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SECTION I

GENERAL INTRODUCTION



Discussion of the investigations described is .included
in each section, but it is appropriate to consider certain
general aspects more fully. To avoid repetition, individual
references on points of detail are not mentioned if they
have been cited in the same context in one or more of the
subsequent sections,

In a recent book Elton (1958) has referred to “the
Neolithic days of animal ecology, that is to say about 2§
years ago." The phrase is singularly apt in relation to
the ecology of freshwater snaills since the - observations
published prior to the 1930's were of an essentially
primitive nature, without a suitable quantitative basis and
lacking in detail. It was only with the appearance of
studies such as those of :Van Cleave and Lederer (1932), Van
Cleave and Altringer (1937) and van der Schalie (1938) in
the United States of America, and Boycott (1936) in Britain,
that the ecology of freshwater snalls began to emerge on a
stable basis. Until a number of other detailed studies
became available in the 1950's it was not possible to reach
general conclusions based on a Knowledge of several species.
Still there are remarkable gaps in our knowledge.

Almost certainly the largest bibliography which could

be compiled for any freshwater snail would be that concerning

Lymnaea stagnalis (L.). Due to its relatively large size



and wide distribution it has attracted attention over a long
period. Most aspects of its anatomy, development and
reproduction are known in detail and it has been the subject
of many physiological investigatlions., Yet, prior to the

observations recorded in Section II, no detailed study had

been made of a natural population of this specles. Opinions
had varied as to how long it lived (see Section II) but it
now appears that throughout most of Britain it is probably

an annual although in unfavourable environments, such as the
pond studied at Bellshill, its life cycle may be extended to
include a second:. year. This agrees well with the general
pattern of life cycles of freshwater snails which has_ emerged
in Britain (Duncan, 1959; Hunter, 1957 and 1961b) where the
annual variation of temperature constitutes the dominant
environmental influence. Most existing studies have shown
a simple annual life cycle with a fairly constant
reproductive period usually occurring in the early sumner,
Species which are sufficiently small and fast growing may
complete one or more additional generations during the warm
sunmer conditions. L. stagnalis, on the other hand, may
extend the annual pattern when conditions are not adequate
to permit full development within a single year, although in

most years, many individuals will probably still die when

just over one-year-old.



A striking gap which remains in our knowledge of natural
populations of freshwater snails in Britain concerns
Planorbarius corneus (L.). Like L. stagnalis this species
has been the subject of numerous laboratory investigations
but information on its life cycle remains a matter of
speculation. There has been general agreement that
P. corneus did not have an annual life cycle and that it did
not reach maturity during its first year, but the brief
series of observations reported in Section IV suggests that

both these assumptions have been false. Further, more
detailed studies of this specles will be necessary before
any general plcture of its life cycle can be reached with
certalnty.

The laboratory investigations carried out on L. stagnalis
have lincluded detailed accounts of the anatomy and histology
of the reproductive system, the processes of insemination
and oviposition and the development and maturation of
spermatozoa and oocytes in the gonad. Most of the
developmental changes involved occur in a smooth succession
paralleling the steady growth rates found under the stable
environmental conditions of the laboratory and these studies
have excluded the influence of natural environmental
conditions under which the snails show a restricted breeding

season., In Section IIXI some of the developmental changes



taking place in the reproductive system of L. stagnalis have

been examined seasonally in conjunction with the field
investigation described in Section 1l. As shown in Section
II the pattern of growth of individuals in a natural
population of L. stagnalis is itself seasonal and it must be
expected that other developmental changes will show a
corresponding seasonal pattern. This was the case with the
vergic sheath and the preputium, but a more restricted perliod
in which extensive changes took place was shown among the
germinal and secretory portions of the reproductive system.
This activity was largely confined to the period immediately
preceding the onset of oviposition and appears to be related
more to season than to size. It has already been pointed
out. that it is not easy to dissociate the effects of size
and season when considering an animal with a regular pattern
of growth and reproduction, as populations will fall into
roughly the same size groups at the same time 1in any year,
with only some variation depending on the prevailing growth
conditions, Nevertheless, it is clear from Section I1 that
the start of the breeding season was constant in the Bellshill
Population of L. stagnalis in both years although the
respective growth conditions were somewhat different. A

similar constant onset of breeding has been shown in three

other freshwater pulmonate species (Hunter, 1961a).




Several specles of freshwater pulmonate snails were
recognized at the time of Linnaeus and most of the specles
found in Britain are of relatively long standing which tends
to create an lmpression that the systematics of this group

are well defined. Progress in‘the field of taxonomy has in

recent years tended to require more and more precise
definition of each speclies and it has become increasingly
clear that 1t is often very hard to achieve further
clarification of the characters of freshwater pulmonates, as
the species tend to be far more variable than is generally
the case among other groups of molluscs.

