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c. Incidental data of other stations.

Although in general Physu of other locations was collected by

searching the plants instead of by sieving, a procedure with which
juvenile specimens are easily overlooked, in some cases conclusions
as to the life history are possible.
- At Bovenkerk (graph 4), 22-6-1951, a number of amrnals and
some capsules were collected. The mean height amounted to 5.3 mm.
On October 18th of the same year the average value was smaller,
viz. 49 mm. According to the observations of Botshol, the growth
was at least 0.5 mm per week in the period after the first obser~
vation, so it is unlikely that we are dealing with the same generation:
the catch of October 18th concerns the wintering generation. On
10-5-1952 the snails had grown to a mean of 69 mm, whilst young
ones of the new generation — undoubtedly the spring generation,
cf. p. 43 — were already present. In the beginning of August 1952
again egg capsules were found. »

The specimens of Physa fomtinalis (L) from Bovenkerk were
smaller than those of Botshol. The data support the hypothe51s that
at least 2 generations per annum exist.

In the environment of Callantsoog, a village south of Den Helder
on the North Sea coast, the wintering generation of 1951 appeared
to die only in the course of June. Just east of the village of Callants-
oog, in a ditch south of the Abbestederweg, 21 specimens of a size
of 5.8—9.5 mm (mean 7.0 mm) were found on June 5th, whereas
on the 24th out of 105 specimens the height of the largest shell
amounted to 2.9 mm. So the wintering generation dlsappeared in
the spell from 5th till 24th June.
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At'a station north of Callantsoog, in a ditch behind the dunes,
the average heights on 9th and 12th ‘June were 6.9 and 8.4 mm
respectively. On the 29th and the 30th of the same month these
values were 3.5 and 3.6 mm. Consequently the last adult snaxls died
between 12th and 29th June.
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Graph 4. Frequency of the shell heights at Bovenkerk 1951-1952.

" The occurrence of adults at Callantsoog on a later date as com-
pared with Botshol may be explained from differences in climate
(cf. the Maandelijkse Overzichten van de Weersgesteldheid, publish-
ed by the Royal Netherlands Meteqrological Institute). Viz. in the
months of May and June the temperature at Callantsoog is about
2° C. lower than at Botshol.

For examining Harnischia vara (Gtgh), a midge of which the larva
lives under the mantle digitations of Physa fontinalis (L.), several
other locations were visited on various dates. The mean values of
the measurements, together with the previous records from Botshol,
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Bovenkerk and Callantsoog, are represented in graph 5. The impres-

sion is gained that generally Physa fontinalis (L.) produces 2 gener-
acions annually.
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Graph 5. Survey of the mean shell heights of Physa fommalu (L) collected
during several years from various habitats (20). = .

d. Discussion of literature-data.

The sizes of shells of Physa, reported in various faunistic papers

are cited hereafter, LEHMANN (1873): 8—12 mm; CLEsSIN (1877):
10.5 mm, the largest ones approach 12 mm; Hazay (1881): 8 mm;
LAMEERE (1895): 12 mm; CHEMIN (1926) and L. GERMAIN (1931):
8—12 mm; ODHNER (1929): 10.7 mm; EHRMANN (1933): 9.5—10.5
mm, normally smaller, rarely up to 14 mm; VAN BENTHEM JUTTING
(1933): up to 15 mm; MACAN (1949): about 12 mm and finally
MANDAHL—BARTH (1949): 9—11 mm, var. bulla 10—13 mm.
- This is in good agreement with the maximum heights of snails
from Botshol, being 9—10 mm normally, whilst the largest ones.
measured 12 mm. Ptesumably all flgures relate to the wintering gen-
eration.

There ‘are some indications suggestmg that in other European
countries, too, there are 2 generations, HAZAY (1881) mentioned the
occurrence of two breeding-periods of fresh-water pulmonates in
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Hungary, (1) mid-April to the end of May and (2) beginning of
August to mid-September. In Poland, near Krakow, WIERZEJSKI
(1905) found Physa laying eggs in April in an early spring, otherwise
in May, and this was continued until September. He collected cap-
sules especially in May and the beginning of June, later on fewer,
in August hardly any and in September many more. Animals, col-
lected in a mild month of February, produced eggs as early as March
in aquaria. This closely concurs with my observations, which con-
cerned two generations. In contrast with this, NEKRASSOW (1929)
reported from the river Kljasma near Moscow on Physa fomtinalis:
"Die massenhafte Eiablage erfolgt in der Sommermitte von Juli bis
zur ersten Augusthéilfte Possibly Physa produces only one genera-
tion per year in this climate.

4. REPRODUCTION

a. Period of oviposition.

The wintering generation starts laying eggs at the end of March
or in the beginning of April. 'I‘hns was ascertained in 1953 and 1954
at Botshol. -

Nort a single capsule of Pby.m could be found on 5-3-1953, whereas
19 specimens were found on 20-3. In 1954 the search for capsules
had a negative result on 27-3, but on 7-4 10 capsules were collected.

Here the temperature plays an important rdle, as is shown by the
following observations. At room temperature the wintering genera-
tion could be induced to lay eggs as early as November. ‘Animals
collected inr December become very lively at room temperature, begin
to mate and lay eggs before long. In the field apparently copulations
start as soon as the temperature is sufficiently high. However, other
factors play a part as well, because, though in 1954 evidently ovi-
position started later than in 1953, the temperatures, the mean as
well as the maximum values, were higher. Possibly the rather severe
winter of 1954 had some influence.

