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A b s t r a c t .  In the paper the authors describe and illustrate the shells of five viviparid 
species: Viviparus contectus (Millet, 1813) from the Lake Sarqg (Masurian Lake district, 
northern Poland) and drainage canals near Kielce (southern Poland); V. viviparus 
(Linnaeus, 1758) from the Radunia River (Pomeranian Lake district, northern Poland); 
V. acerosus Bourguignat, 1862 from drainage canals (Zupny kanal) by the Danube River 
near Calovo (SW Slovakia); V. ater (Cristofori et Jan, 1832) from Sirmione, the Lake 
Garda (North Italy); and V. heüenicus (Clessin, 1879) from the Lake Trichonis near 
Agrinio (West Greece). Interspecific differences marked in 14 shell biometry characters are 
analyzed, for males and females separately and for the sexes combined, by means of de­
scriptive statistics, ANOVA, ANCOVA, PCA, nonlinear MDS, and discriminant analysis. To 
illustrate phenetic grouping, the UPGMA cluster analysis was performed, also not 
ultrametric, „phylogenetic“ grouping by means of neighbor-joining was computed. The 
results are compared with the MPR based on soft part morphology, radula, embryonic 
shells and opercular characters, published earlier by the authors. The results strongly 
indicate the overlapping variability ranges of the species, the within species (V. contectus) 
interpopulation differences not less pronounced than the interspecies ones, and, in general, 
shell biometry characters too weak to allow even for species discrimination. The shell 
biometry was also found completely useless for any phylogenetic inference. The results are 
noteworthy since all the systematics within the Viviparidae is still based on the shell alone.

K u r z f a s s u n g .  Biometrische Merkmale der Schale bei der artlichen Differenzierung 
und Klassifikation innerhalb der Gattung Viviparus (Gastropoda: Architaenioglossa: Vi­
viparidae). - In dieser Arbeit beschreiben und illustrieren die Verfasser die Schalen von 
fünf Arten der Viviparidae: Viviparus contectus (Millet, 1813) aus dem Sarqg-See (Masu­
risches Seengebiet, Nord-Polen) und aus Entwässerungskanälen bei Kielce (Süd-Polen); 
V. viviparus (Linnaeus, 1758) aus dem Fluß Radunia (Pommersches Seengebiet, Nord- 
Polen); V. acerosus Bourguignat, 1862 aus Entwässerungskanälen (Kanal Zupny) an der 
Donau bei Calovo (Südwest-Slowakei); V. ater (Cristofori et Jan, 1832) von Sirmione, 
Garda-See (Nord-Italien); und V. heUenicus (Clessin, 1879) aus dem Trichonis-See bei 
Agrinio (West-Griechenland). Interspezifische Unterschiede auf der Grundlage von 14 bio­
metrischen Merkmalen der Schale werden (für männliche und weibliche Tiere getrennt als 
auch für beide Geschlechter kombiniert) mit Hilfe von Computerprogrammen der deskrip­
tiven und multivariaten Statistik und zur Rekonstruktion der Phylogenese analysiert, dar­
auf basierend werden phänetisehe Gruppierungen ermittelt und die phylogenetische 
Stellung der Arten rekonstruiert. Die Ergebnisse werden mit früheren Untersuchungen 
verglichen, bei denen die phylogenetische Verwandtschaft auf der Basis morphologischer 
Merkmale des Weichkörpers, der Radula, der embryonalen Schale und des Operculums
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Figs. 1-8: Shells of Viviparus: 1-3 - V. contectus, 4-5 - V. acerosus, 6-7 - V. viviparus, 
8 - V. hellenicus. Bar equals 10 mm.

rekonstruiert wurde. Die Ergebnisse zeigen klar, daß sieh die Schwankungsbreiten der Va­
riabilität überlagern, daß die intraspezifischen Unterschiede zwischen den Populationen ei­
ner Art (V. contectus) nicht weniger stark ausgeprägt sind als die interspezifischen und daß 
die biometrischen Merkmale der Schale im allgemeinen zu schwach ausgebildet sind, um 
die Trennung der Arten zu ermöglichen. Die Biometrie der Schale ist für phylogenetische 
Aussagen ganz ungeeignet. Die Resultate sind insofern bemerkenswert, als die Systematik 
innerhalb der Viviparidae noch auf Schalenmerkmalen basiert.
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Figs. 9-17: Shells of Viviparus: 9-11 - V. ater, 12-14 - V. hellenicus, 15 - V. contectus, 16 - 
V. acerosus, 17 - V. viviparus. Bar equals 10 mm.

