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Abstract — The increase o f the whorls i n the species o f Planorbariuscorneus L . and Anisus septem-
gyratus ROSSM. is roughly exponential. The growth o f P. corneus comprises one phase only, that o f 
A. septemgyratus can be divided into a rapid and a slow period. I n the species o f Chondrula tridens 
O. F. M Ü L L E R the tooth variat ion o f strong H 3 , G 3 and weak B is quite frequently found. There 
is almost a direct rat io between the shell elongation and height. I n studying the changes o f fo rm 
o f Unio shells the functionali ty established between the elongation and the length can be applied. 
W i t h 1 7 figures. 

I n t r o d u c t i o n — Most malacologists do not collect juvenile specimens, or rather do not 
insist on the juvenile, l iv ing specimens or their empty shells found in leaf-litter or al luvium samples. 

I n studying the dynamics o f the population it is important to analyse the proportions o f i nd i ­
vidual specimens in different states of development. The quantitative sequence o f whichever para­
meter, al though obtained f rom individual specimens o f different age and i n different states o f devel­
opment, gives valuable informat ion on the situation o f the species wi th in the biota as well as o n 
the species itself. I n Figs. 1 and 2 some characteristic and informative linear diagrams are presented: 

1 . The high total percentage, the spread o f the individual specimens growing old, rsp. perished 
i n biota 1 show that the species lives in a favourable ecosystem, the shells are not carried away and 
they perish very slowly. — 2 . The collection was o f representative nature and did not cover l iv ing 
specimens, or no such were found in the examined area. The species perished, or it momentarily left 
the examined district. — 3. Our collection was made on a spot where the studied species is "con­
quering". The species migrated through a district where no other individual perished, or i f i t d id , 
it had already been assimilated by the stratum. —• 4 . We endeavoured to collect only dead specimens 
and f rom different biotas. Modus y is the most frequent value o f single specimens l iv ing i n a less 
favourable ecosystem. The diagram can be interpreted, o f course, also as two populations fo l lowing 
each other in time. The keeping o f the shells decides in this case. — 5. The given number o f samples 
is not sufficient for statistic studies. 

A r ight , reliable analysis demands very great circumspection and a time-consuming work . 
Repeated collections i n the same biota should be performed. After measuring the l iv ing specimens 
must be returned to the ground. Without a good working knowledge o f population dynamics, the 
analysis o f the parameters cannot be completed. Studying population dynamics is also useful for 
when the characteristics o f molluscs in different states o f development are systematized, one can 
conceive the development trend o f the species without having effectively followed the development 
o f the given specimens. Studies o f this type constitute the subject o f this paper. ( I omit the demonstra­
t ion o f the measuring methods and the expounding o f the evaluation; thereof I have already spoken 
i n my previous papers.) I n my paper I study the development o f the morphological characters o f 
four species. Three o f the four species are Gastropoda (as regards form, according to the nomenclature 
o f M O S L E Y 1 8 3 8 , two species are discoid and one is turbinai) and one is bivalve. I n other words, 
I tried to choose species representing the molluscs l iv ing i n Hungary. 

Results 

D i s c o i d f o r m s : Planorbarius corneus L . I n s tudy ing the g r o w t h o f the shell i t is 
expedient t o be pe r fo rmed i n the plane perpendicular to the axis o f the shell . T h e constants 
o f the f u n c t i o n descr ib ing a p r i n c i p a l l y g iven l o g a r i t h m i c sp i ra l shou ld be de t e rmined . 



Reality differs from the model in the following points: 1 . In the plane of the axis, a disloca­
tion of small extent and of varied dimensions have to be reckoned with. 2 . Sections of the 
whorls are not circular but reniform. 3 . The plane of the whorls diaphragm is not parallel 
to the axis. 

