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—INVESTIGATION OF THE GROWTH RATE OF TWO TERRESTRIAL SNAILS: BRADYBAE- |
NA FRUTICUM (O. F. MULLER) AND EUOMPHALIA STRIGELLA (DRAPARNAUD), PUL - |
MONATA — ABRADYBAENA FRUTICUM (O. F. MULLER) ES AZ EUOMPHALIA STRI- "
GELLA (DRAPARNAUD) NOVEKEDESENEK VIZSGALATA (GASTROPODA: PULMONA- |

TA) |
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ABSTRACT: Specimens collected in the field were measured and from the data second dagraa regression ‘

curves were constructed the different slopes of which show correlation with external factors. |‘

‘.i

Investigation of ontogeny is rather neglected in malacology. On other protostomia (Collembola, Coleoptera, Dip- . !

tera, Lepidoptera) many investigations were performed. Having larval and pupal stages with different require-
ments the development of these organisms differs from that of the snails. Nevertheless, similar regularities appear ‘I
in all these organisms: growth is influenced in a positive or a negative sense by the quality of the ingested food,
the light, temperature and humidity of the medium and of the air. The growth rate of hygrophilous animals is
promoted whereas that of xerophilous animals is retarded by increase of humidity (SCHWERDTFEGER, 1963). |
GERE (1978) established different growth curves for different taxonomic categories. FROMMING (1954) per- »
formed laboratory experiments on European terrestrial snails. Observing weight changes of Helix pomatia during i |
60 days he established that water output and water uptake erratically change through mucuos secretion. ]

|

The author’s aim was to investigate the growth (increase of weight) of the two species in regionally different and
locally identical surroundings and to make accessible the regularities of growth for ecological evaluation.

MATERIALS AND METHODS

Regularities of growth can be investigated in two ways: directly in connection with time (in culture vessels in la-
boratory or outdoors), and indirectly through mathematical caiculations with the aid of second order regression.
In the latter case calculation can be based on specimens randomly collected or on specimens collected in regular
intervals (e. g., monthly) from a given area (e. g., 2.5 m<). In the present study the latter method was used.

The regression curves based on individuals collected monthly from a given area show the growth in time and be- |
sides this through their different slopes the effect of external factors as well. The growth of animals of different -'
size is influenced by the same external factors. This gives a possibility to correlate the ordinate points of the reg-

ression curves with the meteorogical data of the study area.

Two species of different humidity requirements were chosen. Bradybaena fruticum (0. F. MU LL:EFI 1?74.) is me-
so-hygrophilous, Euomphalia strigella (DRAPARNAUD 1801} is meso-xerophilous. On the basis gf their occu- |
rence in Hungarian lowland forests (14 communities, 312 stands) using the abundance values (Nl_n ) and the__ hu-

midity indicating numbers from the mean frequency of plant species of the undergrowth regression calculations |
were performed. The humidity indicating values of herbaceous species were established by .Zf.')L‘\_fOMI et al. |
(1964). The regression lines and their equations show whether increase or decrease of humidity increases or |
decreases the A/m<2 value of the snails. These equations inform us about their requirements. -

In a similar waﬂf was established the reaction of the species to the hydrological grade which expresses the height
of the water table as related to its height in April. This was determined by the method of BABOS (1966) used in

the pedological laboratories of forestries.

 The regression lines of the humidity grade and of the hydrological type served as p:nn_trnl of the [nvestlgatiun_ n:f
growth rate of the two species (Figs 1 and 2). On the Figures the results of the cnr_relatmn i:a}culatmns to hl:lr_mdt—
ty (1) and to hydrological grade (2) are also seen: N = number of cases, r = correlation t.'_:ﬂEﬁlClFﬂt, P % = significan-
ce level, the a and the b values of the equation y = a + bx and the limits of the confidence interval (S, and Sp).

