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PREFACE

This identification guide is one of a series of ten books that include
keys to most of the fresh- and brackish-water invertebrates in southern
Africa. The paucity of identification guides suitable for non-specialists has
become a yawning gap in the tools available to scientists, managers and
scholars concerned with the assessment and management of water resources.
It is hoped that the present guides will be of value to these and other users,
and that the environment will benefit as a result. The principle aim of this
series is to synthesize much of the existing knowledge on the identification
of freshwater invertebrates into a standard format that is accessible to users
who wish to identify taxa beyond their field of expertise.

It is a truism that identification guides are perpetually out of date, par-
ticularly in terms of nomenclature, due to advances in systematics. To keep
abreast with some of the changes in nomenclature, readers are referred to
the Checklist of Aquatic bisects and Mites (http://wvnv.ru.ac.za/
aquataloguc). There is also a possibility that the present series will be
revised periodically, but this is contingent on future funding.

Identification of taxa to species level is the ideal to which we would
like to strive, but for a number of reasons this is not alwavs possible: the
present knowledge of taxa does not often permit such detailed identifica-
tion, and in instances where taxa are well-known, identification to such a
fine resolution is usually constrained by space considerations and cost
effectiveness. In some instances, particularly for small, relatively well-
researched groups such as the freshwater molluscs, taxa have been identi-
fied to species level. Since new species are constantly being discovered,
users of these guides are cautioned against attempting to 'make' unusual
specimens 'fit' existing keys to species level. Users are encouraged to
inform experts of such specimens, to take note of new distribution records,
and to lodge all collections with well-known museums, particularly those
that are depositories for collections of freshwater invertebrates (e.g. the
Albany Museum, the South African Museum and the Transvaal Museum).

This series includes an initial introductory \olume containing general
information and a ke\ to the families of invertebrates. Subsequent volumes
contain kc>s to different invertebrate groups, most often logicallv clustered
together but in some instances the need for cost-effectiveness has resulted
in the creation of some rather uncomfortable 'bedfellows', such as the
arachnids and molluscs that are combined in this volume.

It should be noted that references have been limited to key publications
that will assist the reader in finding valuable sources of information. They
are, therefore, referred to as 'Useful References' and ma\ include some
publications not cited in the text.



The books in the series are the culmination of years of effort by a large
number of people and organizations: Shirley Bethune, Jenny Day, Barbara
Stewart, Nancy Rayner and Maitland Seaman started the project in 1986;
Jenny Day, Bryan Davies and Jackie King initiated contact with authors
and began the editing process, and Barbara Stewart and Elizabeth Louw
later became involved in editing the Crustacea chapters. A decade later.
Chris Dickens successfully obtained funding from the Water Research
Commission (WRC) for the completion of the project, and later took on
the job of Project Leader; Steve Mitchell managed the project from the
WRC; Jenny Day took on the role of senior scientific editor, and Irene de
Moor was contracted as managing editor from 1998. All of those above
(with the exception of Nancy Rayner and Elizabeth Louw) as well as Mark
Chutter. Ferdy de Moor, Lil Haigh, Arthur Harrison, Rob Hart, and Martin
Villet, are part of the Editorial Board that was initially formed in 1998.

Numerous authors, including those in this book, have contributed time
and expertise towards the drafting of the keys. The authors have not been
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GEOGRAPHICAL REGION COVERED BY THIS
GUIDE

This series of invertebrate guides covers the southern African region,
defined as 'south of (and including) the Cunene Catchment in the west and
the Zambezi Catchment in the east' (Fig. 1). Distribution records from fur-
ther afield are. however, sometimes included for various reasons, particu-
larly in cases where keys to particular groups have historically been com-
posed to cover a wider region in Africa. The greatest collection effort has,
however, focussed on catchments south of the Limpopo River, so the
emphasis has fallen naturally on this region.

Collection efforts relating to most groups of freshwater invertebrates
fall far short of adequate coverage. Consequently, locality records of many
taxa are patchy and cannot be regarded as a good reflection of actual

Fig. 1. Southern Africa: the region covered by this series of invertebrate guides

KEY: The dark dashed line represents the northern boundary of the Cunene Catchmeni in the west and
the Zambezi Catchmeni in the east
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distributions. For this reason the term 'records' has been used in preference
to 'distribution'.