I n t r o d u c t i o n

The Viviparidae, a family of the Architaenioglossa, have a rather uniform shell morphology. 
The soft part morphology and anatomy have, in practice, not been studied so far at a spe­
cies level, the diagnostic characters being scarce (Falniowski, 1989a, 1989b, 1990; Falniow- 
SKi et al. 1996, 1996a, b, 1997). Hence, the phylogeny of the group is unclear, and contro­
versies have arisen as to the species distinctness of numerous taxa belonging to the family 
(e.g. Prashad, 1928; Psarlanos, 1953; Ehrmann, 1956; Schütt, 1962; Starobogatov, 1985; 
Chernogorenko & Starobogatov, 1987; Fechter & Falkner, 1990). The nominal taxa,
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Figs. 18-25: Shells of Viviparus: 18 - V. ater, 19-20 - V. hellenicus, 21 - V. contectus, 22 - 
V. viviparus, 23 - V. acerosus, 24 - V. ater, 25 - V. hellenicus. Bar equals 10 mm.

especially those of the Balkan viviparids, are numerous (Prashad, 1928); Psarianos (1953) 
lists not less than 30 forms described from Greece alone. Butot & Welter-Schultes (1994) 
give references for all the Greek taxa. The picture is yet more complicated due to interspe­
cific hybridization which also occurs within the family (Falniowski, Kozik & Szarowska, 
1993).
In our studies dealing with viviparid phylogeny (Falniowski et al., 1996, 1996a, b, 1997) 
based on the radulae, embryonic shells, opercula and soft part morphology and anatomy of 
the five species that are the subject of this study, we found slight morphological interspeci­
fic differences in all these character sets (Falniowski et al., 1996 a, b, 1997), coupled with 
quite large molecular (allozymic) differences among four of the species (Falniowski et al.,
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Table 1: Results of ANOVA - significance of interpopulation differences.