Similar views on the evolutionary significance of this
have been expressed independently by Hubendick (1952 and
1954) and Hunter (1952, 1957 and 1961b) who consider that
the problem arises from the transient nature of the
freshwater environment. Of the existing bodies of fresh
water only Lake Baikal, Lake Ochrid, Lake Tanganyika and
3 lakes on Celebes are known to be geologically old, and
these, particularly Lake Tanganyika, contain a number of
clearly defined endemic species of freshwater snails. On
the other hand Lake Victoria, the second largest area of
fresh water in the world, is not nearly so old and is Known
to have had a chequered history of fluctuating levels

(Wayland, 1931) and this has been consldered an important



feature in the evolution of somc of the fish in that lake
(Greenwood, 1951). Most bodles of fresh water persist for
only a relatively short time geologically as a result of
which their molluscan fauna has time to develop considerable
infra-specific variation but insufficient time for evolution
to proceed to higher levels.

Recently Ilubendick (1962) has extended this view to
show that the same is true of the whole part of the fauna
which 1s exclusively limnic (for which he has proposed the
term hololimnic) with the exception of fish. The difference
between fish and the invertebrate hololimnic fauna is
explained on the basis that fish have a high capacity for
active dispersal and a low capacity for passive dispersal
whereas the opposite is true of the hololimnic invertebrates.
Thus 1if faced with a catastrophic change in their environment,
fish may be able to actively move themselves to neighbouring
areas which remain suitable and where the process of
evolution can continue. Freshwater snails, lacking this
capacity, will tend to be overtaken by the catastrophy and
any evolutionary divergence developed in that locality will
be lost.

Wlhile evolutionary diversification tends to be abruptly
terminated by the temporary nature of the freshwater habitat,

it is also encouraged by the discontinuous nature of the



habitat. Populations of hololimnic invertebrates are
usually isolated.from each other in small local populations
thus creating a situation which 1s .extremely suitable for
the development of divergent forms. The interaction of
these two aspects of the environment is thought to have led
to the observed variability of freshwater snails at the
infra-specific level.

In an earlier study Hubendick (1951) included a
detailed study of variation in the shell of Lymnaea peregra
(Muller) throughout the Scandinavian region. He concluded
that the species showed a high degree of both genotyplc and
phénotyplc variation and that this occurred in an irregular
pattern over the area studied. It was felt that a study of
variation in the radula of this species throughout the same
area would form a useful supplement to Hubendick's
observations, as it seemed likely that the radula would be
fairly well protected from direct influence by the
environment and would, therefore, show little ecophenotypic
variation but would rather serve as a measure of the
genotypic variation present: in this species .in the
Scandinavian region. For this reason the investigation
described in Section V was undertaken. The results are
discussed in that section and show no inconsistency with the

conclusions drawn by Hubendick from his own study. There



is no suggestion that variation in the shell is in any way
paralleled by variation in the radula. Both features seem
to be .extremely variable in their own right and the results
of the radula study are in agreement with the general

theorles concerhing freshwater snails which have been

considered above.

llunter has also extended his views on the evolutionary
significance of the infra-specific variation found among
freshwater snails, He has emphasised that this gives rise
to an adaptive plasticity of both form and function and has

i1llustrated the value of this characteristic from his studies
of the respiratory behaviour of freshwater pulmonate snails
(Hunter, 1953 and 1957). From his own and other studies
Hunter (1961a and b) has also shown that a similar

plasticity exists in the reproductive behaviour and life
cycles of many freshwater snails. The observations recorded
in Section II provide considerable support for this
hypothesis since the life cycle of the Bellshill population
of L. stagnalis is very considerably modified to allow the
population to survive in a relatively unfavourable
environment. Hunter (1961b) considers the possession of
this high degree of adaptive plasticity to be of great
survival value in the freshwater environment and consequently

concludes that there will have been selection pressure for



this characteristic in the course of the evolution of the
freshwater pulmonates. Such an evolutionary trend would be
associated with extensive genotypic variability such as was
shown in L. peregra by Hubendick (1951) and by the study
described in Section V.