DEWITT (1954, p. 124) observed copulating pairs of Physa gyrina
Say in the field only during the month of April. "However, snails
collected from November through April copulated when brought into
the laboratory.” (loc. cit.).

According to PRECHT (1936), the temperature at which Planorbis
corneus (L) commences oviposition is fixed at 12° C. For Ancylus
fluviatilis Miiller BONDESEN (1950) established a temperature of 7°C.,,
and for Physa fomtinalis (L) 1 found a minimum temperature of
7—8° C. in 1953. Nevertheless it must be assumed that the temper-
ature is not -always the same for each species, but may vary from
year to year and in different biotopes. E.g. on 21-3-1953 1 found



De Wit: Life cycle of Physa fontinalis 49

3 capsules of Planorbis corneus (L), but the temperature had not
exceeded 7—8° C. (cf. PRECHT). .

Perhaps there is some conformity with the phenological observa-
tions on wild plants. In this respect recent studies (WILCKE, 1953
a & b) showed that the beginning of flowering of a number of plants
was strikingly correlated with the sum of the daily temperatures,
called "heat-sum”. This magnitude could be calculated starting Janu-
ary 31st and held good in the 21 cases of wild plants inspected,
observed during 12 years. It explains why the existing temperatures
.do not determine the start of flowering, but it stresses the importance
of the temperatures during a preceding interval of time. As a matter
of fact, the specific “heat-sum” was different for each species.

Unfortunately, it will be impracticable to collect the same amount
of data on snails as was possible in the case of the wild plants with
the cooperation of many workers in the whole country.

On 30-5-1953 T only succeeded in collecting 1 adult Physa. As
the first capsules appeared about 21-3 (see above), the breeding-
season proves to be approximately 2 months, viz. from mid-March
until the end of May. : :

The first juveniles were found in the catch of May 2nd. The
embryonic development of the first-laid eggs thus requires about 6
weeks and presumably this period is shorter for the later capsules,
in connection with the prevailing higher temperatures.

The snails of the spring generation began oviposition about June
27th 1933. Consequently the time necessary for maturation here was
about 2 months, in accordance with HoLzFuss (1914). On August
8th eggs were still found, on the 22nd no more. Here the breeding
period amounted to about 6 weeks. This is in good agreement with
the 5—7 weeks in 1952, as may be deduced from graph 1.

The embryonic development needs less time in summer — less
than 2 weeks — as is shown in graph 2; on 8-8-1953 23 capsules
were collected, a number of which, according to micro-examination,
was obviously fresh. On the other hand, on 22-8-1953 not a single
capsule could be traced, and even only few animals in the height-
groups 0.5—1 and 1—1.5 mm, apparently freshly emerged young
ones, were present. C ' i

In 1952 (graph 1) the situation was different: the duration of the
presence of capsules was somewhat longer and even on September
27th 1 capsule was found, which, however, at room temperature soon
hatched. It must have been produced by the spring generation, and
its development was delayed by the sudden set-in of colder weather
(in August the average air-temperature was 18}° C. — normally
18° C. —; in September 12}° C. — normally 15}° C. —). '
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A comparison of the observations in the years 1951, 1952 and
1953 gives us an impression of the possible negative correlation
between the temperature and the length of the life of the snails (see
table 4). In connection with the prevailing temperatures before the
death of the spring generation the observations of WREDE (1928,
p. 317) on Physa fontinalis (L) are interesting: "20—25° C. Einige
Tiere sind kontrahiert, andere sind sehr lebhaft; viele sterben, wenn
sie einige Tage dieser Temperatut ausgeserzt sind, obwohl Sauer-
stoffmangel ausgeschlossen ist.”

In the month of August in the upper layers of the water especially
between water plants (the milieu where Physa preferably lives)
often very high tempertures could be measured, even up to 27° C,
at 5 p.m. These conditions are very unfavourable for the snails. With
due reserve, it might be concluded that relatively high temperatures
correspond to a shorter duration of life.

In the field both generations show a definite difference with re-
spect to the start of oviposition: The wintering animals are much
larger than those of the spring generation in the beginning of the
-reproduction period. In the first case the snails have long been sex-
ually mature, but unfavourable factors — mainly the low temper-
atures — delay propagatlon In the other case, copulation etc. start
as soon as they are mature, in other words: The beginning of repro-
duction of the wmtermg generation is defined by external, that
of the spring generation by internal factors, .

b. The relation between the size of the animals and the number

of eggs per capsule.

"~ The number of eggs in a capsule may vary considerably. The
records of authors vaty accordingly: PFEIFFER (1821) 12—18;
MoQUIN-TANDON (1855) 5—20; LEHMANN (1873) 2—30; HazAy
(1881) 20—30; WIERZEJSKI (1905) 1—20, mean 10; PELSENEER
(1920) 2—42; NEexrAssow (1929) about 10, rarely 16—20; GER-
MAIN (1931) 5—22 VENMANS (1949) 6—27 mean 15 and finally
BoNDESEN (1950) up to 20.