F E M A 1 .E S  a n d  M A L E S F E M A L E S M A L E S

C h a r a c t e r F d f P F d f P F d f P

a 31  2 7 5 , 1 30 0 0 0 19 10 5 , 6 4 0  0 0 1 1 .8 4 5 , 6 0 0 .0 0

b 4 7  17 5 , 1 3 0 0 .0 0 2 6 .4 4 5 , 6 4 0 0 0 1 9 .5 0 5 , 6 0 0 0 0

c 13 4 4 5 , 1 3 0 0 .0 0 6 .8 6 5 , 6 4 0  0 0 6  93 5 , 6 0 0 .0 0

d 3 9 9 7 5 , 1 3 0 0 0 0 2 1 .2 4 5 , 6 4 0 0 0 18 4 7 5 , 6 0 0 .0 0

e 3 2 .5 9 5 , 1 30 0 0 0 1 9 .9 4 5 , 6 4 0 .0 0 1 2 .3 2 5 , 6 0 0 .0 0

f 3 5  5 6 5 , 1 3 0 0 .0 0 2 0 .1 7 5 , 6 4 0 0 0 14 8 8 5 , 6 0 0  0 0

s 16 .21 5 , 1 3 0 0 0 0 7 .3 2 5 , 6 4 0 0 0 9  75 5 . 6 0 0 .0 0

h 1 9 4 3 5 , 1 30 0 .0 0 9 4 2 5 , 6 4 0 0 0 1 0 .1 8 5 , 6 0 0 .0 0

i 1 0 0 2 5 , 1 30 0  0 0 5 63 5 , 6 4 0 0 0 4  4 6 5 , 6 0 0 0 0

J 9  84 5 , 1 30 0  0 0 5 7 8 5 , 6 4 0 0 0 3 9 4 5 6 0 0  0 0

k 6  6 7 5 , 1 3 0 0 0 0 4  7 0 5 , 6 4 0 .0 0 2 .2 8 5 , 6 0 0 .0 6

1 7  6 9 5 , 1 30 0 .0 0 5 8 7 5 , 6 4 0 .0 0 2 .3 9 5 6 0 0 0 5

m 15 8 7 5 , 1 3 0 0  0 0 6  2 2 5 , 6 4 0 0 0 1 0 0 3 5 6 0 0  0 0

N 16  7 0 5 , 1 3 0 0 0 0 10 8 4 5 , 6 4 0 0 0 6  33 5 6 0 0 .0 0

Fig. 26: Scheme of shell measure­
ments: a - shell height, b - shell 
width, c - spire height, d - mouth 
height, e - mouth width, f - shell 
width at the suture between the 
body whorl and penultimate whorl, 
g - penultimate whorl height, h - 
penultimate whorl width, i - ante 
penultimate whorl height, j - ante 
penultimate whorl width, k - fourth 
from last whorl height, 1 - fourth 
from last whorl width, m - embryo­
nic shell diameter, fi - first whorl 
(360°), to show how whorl number 
(N) was counted.
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Table 2: Principal Component Analysis - eigenvalues and percent of variability explained. 
Sum of eigenvalues = 14.000; Average root: 10.000; Proportions of variance expected using 
broken-stick model.

FEMALES MALES

PC
no

Eigenvalue Percent of 
variability 
explained

Cumulative
percent

Expected
percent

Eigenvalue Percent of 
variability 
explained

Cumulative
percent

Expected
percent

1 6.18955 44.2111 44.2111 23 2254 9.33687 66.6919 66.6919 23.2254

2 3.43531 24 5379 68 7490 16 0826 248610 17.7578 84 4498 16.0826

3 1.17553 8.3966 77.1456 12.5112 0.65468 4.6763 89 1260 12.5112

4 0.93754 6.6967 83.8423 10.1302 0.53723 3.8373 92.9634 10.1302

5 0 74073 5.2910 89 1332 8.3445 0.28661 2.0472 95.0106 8 3445

6 0.41922 2.9944 92.1277 6.9159 0.21530 1.5379 96.5485 6.9159

7 0.32970 2.3550 94.4827 5.7254 0.20246 1 4461 97.9946 5.7254

8 0.26560 1 8971 96.3798 4.7050 0.12108 0.8649 98.8595 4 7050

9 0.23508 1.6792 98.0589 3.8122 0.06388 0.4562 99.3157 3.8122

10 0.13867 0.9905 99.0495 3.0185 0.03934 02810 99.5967 3.0185

Fig. 27: Principal component analysis for all female specimens (ac - Viviparus acerosus, at 
- V. ater, ck - V. contectus Kieleckie, cs - V. contectus Sanjg, h - V. hellenicus, v - V. vivi­
parus), PC2 vs PC3.
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Fig. 29: Principal component analysis for all female specimens (symbols as in Fig. 27), PCI 
vs PC2.
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Fig. 30: Principal component analysis for all male specimens (symbols as in Fig. 27), PCI 
vs PC2.

1996). The inferred phylogenetic relationships did not much differ between the two charac­
ter sets (Falniowski et al., 1996).
In the literature, the descriptions of the taxa as well as opinions concerning their status and 
interspecies relationships are entirely based on shell characters. Thus, we have analysed 
the species distinctness and relations within the genus Viviparus, as marked in the shell 
characters, and compared the results with other character sets to test their usefulness in 
both species discrimination and phylogeny reconstruction. It must be stressed that we did 
not mean to describe the whole variability ranges of the considered species, but rather to 
test the differences one can find in a set of randomly chosen populations of various vivipa- 
rid species.

M a te r i a l  and  m e t h o d s
The material was collected in 1985 - 1992. Viviparus contectus (Millet, 1813) was taken 
from two localities: the Lake Sarqg (Masurian Lake district, northern Poland) and drainage 
canals near Kielce (southern Poland); V. viviparus (Linnaeus, 1758) from the Radunia 
River (Pomeranian Lake district, Poland). Specimens of V. acerosus Bourguignat, 1862 
were collected from drainage canals (Zupny kanal) by the Danube River north of Calovo 
(SW Slovakia); specimens of V. ater (Cristofori et J an, 1832) were collected at Sirmione, 
the south coast of the Garda Lake (North Italy); individuals of V. hellenicus (Clessin, 1879) 
were taken from the Trichonis Lake near Agrinio (West Greece).
The specimens were fixed in 4% formaldehyde solution, and then kept in 70% ethanol. The 
shells were photographed (Figs. 1-25). Measurements were taken under a stereo micro­
scope, using a calibrated ocular micrometer.
A total of 14 continuous characters were analysed (Fig. 26). Descriptive statistics (Sokal & 
Rohlf, 1995), was computed on a MACINTOSH IIvx microcomputer using the SYSTAT 
5.2.1 package (Wilkinson et al., 1992) and STATISTICA (StatSoft, 1991). Each of the
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Fig. 31: Discriminant analysis for females (symbols as in Fig. 27).