It is hoped that this series of guides will stimulate a greater collection
effort, which will in turn lead to the upgrading of geographical information
on the diversity of freshwater invertebrates in southern Africa. In order to
avoid meaningless references to place names such as the ubiquitous
'Rietfontein', all records are related to countries, provinces or acceptable
regional names. To avoid the confusion which often arises in association
with regional names, a 'Glossary of place-names' has been compiled (see
page 133), and a map of the new provincial boundaries in South Africa is
given below (Fig. 2).

Fig. 2. The new provincial boundaries of the Republic of South Africa
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INTRODUCTION

ARACHNIDS AND MOLLUSCS

by

J.A. Day

For convenience, this volume deals with two disparate groups of inver-
tebrates, the molluscs and the arachnids. Apart from them both being inver-
tebrate taxa, probably the closest feature they have in common is that nei-
ther is as significant in fresh waters as it is elsewhere. The molluscs are
more speciose and of greater ecological significance in the sea than they
arc in fresh waters, while most arachnids are terrestrial.

FRESHWATER MOLLUSCS

While the freshwater molkiscan fauna of the African Great Lakes
(particularly Lake Tanganyika), and of the African tropics in general, is
very speciose, that of the more southern regions is not. Indeed, for reasons
as yet not entirely explained, there is a gradient in the number of species
from south to north even within the region. We know that few molluscs
can survive in the very soft, pure, acidic, calcium-poor waters of the south-
western corner of the continent; we also know that most of those that do
occur in this region are physically small and have thin, calcium-poor
shells. We also know that of the 40 or so genera and 100 or so species in
22 families known from the region, only about 25 species in 8 genera and
7 families have been recorded from the Western Cape. Interestingly, indi-
cations are that three of those eight genera represent species flocks, imply-
ing genetic isolation and adaptive radiation within the fynbos region.

The chapter on molluscs was first written as a separate book (Appleton
1996), published by the University of Natal Press. One of the main objec-
tives of that volume was to provide information on molluscs as vectors of a
variety of flukes parasitic on mammals, especially humans. Since the pre-
sent series of volumes is designed for the identification of freshwater
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invertebrates in general, the parasitological connection has been played
down in this chapter. We are delighted to have been given the opportunity
to re-issue the appropriate sections of that volume in updated form.

Recognition of freshwater molluscs
Of all freshwater invertebrates, molluscs are some of the easiest to rec-

ognize because they all have one or two shells. Gastropods are the snail-
and limpet-like forms; bivalves, as the name implies, are clam- or mussel-
like forms with two shells. A word or two of caution are necessary for
those collecting samples of invertebrates that include molluscs: the shells,
especially of the smaller forms, are often very brittle and the larger basal
whorls can be damaged, so that specific characteristics may not be easy to
see. Further, since unbuffered formalin is acidic, if specimens are pre-
served or stored in formalin the shells of molluscs may become very
eroded.

FRESHWATER ARACHNIDS

One of the great groups of arthropods is the Chelicerata. which includes
the familiar spiders, ticks and mites, as well as more bizarre forms like the
solifuges or jerrymunglums (what a beautiful word!), the harvestmen, and
the horseshoe 'crabs'. Of these, horseshoe crabs of the genus I.imulus are
not crabs at all. but the sole survivors of an ancient group of marine cheli-
cerates known as the Xiphosura. All the rest are included in the class
Arachnida; with few exceptions, all are terrestrial.

Only two groups of arachnids can lay any claim to being aquatic. The
first is the spiders, by virtue of the fact that some species, across a variety
of families, are associated with water. Even within this group, most are
essentially terrestrial, although they feed on submerged or emerging
aquatic invertebrates or even on fish. Indeed the common name of one
family is the 'fishing spiders'. A few spiders make silken nests under the
water, but this is not common.

