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Factors conditioning the Habitat
of Freshwater Snails

by BENGT HUBENDICK, D.Sc., Curator, State Museum of Natural History,
Stockholm, Sweden

Despite the implications of its title, this note does not claim to be a
complete survey of limnology. The concept of habitat will therefore be
limited to that part of the environment which more or less directly affects
the snails and to which the snails give an ecological and physiological
response. In an ecological relationship the influence of the environment
on the organism and the response of the latter to its environment are
equally important, and it is difficult to deal with the one without considering
the other. In this note, however, the factors conditioning the habitat (in
the above-mentioned restricted sense) will be discussed as far as possible
without reference to the responses of the snails. Neither the intimate
relationships between habitat and snail nor the physiological causalities
of the ecological relationships will be dealt with here.

Before consideration is given to the factors conditioning the habitat
of freshwater snails a few general remarks must be made. Workers whose
research activities lead them into the field of medical or veterinary mala-
cology often become painfully aware of and disappointed by the fact that
professional malacologists have accumulated so little precise information
and have established so few distinct relationships in snail ecology. However,
the natural conditions themselves are to a great extent responsible for the
paucity of the data. As a rule, freshwater snails, like many other freshwater
creatures, are decidly euryok-i.e., they have a wide ecological tolerance and
are less adapted to special conditions than are most marine and terrestrial
animals. This certainly has a natural explanation, and the author suspects it
to be related to the different mode of evolution in fresh water as compared
with that in a marine or terrestrial environment. With few exceptions, the
individual body of fresh water is of short duration on a geological time-scale
and thus offers a relatively brief period for the biological evolution of its
inhabitants. A marine or terrestrial animal has normally evolved through a
long, unbroken sequence of generations without any sudden ecological inter-
ruptions. A freshwater organism, on the other hand, has normally evolved
through a large number of relatively short sequences of generations,
separated by change of environment. If a habitat ceases to exist, the popula-
tion dies within the habitat but its genotype (or part of it) survives through
individuals which have previously been passively transferred to other
habitats. The new habitats may present new ecological conditions. A
wide ecological tolerance, together with the capacity for passive dispersal,
is therefore of vital importance for the survival of freshwater organisms.

The general euryok character of the freshwater snail means also
that, to a great extent, the various species react similarly to the same
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environmental influence. Boycottand Hubendick,b who have studied
the ecology and distribution of freshwater snails in Britain and southern
Sweden respectively, have found that the various species mostly react in
a similar way but with different sensitivity to the various environmental
factors. Their ecological requirements are qualitatively similar but quan-
titatively different. All this does not mean, however, that species with
special or aberrant ecological requirements do not exist. Such species are
rare exceptions and do not include any African vector snails of bilharziasis,
as far as is known at present; the following discussion will therefore relate
only to the generality of snail habitats.

The quantitative ecological differences between species can relate
either to the optimum conditions or to the tolerable extremes presented
by the various environmental factors or to both. It is generally thought
that among freshwater snails the optimum conditions are mostly rather
similar but the tolerable extremes often differ slightly, though seldom to a
great extent. This means that the habitat requirements of the various
snails as a rule overlap considerably, although they are not completely
identical. A few species are ecologically specialized and are adapted to
particular optimum conditions.

The occurrence of a species in a habitat is regulated by a number of
factors operating both singly and in a complex interplay. The various
environmental factors often mutually affect one another, and their combined
effect influences the species. It is therefore frequently difficult to distinguish
and estimate the importance of the single basic factor. Nevertheless the
various factors will be discussed below one by one.

Size, volume and depth. According to a common limnological classi-
fication, bodies of water can be grouped with regard to their richness
in nutrients; the extremes are eutrophic (rich) and oligotrophic (poor).
The content of soluble nutritive substances in the ground and their accessi-
bility (granulometric condition of the soil, topography of the area, size of
drainage area, quantity of precipitation, degree of cultivation) determine the
trophic condition of a body of water. The proportion between surface
and volume is, however, decisive in this respect; the deeper a water basin-
i.e., the more water it contains in relation to its surface area-the more
diluted becomes the supply of nutrients. Further, the photosynthetic trans-
formation by plants of nutrients into a form which is assimilable by animals
can take place only in the upper layers of the water. Consequently, this
process is less effective, in relation to the volume of water, in a deep basin
than in a shallow one.