From graphs 1 and 2 it is obvious, that the wintering generanon
at Botshol at the height of 'its breeding-season produces on an aver-
age 16—20 eggs per capsule, against only 6—8 for the spring gen-
eration in its breeding period. In 1953, when the observations were
made as quantitatively and frequently as possible, the average of the
first few capsules early in the spring was 11 eggs. Subsequent cap-
sules contained more and more eggs and the average increased to a
maximum of 19. With only two exceptions, all capsules contained
4 or more eggs, and in the course of time the maximum rose to 41
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(see above, PELSENEER, 1920). In 1954 the picture was the same: on
April 7th the average was 11.5, and on May 1st 16 eggs pet capsule
the maxima being 16 and 35 respectively.

. Height of the Number of eggs
Station and date shell in mm 1) per capsule 1)
Bovenkerk 22-7-1951 5.27 = 0.09 50
Botshol 6-4-1952 8.29 = 0.13 16.1 =0.6
30-4-1952 9.52 +0.27 174 =09
12-7-1952 " 483 +0.12 73+03"
2-8-1952 589025 . 70+04
o 16-8-1952 629 =017 " 80+ 05
' 30-8-1952 t g 81+ 09
21-3-1953 not determined 108 + 0.7
4-4-1953 7.51 = 0.22 144 £ 06
18-4-1953. 8.06 = 0.20 163 =05
- 2-5-1953 862 =020 174 =05
16-5-1953 9.29 = 021 19.1 =05
- 30-5-1953 t 3 185+ 18 .
. 11-7-1953 62 *015 80+ 0.24
25-7-1953 5.9 =027 76 =05
8-8-1953 60 *=0.14 59 = 0.6
7-4-1954 826 =035 115*+13 .
1-5-1954 9.34 =037 16204 .
20-7-1954 436+ 0.14. 5603
- 17-8-1954 5.08 == 0.36 6.0 =02
4-6-1955 9.66 = 0.30 16816 . -

i . . - __Zx ..
_ 1) The arithmetic mean X = s and the mean deviation of the mean

2)  All adult specimens dead.

[+ —_—)?
+ F=i0= z—(x—’i ate mentioned.
V_

n—1

Table 5 Relation between the mean values of the shell heights and the
number of eggs per capsule of Physa fontinalis (L.).

For the spring generation the relation is less clear (cf. table 5):
in 1952 the average increased, in 1953 1t decreased and in 1954 it
slightly rose again.

When the number of eggs per capsule is plotted against the
heights of the shells (graph 6), 2 marked positive correlation between
these two becomes apparent: large animals produce capsules with
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more eggs than smaller ones. This correlation has also been proved
statistically significant, 1)

20 Average number L]
of eggs per capsule '

18

16

14

12

10 ® 1951 Botshol

8 ©1952 " |Wintering .
© 1953 . generation

6 = 1954

x + 1951 Bovenkerk

‘ + 1952 Botshol Spring
v 1953 generation
x 1954

Mean shell height
3 4 5 6 7 8 9 10mm

".,1

Graph 6. Relation between the average number of eggs per capsule and
the mean shell heights. - .

The above-mentioned correlation is indicated by PRECHT (1936)
for Planorbis cormeus (L.), although no sizes are recorded. A small
race laid capsules with 1—46 ova (mean of 257 capsules: 15.6),
whereas a larger race produced capsules with 16—82 ova (mean of
43 capsules: 53.5). For the same species the figures of OLDHAM
(1930) confirm this conclusion: from 2 snails, emerged in 1922, 63
capsules were obtained during some months in 1925, with 28 eggs
on an average; in 1926 the mean of 39 capsules was 33 eggs. As 2
matter of fact, in 1925 the animals were smaller than in 1926.

FELIKSIAK (1939, table 5, p. 33) reported that in April the mean
number of ova per capsule for Myxas glutinosa (Miiller) in the field
was 29 and in May this increased to 53. e

Ex—Xx) y—9)

‘ TVEE—3P (y—9)*
Assuming a number of degrees of freedom of 16 the chance of fortuitous
correlation in this case is much less than 0.1% (see BROWNLEE, 1949).

The equation of the line of regression is Y= 2.90X— 9.18; Y= the number
of eggs per capsule; X—= mean height. )

1) The correlation coefficient r — = 4+ 0978 + 0.010.
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The fact that DEWITT (1954, p. 126) did not establish a close
correlation with Physa gyrina Say, is perhaps due to the differences
between field and aquarium observations which could not be com-
pletely separated. This author used snails collected in the field for
aquarium experiments; in the beginning the number ef eggs per
capsule is almost the same as found in nature, but later on this de-
creases rapidly under the artificial conditions.

Above (p. 53) the existence of a positive correlation of the mean

number of eggs per capsule to the mean shell height is demonstrated.
However, it must be taken into account, that the capsules, as found
in nature, were of various ages. Thus the capsules collected on
2-5-1953 had already partly been deposited about 21-3, when the
average shell height amounted to 6.9 mm, whilst on 2-5 this value
was 8.6 mm. We therefore will try to find a better relation, ta.kmg
this fact into consideration. The fortnightly observations in the spring
of 1953 are most suitable,
. The animals deposit in the course of the time several capsules
with a variable number of eggs. So in reality we fixed the average
number of eggs per capsule from the 1st till the nth capsule, de-
posited on the date of obsetrvation or a short time before. Never-
theless, an approximation of the real situation is possible. In table 6
the data of the spring breeding season of 1953 are reproduced. This
table needs an explanation. On the 21st of March only capsules were
collected. The necessary cortesponding mean height of the shells
fails, but it can be deduced graphically: we find 6.9 mm. The error
that we thus make will be small. Moreover, the number of animals
is unknown. Apparently the number of snails collected on the other
dates fluctuates only between relatively narrow limits, viz. 13—23,
mean 18}. We will take this number for March 21st. Here the error
will be larger, but the figure is of minor importance, as will be
shown hereafter.