The second group of aquatic arachnids is the water mites or
'hydracarines'. Mites, which form the arachnid order Acarina, are very
common micropredators, herbivores, detritivores and parasites in terrestrial
ecosystems. In the suborder Trombidiformes. which includes many species
of plant parasites, a few families are found exclusively in fresh waters and
together are commonly known as the hydracarims. (The word 'Hydracarina'
has been used in the past as a taxononiic term but it no longer has any for-
mal meaning.) A single family, the Halacaridae. contains several genera of
marine and estuarine mites. Most hydracarines are freeliving as adults,
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although at least one larval stage is parasitic in aquatic invertebrates, usu-
ally insects. Members of the family Unionicolidae, however, are parasitic
in freshwater mussels throughout their lives.

Members of another suborder of mites, the Cryptostigmata, normally
live in soils and. because they are hard-bodied and darkish in colour, are
often known as beetle mites. A few species in the genus Hyrdozetes, in the
family Eremaeidae of the division Oribatei, are found in fresh waters.
Although it seems that none has yet been described from southern Africa.
several apparent species are fairly commonly collected in vleis and rivers
of the south-western Cape (pers. obs.).

Collating the data from the world hydracarine literature, Arthur Harrison
(pers. comm.) indicates that about 160 species in 66 genera and 19 families
are knowrn for the southern African region. It seems that virtually no spe-
cific collecting of water mites has been done in the region, so records are
sporadic and distributions are almost certainly wider than the literature
suggests. As things stand at the moment. 116 of the 160 species have been
recorded from a single region. Table 1 indicates the number of species
known from each of the regions within southern Africa where water mites
have been recorded. The apparently high levels of endemism are almost
certainly artefacts of sporadic and unsystematic collecting.

In this volume Jansen van Rensberg uses Cook's (1974) subordinal tax-
onomy, which recognizes seven superfamilies and about 44 families. Refer-
ring to the hydracarine fauna of the USA, however, Pennak {1989) has
"... the impression that specialists have been too anxious and zealous to
establish new 'families', many of which are 'ill-defined'."

Table I. Species of water mites recorded from southern Africa (data available
only for pre-1994 provincial boundaries)

Region

W. Cape

E. Cape

Natal

Transvaal

Zimbabwe 20 14

Mozambique 2 2

Number of species
recorded

66

23

23

78

Number of species known
from this region only

34

13

6

47
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Recognition of freshwater arachnids

Adult mites and spiders are easy to recognize because they have four
pairs of walking legs, two pairs of mouthparts, and an unsegmented body;
they are easy to distinguish from each other because even the smallest spi-
ders likely to be encountered in fresh waters are much larger than the big-
gest mites. Should there be any doubt, the body of a spider is divided into
anterior and posterior sections by a narrow 'waist', whereas the bodies of
mites are undivided.

USEFUL REFERENCES

APPLETON, C.C. 1996. Freshwater Molluscs of Southern Africa with a Chapter
on Bilharzia and its Snail Hosts. University of Natal Press, Pietermaritzburg: 64 pp.

BARNES, R.D. 1980 (4th ed.). Invertebrate Zoology. Holt-Saunders, Philadelphia:
1089 pp.

BARNES, R.S.K., CALOW, P. & OLIVE, P.J.W. 1993 (2nd ed.). The Inverte-
brates: a New Synthesis. Blackwell Science, Oxford: 488 pp.

BRUSCA, R.C. & BRUSCA, G.J. 1990. Invertebrates- Sinauer Associates. Inc.,
Sunderland Massachusetts: 922 pp.

BROWN, D.S. 1994 (2nd ed.). Freshwater Snails of Africa and their Medical
Importance. Taylor & Francis, London: 604 pp.

DIPPENAAR-SCFIOEMAN, A.S. & JOCQUE, R. 1997. African Spiders, an Iden-
tification Manual. Plant Protection Research Institute Handbook no. 9, Agricul-
tural Research Council, Pretoria: 392 pp.

FOELIX, R.F. 1996. Biology of Spiders. Oxford University Press, New York,
Oxford: 330 pp.