-12 -8 -4 0 4 8

Fig. 32: Discriminant analysis for males (symbols as in Fig. 27).
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Fig. 33: Discriminant analysis for the sexes combined (symbols as in Fig. 27).

above-mentioned characters was tested by means of ANOVA (Table 1) for significance of 
differences among the studied populations. We also used this analysis to look for significant 
differences between males and females. To reduce the possible influence of shell size on 
character means, we repeated the analyses employing ANCOVA with shell height (a) and 
shell width (b) as covariates.

Table 3: Results of Discriminant Analysis - importance of individual characters.

F E M A L E S  a n d  M A L E S F E M A L E S M A L E S

V ariab le W ilks'
L am b d a

P a rtia l
L a m b d a

p-lcvcl W ilk s’
L am b d a

P artia l
L am b d a

p-lcvcl W ilks '
L a m b d a

P artia l
L am b d a

p-lcvcl

h 0 .0 0 3 5 0 .4 8 2 0 0 .0 0 0 .0 0 1 3 0 .4 3 6 5 0 .0 0 0 .0 0 1 7 0 .4 6 6 3 0 .0 0

b 0 .0 0 3 2 0 .5 2 8 4 0 .0 0 0 .0 0 1 3 0 .4 2 7 1 0 .0 0 0 .0 0 1 5 0 .5 1 6 0 0 .0 0

a 0 .0 0 2 9 0 .5 9 2 8 0 .0 0 0 .0 0 0 9 0 .6 1 1 9 0 .0 0 0 .0 0 1 6 0 .4 7 8 9 0 .0 0

N 0 .0 0 2 4 0 .7 0 6 5 0 .0 0 0 0 0 1 4 0 .3 8 6 2 0 .0 0 0 0 0 1 0 0 .8 1 5 5 0 .0 7

c 0 .0 0 2 4 0 .7 1 0 1 0 .0 0 0 .0 0 0 9 0 .6 1 1 9 0 .0 0 0 .0 0 1 0 0 .8 1 2 6 0 .0 6

d 0 .0 0 2 3 0 .7 3 0 2 0 .0 0 0 .0 0 1 0 0 .5 6 4 4 0 .0 0 0 .0 0 1 2 0 .6 4 9 0 0 .0 0

m 0 .0 0 2 0 0 .8 3 6 4 0 .0 0 0  0 0 0 7 0 .8 0 1 8 0.03 0  0 0 1 0 0.7641 0 .0 2

e 0 .0 0 2 0 0 .8 6 8 6 0 .0 0 0 .0 0 0 7 0 .8 2 4 4 0 .0 6 0.0011 0 .7 2 8 8 0.01

j 0 .0 0 2 0 0 .8 6 9 2 0 .0 0 0  0 0 0 7 0 .7 8 6 3 0 .0 2 0 0 0 0 9 0 .8 6 1 2 0 .1 8

f 0 .0 0 1 9 0 .8 8 7 4 0.01 0 .0 0 0 6 0  8 947 0 .3 0 0  0 0 1 2 0 .6 6 5 2 0 .0 0

1 0 .0 0 1 8 0 .9 3 5 9 0 .1 6 0 .0 0 0 6 0 .8 5 0 6 0 .1 2 0 0 0 1 0 0  8125 0 .0 6

k 0 .0 0 1 8 0 .9 4 0 5 0 .1 9 0  0 0 0 7 0 .7 6 1 4 0.01 0 .0 0 0 9 0 .8 4 9 4 0 .1 4
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Table 4: Results of Discriminant Analysis - standardized coefficients for canonical varia­
bles (roots 1 and 2 ).