The calculations were performed with a Wang-600 computer.

o * i ' - in hreé forests belon-
To investigate growth rate 99-108 living specimens of Bmdybaenq were collected randomly in t
ging to two forest types: 1. the Péhi forest, 25. 6. 1981., humidity grade 7; 2. the Tahf:h forest, 3_0. 7. 1973., |
humidity grade 6. They are situated in the Kiskuns4g National Park. Both belong to Fraxino pannonicae — Alne-
tum hungaricum SO0 et KOMLODI 1968, alliance Alnion glutinosae MALCUIT 1929. 3. Sarkanykert (2 km
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Bradybaena fruticum  (O.F. Mall.)

a Sa ' b |
11- 9.242292| 2.86+0.49
2|-440225.0 1 12.17+1.13]|

y:n;bx

FIG. 1. Second order regression curves of Bradybaena fruticum in relation to humidity (1) and to hfdrﬂbinlnglcal type (2). On

the y axis number of indwlduals per m2 on tha X axis rades of h
it
ZOLYOM| et al., 1964). gredes of humidity 8) and hydroblologica! types (6). (BABOS et oL, 1966;

Euomphalia ‘s'trig'élla (Drap.)

ol

~10 4

ation to humidity (1) and to hydrobiological types (2). ﬂn

FIG. 2. Second order regression curves of Euomphalia strigella in rel
(8) and hydrobiological types (6). (BABOS et al., 1966;

the y axis number of individuals per rn2 on the x axis grades of humidity
ZOLYOMI et al., 1964).
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from Vaésidrosnamény, county Szabolcs-Szatmar) 19, 7. TQ?B_._, Salicetum albae-fragilis 1SSLER 1926, alliance
Salicion triandrae MULLER-GORS 1958, - |

Evomphalia specimens were collected in 3. 5., 3, 6. 1980, 3.5.,3.7.,3.8., 3. 9. 1981, each time f_ri:rr'n hundred
collateral 26 x 25 cm? quadrats in an oak forest influenced by culture (Nagyerd8, Szabadkigyds in county Békés;
it is a part of a reserve grown on a solonetz meadow chernozem). | - |

—

FIG. 3. Calculation of the rate of chﬁng& of weight with the aid of elementary lines. '

LT il A i il

Shell height was measured for both species. According to former investigations, the growth rate of height si'gn_ifi*
cantly changes with humidity (BABA, 1971). Regression calculations were performed with the weights belonging
to the height of the individuals given. The letters in the resulting second degree regression equations (y=bgstbyx*
+ byx2) correspond to those used earlier (Figs 4 and 5).

On the second degree curves slope is expressed by the tangent of the angle formed with the horizontal axis:

i perpendicular opposite to the angle
W9a* perpendicular adjacent to the angle

All curves (and so the growth curves) can be approxjmated by elementary lines. The angle of these linear sections
formed with the horizontal axis shows the change of weight (Fig. 3):

£ change of weight
9q" 1 mm height of the shell

On the section where tgqis higher the growth is more intensive.The second order curves showing gfnwth were cal-
culated on the basis of the measurements. From the curves weight values belonging to each hqlght can _be ob-
tained. Calculations of tgq indicating changes in growth intensity were performed using the coordinates. Tangents
are negative only when weight decreases. |

Tables 1 and 2 contain the coordinates of the second degree equations, thg tang.ent of the apg!as, and thg percen-
tile differences in weight calculated from the tangents. The percentile weight differences diminished by 100 give
the per cent of weight increase between the two stages. For example,

0.0020 —3r°Wth _, 5.0026

100
0.0026 _ 2600 _ 130%
0.000020 - °"20 150

+ 30%
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FIG. 4. Height (x) and weight (y) of Bradybaena fruticum as depending on rising humidity of the habitat. 1 . Forest of Péfh'i, 2. Fo-
rest of Tabdi, 3. Forest of Sarkénykert, r = correlation coefficient; P % =significance level; N = number of cases; by, by, and by =
coefficients of the regression equation and their error (Sg, Sp, and Spo), and S =error of the equation.