These basic limnological relationships are of fundamental importance in
forming the general character of a lake. Smaller water bodies, such as
ponds, pools, swamps, canals and ditches, are always shallow enough to
permit eutrophic conditions when these are favoured by other factors.

a Boycott, A. E. (1936) J. Anim. Ecol., 5, 116
b Hubendick, B. (1947) Zool. Bidrag Uppsala, 24, 419



The size, volume and depth of the body of water has very little direct
influence on the molluscan fauna. The freshwater gastropods are almost
completely restricted to shallow water, even in deep lakes. A few species
can, however, live in deep water, where the pulmonates use their mantle
cavity as a water-lung, and some foregilled snails appear to prefer moder-
ately deep water to shallow water.

As far as bilharziasis snail vectors are concerned, small bodies of water
are of much greater importance than large ones. The environmental con-
ditions in ponds and other small water collections are much less stable than
in lakes and can be profoundly changed by comparatively slight influences
or small changes in the surroundings. Further, small bodies of water offer a
limited space for the inhabitants, and crowding sometimes occurs.

Shore profile. The shore profile of a body of water is a result of the
cumulative erosive activities of water movement and of the various agents
in its surroundings. On the other hand, the shore profile also to some
extent controls the results of these activities. This interaction is important
because in a lake the steepness of the shore, more than any other factor,
decides whether or not the snails are protected from waves. A shallow area
in front of the shore offers in itself a certain shelter. In addition, a gradually
sloping bottom generally provides a substratum for sediment and vegeta-
tion, whereas a steep shore gives no shelter and harbours no loose sedi-
ment or vegetation. On the other hand, a steep shore with wave action
means better aeration of the water and less accumulation of poisonous, or
at least unfavourable, putrefactive products. In small bodies of water
where the wave motion is negligible and where vegetation can exist almost
anywhere, the shore profile is of less importance for the snails.

Water movement. Besides the ordinary types of water movement-
wave action and current-two more special types, namely, floods and
turbulence, occur. In addition, slow vertical water movements take place
under certain conditions and carry out heat convection.

The primary ecological effects of water movement are both positive
(aeration) and negative (mechanical friction). The latter can act directly as
an ecologically limiting factor on many fauna elements when it exceeds a
certain value; in most macrohabitats, however, the animals may be able to
live in sheltered niches of more or less limited extent. Water movement may
also indirectly affect animal populations by inhibiting the accumulation of
sediment and the growth of water vegetation.

Another important effect of water movement, particularly wave action,
convection and calm turbulence, is the smoothing-out of temperature and
dissolved contents, resulting in the breaking-down of the boundaries
between microhabitats.

Floods may be either occasional or periodic, but are always of tempor-
ary duration. They may seriously affect the features of the individual small
body of water.

Temperature. The temperature in a freshwater collection depends in
the first place on altitude and latitude. In addition, the form of the water
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basin, as well as the local conditions of the surroundings, affect the tem-
perature of the water. Both momentary temperature and the temperature
fluctuation pattern are important ecological factors which directly influence
the organisms. They also indirectly affect the general limnological condi-
tions by altering the rate of photosynthesis and bacterial decomposition and
thus seriously influencing the general metabolic rate and status of the water
body, including such a vital factor as oxygen content. The metabolic and
other activity rates of the animals themselves are greatly affected by the
temperature, and variations in such rates mean a changed relationship
between organisms and environment. Further, the temperature decides
the solubility in water of minerals and gases.

Under certain conditions a particular temperature stratification develops
in a water mass and undergoes regular changes during the course of the
year. Besides the annual temperature cycle there are often wide diurnal
temperature fluctuations, which are especially pronounced in small stagnant
bodies of water. Further, there can be considerable local differences in
temperature and also in the diurnal temperature cycle within a water collec-
tion, which is thus divided up into several microhabitats having different
ecological conditions.

In small ponds the temperature may occasionally rise to such a degree
that the snails are unable to survive. This is, however, exceptional. The
ecological importance of a low, even moderately low, temperature is
greater; but its effect is not serious for the individual snail, in which it
normally produces only a retardation of the physiological functions. At
a certain temperature, movement, feeding, growth and reproduction are
entirely inhibited, and the respiration and oxygen consumption are
reduced to a minimum. This means that the snail hibernates, and when the
temperature rises again it returns to active life.

As regards retardation of reproduction, egg development and growth,
long periods of moderately low temperature may be a more seriously
limiting factor than temporary extremes of low temperature. This is true
particularly where the securing of a new generation has to take place during
a comparatively short time-for example, in temporary waters. (In tem-
perate and cold regions it is rather the decreasing duration of the active
period than the low temperature extremes which limit the freshwater snail
fauna.)