PENNAK, R.W. 1989 (3rd ed.). Freshwater Invertebrates of the United States:
Protozoa to Mollusca. John Wiley Interscience, New York: 628 pp.



CHAPTER 1

ARANEAE

by

A. S. Dippenaar-Schoeman

Araneae (spiders) are a diverse group of land animals. They belong to
the class Arachnida, a group of animals that is characterized by having
four pair of legs and only two body regions—a ccphalothorax and an
abdomen. Compared to insects they are without antennae or wings. The
class Arachnida comprises 11 living orders and five extinct orders, of
which nine orders occur in southern Africa. Only members of the Acari
(mites) and Araneae (spiders) contain species that are closely associated
with fresh water.

Southern Africa has a rich fauna of spiders that are represented by 67
families and about 2000 species. Spiders are found in almost every eco-
logical niche on land, and a small group—represented by three families
and about 20 species—is associated with fresh water.

Hakilat preferences

Spiders commonly associated with fresh inland streams, rivers, swamps
and lakes can be divided into two groups:

* True aquatic spiders: spiders that spend most of their lives below the
water surface. An air bubble, shaped like a diving bell, is made below
the water surface and is used as a permanent retreat to live in. A
single species, Argyroneta aqualica Cierck (Argyronetidae), is known,
but only from Europe.

* Semi-aquatic spiders: spiders that spend all their lives in or around water.

Spiders can be divided into two main guilds, namely web-dwellers and free-
living wandering spiders. In southern Africa, two families of wandering spiders
(the Pisauridae and Lycosidae) contain species that are semi-aquatic and
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associated with fresh waters. They are the fish-eating spiders in the genus
Thalassius (Pisauridae) and some species of wolf spiders (Lycosidae) in
the genera Pardosa, Pirata, Proevippa and Wadicosa. The web-dwellers
associated with fresh water make their webs over or close to the water
edge in swamps, standing pools or reservoirs. The most common web-
duellers associated with fresh water belong to the subfamily Tetragnathinae
of the Tetragnathidae. All members of the genus Tetragmitha—also
known as the large-jawed, orb-web water spiders—are found near standing
waters. Members of a second genus, Leucauge (not included in this text),
known as the silver vlei spiders, are usually found in wetlands but are
not always associated with standing waters. They are easily recognized by
their bright silver, gold, red and green patterns on their bodies.

Feeding

Spiders are predominantly predators. They are mostly polyphagous but
some are prey specialists. All instars feed actively. Their prey includes a
variety of small animals such as insects, other arachnids, amphibians and
fishes. The web-dwellers use silk threads to construct intricate webs to
catch their prey, while the wandering spiders have abandoned the use of a
web and overpower their prey with speed and the use of their legs and che-
licerae.

Reproduction

Mating usually takes place in spring after the male and female have
reached maturity. Males use small sperm webs to transfer sperm from their
genital openings to their secondary copulatory organs (on the palp), where
the sperm is stored until mating takes place. Intricate mating rituals,
which vary between species, form part of the mating process. Eggs are
usually deposited in a waterproof egg cocoon made of silk. More than one
egg cocoon is produced per season. The number of egg cocoons and eggs
produced by the different spider families varies greatly. The egg cocoons
are deposited on the substrate or in a retreat or are carried around by the
female, either attached to her spinnerets (as in the Lycosidae: Fig. 1.2F),
or below her body (as in the Pisauridae: Fig. 1.2E). Only a small propor-
tion of the offspring survive to maturity.

As young spiders grow they undergo a number of moults. The first
moult (instar 1) takes place in the egg cocoon, and when the spiderlings
(instar 2) emerge they closely resemble the adult in all but size. Individuals
of small species may moult only three to four times during their lives, but
those of larger species go through nine to ten instars before reaching
maturity. Since a large number of spiderlings emerge from the egg cocoon
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simultaneously. local overpopulation can become a problem, resulting in
competition for available food and cannibalism. Sonic spiderlings simply
walk away to settle elsewhere, but many disperse in a unique way. in a
process called 'ballooning' whereby air currents are used to carry young
spiders away. Spiders of the families associated with fresh water live from
9 to 18 months. They overwinter in the egg cocoon or as immature spider-
lings, mature in spring, mate during summer, and die in late summer.