The position, the form of the oral aperture reveals much on the shell-carrying, and, in 
an indirect way, on the habit of life of the animal ( W A G N E R 1 9 2 8 , G E Y E R 1 9 2 9 , R O T A R I D E S 

1 9 3 5 - 1 9 3 6 ) (Fig. 3 ) . In the case of the Planorbidae the plane of the oral aperture intersects 
the shell axis (the outer and the upper lips run forward). A comparative study of the two 
sides of the shell gives an interesting result. Fig. 4 . shows the results derived after measuring 
both sides of the Planorbarius corneus in photographic way. The analysis was made with the 
assumption of a logarithmic spiral. The growth is in both cases logarithmic, as the func­
tionality log r — K is linear. The rate of growth, however, is varying. At the top it is of a 
greater rate, although it starts from a lower value. This can be well seen also when studying 
the curve r — K (Fig. 4 ) . The angle of inclination (S) of the diaphragm between the whorls 
can be determined by measuring AB and AC (Fig. 5 ) . (AC by calculating the difference of 
values obtained photographically AB by direct measuring.) I have also studied how the 
rotundity index of the mouth increases during ontogenesis. The study was performed for 
ecological purposes. It is interesting that the index of the specimens collected in salt puddles 

Fig . 1 . Frequency curves: 1 = live and dead specimens (broken + continuous line), 2 = dead speci­
mens, 3 = live specimens. — Fig. 2 . Frequency curves of dead specimens. — Fig. 3 . Characteristics 
of Planorbidae: w = breadth of mouth, h = height of mouth. — Fig. 4 . Relationship between K 
(whorl number) and radius, log r of spiral Planorbarius corneus: at top "a" curve, "b" line; at bottom 

"c" curve, "d" line 



1.0 

Fig . 5. D i v i n g wal l between neighbouring whor l o f Planorbidae. — Fig . 6. a = The saline steppe 
around Szabadk ígyós , 8 k m f r o m Békéscsaba ; b = D i t c h i n the vicini ty o f Békéscsaba 

is 2 0 % greater o n the average t h a n tha t o f the specimens o f B é k é s c s a b a ( F i g . 6 ) . C o n c e r n i n g 
the traced va lue , a s ignif icant , 2 5 - 3 0 % , spread mus t be reckoned w i t h i n b o t h b io tas . I t can 
also be seen tha t the increase o f w results i n the r o u n d i n g o f the m o u t h . 

Anisus septemgyratus R O S S M Ä S S L E R . I s tudied the lines o f g r o w t h o f this species ear l ier 
( D O M O K O S 1976, 1977, 1978), and f o u n d tha t the w h o r l s rise i n the course o f the i r g r o w t h 
s tep-l ike. W i t h the g r o w t h o f the w h o r l s the side l ine o f the m o u t h incl ines m o r e and m o r e 
t o the axis, a n d the r o t u n d i t y o f the i n i t i a l w h o r l s g r adua l l y decreases a n d becomes increas­
i n g l y angular ( F i g . 7 ) . T h e analysis o f the r a d i a l g r o w t h gave a su rp r i s ing resul t . T h e g r o w t h 
can be d i v i d e d i n t o t w o phases: a r a p i d and a s low one ( F i g . 8) . T h e exact reason o f this is 
u n k n o w n at the present t i m e . V a l u e K{ o f the p o i n t o f break varies f r o m b i o t a t o b i o t a . 
F a c t o r m2 is n o r m a l l y i n c o r r e l a t i o n w i t h the final deve lopment o f the single i n d i v i d u a l , 
quas i d e t e r m i n i n g i t (? ) ( F i g . 9) . 

T u r b i n a t e f o r m : Chondrula tridens O . F . M Ü L L E R . Statistics h and hjb o f the 
f u l l y developed specimens are f o u n d i n F i g . 10. T h e m o s t f requent va lue fo r h is 10 m m , 

Fig . 7. Shell o f Anisus septemgyratus, cross and sagittal section, r 4 = radius o f four th whor l . — Fig . 8. 
Relationship between K (whor l number) and log 10r; I = primary phase, I I = secondary phase. 