In warm areas, the most serious effect of the temperature on freshwater
snails is an indirect one-namely, the causing of evaporation, which leads to
extreme changes in water level and the complete drying-up of a habitat.

Changes in water level. These variations affect the general limnological
balance of a water collection; particularly in shallow waters their influence
can be important. Changes are brought about in the vertical temperature
gradient and in the content of dissolved gases, and the concentration of
dissolved minerals is increased. Furthermore, water-level changes affect the
balance between producers (vegetation in a wide sense), consumers (mainly
animals) and reducers (mainly bacteria), while this balance profoundly
influences living conditions in the body of water. Shallow waters of small
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or moderate size are particularly sensitive to such indirect consequences
of water-level changes. Those changes which are not extreme have little
direct effect on snails; they may, however, exert an indirect influence,
especially via the gas content of the water.

When a freshwater habitat dries up, the snails face an extreme environ-
mental condition. They have to endure aestivation, which, physiologically,
resembles hibernation but also involves the danger of drought which
renders respiration difficult. Resistance against drought varies considerably
among species, and also differs according to the stage of development from
egg to adult. A detailed knowledge of the specific drought resistance in
vector snails is important because it might, under certain circumstances, be
useful for control measures.

Insolation. The intensity of light, apart from stimulating or irritating
the animals in different respects and degrees, has two principal effects on the
freshwater habitat. It influences the water temperature, which has several
secondary consequences, and it regulates photosynthesis and plant growth.
The latter is of fundamental importance in freshwater habitats. For snails,
the production of algae is a basic necessity, as such plants provide the main
food for many species, and particularly for young snails. Lack of light
inhibits the production of algae; probably, however, even a small amount of
light may be enough to allow of sufficient growth to feed the young snails.
Moreover, other organisms such as bacteria, protozoa and fungi, as well as
decomposing organic matter, may provide suitable food material for
newly-hatched snails.

Transparency, suspended matter, and poilution. The transparency of
water is decreased by suspended mineral matter, dead organic matter and
plankton. Dissolved organic matter such as humus compounds give the
water a brownish colour and decrease its transparency. The fact that
silted water exerts a stronger friction than clean water is biologically
important, particularly in running water. As an obstacle to insolation,
turbidity or any decrease in transparency affects the intensity of photo-
synthesis and the production of oxygen. However, shortage of oxygen
associated with low transparency is more often produced by an overgrowth
of algae, despite the increase in photosynthesis and in the production of
oxygen, because the latter is consumed by the decomposition of dead
phytoplankton. A deficit of oxygen can lead to anaerobic decomposition
and the production of sulphuretted hydrogen.
A too-rich production of phytoplankton or other vegetation can thus

lead to pollution of the water-more precisely, pollution caused by decaying
organic matter of vegetable origin. Pollution or contamination can also
be caused by decaying organic matter of animal origin, and by human or
animal faeces or urine which, by providing an excess of nutrients, may
cause overproduction of vegetation. Finally, there are various types of
chemical pollution, principally caused by industrial wastes.

The effect of the various types of pollution depends on the volume of
the water basin and on the intensity of water exchange or circulation.
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Substratum and vegetation. The substratum of the freshwater organisms
consists of the bottom (in a wide sense) of the water body, and of other
freshwater organisms, particularly plants. Where the bottom does not
consist of bare rock it is composed of sediments of mineral and/or organic
origin. The mineral component varies with regard to chemical, mineral
and granulometric qualities, all of which influence the chemical composition
of the water. Even the granulometric character contributes in this respect
because it decides the contact area between water and mineral; fine sediments,
particularly clay, provide a larger contact area and more minerals become
dissolved in the water. The granulometric composition of the substratum
also affects its firmness and its richness in sheltered hollows.

The quantity of the organic component depends on the general biological
status of the water body-a eutrophic lake produces more organic matter
than an oligotrophic one. Its type depends in the first place on the degree
of decomposition. A rich bacterial flora can maintain a fast decomposition
rate and produce a fine greyish or blackish sediment; a poor bacterial flora,
as in dystrophic lakes, leads to a rather coarse and only slightly decomposed
brown sediment.

The distribution of the sediments in a water collection is mainly the
result of water movements, which wash away material from certain places
and accumulate it in others.