Locomotion

The semi-aquatic spiders are able to move over the water surface.
Movement on the water is mainly by means of the second and third pair of
legs, while the front pair of legs are stretched out in the air and serve as
'feelers'. The fourth pair of legs are dragged behind. These spiders can also
dive below the water surface or crawl down the stems of water plants or
down rocks in pursuit of prey, or when trying to escape danger. They can
stay below the water surface for periods of 5 to 60 minutes using air that
adheres to the body setae for respiration. Feeding and reproduction usually
take place on land.

Distribution

Most species associated with fresh water are widely distributed
throughout southern Africa and are found in water grass, on emergent
rocks, or on the water surface of any fresh standing water.

Collet (ion and preservation

Spiders are easily picked off substrates by hand or collected by sweep-
ing a hand-held net through vegetation. Nets can also be used to scoop
spiders from the water surface. Specimens are best fixed in 70 % ethyl
alcohol. Only adult males and females can be used for species identification.

Morphology
Spiders are distinguished from the other arachnids in having abdominal

silk glands that produce silk, chcliecml venom glands and fangs, and
secondary copulatory organs on the male palps. Species vary considera-
bly in size, shape and colour. The eephalothorax is connected to the
unsegmented abdomen by a thin pedicel (Fig. 1 .IB). The dorsal portion of
the cephalothorax is known a^ the carapace. There are eight legs attached
to the cephalothorax. each consisting of seven segments (Fig. 1.1A). Most spi-
ders have eight simple eyes, while some have six and others two. The eyes
are arranged in two (Fig. 1.1 A) or three rows (Fig. 1.2D) and the size and pat-
tern of arrangement varv between families and uenera.
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Spiders have two chelicerac. each consisting ofa stout basal segment
(Fig. LIB) and a smaller, movable distal section, the fang, with the
venom duct opening on the tip. The fang rests in the cheliceral furrow,
which is often armed on both margins with teeth {Fig. 1.2C) known as the
promarginal and retromarginal teeth. The sizes and lengths of cheli-
cerac and fangs differ between families. In a few families, like the Tetrag-
nathidae, the chelicerae are very well developed—hence their common the
'long-jawed, orb-web water spiders'. In the males the cheliceral teeth are
frequently enlarged (Fig. 1.2C) and have strong projecting spurs dorso-
laterally near the fang base, known as mating apophyses (Fig. 1.6C).
These apophyses (or 'spurs') are used during the mating process. The che-
liceral teeth near the base of the fang are frequently enlarged and known
as the guide teeth. The fangs of most spiders are usually short to medium-
long, narrowing towards the tip. In a few families, like the Telragnathidae,
the fangs are very long, frequently curving, or with small humps known
as cusps {Fig. 1.6C). The palps, situated on both sides of the chelicerae.
are leg-like and tactile (Fig. 1.1 A). In the male the last segment of the palp
(the tarsus) is modified into a secondary copulatory organ and can be
either simple or complex in structure (Fig. 1.2G). The male stores the
sperm in the copulatory organs until mating takes place. The shape of (he
genitalia is usually species-specific and is important for species identifica-
tion. In the female the epigynum, a sclerotized structure with openings to
the internal genitalia. is situated between the book lungs on the underside oi'
the abdomen (Fig. LIB. Fig. 1.4). The abdomen varies in shape, size and
colour between families and genera. It is usually round to oval but in sev-
eral families it is elongated (as seen in the tetragnathids, e.g. Fig. 1.2B). It
is frequenth1 decorated with a pattern (Fig. 1.3A-E). or bears structures
such as humps (Fig. I.5B, G), and it can sometimes extend posteriorly
beyond the spinnerets (Fig. I.5E). The spinnerets—either four or six in
number—are present at the posterior end of the abdomen.

The length ofa spider refers to the bod> length excluding the legs and the
chelicerae (see Fig. 1.1 B).