F E M A L E S  a n d  M A L E S F E M A L E S M A L E S

V ariab le R o o t 1 R o o t 2 V a ria b le R o o t 1 R o o t 2 V ariab le R oo t 1 R o o t 2

h 1.4709 -1 .2 6 2 2 b 4 .1 7 7 3 4 .3 2 8 9 h 1.8956 0 .9 7 5 6

c 1.3937 -0 .0 4 8 2 a 1.3605 -3 .1 8 0 3 c 0 .9 3 7 6 -0 .5 1 1 8

e 0 .7 2 8 4 -0 .1 5 3 6 1 0 .3 8 2 3 0 .4 4 0 2 c 0  8788 0 .5 0 4 8

d 0 4 7 4 6 0 .8 0 8 2 N 0 .3 4 5 6 1 701 8 k 0 4 6 2 7 0 .3 3 6 6

j 0 .2 8 7 2 0 .5 8 6 2 f -0 .0 4 4 9 -1 .1 0 5 3 j 0  2965 -0  1834

m 0 .2 1 2 8 0 .4 2 1 0 k -0 .1 0 2 6 -0 .6 9 7 0 1 0  1087 0 .7 6 5 5

1 0 .0 1 8 7 -0 2 3 0 0 m -0  389 9 -0 .3 2 0 3 m 0.0311 -0 .4 9 0 6

k -0 .0 2 7 0 -0 .1 5 3 4 j -0 .6 7 2 9 -1 .1 1 2 3 N -0 .2 1 8 4 0 .4 9 2 5

N -0 .1 2 8 4 -0 .6 5 3 4 c -1 .0 6 4 5 -0 .3881 d -0 .3733 -0 .5 5 0 8

f -0 .3 8 5 0 0 .1 3 4 6 h -1 2411 0 .7 7 2 3 r -0 9048 0 .5 6 1 7

a -1 .6 9 5 2 3 .8 5 5 7 c -1 .3 1 1 8 1.3193 b -1 .5 2 2 0 3.0701

b -2 .2 3 8 0 -3 .3 0 1 9 d -1 .6321 -1 .9 2 5 2 a -1 .5 5 6 5 -4 9 6 6 3

E ig e n v alu e 16 .2567 3 .7 3 6 2 19.1675 6 .4 3 2 6 18 5641 4  3 7 7 6

C u m m u la tiv c
P ro p o rtio n

0 .7 0 2 0 0 .8 6 3 4 0 .6 2 9 0 0.8401 0 .6 7 5 8 0.8351

The multivariate techniques (Jajuga, 1993) employed in our study included principal 
component analysis, multidimensional scaling, minimum spanning tree, and stepwise 
discriminant function analysis performed in order to find which of the above variables 
discriminated among the species, and how well they did. All the data were logarithmically 
transformed (Rohlf, 1994), and standardized. Although no apparent sexual dimorphism 
was found for the studied 14 morphometric characters, multivariate techniques were 
applied for the two sexes separately. The specimens were grouped in three sets: the first 
one consisted of females, the second of males, and - in some cases - the third of all the in­
dividuals together. All the analyses were performed twice or thrice, one time on each set. 
To visualize the structure of the data with no a priori assumptions, principal component 
analysis was applied, with NTSYS (Rohlf, 1994). Euclidean distances between the speci­
mens were computed, minimum-spanning trees (found with NTSYS) and ten eigenvectors 
with accompanying eigenvalues were extracted. Eigenvalues, per cent of the total variabi­
lity explained by the subsequent eigenvalues, and the per cent variability explained by 
chance under the broken-stick model (Rohlf, 1994) are listed in Table 2. Then, the original 
data were projected into PC space, together with minimum-spanning trees to show local 
distorsions in the data. The resulting projection matrix was used as an initial configuration 
for the nonmetric multidimensional scaling, applied also with minimum-spanning tree (NT­
SYS: Rohlf, 1994).
The other technique, stepwise discriminant analysis, assuming a priori defined groups - 
populations - was applied by means of STATISTICA (StatSoft, 1991). To illustrate phene- 
tic relations among the populations, the UPGMA clustering technique based on mean 
Mahalanobis distances was calculated for males, females and the sexes combined. 
Multivariate analysis, although useful where the internal and external relations of data are 
to be visualised, can hardly be applied directly to phytogeny reconstruction. Clustering, as 
widely used as it is, reflects overall similarity, but should rather not be applied to phytogeny 
reconstruction, because the data one deals with are usually not ultrametric (e.g. Swofford 
& Olsen, 1990; Weir, 1990). The additive tree model behaves much better (Edwards &