The strigeid trematodes are very closely assoclilated
with freshwater pulmonate snails which serve as their first
intermediate host and for this reason the results of two
investigations on these parasites have been included here as
Sections VI and VII. As a group they have not attracted
much attention since they have a complicated life cycle
involving two intermediate hosts and were thought to be of
little economic importance. Recently they have been shown

to be very suitable material for physiological studies

in vitro (Bell and Hopkins, 1956; Bell and Smyth, 1958;

Wyllie, Williams and Hopkins, 1960; Williams, Hopkins and
Wyllie, 1961) and to be a potentially serious infection

among fish being cultured in ponds causing a drastic decrease
in productivity (De Bont, 1956). The details of their life
cycles are known in only a few cases and the present
observations have confirmed the sequence of events in the
case of Diplostomum phoxini (Faust) and have also shown that
two different species with very similar life cycles are

found in the eyes of sticklebacks, One of these,
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D. spathaceum (Rudolphi), is perhaps the best Known of all
the strigeid trematodes but the existence of the other has
not been recorded previously. The certainty with which the
metacercariae of these two species select the retina and the
lens respectively as the sites for their development at this
stage 1s clearly shown in Section VII and is a striking
example of the effective habitat selection which can be
exercised by larval trematodes. Section VI shows how the
final development of adult flukes may be modified in
different final hosts.,. In itself this is not surprising
but the morphological differences among the worms examined
from the three alternative hosts are extensive and it is
obvious from the data on the relétive development of the
posterior lobe and on the numbers of eggs observed in the
uterus that the reproductive potential is also considerably
modified. The parasites apparently achieved full maturity
in the three hosts but in doing so they presented three quite
distinct morphological forms. Attention is directed in

Section VI to the implications of these findings in relation

to existing theories on the host specificity of the
Strigeida. Many species have been described on the basis
of a few specimens often recovered from a single host animal
and in such cases great care will be necessary to prevent

the same species being accorded several different names as a



result of the modifications of its development which may
result from its ability to mature In several final host

speclies.
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SECTION IX

ON THE LIFE CYCLE OF LYMNAEA STAGNALIS (L.)

IN THE WEST OF SCOTLAND



INTRODUCTION.

The large pond snail, Lymnaea stagnalis (L.), has a
geographical range extending over most of Europe and much of
Asia and North America. Within this area it is generally
absent from waters with a low calcium content (less than
about 20 p.p.m; Boycott, 1936), and its minimum calcium
requirements may be expected to rise with increase in
latitude or in altitude (Boycott and Oldham, 1936; Hunter
and Hunter, 1956). This factor certainly limits its
occurrence in Scotland and the population discussed here is
living at the northern cdge of its range in Britain (Ellis,
1951). Forbes and Hanley (1853) and Ritchie (1920) state
that L. stagnalis has been introduced to Scotland; and an
apparently unsuccessful attempt to establish the species
near Brora is recorded by Baillie (1887 and 1889). Such
population studies as have been made on freshwater pulmonate
snails in Britain are mostly recent and have, as yet, been
confined to species having an annual life cycle or more than
one cycle per year. L. stagnalis is among the few species
thought to be able-to live for a longer period but
information on the biology of natural populations is lacking.

The present observations were made on a small population
of L. stagnalis between October 1956 and July 1958, and two

subsequent visits in 1959 have enabled wider conclusions to:



be drawn. The accumulated information is presented to show
the life cycle, growth and reproduction of this species in
natural conditions, and these conclusions are discussed in

relation to existing knowledge of other freshwater pulmonate

snalls.

HABITAT AND METHODS.

The population of L. stagnalis discussed lives in a
small closed pond covering an area of about 200 sq. m. about
a mile to the north-west of Bellshill, Lanarkshire. The
bottom consists mainly of soft mud containing a high
proportion of coal dust, but is partly covered at one end by
large slabs of stone. There is no inflow to the pond other
than by natural drainage and there is a small outflow channel
which carries water only when the level is high. The

principal vegetation consists of branched bur-reed,

Sparganium erectum; spiked millfoil, Myriophyllum spicatum;

and ivy-leaved duckweed, Lemna trisulca. Other molluscs

found in the pond are Physa fontinalis (L.), Planorbis

crista (L.) and Pisidium spp. The pH of the water was found

to be about 7 and the calcium content was 26 p.p.m.
A collection of snails was made every four weeks with
the aim of obtaining 40-50 specimens. These were gathered

by hand from the part of the pond where the bottom was covered



with large stones. This method may favour the collection
of large snails which are more readily seen, but there 1is no
reason to believe that the results have been unduly blased
in this way. Each slab was examined thoroughly in an
attempt to collect every snail from it before any were taken
from the next slab. Since the collections were always
taken from the same place, so long as sufficient snails
could be found, there is a danger that the repopulation of
this area may be inadequate or not representative of the
whole population. llowever, the stone surfaces formed a
very suitable feeding area for the snails and, even in
extremely cold weather when the snails were rather inactive,
the area was satisfactorily recolonised between collections.