Chapter I: Araneae

leg I

leg II

abdomen

spinnerets

leg IV

fang

coxae (I—IV>
\ ^

pedicel

B

chelicera

- - labiuin

spinnerets

Fig. 1.1 A-B. (icneral morphology of [he Araneae A. dorsal view ol' body, B, ventral view of body
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KEY TO THE SOUTHERN AFRICAN SPIDERS FAMILIES ASSOCIATED
WITH FRESHWATER

1. Body elongated and narrow (Fig. 1.2A), resembling a piece of grass; legs long
and slender with the third pair much shorter than the other legs (Fig. 1.2B):
chelicerae strongly developed with rows of large teeth (Fig. \ .2C); web an
orb made over water Tetragnathidae (p. 16)
Bod> oval, legs stronger; third pair of legs not much shorter than the others;
chelicerae relatively small and lacking large teeth; wandering spiders (i.e.
don't have webs) 2

2. Eyes in two rows, anterior median eyes slightly smaller than posterior
median eyes; body decorated with distinct white bands or spots (Fig. 1.3A-E);
medium to large spiders (length 8-28 mm); females carry egg cocoon below
body (Fig. 1.2E) Pisauridae (p. 10)
Eyes in three rows, with four small eyes in the front row, two larger eyes
in the second row and two medium-sized eyes in the third row {Fig. 1.2 D);
carapace with dark bands, abdomen with chevron pattern, bands or white spots
{Pirata spp.); small to medium-sized spiders (length 5-15 mm); females
carry egg cocoon attached to spinnerets (Fig. I.2F) Lycosidae (p. 14)

Pisauridae
Subfamily Thalassinae (fish-eating spiders)

Figs 1.2E, 1.3A-E, 1.4 A-E

The Pisauridae are a fairly large family of spiders comprising 54 gen-
era. Only genera of the subfamily Thalassinae are associated with fresh
waters in southern Africa. Species in the genus Thalassiiis are commonly
known as fish-eating spiders and inhabit the fringes of freshwater pools
(Abraham 1923; Lawrence 1970: Sierwald 1987, 1988).

Members of the Thai ass ins genus are large (length > 20 mm) powerful
spiders, distinguished by the following characters: the carapace is slightly
longer than wide and narrower in the eye region (Fig. 1.3A); the eyes are
small and in two recurved rows consisting of four eyes each: the anterior
eyes in most species are smaller than the posterior median eyes; the cheli-
ceral furrow has three teeth on the retromargin; the abdomen is oval-
elongate, tapering towards posterior end (Fig. 1.3A); the legs are strong
with leg III the shortest; the colour is variable from yellow to dark reddish
brown; the bod\ is denseK covered with short hair; dorsally the body
has colour patterns consisting of white bands or spots (Figs 1.3A-E).

Species of Thafa.ssius are widespread and commonly encountered
throughout Africa south of the Sahara (Sierwald 1988). They overwinter
from May to September under rocks or logs near the water. They are
active during the summer months from October to May: adults are found
from November to March and juveniles from April to May. They favour
slow-moving streams with dense fringing vegetation. They can walk as
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well on water as on land. They rest with the tips of their legs, or .sometimes
the entire body, on the water surface (Foelix 1996). They are able to run
with speed, and can even overpower smaller insects while on the surface
of the water. To catch larger prey items, such as small fish and tadpoles, a

proniarym

'secondary
copulaiory
organ

patella

PROXIMAL

Kit;* 1-- Distinguishing characteristics of vanous araneid families A-C, Tetragnathidae. Teira^nalha sp , A, line
drawing showing general bod\ shape and relative lengths of legs. B, dorsal view of body (with legs
truncated); C. dielicerue. ventral view, D, Lycosidae. eye pattern, anterior view. E, Pisauridac iemale
earning egg cocoon below body V. Lycosidae female earn ing egg cocoon attached to spinnerets. G, Teirag-
nathidae. Tetrugnatha sp., distal portion of the male palp lAatierDippenaar-Schoeman & Jocque N97).
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spider anchors its posterior legs to water plants or to the margin of the river
bank. The front legs are then fanned out, with only the tips resting lightly
on the surface. The spider will stay motionless in this position, waiting for
prey below the water surface to pass within reach. The spider probably has
the ability to sense vibrations in the water as a means of locating prey.
It then rapid I) dives beneath the surface and uses its legs and cheiiccrae to
grab the prey, which is pulled out of the water before feeding begins.