40 Malak. Abh. Mus. Tierkd. Dresden Bd. 19, Nr. 4 (1998)

HO 120 100
females

60 40 2 p______ G
I---------------------V  h e llen icu s
!_____ j----------V. v iv íp a ra s

'----------V. a ter
--------------------------------------V. c o n tec tu s K ie leckie

I-------------------------------------------- V. c o n tec tu s Sarqg
'-------------------------------------------- V. a cero su s

160 HO 120 100 80 60 40 20

males
--------- r ~

V. h e llen icu s  
V. v iv í p a ru s  
V. a ter
V. c o n te c tu s  K ie leckie

■ V. co n te c tu s  Sarqg
■ V. a cero su s

120 100 80 60 40_______ 20________0
V. h e llen icu s  
V. v iv ip a ru s
V. a ter
V. co n te c tu s  K teleckie  
V  co n te c tu s  Sarqg  
V. a cero su s

Fig. 34: UPGMA clustering ultrametric phenograms based on Mahalanobis’ distances cal­
culated on shell biometry characters, for males, females and the sexes combined.
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Fig. 35: Neighbor-joining additive trees based on Mahalanobis distances calculated on shell 
biometry characters, for males, females and the sexes combined.

Cavalli-Sforza, 1964; Cavalli-Sforza & Edwards, 1967; Fitch & Margoliash, 1967; 
Felsenstein, 1984). Neighbor-joining technique (Saitou & Nei, 1987) behaves like Fitch- 
Margoliash for additive data (Rohlf, 1994), thus we computed, with NTSYS, also neigh­
bor-joining trees (Swofford & Olsen, 1990; Rohlf, 1994).
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V . c o n fe c t  us

i i i i v -

V. ace ros us

T V. viviparus

V. Hellenic us 9 * * * * * 15
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Fig. 36: Phyllogram based on Falniowski, Mazan, Szarowska & Kozik (1997), showing 
most parsimonious phylogeny reconstruction based on radular, embryonic shell, opercular, 
and soft part external/internal characters. Only unambiguous changes considered. Each 
bar equals one change. Branch lengths proportional to amount of change.

Results of shell biometry were compared with the phylogeny reconstructed using radular, 
embryonic shell, opercular and soft part morphology and anatomy characters (Falniowski 
et al., 1996, 1996a, b, 1997). This was done with MACCLADE (Maddison & Maddison,
1992) and PAUP (Swofford, 1991) using the exhaustive search option to find the shortest, 
most parsimonious (Swofford & Olsen, 1990; Weir, 1990) tree.