In view of the method of collecting applied, it may be taken that
on an average the capsules collected derive from the animals col-
lected with them. We calculate: how many capsules and eggs are
produced per animal (cf. table 6, columns 7 & 8). The first juveniles
were collected on May 2nd (column 3); their sizes indicate recent
emergence. It is permissible to count them potentially as eggs, and
the real number of eggs totally produced was larger. The corrected
number is given in brackets.

On May 16th the number of juveniles was much larger, viz. 364.
Here, too, a correction is applied. The exact number of capsules
must have been higher as well, and this is at least 10.

The number of eggs per capsule increases: after 1 capsule the
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- v >‘ Number Nombee ﬁwﬁniwmnm
: : verage s umber -T{number of eggs
) me_ﬂ_ Zc%von Number Zznwvnn number OM_ of -ova . " |per capsule as a
1953 sne - of - © of ova capsules pet function of the
height snails 1 ova per imal der i hich
ABBV »v Capsules nv per animal ﬂﬂ—Bm.. order 1n wnic
capsule ?) 2) . they are
- deposited
21/3 699 1814 4) 19 206 10.84 1.03 11.1 11.2 _
4/4 7.51 13 68 944 13.90 5.23 72.6 17.6
18/4 8.06 20 154 2519 1634 770 |- 1260 T 240 .
2/5 8.62 18 171 2970 17.38 9.50 165.0 1301
(13) ~ (2983) (9.54) (165.8) -
16/5 9.29 23 211 4024 | 19.08 9.18 1750 | 308
(364) (4388) (106) [ (190.5)

1) Number of juveniles mentioned in brackets. 2) Corrected n:Bvonm in brackets. uv w< Enmeo_nzon. .v Zoa determined, ,
average of the numbers on the other dates. . . .

Table 6. Data on the nmm.n»vmﬁnm 8:03& in aﬁ mvnnw of 1953 at moawo_ Anm text).”

t
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mean is 10.8, after 5.2 capsules 13.9, after 7.7 16.3, after 9.5 174
and finally after > 10 capsules about 19.1. The first-laid eggs (March
21st) are partly included in the figures of May 2nd and all in those of
April 4th and 18th and the same argumentation is applicable with
regard to the material of other dates. What is observed in an inte-
gral, and the exact number of eggs per capsule belonging to the
subsequent capsules can be calculated by differentiation. :

36 Number of eggs
per capsule
34
Total number B c 32
of eggs .
+200 ., " 30
. ) °
180 ! 28
/ -
160 , 4 26
140 24
‘1120 22
+ 100 , 20
80.. 18
60 R 16
40 14
20 . Number of capsules - ’ 2 capsules
1 2 3 4 5 6 7 8 9 10 . . 0 2 & 6 8

10¢ 120

~ Graph 7. (left) Total number of ova laid after the production of a number
of capsules (Botshol, spring 1953).

* Graph 8. (right) Number of eggs in the successive capsules as calculated
from graph 7 (Botshol, spring 1953).

In graph 7 the number of ova is plotted against the number of
capsules; Graph 8 shows the graphically differentiated curve: the
number of eggs increases with the order in which the capsules are
laid at an increasing rate. The curve of graph 8 may be represented
empirically (by means of continued differentiation) by the equation
pn = 105 + 0.5 n 4 0.165 n2, where p, = the number of eggs
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per capsule as a function of n, the number of capsules per animal.
Graph 7 (ova versus capsules) is approximately represented by: op =
10.5 n -4 0.25 n? 4 0.055 n3, in which o, == the total number of
ova as a function of n. .

35 Auerage' number
of o

~ eggs per capsule -
30
25
20

15

10

Mean shell height .
0 6 7 8 9 ° 10mm

- Graph 9. Relation between the mean shell heights and the calculated
number of eggs per capsule (Botshol, spring 1953).

An approximating correction for the number of juveniles on May
16th is now possible. Per adult animal 15.2 juveniles were found,
deriving from the same number of eggs. It is reasonable to assume,
that these early-hatched eggs come from the capsules produced first.
From graph 7 we can now estimate that these 15.2 ova derive from
1.4 capsules on an average. We collected on the above date 9.2 cap-
sules per animal, but in all at least 10.6 capsules per animal must
have feeen laid. ‘

Returning to the problem of the relation between the number of
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eggs pet capsule and the size of the animals (i.e. the shell heights),
we can deduce from table 6 and graph 8 that the snails with a2 mean
shell height of e.g. 806 mm and with a mean number of capsules
laid of 7.7, will produce capsules with 24 eggs on an average
(18-4-1953). These values are reported in the last column of table 6.
- The result is shown in graph 9, where (in this case) a linear re-
lation is found between the calculated number of eggs and the height
of the shells with a maximum of about 31 eggs on an average.
Moreover we could establish, that the wintering generation may
produce 10—11 capsules per animal and that the mean total egg
production per animal may amount to about 200. .