Characteristics: mx = 0.366 tgcc, m2 — 0.366 tgß, Kt — w h o r l number o f fracture o f curve 



value hjb is abou t 2.5. T h e data o f the j u v e n i l e specimens (23 pieces) do no t cons t i tu te a 
coherent p ic tu re i f the s tudy comprises the usua l parameters . T o absolutely ascertain the 
j uven i l e state is nei ther o n the basis o f size n o r that o f the set o f teeth possible. F igs . 11 and 
12 show c lear ly tha t even specimens o f very b i g size can be edentate, o r they have abor t ed 
teeth even i f hav ing s t rongly swol len l ips . I n the case o f specimens hav ing an a b n o r m a l set o f 
teeth, the r u d i m e n t a r i t y o r the lack o f a t o o t h o n the p i l l a r is mos t f requent ly the case. 
( I n 9 7 % o f those w i t h a b n o r m a l teeth.) T h e change o f e longa t ion , t a k i n g place i n the course 
o f the ontogenesis, can be i l lus t ra ted by the f u n c t i o n a l i t y hjb —h (F igs . 11 and 12). T h e 
co r re l a t i on is near ly l inear . T h e greatest divergence o f 13% can be observed i n the j u v . 
specimens at the value h — 4 ( F i g . 12). T h e d i r e c t i o n tangent o f the s t ra ight l ine is app­
r o x i m a t e l y 0.22. T h e result is s imi l a r also i n the case o f f u l l y developed specimens hav ing 
mos t ly 3 teeth ( F i g . 11). Here the divergence is max . 1 1 % . T h e 3 teeth o f Chondrula tridens 
appear p r o b a b l y no t at the same t i m e , consequent ly g r o w n o t at the same rate. T h e o ra l 
aperture is be ing b u i l t i n the d i r ec t i on a - 3 - 2 - 6 and thickens l i ke an annua l r i n g ( F i g . 13). 
T h e t o o t h var ia t ions are given i n F i g . 14. 

T o o t h 1 (H3) is came l -hump- l ike o n the vau l t . I t a lways appears as the first one and is 
on ly i n 2 . 6 % weak. T o o t h 2 (C73) is L-shaped, its stem runs para l le l t o the edge o f the o r a l 
aper ture as far as the corner (b). Between the t o o t h a n d the corner , the o ra l aper ture has a 
sharp edge and is s l ight ly incised v iewed f r o m the side. I t occurs tha t immed ia t e ly be low i t 
the shell deepens to some mi l l ime t r e s . T o o t h 3 (B) is h u m p - l i k e at the b o t t o m o f the p i l l a r . 
I t is of ten l a c k i n g , i t p r o b a b l y appears as the last one. The p i l l a r i t se l f cannot be regarded 
as a t o o t h . T h e o rder o f t o o t h s t rength i s : Hz—Gz—B. 

H a v i n g s tudied the parameters and the set o f teeth, i t is w o r t h observing also the t end­
ency o f the shape o f the o r a l aper ture ( F i g . 15). The angu la r i ty o f the o ra l aper ture o f the 
y o u n g specimens is conspicuous. A t the locus m a r k e d w i t h an asterisk*, the o r a l aperture 
is near ly angular . T o o t h 2 w i l l eventua l ly develop under this corner . A t an o lder age, o n l y 
a sl ight h o l l o w in the shell and the dep th o f the previous seams m i g h t indicate this corner . 

F ig . 9. Relationship between A' (whor l number) and characteristic m2 (mean): a = Habitat Baja, 
b = Habitat C s u r g ó . — Fig. 10. a = h — Fu l ly developed specimens o f Chondrula tridens (Szabad-

kígyós), b = j - (h = height o f shell, b = breadth) 



T h e m o r e obtuse the co rne r ma rked* is, the deeper the seams w i l l be. I presume that the 
r o u n d i n g o f the m o u t h is p r o b a b l y caused by the g r adua l g r o w i n g o f the b o d y o f the tensile 
force o f the a n i m a l . T h e i n t e r r e l a t i o n shel l -body is cons t an t ly changing i n the course o f the 
ontogenesis. 

