Nesolon, 
Zhytomyr region). 

Age 
class, 
years 

n 
Shell morphometrics 1, mm 

SH SW BWH AH AW 

0+ 20 
20 

16.4±0.1 
16.5±0.1 

12.2±0.1 
12.6±0.1 

10.1±01 
10.2±0.1 

10.2±0.1 
10.0±0.1 

8.2±0.1 
8.3±0.1 

1+ 20 
20 

21.1±0.2 
22.2±0.1 

16.4±0.1* 
18.1±0.2 

11.1±0.2 
12.8±0.1 

12.0±0.2 
13.1±0.1 

8.9±0.1 
10.0±0.2 

2+ 20 
20 

25.1±0.3 
24.8±0.2 

19.2±0.2* 
21.4±0.2 

12.7±0.3 
13.5±0.2 

14.0±0.3 
14.8±0.3 

9.5±0.1 
10.5±0.1 

3+ 15 
15 

26.0±0.4 
26.9±0.3 

22.7±0.3* 
23.6±0.3 

13.3±0.2* 
14.7±0.2 

14.8±0.2* 
15.7±0.1 

10.9±0.2*
11.6±0.1 

4+ 5 
5 

29.2±0.4 
30.1±0.5 

24.0±0.3* 
25.2±0.3 

14.1±0.3* 
16.7±0.4 

15.2±0.3* 
17.4±0.4 

12.0±0.3*
13.9±0.2 

5+ 1 
3 

32.1 
34.2±0.3 

24.9 
28.2±0.4 

15.2 
18.1±0.4 

17.2 
19.0±0.3 

13.1 
14.5±0.4 

6+ − 
1 

    −   
37.8 

    − 
28.5 

    − 
19.3 

     − 
19.5 

    − 
14.9 

Age 
class, 
years 

n 
Shell indices 

SW/SH BWH/SH AH/SH AW/SH – 

0+ 20 
20 

0.75±0.01 
0.76±0.01 

0.61±0.01 
0.61±0.01 

0.62±0.01 
0.61±0.01 

0.50±0.01 
0.50±0.01 – 

1+ 20 
20 

0.76±0.01 
0.81±0.01 

0.50±0.01 
0.58±0.01 

0.57±0.01 
0.59±0.01 

0.38±0.01 
0.45±0.01 – 

2+ 20 
20 

0.75±0.01* 
0.84±0.01 

0.50±0.01 
0.54±0.01 

0.55±0.01 
0.56±0.01 

0.40±0.01 
0.42±0.01 – 

3+ 15 
15 

0.84±0.01 
0.85±0.01 

0.50±0.01 
0.54±0.01 

0.53±0.01 
0.55±0.01 

0.41±0.01 
0.43±0.01 – 

4+ 5 
5 

0.82±0.01 
0.83±0.01 

0.48±0.01 
0.53±0.01 

0.51±0.01 
0.56±0.01 

0.41±0.01 
0.46±0.01 – 

5+ 1 
3 

0.80 
0.82±0.01 

0.47 
0.53±0.01 

0.53 
0.55±0.01 

0.40 
0.42±0.01 – 

6+ − 
1 

    − 
0.77 

    − 
0.51 

     − 
0.52 

    − 
0.40 – 

Note: the designations as in Table 1; dash ― no data available 
 
In older (3−4-year-olds) females of V. contectus, the 

size (height and width) of aperture is larger than in males. 
As for the shell indices, a significant (p = 0.01) sex 
difference was found only for SW/SH index in 2-year-
olds V. contectus. 

Correct identification of sex is an important 
component of wildlife management because changes in 
sex ratios can affect population viability. Most 
malacologists, studying sexual morphological 
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dimorphism of snails, take into account the absolute and 
relative indices of the shell and do not consider the age of 
individuals. For the first time, considering the age of V. 
viviparus and V. contectus, the analysis of the 
conchological parameters of their males and females was 
performed, and differences in adults were revealed. 

Populations of V. viviparus from the Irsha river 
(Khoroshiv, Zhytomyr Region, Ukraine) are similar to 
populations of this species from other geographical areas 
– the Dnepr river (Smolensk, Russian Federation) and the 
Shokhonka river (Ples, Ivanovo region, The Russian 
Federation) [15]. 

The revealed pattern of sexual conchological 
characters in adult snails is noted by malacologists for 
other members of Caenogastropoda as well. Such a 
pattern has been found for Melanoides tuberculatus 
(Müller, 1774) from Israel [25], for Buccinanops 
globulosus (Kiener, 1834) from Argentina [26].  

Differences in the shell morphology of Viviparus 
males and females are explained by different sizes of 
mantle section of the male and female reproductive 
system, located in the body whorl. Pregnant females have 
a large brood pouch, filled with egg capsules with 
embryos, which may be quite numerous [1, 27, 28]. The 
brood pouch is located in the upper part of the mantle 
cavity and occupies almost the entire volume of the body 
whorl. The ejaculatory chamber is located in the bottom 
of the male mantle cavity, and in the inactive state, it 
occupies a much smaller volume within the body whorl. 
Other researchers have the same opinion about 
Viviparidae and other Caenogastropoda [15, 26, 29, 30]. 
According to results, Viviparidae mollusks can be used as 
bioindicators in environmental assessment of water 
bodies. Average shell height of mature (2 to 3 year old) 
snails and sex ratio in populations of Viviparidae are the 
population characteristics which are the most informative 
in bioindication with this species (mostly by organic 
pollutants). Primary sexual structure (age class 0+) of V. 
viviparus expressed as 1 : 1. Reservoirs are characterized 
by the best conditions for hydrobionts and hydrochemical 
parameters of water within the limits of norm at equal 
correlation of mollusks sexes (secondary sexual 
structure).  There is a rejection of this index toward the 
increase of number of females, rarer  – young males in the 
conditions of environment, less favorable for the 
organisms. Such reservoirs are characterized by rejections 
in hydrochemical parameters (concentration oxygen, 
content of organic matter). Forming of greater amount of 
females at large anthropogenic influence on reservoirs is 
adaptive strategy of populations V. viviparus in the 
changing conditions of environment. 

4 Conclusion 
Therefore, the analysis of morphometric conchological 
characters of the two Viviparus species revealed sexual 
dimorphism for adult individuals (3−5 years old): females 
mostly have a wider shell and aperture, and more convex 
body whorl than males. Differences in the shell 
morphology of males and females are explained by 
different sizes of mantle section of the male and female 

reproductive system, located in the body whorl. However, 
these parameters often overlap in males and females and 
do not always permit to identify them reliably. This may 
be due to the different growth rates of individuals. Hence, 
we recommend taking into consideration not only the 
specifics of shells of male and female viviparid snails, but 
also their head tentacle in the course of bioindication 
assessments. 
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