‘c. Mortality.

We now will try to find out what happens with the eggs. The
full-grown embryos leave the capsules by rasping themselves with
their radula’ through the jelly-like envelopes until they have freed
themselves. The first few embryos are soon followed by the others
of the same capsule. We therefore seldom will find capsules in this
stage with more than one or two eggs that still have to hatch; these
last eggs then contain almost full-grown living embryos. The remark
of PELSENEER (1925, p. 295) on sterile eggs — without an egg-
cell —: "Limnaea stagnalis et Physa fontinalis, toute derniére cqque"
is not clear to me, as I never noticed anything like that.

Parasites are not present in the capsules laid by the wintering
generation, and in natural circumstances I have never found capsules
that were attacked. Therefore it is not likely that a quantity worth
mentioning is lost by predatism; practically all eggs develop and
hatch. Nevertheless the number of eggs present in a certain amount
-of plant material is much larger than the number of juveniles found
afterwards: the young ones rapidly decrease in number 1), Graphs 10,
11 and 12 give an impression of the course of the quantity of snails
per unit of plant material.

~The maximum number of remaining juveniles of the spring gen-
eration 1953 amounted to about 400, but the total number of young
ones and eggs exceeds 4000, consequently about 9/10 of the newly
emerged snails died (graph 10).

1) This agrees well with the observations of BOYCOTT (1936, p. 123,
loc. cit.): ,,One sees a pond, for instance, with vast numbers of capsules of
Limnaea peregra ot Planorbis complanatus, and on searching through them
one finds that the eggs are developing in a healthy way almost without
exceptions. Yet in two or three weeks time it may be quite difficult to find
young ones much more numerous than adults will be later on: the weedmg
out seems to occur very soon after birth and the viviparous species are
relatively immune,”

’
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" On an average the ‘amount of young ones is constant for some
time (mid-May till the end of June), but afterwards it falls off
quickly, whilst the first capsules of this generation are found.

. Number
- 20001

1600 -

ceee OV3 1400

—— juveniles
. ' 1200 L ==--0va
—— juveniles
1000} ; '

800

400

B T T T T R Ry R

g Y
[P

FEpR R —

March Apr ' May " June’ July ' Aug.!

“Graph 10. (left) Impression of the mortality among the ammals of the
spring generation Botshol 1953.

Graph 11. (nght) Impression of the mortallty among the animals of the
wintering generation Botshol 1953, .

In this season the temperatures are so high, that the development
needs about 2 weeks, WIERZEJsK1 (1905, p. 518) reported an em-
bryonic period of about 15 days in June, yet on p. 515 the author
remarks, that in July “die vollstindige Ausbildung unter normalen
Bedingungen gewohnlich nur 4 Tage in Anspruch nimmt”. Presum-
ably this is a misprint. HAZAY (1881, p. 44) mentions 15 days to be
necessary for the development. DEWITT (1954) reported an embry-
onic development in Physa gyrina Say at 20—30° C of 7—38 days, at
30°°C this time was even decreased by 24—36 hours. It must be ad-
mitted that the fortnightly observation in this period is not sufficient
to obtain a clear impression. In view of the rapid development it is
likely that the capsules present on a certain date, have largely hatched



60 BASTER14, Vol. 19, No. 4, 1955

a fortnight later, so that of those found t h e n most or all are assumed
to be different from the former and should be added to them. For the
months of July and August 1953 we then calculate about 2300 eggs,
whilst 2 maximum of about 200 juveniles are found (graph 11); in
that case too at least 9/10 of the snails succombed in an early
stage. The only parasites — if parasites they are — of the eggs in
summer are ciliates (cf. p. 65) but their occurrence is rather rare.
Here, too, nearly all eggs hatch
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Graph 12. Impressidn of the mortality among the animals of the wintering
generation Botshol 1952, , .

In accordance with the spring generation the amount of snails
emerged from the eggs remains more or less constant for some time,
then decreases sharply (end of September), whilst after the winter
months of January and February 1954 about 10 specimens only were
left.

For the wintering generation of 1952 (graph 12) the reIatlons
are somewhat different. The numbers of eggs observed are somewhat
smaller, viz. totally about 1400. We have to bear in mind here that
capsules laid and hatched between July 12th and August 2nd — a
spell of 3 weeks — have escaped observation; consequently the true
number must have been higher. The maximum number of juveniles
found is about 300, so at least 80% died. In the autumn their quan-
tity remained nearly constant (circa 150), but after the winter only
few are lefr. This is in good agreement with the 96% mortality
found by D. K. McCE. KevAN (1943) for Stagmicola catascopium

(Say).
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The wintering generation produces about 10 capsules and 200 eggs
(see p. 58). With regard to the spring generation we only can make
an estimate, because of the rapid changes. In 1952 about 150 spec-
imens of Physa fomtinalis (L) were collected on 28th June, just
before the first capsules were observed, and in all about 180 capsules
were found. Thus the animals of the spring generation brought forth
1 or 2 -capsules on an average. In 1953 these ﬁgures were: 230
Physas and 300 capsules, consequently the mean is 1 or 2 capsules
as well. These contain on an average 6—8 ova.