The character and distribution of the sediments, together with the
chemical and physical features of the water, decide the type and quantity
of the vegetation, which (whether living or dead) is an important part of
the habitat both as substratum and as food for its inhabitants. Submerged
vegetation may be rooted or floating. The living plants consume carbon
dioxide and produce oxygen, and thus influence the chemical macro- and
microclimates of the water. Overcrowding of vegetation, particularly
rooted vegetation reaching above the surface, shades the water; plant life
can also provide calm niches in mQving water.

Dissolved minerals. In nature, fresh water is never free from dissolved
minerals. Their amount and proportions depend in the first place on
their occurrence in the drainage area, the size and topography of this
area, the amount of precipitation, and the granulometric condition of the
soils. Every freshwater collection generally has a characteristic spectrum
of dissolved minerals; their concentration may, however, alter considerably
with changes in water level.

Many freshwater snails occur also in brackish water, where sodium
chloride predominates; adaptation to that environment is mainly a
problem of the regulation of osmosis.

In a limnic habitat the water with its dissolved minerals acts as a nutritive
solution for the submerged vegetation; the minerals are extracted from the
water by plants and algae, and when the organic matter decomposes, the
minerals, or part of them, are again liberated.

The solubility of the various minerals is affected by the temperature, and
in certain cases by the gas content, of the water. For example, the con-
centration of carbon dioxide influences the solubility of the predominating

1077



1078 NOTES

calcium salts (see, e.g., Ruttner C). (The ecological importance for snails of
the lime content of the water has been much discussed and even denied by
some authors; there is, however, certain evidence of its importance in
areas poor in lime.)

Dissolved gases. The limnologically important gases are oxygen, carbon
dioxide, nitrogen, ammonia, hydrogen sulfide, and hydrocarbons. For snails,
a certain minimum requirement of oxygen must be filled; carbon dioxide
affects the availability of calcium; and among the other gases, which occur
as decomposition products, hydrogen sulfide in particular is considered to
exert an adverse effect.

Oxygen is introduced into water (particularly moving water) from the
air; swift streams and surface water with waves are normally saturated with
oxygen. It is also produced in water by submerged vegetation; this is of
special importance in small bodies of water with little movement. Richness
of submerged vegetation means a rich production not only of oxygen but
also of material eventually to be decomposed by bacterial action-a process
which consumes oxygen, and which therefore makes an oxygen deficit
fairly common in highly eutrophic waters, particularly at the bottom. When
there is not enough oxygen for aerobic bacterial decomposition, anaerobic
decomposition replaces it, and gives rise to the production of hydrogen
sulfide, which appears to be toxic to snails. In water collections of small
size they may die when hydrogen sulfide is produced, even if they live in the
oxygenated surface water.

In habitats rich in aquatic weeds and algae, photosynthetic activity can
produce over-saturation of oxygen and a diurnal oxygen fluctuation.

Hydrogen-ion concentration. The pH is a limnological factor of great
importance, which is intricately entangled in the complex biological system
of a body of water. On the one hand, it is affected by various components
such as the soil in the environment, the&form of the water basin, the tem-
porary content of gases and electrolytes in the water, the occurrence of
vegetation, etc. On the other hand, the pH itself affects the limnological
conditions in certain ways, and hence, at least indirectly, the snail fauna.
The question of a direct influence ofpH on freshwater snails has been much
discussed and contradictory opinions exist.

The hydrogen-ion concentration shows a characteristic diurnal fluctua-
tion and also a considerable annual variation. In forest areas the humus
acids-decomposition products of cellulose and lignin-have a pre-
dominating influence on the pH. These products occur in tree litter and
in the soil and are washed out into the fresh waters in the first place by
rain. Thus the pH of the water along the shore can change considerably
in accordance with rainfall.

The pH is dependent on the CO2 content of the water, which in its turn
depends on the photosynthetic activity of the plants; this activity is regulated
by light and temperature. This is one of the causalities behind pH fluctuation
in fresh water.

c Ruttner, F. (1952) Grundriss der Limnologie, Berlin
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The microclimate. Although turbulence and conduction in the water
tend to smooth out the climatic differences between the ecological niches
in a habitat, certain microclimatic qualities may nevertheless occur.
Vuillaumed observed definite and lasting variations in the preference of
several snail species for leaves of different Potamogeton as substratum.
He considered such variations due partly to food preferences but also to the
differences in the water currents within the foliage of different plant species.

Water-plants provide the snails with protection from intense sunlight;
they are often found sheltering on the underside of th'e leaves in habitats
exposed to such light. There the temperature may be two or three degrees
lower than in more exposed places, and oxygen tension may be higher,
especially beneath the leaves. The same seems to be true for the environ-
ment of the roots of rice-plants (cf. Wrighte ).