A C

D

Fig. I J A-E. Pisauridae. Thatassius spp . dorsal view of body of female. A. T margariiatus:
B. T. massajae; C. T. radialohncanis. D. T rosst. E, T xpmosissitmis (Drawings after Sieruald 1987)
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Abrahams (1923) observed that spiders in the genus Thalassius feed on
the tadpoles of some species (e.g. Bufo carens and Xenopus laevis) and on
small adult frogs of the species Hyperolius marmorata and Bufo regulahs.
Lawrence (1970) also observed members of Thalassius spp. preying on small
fish (e.g. Barbus spp.) as well as on freshwater shrimps, insects and small
toads.

A checklist of Thalassius species in southern Africa, as well as their
distributions and size ranges, is given in Table 1.1.

A
B

•- .-£•

My. 1.4. A-K, Pisaundae, Thalasstus spp. ventral \ic\\ of female eprgynum. A. T margaritatus;
B. T. massajae; C. T. radiatolmeams; D. T. rossi, E,'!'. .spinossi.ssimu.-i {Drawings after Swrvvald N87)
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Table 1.1. Species of Thulassius (Pisauridae) associated with fresh water in southern Africa
Data compiled from Sierwald (1987), (Size = body length, excluding legs and chiclicerae).

5pecies/Size

Thalassms margaruatus Pocock, 1898
female = 11.5-22 mm
male = 12.5-16 mm

Thalassms massajae (Pavesi, 18831
female = 14-21 mm
n a l e - 13.3-16 mm

Thalassms radiafohneatus Strand. I90(I
female = 16-21 5 mm
male= 18-20 mm

Thalassms rossi Pocock. 1902
female = 9 8-19 5 mm
uale = 8.3-17 mm

Thalassms spmosissimus (karsch, 1879)
female = 11.5-27.5 mm
male = 9 5-18 mm

Diagnostic characters

"arapace with while marginal hands.
abdomen with white marginal bands
and row of spots (Fig 13A);epi-
j»ynum as in Fig 1.4A

1'arapacc and abdomen with white
iubmarginal bands (f:ig 1 3B) or
sometimes with transverse dark
Sands: epigynum as in Fig 1 4B

Carapace variable with while mar-
ginal bands or spots (Fig. 1.3C);
abdomen with white spots (Fig. 1.3C)
or dark bands, epievnum as m Fig.
1 4C

Carapace with broad dark median
land and white marginal bands.
abdomen with heart mark, while
spots and dark marking posteriorly
[Fig. 1 3Dl. epigynum as in Fig 1 4D.

Carapace with white submargmal
Hands; abdomen variable with while
ipots or white marginal band 0'ig 1 -'Ii),
Epigynum as in Fie. ! 4t.

Dislribution

South Africa KwaZulu-
Natal, Mpumalanga.
North-West Province

Namibia and South Af-
rica Kastem Cape,
KwaZulu Natal, Lim-
popo

Zimbabwe, Namibia and
South Africa: Free State.
KwaZulu-Natal.

Zimbabwe and South
Africa1 KwaZulu-Natal.

Widely distributed
throughout the sub-
Saharan region In
South Africa, found in
KwaZulu-Natal

Lycosidae (wolf spiders)
Fig. 1.2D, F

Of the wolf spiders (Lycosidae) only four genera—Pardosa, Pirata,
Proevippa and W'W/a«<7—contain species that are associated with fresh
water in southern Africa. Lycosids are distinguished by the following
characteristics: the carapace is longer than wide (Fig. 1.2F) and narrower
and higher anteriorly; eight eyes are arranged in three rows, the four eyes
in the first row being much smaller than those in the second and third rows
(Fig. 1.2D); the abdomen is oval; the legs are of moderate length with three
claws; the colour is cryptic, ranging from dull yellowish brown to grey or
almost black with darker broad bands on the carapace; the abdomen is
frequently adorned with spots or chevron-patterned marks.