., Summarizing we may state that the contribution to the reproduc-.
tion per animal amounts to about 200 eggs for the wintering gene-
ration and to 8—15 for the spring generation,

The extremely high mortality of the newly emerged snails is de-
monstrated by the following. Whether the snails were collected dead
or alive has not been taken into account in the treatment of the
material, it being assumed that the dead specimens died recently.
Generally the empty shells vanish quickly. They sink to the bottom
and thus are not collected together with the plant material. During
the breeding season of the spring generation the mortality of the
juveniles as well as of the adults is high. The vegetation is then
luxuriant, and in calm weather the empty shells stick to the vege-
tation for some time. On August 8th 1953 the number of, empty
shells was exceptionnally high (about 50%) and because of that
reason they were measured separately (graph 13). Obviously the dead
specimens are among the smallest — wintering generation — and the
largest snails — spring generation —. This supports the distinction of
the snails according to the frequency curves we made on p. 40.

d. Particulars of the capsules: substrates, abnormalities and pos-
sible parasites.

The substrates employed by the snails vary with the season. In
spring, the breeding period of the wintering generation, only few
plants are left in the ditch. In the beginning the snails lay their
eggs on any kind of substrate: Rhizoclonium hieroglyphicum (C. A.
Agardh) Kiitzing — an alga —, Lemna trisulca L., Potamogeton pec-
tinatus L., rests of plants like Rumex bydrolapathum Huds., Iris
psendacorus L. etc. and on young plants of Mentha aquatice L
Nasturtium officinale R. Br. etc. Towards the end of this period
when the winterbuds of Hydrocharis morsus-ranae L. have developed
into good plants, this plant is the preferred substrate for the capsules.
In one case a shell of Lymnaea stagnalis (L.) had been chosen.

In summer, when the spring generation starts oviposition, Hydro-
charis morsus-ranae L. is the dominating plant besides the alga Rbi-
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zoclonium hieroglyphicum (C. A. Agardh) Kiitzing. By far most of
the capsules are then deposited on the frogbit. An example is given
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Graph 13. (left) Comparison of the frequency of the shell heights of the
living and of the dead snails (collected at Botshol, 8-8-1953).

Graph 14. (right) Distribution of the capsules of Physa fontmalu (L) on
various substrates (collected at Botshol, 11-7-1953).

in graph 14. Of a total of 227 capsules 160 were found on Hydro-
charis, of which 91 on the swimming leaves, 37 on the leaf-stalks
and 31 on the leaf-sheaths; 51 were on Lemna trisulca L. and 16 on
various substrates like grasses, Nasturtium and algae. There may be
some preference for the floating leaves of Hydrocharis as a horizontal
and level subsoil, though other parts of the plants are employed as
well. It is questionable whether the stimulating effect, observed by
RAVEN & BRETSCHNEIDER (1942) after the addition of Hydrocharis
to aquaria lacking waterplants, on the egg-laying of Lymnaca stag-
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nalis (L.) has a similar effect in the field on Physe fontinalis (L.),
since any stimulus looses its effect when applied permanently.
VAN NIEUWENHOVEN & LEVER (1946) remarked that almost exclu-
sively the leaves had the stimulating effect, and scarcely the stalks.
The question will be discussed in detail on p. 66 (notes on the be-
haviour). Graph 14 demonstrates, that the duckweed Lemna trisulca
L. may setve as a substrate for both large and small capsules; in thxs
case too there was no preference. )

Abnormal eggs were generally rare. BONDESEN (1950) dnstmgulshes
as abnormal eggs eg. dwarf and giant eggs, eggs without develop-
ment, eggs without an egg-cell, and eggs with two or more egg-cells.
The high percentage of abnormal cases observed by that author in
experiments in aquatia using Ancylus fluviatilis Mill. was not no-
ticed with Physa in the field. A marked difference berween normal,
dwarf and giant eggs of Physa was only detectable in a few cases,
and particularly much larger eggs were very rare. Only the measurmg
of a large number of eggs enables us to decide whether their size
is abnormal. Dwarf eggs were more numerous, though scarcely one
in a thousand was found. They often differed morphologically. -

Number Totai
Number of egg - 0 1 2 3 5 6 many of number
cells per egg s capsules | of eggs
PR pumber
of 23 | 16,527 | 172 3 2 1 1
Pkoduced by eggs . > .
the wintering - 989 16,629
eneration . N N .
& 0/00 14 | 9939 | 43 {02 | 01 | 0.1 0.1
, number -
. ' of — | 4,154 7 3 - = — P
Produced by . . eggs .
the epring Ay ® 565 4,164
generation . v :
" 0700 - 9976 | 1.7 | 0.7 | — | — — .

Table 7. Frequency of the occurrence of eggs without or with more than
one egg-cell in capsules of Physa fontinalis (L.) in the field.

" Eggs lacking an egg-cell were somewhat more frequent (see table
7), 23 of a total of about 20,000. When the capsules of the spring
generation are compared with those produced by the wintering one,
it is striking that eggs without an egg-cell do not occur among the
former. - :

The phenomenon of the absence of egg-cells in breedmg experi-
ments with Physa fontinalis (L) was first noticed by WIERZEJSKI
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(1905). In bad conditions the number of eggs per capsule decreased
to 1, in which the cell sometimes lacked, and even capsules without
any eggs or egg-cells were found. The same facts have been recorded
from Planorbis corneus and Lymnaea stagnalis by BLocH (1938, pp.
163 and 164) in the aquarium. DEWITT (1954, p. 127) reported
eggs without an egg-cell and capsules without eggs in his aquarium
experiments with Physa gyrina Say. My experiments confirm their
observations, it is a typical degeneration phenomenon. Possibly the
presence of eggs without an egg-cell in the capsules in the spring
— from the wintering, adult animals — has to be understood in this
way, although the number of eggs per capsule was normal in these
cases.