B i V a 1 V i a: Unio sp. I believe that a n analysis o f the f u n c t i o n a l i t y N-h shou ld be 
app l i ed i n o rder to f o l l o w the f o r m changes o f the shells (F igs . 1 6 - 1 7 ) ( D O M O K O S 1 9 7 9 ) . 
A great n u m b e r o f " a n n u a l r i n g s " f o u n d o n a single specimen offer a g o o d poss ib i l i t y , even 
i n spite o f the errors r e su l t ing f r o m h and f r o m the d i f f i c u l t r e p r o d u c i b i l i t y o f m t o the c o g n i ­
t i o n o f the curve o f the above f u n c t i o n a l i t y . 

This paper demonstrates the essence o f the analysis on the example o f only some specimens 
taken at random. As i t can be seen also i n Fig . 17, the value N o f the three Unio species found in the 
same biota increases considerably at the beginning, then, w i t h the further increase o f h its increase 
becomes slower. Studying the growth rate o f the particular species, a considerable difference between 
the process o f the elongation o f Unio pictorum and that o f U. crassus is experienced. When com­
paring specimens originating f rom various biotas, the interpretation is less ambiguous. I n the course 
o f the ontogenesis, simultaneously wi th the process o f elongation a process o f apiculation takes place 
(/? increases). Studying the material o f a biota o f the Copper Age, I have succeeded i n finding a corre­
lat ion between R and N: R = 2(N-c) where c = 1.25. 

Summary — When collecting molluscs it is important to study the composition o f the popula­
t ion . I n addit ion to informat ion on the biota, the particular phases o f the species development can 
be cognized as well . 

The logarithmic spiral can be used i n the analysis o f discoid Planorbidae. I n an interesting 
way, the growth o f Anisus septemgyratus can be divided in to two phases (Fig. 8), and the final number 

Fig . 11. Relationship between characteristic h and —. Curve o f fu l ly developed specimens (Szabad-
íj 

h 
kígyós) . •— Fig . 12. Relationship between characteristic h and —. Curve o f juvenile specimens (Sza-

b 
badk ígyós ) . F ig . 13. M o u t h and teeth o f Chondrula tridens. — Fig . 14. Percentage o f different tooth 
variations occurring in the basic multitude and symbolical signs for the set o f teeth. — Fig . 15. 
Format ion o f mouth o f Chondrula tridens: a = sharp young mouth , b = rounding mouth , c = ful ly 

developed mouth wi th teeth 



o f whorls is dependent o f the growth rate o f the second phase (Fig . 9). A comparison o f the logari th­
mic spirals assumed on the two sides o f the disk-shaped shell yields informat ion not only on the 
radial growth o f the shell but o n its slight coning as well . (The radial growth o f the spiral is different 
o n the two sides o f the shell, Fig . 4). The ro tundi ty index o f the cross-section o f the whorls (Fig . 6) 
gradually increases wi th the growth o f the shell i n the case o f Planorbarius corneus. I n the course o f 
g rowth , the oral aperture becomes angular i n Anisus septemgyratus (F ig . 7) and round i n Chondrula 
tridens (F ig . 15). 

I n Unio species, the character role o f the oral aperture is taken over by the edge o f the shell. 
Its formal change can be characterized by the elongation (Fig . 17). D u r i n g ontogenesis, the elonga­
t i o n increases according to a saturation curve. I n Chondrula tridens (Figs. 11-12) the curve is nearly 
linear i n the course o f ontogenesis. 

Using mathematical formalism i n malacology is somewhat out o f date. Since, among others, 
also M O S L E Y (1838), T H O M P S O N (1942), H . W A G N E R (1929) and recently H U B E N D I C K (1951), F R A N K & 
M E Y L I N G (1966) have dealt w i t h conchometry. Few are however, the works which, having some 
significance beyond mathematicizing may establish a relationship o f the mathematical, physico-
chemical and biological parameters. Wi thou t establishing this relationship, a conscious study o f the 
ecosystems cannot be envisaged. 
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