In 1980 and 1981 climatic measurements were taken.on the area of Szabadkigyos. The monthly means (broken
down into three days) were correlated with the data of the ordinates of the second degree regression equations
calculated for each month. Calculations were performed with the data of precipitation, temperature of the air,
and the temperature of air near the soil to obtain linear, exponential and power-functional correlations to estab-
lish which factor has a role in the increase of weight. Climatic data broken down into three days means are seen in

Table 3. The author is indebted to the climatologist BELA SUGAR for these data.
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FIG. 5. Relation between height (x) and 'walght {y) of E uuﬁ'rphafia strigella in different months of different years.

RESULTS AND DISCUSSION

‘ac differ in relation to humidity of the soil surface (Figs 1 and 2, line 1) fulnd to hydr?l?gical grade

. :;:bmge;peuc::he water level (Figs 1 and 2, line 2). Growth t?f Bradybaena increases w_ith the humr:ch"w dfe_terrnl-

ning factors (Figs 1 and 2). Abundance values of Evomphalia -decrease.wn_h the .humudm_f determining ;ﬂtﬂ:ﬁ.

The regression lines clearly show the differences between th_e two species in habitat retqmrement_s according ‘3
which in the Hungarian Plain Bradybaena occurs in the humid forests wh:_le'_Eunm;?haha occurs undgr sem:—:ﬁ

conditions similar to those of the Nagyerd6. Euvomphalia was a characteristic species of the tundra aera (ANT,

1963) due to its lower humidity demands. | |
| | 83
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TABLE 4, 1, Percentile increase of Bradybaena and Euomphalia to the end state measured from the beginning, 2. Percentile incre-

ase of weight measured to arrival at sexual maturity, 3. Increase of weight measured to arrival at sexual maturity as per cent of
the increase of weight to the end state.

r Euomphalia strigella 1. 2 3.
V. 1980. 6133.33% 2933.33% - 47.82
V1. 1980 6600 3285.71 49.78
V., 1981 1491 52 728.81 48.86
Vil 1981 662.50 - 1381.25 57 .54
Viil. 1981 1298.50 820.89 63.21
1X. 1981 3039.21 1660.78 64.51

Bradybhaena fruticum

Pahi - 6880 2620 38.08
Tabdi 1422.22 372.22 33.20
Sérkanykert 635.41 170.83 26.88

Curves drawn on the basis of the second degree regression equations (Figs 4 and 5) — in the case of Bradybaena in
different habitats and in the case of Euomphalia in different months — are of identical type for both species.

The intensity of weight increase is different in the two species and this can be attributed partly to the different

habitats (Bradybaena) and partly to the monthly changing climatic factors (Euomphalia). The differences are best
expressed by the different percentage of increase in Evomphalia in the same month (May) of 1980 and 1981
(Table 2, lined). | |

Devetﬂpmeht in both species starts with different initial weights. The weight of ovules deposited at different
times and in different habitats are different. In the case of Bradybaena the highest initial weights can be observed

at the humidity grade 5 (Fig. 4, curve 3). In the case of Evomphalia the highest initial weights were regis‘terﬁd in
May-August 1981 (Fig. 5, curves 1 and 4). This might be attributed to the low precipitation at the beginning of

the vegetation period in 1981 and to the higher temperature of air and soil in the same period (Table 3).

The initial growth rate is followed by a transient decrease of it in both species. This decrease is higher when the
initial weight was lower. Probably this is the cause of the higher mortality of young animals. Measure of decrease
manifests itself by Bradybaena with intensive fluctuations. The cause of the decrease should be searched in the
feeding possibilities of the freshly hatched animals. In the case of Evomphalia a decrease of temperature was ob-
served after hatching (Table 3). Decrease of temperature causes a decrease or even a stop of feeding as observed in
laboratory experiments. Influence of temperature on feeding can explain in the case of Euomphalia the stop of
the increase of weight in the ninth month (Table 2 and the meteorological data of line 3 in Table 3).