Eggs of Physa fontinalis (L.) with more than one egg-cell ("twins”
etc.) have been found by several authors (WIERZEJSKI, 1905: up to
20; PELSENEER, 1920: 2—32; LOHNER, 1924: > 20).

Vanous authors (e.g. CraBB, 1931; BONDESEN, 1950) argued, that
among gastropods twins etc. do not originate from one egg-cell, but
that two or more egg-cells happen to have gone into one egg. A
similar event is conceivable when studying the way in which a
capsule is formed in Lymnaea stagnalis (L.), described in detail and
figured by BRETSCHNEIDER (1946).

In Botshol I found among about 21,000 eggs 79 "twins", 6 "tri-
plets”, 2 "quintuplets”, 1 “sextuplet” and 1 egg containing many egg-
cells (see table 7). Out of about 26,000 eggs of Physa gyrina Say
DEWITT (1954, p. 127) observed 22 eggs with two or more egg-
cells. The tendency of producing "twins” was accompamed by the
productxon of eggs lackmg an egg-cell. A certain hereditary predis-
position in this respect is demonstrated by WINSOR & WINSOR (1932)
but a mendelian relation did not occur. Consequently it is possible
that a population of some species produces many more “polyvitelline”
eggs than andther. LoHNER (1924) concluded that specimens of Physa
fontinalis (L.) poisoned by copper ions produced more “polyvitelline”
eggs than normally. From the photograph that he adds it is clear
that these are especially the last-laid eggs of the capsule, which
contain 2 egg-cells, whilst the very last one has more than 20 celis.

From my own experience with aquarium-reared capsules, I can
state that it frequently concerned the last eggs in a capsule. Possibly
there is a deficiency of materials (albumens) for the formation of
normal eggs from the available egg-cells.

In spring I often came across eggs of insects in the capsules of
Physa fontinalis (L.), mostly one or two, but occasionally up to ten.
In nearly all instances these had been deposited in the pallium ge-
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latinosum (cf. BONDESEN, 1950) or underneath it, between the eggs.
Some of the eggs developed and the third larval stage could be
identified as a larva of the water beetle Haliplus ruficollis De Geer
(see HENDRIKSEN, 1930, and J. R. HICKMAN, 1929). The larva left
the capsule, without damaging the developing embryos of Physa. The
young snails emerged normally and were not attacked; the larvae fed
on vegetable matter. The occurrence of the eggs of Haliplidae in the
capsules of Lymnaea and Physa is mentioned by NEKRASSOW (1929).
Their presence should merely be assumed being incidental. -

The water beetles of the genus Haliplus normally feed on the
content of plant cells and lay their eggs within the cells, espe-
cially of thread-algae, but also of various other water plants. The
presence of an egg-capsule apparently does not prevent the beetles
from depositing their eggs. Pelzodytes, the most important genus of
the Haliplidae except Haliplus, lays its ova on the plants; these
were not met upon the capsules. ' S 4

In the summer capsules from time to time partially developed or
undeveloped eggs, filled with ciliates, were observed. I could not
establish whether these acted as parasites of the eggs and consequent-
Iy killed them, or whether, on the contrary, the eggs died and the:
ciliates found a welcome nourishment in them. In the spring cap-
,sules ciliates were never observed. ’

Several authors (G1ARD, 1908; GLAsCOTT, 1893; STEVENs, 1912;
NEKRASSOW, 1929) mention the occurrence of a parasitic rotifer,
Prodles gigantea (Glascott) (size about 0.5 mm) in the capsules of
Physa and Lymnaea-species. Labotiously the animals work themselves
through the various egg-envelopes to the inside of an egg, kill the
embryo and there lay their eggs. In this way every snail egg may
contain a small family of Proales-specimens, Unfortunately, I did not
find them in the capsules inspected. ' "

5. SOME NOTES ON THE BEHAVIOUR

'Physa is one of the most rapid snails and moreover responds very
quickly to attacks etc. PELSENEER (1935, p. 198) reports a velocity
of 6 cm/min. I could confirm this observation: even snails with a
shell height of 5 mm may move at the rate of 6—7 c¢cm/min. A
comparison with some other fresh-water pulmonates, larger -and
smaller (e.g8. Planorbis corneus — max. diameter 35 mm — : 7 cm/
min; Lymnaca stagnalis — max. height 65 mm — : 8.5 ¢cm/min,;
Ancylus fluviatilis — max, diameter 9 mm - : 1.3 cm/min., PEL-
SENEER, 1935) stresses the liveliness of our Bladder snail.

The speed of the newly emerged juveniles already attracted the
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attention of Hazay (1881), who remarked: “Das austretendé Thies-
chen ist weisslich, sehr lang, sein spitzes Fussende reicht iiber die
Schale hinaus dasselbe bewegt sich mit ausserordentlicher Schnelhg-
keit.”