R esu l t s

The shells of the studied viviparid species (Figs. 1-25) show rather minor interspecific dif­
ferences, usually coupled with a wide intraspecific variability. V. contectus shell (Figs. 1-3,
15 and 21) has a deep suture, convex whorls (Figs. 1-3 and 15), and a conspicuous umbili­
cus (Fig. 21). The shell of V. acerosus (Figs. 4-5, 16 and 23) resembles the one of V. contec­
tus in the form of the umbilicus (Fig. 23), but is much bigger and more oval in outline. The 
shell of V. viviparus (Figs. 6-7, 17 and 22) has a narrower spire, less convex whorls and a 
shallower suture, the umbilicus usually covered (Fig. 22). The shells of the other two spe­
cies (Figs. 8-14, 18-20 and 24-25) bear a closer resemblance to the shells of V. viviparus 
than to those of V. contectus or V. acerosus. V. hellenicus (Figs. 8, 12-14, 19-20 and 25) is 
characterized by the smallest shell, but also by the widest range of shell variability, despite 
that all the examined shells of this species came from one locality. As it could be seen in the 
photographs, however, the shells of V. hellenicus resemble the shells of V. viviparus (Figs. 
6-7, 17 and 22) not less than those of V. ater (Figs. 9-11, 18 and 24).
The results of ANOVA (Table 1) were almost the same as those of ANCOVA, so we will 
discuss only the former. The analyses showed no significant differences between sexes. 
This confirms the fact that there is no sexual dimorphism in Viviparus as far as the shell is 
concerned. The analyses did not show significant differences among the studied popula­
tions in the case of all the characters employed. Only the fourth from last whorl height (k) 
in males did not differ significantly among populations (Table 1). However, the post-hoc 
tests revealed that there were many cases in which individual populations did not differ sig­
nificantly from each other. The best resolution was achieved in the case of mouth width (e: 
symbols as in Fig. 26), shell width at the suture between the body whorl and penultimate 
whorl (f), and shell width (b), the poorest one in the case of ante penultimate whorl height 
(i), ante penultimate whorl width (j), fourth from last whorl width (1), and fourth from last 
whorl height (k). Interestingly, the only significant difference shown by the following cha­
racters: spire height (c), penultimate whorl height (g), ante penultimate whorl height (i),
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penultimate whorl width (h), and ante penultimate whorl width (j) was that between V. ater 
from the Lake Garda and the remainder of populations considered in this study. The cha­
racters did not differ significantly within the latter group.
In PCA (Table 2) the first eigenvectors were primarily not used. They mainly reflect size 
differences, and would not be appropriate here the more that the shells of V. acerosus and 
V. contectus from the Lake Sar^g were markedly bigger than the shells of the snails from 
the other populations. Thus the second and third eigenvectors, explaining also much of the 
variability and representing mainly shape differences, were used. In females (Fig. 27) 
practically all the populations overlapped - nearly all the populations included some 
outliers, whose projections in the PC space were situated far from the centroid of a group. 
In general, V. acerosus was mixed with V. contectus from the Lake Sargg, and grouped 
marginally along the second axis, whereas on the other side of the axis there were situated 
V. hellenicus and V. viviparus. Along the centre there were scattered the specimens of 
V. contectus from Kieleckie, mixed with V. ater and some specimens of V. viviparus and V. 
hellenicus. Multidimensional scaling for females showed even a less clear picture, with all 
the popultions completely, irregularly mixed along the second and third axes.
PCA for males (Fig. 28) showed a much more separated group of V. acerosus with V. con­
tectus from the Lake Sargg. For the other populations, with the exception of some outliers, 
V. contectus from Kieleckie was separated along the third axis, V. viviparus was in the 
centre, and V. ater was mixed with V. hellenicus. Multidimensional scaling for males 
showed, like PCA, the distinctness of the group comprising V. acerosus and V. contectus 
from the Lake Sarqg, several outliers for each population, the wide range of V. viviparus 
along the second component axis, the rather good separation of the V. hellenicus and 
V. ater group, and the central position of V. contectus from Kieleckie. For both sexes, the 
populations were little distinct, and interpopulation differences within V. contectus were as 
clearcut as the ones between different species.
The above analysis based on the second and third PC, although following the procedure 
widely used in such studies, may have not reflected the true relationships among the 
objects, since the percent of variability explained by the third PC was lower than the one 
expected by chance (Table 2), thus the third PC may have not reflected any true relations­
hips between the variables. Therefore, despite the „size-dimorphism-polymorphism“ na­
ture of the first PC, it was necessary to include it in analysis. For females (Fig. 29), the spe­
cies are also mixed along the first axis. V. hellenicus specimens are distributed more closely 
to V. viviparus than to V. ater. Surprisingly, the first PC coordinates of individuals did not 
always reflect size differences (e.g. the big shells of V. acerosus are mixed with the small 
ones of V. hellenicus and V. viviparus). Similar remarks concern first PC in males (Fig. 30). 
The discriminant analysis gave the same results irrespective of the set of individuals used. 
Two distinct groups of populations were distinguished. One consisted of V. acerosus from 
drainage canals north of Calovo and V. contectus from the Lake Sar^g. The other group 
comprised all the remaining populations. Two of them, V. viviparus from the River Ra- 
dunia and V. ater from the Lake Garda, practically could not be told apart (Figs. 31-33). The 
population of V. contectus from southern Poland was more distinct from the two just men­
tioned than was the population of V. hellenicus from the Lake Trichords. Very few indivi­
duals from the latter were placed by the analysis among those belonging to either V. vivi­
parus or V. ater.
From among the characters measured those describing the whole shell, its mouth and the 
penultimate whorl, weighted most in the discriminant analysis (Table 3). The older a whorl, 
the less significant was it in discriminating between species. Canonical variables also 
depended mainly on the overall shell size, interestingly the breadth of the shell and of the 
penultimate whorl weighted more than the height of the shell and the number of whorls 
(Table 4). Like in PCA and MDS, the two populations of V. contectus and V. acerosus were 
well discernible from each other, and from each of the other three populations studied;
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V. acerosus was closer to V. contectus from the Lake Sar^g than the latter population to 
V. contectus population from Kieleckie; the other three populations constituted one con­
tinuous group, their centroids ordered: V. ater - V. viviparus - V. hellenicus.
The UPGMA clustering computed from Mahalanobis distances showed the same branch 
pattern for males, females, and both sexes together, the only difference being in branch 
lengths (Fig. 34). Also this technique enabled the cluster connecting V. acerosus with V. 
contectus from the Lake Sarqg to be detected. V. ater and V. viviparus were clustered 
together, V. hellenicus being the closest to this cluster, and V. contectus from Kieleckie less 
close. Neighbor joining (Fig. 35) inferred different trees for males than for females and both 
sexes together. For every neighbor-joining tree the same cluster as in UPGMA, joining V. 
acerosus with V. contectus from the Lake Sarqg was detected. The neighbor-joining for 
both females and the sexes combined differed from UPGMA in joining V. ater with V. hel­
lenicus, not V. viviparus. In males, surprisingly, V. hellenicus was joined with V. contectus 
from Kieleckie, V. ater was closer, and V. viviparus less close to V. hellenicus and V. con­
tectus from Kieleckie.
Finally, the most parsimonious tree, based on other data sets: of the radula, embryonic 
shell, operculum, and soft part external morphology and anatomy (Falniowski et al., 1996, 
1996a, b, 1997) was constructed (Fig. 36). It was completely different, in both topology and 
branch length, from all the above, shell-based trees.