Other organisms. Every organism in a freshwater habitat contributes
to the environment-for example, each snail contributes to the population
density, which is an important ecological factor. The vegetation and the
microscopic algae are of decisive ecological importance as producers,
whereas predatory animals and parasites represent the consumers in the
snail environment. Micro-organisms, which are disastrous to snails, may
be considered the most adverse factor of a snail habitat. Indirectly the
bacterial flora is highly important to the general metabolism of a water
collection, and thus also influences the environment of freshwater snails.

Population characteristics. Inter- and intra-specific competition must
be counted among the most influential ecological factors. Inter-specific
competition is most pronounced when closely related species with similar
ecological requirements inhabit the same locality; intra-specific competition
manifests itself in the habitat of the individual snail through the charac-
teristics of the population to which it belongs. In this connexion such
concepts as crude density (number of individuals or biomass per unit of total
space), specific or ecological density (number or biomass per unit of habitat
space-i.e., available area or volume that can actually be colonized by the
population), and relative abundance or time-relative density (density
per unit of time) are of basic importance. The corresponding values for a
certain population are to a great extent, but not exclusively, dependent on
all the other factors conditioning the habitat. Intrinsic factors which are
species-specific or perhaps strain-specific and genetically fixed-such as
natality or birth-rate, and mortality or death-rate-are likewise involved. The
maximum natality (theoretical maximum production of new individuals
under ideal conditions-that is to say, without ecological limiting factors,
and with reproduction limited only by physiological factors) and the
minimum mortality (loss of individuals under ideal and non-limiting
conditions) are constant for a population, and are basic for its biotic or
reproductive potential. On the other hand, the ecological or realized
natality (population increase under an actual or specific environmental

dVuillaume, M. (1956) Vie et Milieu, 6, 318
e Wright, C. A. (1956) Ann. trop. Med. Parasit., 50, 346
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condition) and the corresponding ecological or realized mortality relate to
a certain population in a certain environment. Thus, these values express
the fitness of the habitat for the population, and are basic for the reproduc-
tive capacity of the population under actual conditions. This actual re-
productive capacity of a population in a certain environment is known as
its environmental resistance. These values, which depend both on the
intrinsic properties of the population and on the sum of environmental
conditions of the habitat, are the basic factors in the composition of the
population, including its age distribution, its growth form and the fluctua-
tions or cyclic oscillations within it.

The application of population ecology in the field is generally not very
simple; it is impossible to extrapolate directly the population characteristics
of the snail and to assume them to be proportional to the production of
cercariae. This may be illustrated by one example (Kendall, personal com-
munication). The amphibious snail Lymnaea truncatula Muller, the inter-
mediate host of Fasciola hepatica Linnaeus, delivered a certain number of
cercariae in a certain habitat. After treatment with copper sulfate and
subsequent decrease of the population density, the absolute number of
cercariae produced increased. This development was interpreted in the
following way: in the undisturbed habitat the high population density kept
down the food supply per snail, and the relative malnutrition had an
adverse effect on the development of cercariae. When, after treatment of
the locality, the snail population decreased, there was plenty of food for the
individual snails and the production of cercariae could increase to such an
extent that even the absolute number of produced cercariae increased.

Snail dispersal. The power of dispersal of a species may be attributed
to the biological factors conditioning, not the habitat, but the occurrence of
the snails. Fresh waters are generally well delimited and cannot be reached
by snails through active dispersal; however, most freshwater snails, particu-
larly those belonging to the pulmonates, have well-developed possibilities of
passive dispersal. Thus, when control is undertaken, the extinction of a
snail population in a locality may be only temporary and must be checked
at intervals, the control measures being repeated after re-immigration of the
snail. The possible temporary disappearance of the parasite in the final
host will be of little importance in the long run. The logical consequence
of this is that a change in the ecological conditions of the snail habitat is a
more effective control measure than is treatment with molluscicide.

Animal Reservoirs of Human Bilharziasis
in the Eastern Transvaal
by R. J. PITCHFORD, Senior Research Officer, Councilfor Scientific and Industrial Research,
Bilharzia Field Unit, Nelspruit, Transvaal, Union of South Africa

In the Eastern Transvaal, cattle, sheep, goats, and some small, as yet
unidentified, rodents were examined for bilharziasis. Positive results were
obtained in cattle, sheep and goats coming from the Middleveld and
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