In an aquarium it is a fairly normal phenomenon that under cer-
tain conditions pulmonates are found outside the water, staying
motionless on the walls. Especially Lymnaexdae and Planorbidae show
this habit, but I never observed it in Physa fontinalis. Perhaps
this is connected with the fact that the natural habitat of Physa is
never a temporary water, which may serve as a good habitat of a
number of Lymnaeidae and Planorbidae.

On the contrary DEWITT (1954, p. 130) reported that many young
Physa gyrina Say crawled out of the water, but established (p. 132)
that this Physs species may be found in semi-permanent waters.

RAVEN & BRETSCHNEIDER (1942) could induce Lymmnaes stagnalis
to produce egg capsules in a very limited time (say about three hours,
dependent on the temperature) by adding frogbit, Hydrocharis mor-
sus-ranae to the glasses, which did not contain any waterplant.
VENMANS (1949) found under experimental conditions an effect afrer
the introduction of frogbit with respect to Physa fontinakis, but did
not notice the exact time after which oviposition took place. The
surprising effect on Lymnaca stagnalis, observed by RAVEN & BRET-
SCHNEIDER and still in use at the Zoological Laboratory of the Uni-
versity of Utrecht for controlling egg production thus is not estab-
lished with certainty in the case of Physa fomtinalis, From my 'own
experience Physa fomiinalis in glasses without waterplants can be
stimulated to oviposit after the addition of e.g. water-thyme, Elodea
canadensis, but not in a similar short time thereafter. Whether other
waterplants were present in the experiments of VENMANS before the
introduction of Hydrocharis is not described.

DEWITT (1954) did not observe a change in the pattern of ovi-
position of Physa gyrina after. the addition of Elodes, but in his
experiments, too, it is not clear whether or not other waterplants
were present before the introduction. In his case "a change of water
(20—23° C.) served to stimulate Pby:a gyrina to oviposit within one
to two hours.” (loc. cit.,, p. 125). = .

The experiments of RAVEN & BRETSCHNEIDER (1942) on this ob-
ject were extended by VAN NIEUWENHOVEN & LEVER (1946). These
authors did not establish an effect after the introduction of Elodea
on the oviposition of Lymnaea stagnalis, but in my opinion the water
of their aquaria might have contained too much oxygen to be con-
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siderably increased by Elodea. They concluded, that “in nature the
effects of temperature and oxygen content, which both increase with
illumination will probably intensify each other mutually”. .

The majority of the eggs of Physa fomtinalis are laid in the very
early morning, first mentioned by PELSENEER (1926), which I can
confirm wholly: out of 27 capsules 23 were deposited at night or
early in the morning. Moreover DEWITT (1954) reported: "in the
laboratory, Physa gyrina oviposited throughout a 24-hour period but
showed a definite tendency to lay eggs during the early morning
hours.” R

The oxygen content of the water, which is at a minimal value
during the night due to the respiration of plants and animals, is
increased by the plants by assimilation, especially by those with float-
ing leaves which receive most of the solar radiation after sunrise.
Moreover the temperature of the superficial water layers — the pre-
ferred place for oviposition in the field — is increased. Presumably
these factors — considering the observations of the above mentioned
authors — provide the stimuli for the oviposition under natural con-
ditions. : ‘

Many excellent observations on Physa fontinalis have been carried
out by PELSENEER (e.g. 1935). According to this author a copulation
takes two hours. I, too noticed snails mating for several hours. In
Physa gyrina according to DEWITT (1954), this amounted to one
hour. - . . : - .
6. SUMMARY

- The life cycle and some other biclogical details of the fresh-water
pulmonate Physa fontinalis (L) were studied in the field during some
years. The main locality was at Botshol, a polder about 15 km south
of Amsterdam. - o

There, as well as on some other spots, two generations of Physa
per annum occurred: 2 spring generation from early in
May till the middle of August and a wintering generation
from the close of June until the end of May of the next year. The
principal differences between the two generations are compiled in
the table on the next page. ' ,

The beginning of oviposition by the wintering generation is de-
termined by external factors, mainly the temperature. The time of
oviposition by the spring generation depends on internal factors,
viz. sexual maturity. . L S N

It bas been established that there is a significant positive correla-
tion between the number of eggs per capsule and the size of the
animals. : ' : :
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SPRING WINTERING
GENERATION " GENERATION
Period of occurrence End of June till | Early of May till
, end of May ‘mid-August
Mazximum life 11 months 3} months
Average maximum height about 9 mm about 6 mm
of shell ‘
Breeding period . End of March till | End of June till
h end of May | mid-August
Number of eggs per 2—42 1—18 -
capsule ‘
Average number of eggs 16—18 6—8
per capsule .
Average number of | - about 10 1lor2
capsules per animal

Table 8. Comparison of spring and wintering generations.

No clear preference for particular substrates was observed. Abnor-
mal eggs were rarely present in the field; eggs lacking an egg-cell
were only produced by the wintering generation, and presumably
.may be Jooked upon as a sign of decay. ’

All the adult animals of both generations die after the breedmg
season. Nearly all eggs hatch, but among the very young snails mor-
tality is high, at least 90%.

In the winter months, when the temperature is 6° C. or lower for
4—S5 months, growth practlcally ceases.

The presence of eggs of Haliplidae in the egg-capsules in spring
was considered to be fortuitous. Some of them could be identified
as Haliplus raficollis (de Geer).

Possible stimuli for the oviposition under natural conditions are
discussed.
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