In the breeding season of 1957 adequate repopulation

occurred within a week.

The collections were removed to the laboratory for
examination and not returned to the pond. The total height
and maximum width of each shell were recorded as were the
maximum height and width of the aperture. Considerable
erosion of the spire and other parts of the shell occurred
in these snails. Shell height is used throughout this
paper as the most convenient criterion of size. some
anatomical studies were also made on the snails but these

will form the subject of a separate communication.



RESULTS.

At the beglinning of 1957 the overwintering population
in the pond had a clear bimodal size distribution, with the
two means at 23.15 mm and 12.46 mm (Tables 1 and 2). This
was also shown by collections taken during November and
December 1956 (Fig. 1) but these data have not been included
in the tables. The snails in the smaller-size group had
thinner shells and had obviously hatched during 1956. The
larger individuals had rmuch heavier and darker shells and
were sexually mature. They had apparently bred during 1956
and were at least one year old. During February the young
snails showed an increase in size and by March both groups
were growing. The young snails grew nmore rapidly and the

- gap between the two groups closed. Their size ranges began

to overlap in April, but their mean sizes remained quite
distinct until July. By this time the shells of the larger
individuals among the younger snails had also thickened and
darkened, so that from July onwards it proved impossible to
separate the two groups.

During July also, very young snails first began to
appear in the collections. Thesc had hatched during the
previous month and grew steadily until September (Table 3).
They overwintered at an average size of about 17 nm; 4 nnm

larger than the comparable age group the previous winter.



Mecantime the snails which had been breeding grew to a mean
size of 30 mm at which they overwintered. During the
winter of 1957-58 the population was thus again bimodal in
size distribution but in ten collections taken from
September to AMay the larger-size group only constituted just
over 7% of the snails taken. This must be attributed, at
least in part, to the fact that some 300 members of this
generation were removed in the collections up to July 1957,

which represents a very significant proportion of the total

population in a pond of this size.

From September 1957 until April 19588 there was no
noticeable growth of snails. Early in 19588 a considerable
proportion of smaller-sized young snails suddenly appeared
in the collections and continued to appear as a distinct
group until observations ended in July (Table 4). A Tew
snalls of this size group had also been taken in the
collection of October 1957 and presumably represented a late
hatch during the previous summer whose growth was quickly
stopped by the onset of winter. When the prolonged winter
conditions came to an end during April, growth was resumed
by both groups of young snails and, by the end of May, the
larger group had reached the same size as the year-old
snalls at the same time the previous year. The smaller-

size group did not catch up with the larger one and still



existed as a distinct group in the July collection, by
which time it was only beginning to reach breeding size.
Young snails again appeared in the July collection but were
slightly smaller than the previous year. Since the July
collection then was taken some ten days carlier this may-
represent a real delay in the start of breeding resulting
from the severe and prolonged winter., During spring 1958,
there was no indication of growth among the survivors which
had bred during 1957, which seem to have attained the
maximum size for this habitat during the previous summer.
During 1959 visits were made to the pond in April and
September. No great stress can be laid on these isolated
observations but the data correspond well with the results
from the period of continuous study. The April collection
should represent approximately the state inwhicﬁ the
population passed the winter months although a little growth
may have started. Its size distribution may represent
three groups. A small group of large snails could be the
surviving adults from the 1958 breeding season and would
seem to be from the late-hatched group since they are still
too small to be from the main hatch. The bulk of the
collection could be the snails hatched during the main part
of the 1958 breeding season and their overwintering size of

about 18-19 mm would be about the same as that of the main



hatch the previous year. There 1s probably a small group
of late-hatched snails which may well be the offspring of
the late hatch from the previous Yyear. The September
collection returns to a clear bimodal size distribution
similar to that seen in January 19357 but with the average
size of the snails being somewhat larger. It would appear
that there was no late hatch of young during 1959, but the
late hatch of 1957 did not show in the collections until

January 1958,

The growth rates of the snails in the population are
shown in Tables 1 - 4 and also in Fig. 2. - Growth 1is
concentrated mainly into two periods of the life cycle.

One occurs during the first three months of life before the
onset of colder conditions. Table 3 shows that during
this period the snails which hatched in 1957 were increasing
in average length by about 1 mm/wk which represents more
than 30% per month. The second period of rapid growth
occurs during the animals' first spring. In 19587 this
growth reached its peak in April (Table 2) when the mean
shell length was again increased by over 305 during the
month, In 1958 the peak was again reached in April and
represented an increase of just over 20% for the four-week
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