The percentile increase is high in both species till the 4-5 mm state, thereafter it decreases. In Bradybaena speci-
mens of 12-14 mm size and in Evoemphalia specimens of 7-9 mm size another increase of the growth rate can be
observed (Tables 1 and 2, lines ¢ and d). According to FROMMING (1954), Bradybaena reaches sexual maturity
in 13-14 months. Sexual maturity is delayed in laboratory specimens. The author attributes the increased growth
a Bradybaena at the 12-14 mm state to the arrival of sexual maturity. Similarly can be evaluated the increased
growth of Evomphalia at the 7-9 mm state.

Besides the proportionality factors of the equations (Figs 4 and 5, a, by, bo) the increased growth rate at the time
of arrival at sexual maturity specifies the character of growth.

In both species the tendency of growth is similar also in the sense that the rate of weight increase decreases with
the age and with the increase of height (Tables 1 and 2, line d); this tendency agrees with GERE s (1978) t_'lhsp.'r-
vations according to which animals of Blattidae, Orthoptera, Lepidoptera, Aves and Mammalia grow slower in the
second phase of their development than in the first one. |

Table 4 shows how many times is increased the weight of the animal from the beginning till the measured end
state and till arrival at sexual maturity.
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TABLE 5. Values of correlation coefficients and probabilities in different transformations

==t

1. Linear correlation r=0.14 piobability 46%
2. Exponential correlation  r=0.17  probability 65%
3. Power function r=0.32 probability 97%

It can be estgbﬁlished that after a lower initial weight the growth rate is higher and after a higher initial weight it is
lower as exhibited by Euomphalia in the seventh and eighth month of 1981 and by Bradybaena in the habitat of

humidity degree 5 in Sarkanykert. In the case of favourable external conditions and high initial weights increase
as related to the initial weight is lower than in the oposite case.

According to Table 4, it seems that increase till the arrival at sexual maturity is characteristic of the species al-
though in this respect further investigations are needed.

The tendency of weight increase is very high in both species. This indicates that due to the great quantity of in-
gested food they have an important role in the catabolic processes; on the other side they intensively multiply

and through this they offer themselves to consument animals, among others amphibia and mammals (BABA,
1976).

Investigating the cause of the fluctuating growth rate correlations were calculated between changing weight and
meteorological factors of Table 3. According to FROMMING (1954), fluctuation of the weight of Helix pomatia
is caused by changing water uptake and water output. But he did not mention the cause of this change. Correlati-
on with the climatic data brings us nearer to the solution of this problem. The author found positive correlation
between the calculated ordinate values of Euomphalia and the temperature of the soil. Fluctuation in the increase
of weight is induced by changes in the s0il temperature measured at 2 cm. Cold and warm fronts produce changes
in temperature and through this in the feeding of the soil inhabiting Euomphalia and consequently its increase of
weight becomes also changing. A little higher soil temperature induces an exponentially higher increase of weight.

— Wl

OSSZEFOGLALAS

A szerz8 indirekt modon, matematikai uton, regresszids szamitdsokkal vizsgalta két csigafaj ndvekedését sulygya-
rapodast mérve. A masodfoku regresszios gorbék a novekedés id6beli kapcsolatait és a novekedésre hato kiilso té-
nyez8k szerepét egyarant tiikkrozik, mintegy azok _lenyomatai’’. A masodfoku regresszios gorbék pontjainak ko-
ordinatdit a teriileten folyamatosan mért klimatikus adatokkal hozta dsszefliggésbe. Kontrollkent vizsgdlta a ket
faj nedvességgel és a talaj hidroldgiai fokozatdval szembeni viselkedését is, elsGfokl regresszios szamitasokkal.
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