D i s c u s s i o n

In our earlier paper (Falniowski et al., 1997) concerning the embryonic shell, radula, 
operculum and soft part morphology, we found V. hellenicus more similar to V. viviparus 
than to V. ater. On the other hand, all the literature opinions on phylogenetic relationships 
among the viviparid taxa were based on shell characters alone. When the level of differen­
ces observed between given taxa is considered, not knowing the reconstructed phylogeny 
- the evolutionary history of a group - it may be pointless to use them to support decisions 
on the taxonomic status of the taxa (Cracraft, 1989). As long as a phylogeny inferred ba­
sed on non-shell characters is concerned, V. hellenicus cannot be a subspecies of V. ater, as 
acknowledged by e.g. Fechter & Falkner (1990). Considering the overall similarity of the 
shell, as presented by UPGMA, V. hellenicus is the closest to the cluster V. ater + V. vivi­
parus, and not grouped in a cluster with V. ater. Thus, the species distinctness of V. helle­
nicus has been confirmed by the shell characters also.
All the results present the same picture of high intraspecific variation coupled with slight 
interspecific differences, and within-species interpopulation differences of the same rank 
as the interspecific ones. Thus, the shell characters are useful in neither discriminating 
species nor inferring phylogeny in Viviparus. This is a rule in almost all groups of pro- 
sobranchs, if not of gastropods (Falniowski, 1989b, 1990). The conditions illustrated above 
are noteworthy, the more that all the taxonomy within Viviparus is entirely based on the 
shell. On the other hand, shell biometry, when described by only 14 randomly chosen cha­
racters, may not characterize the shells adequately. The shells have also several qualitative 
characters coupled with numerous characteristics based on a taxonomist’s experience. 
Their descriptions are usually not much clear and univocally understood. That they may 
often reflect the real biologically sound taxa is confirmed by the fact that as little as the spe­
cies of Viviparus differ in morphology between each other, they are quite distinct when 
molecular characters are concerned (Falniowski et al., 1996). However, all such characters 
are hard to be defined and tested in any more rigorous, not arbitrary way.
On the other hand, all the shell characters, as pointed out above, are weak. Moreover, the 
various data generated by the multivariate techniques applied, although useful in analysis, 
are not really existing, and need not be evolutionary sound enough to reconstruct the phy­
logeny upon. Thus, phylogeny reconstruction must be supported by other data sets, and
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this was done based on our earlier studies (Falniowski et al., 1996, 1996a, b, 1997). The cu­
rious results of neighbor joining, completely different for males and females, well illustrate 
the more than restricted usefulness of the viviparid shells in any phylogenetic inference.
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