The species discussed here are semi-aquatic and are frequently encoun-
tered on the banks or stony beds of rivers and ponds or on the water
surface, where they are able to move with great agility. Movement consists
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of a series of gigantic leaps made over the water surface (Lawrence 1964).
The smaller, 'lightweight' species of Pardosu raise their bodies high above
the water. When disturbed they are able to dive below the water surface,
clinging to rocks or water plants.

Wadicosa manuhriata. which occurs throughout South Africa, has
strictly semi-aquatic habitat requirements (Lawrence 1964). All the spe-
cies of Pirata are semi-aquatic and found in the vicinity of water, fre-
quently below the water surface, clinging to aquatic plants. When dis-
turbed the> quietly disappear below the water surface. Pirata trepidus has
been collected from 'water lettuce' (Pistia stratiotes), an aquatic weed, in
the Letaba River (Kruger National Park). Individuals of this species can
remain under water for up to an hour. Their bodies become shiny from the
air bubble^ trapped in the body hair. They make flimsy silk retreats
beneath the leaves and individual spiders have been observed living in
close proximity to each other, frequently touching and .sharing prey.

During the spring and summer female wolf spiders can easily be recog-
nized by the round, creamish-white egg cocoon that they carry attached to
their spinnerets (Fig. 1.2F). After emerging from the egg cocoon, the
young spiders climb onto the female's abdomen where they arc carried for
a few days. Lycosids prey on a variety of small crawling and jumping
insects, as well as on other invertebrates.

The taxonomy of the Lycosidae is in a state of chaos and keys to gen-
era are not available. A list of lycos id species that are associated with
freshwaters, has been compiled from the literature (Table 1.2).

Table 1.2. Genera and species of the family Lycosidae associated with fresh waters
in southern Africa

Genus

Pardosa

Proevippa

Ptrata

Wadicosa

Species

P crassipalpis Purcell. 1903
/' polamophilu Lawrence, 1927

P Ai«Mto(Russell-Stnith. 1981)

P oneilh Purcell. 1903
P trepidus Rocwer. 1960

IV mamibnata ISimon. 1892)

W orcka 1 Lawrence. 1927)

Distribution

Wide spread, throughout southern Africa
Kuncne River

South Africa KwaZuiu-Naial (Drakemberg
Mountains). Lesotho (Maluti Mountains)

South Africa Mpumalanga, Northern Province
Zimbabwe

Widespread throughout South Africa.

=asl, West and Southern Africa Botswana.
Namibia. South Africa
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Tetragnuthidae

Tetragnatha (long-jawed, orb-web water spiders)
Figs 1.2A-C, F, 1.5 A-J, 1.6A-J, 1.7A-I, 1.8A-E, 1.9A-E

Members of the genus Teiragnafha are distinguished by the following
characteristics: the carapace is much longer than wide (Fig. 1.2B); the
eight eyes are small and in two rows of four: the ehelicerae are long and
well-developed (Fig. 1.2C) with numerous teeth on the eheiiceral furrows;
the males usually have strong projecting spurs (mating apophyses) dor-
sally on the ehelicerae {Fig. ] .6C, D). their fangs are ver\ long and are
sometimes curved, or have small cusps; the abdomen ( Fig. 1.5 A-J)

-— hump

Fig. 1.5 A-J. Tetragnalhidae. Tetragnatha spp.. abdomens in lateral view A, T. boydi (male);
B. T. ceylontca (immature}, C, T ceylomca (female), D. T. demissa (male); E, T jaculalor (female);
F, T. maxillosa (female); G, T. miens (female); H, T. mbsquamata (female); I, T. umcomis (male),
J, T. vermiformts (female). (Drawings after Okuma & Dippenaar-Schoeman 1988)
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varies in shape from elongate to oval, and sometimes has a small hump;
the legs are long and slender.

Spiders of the subfamily Tetragnathinae construct their radiating orb-
webs near or above slow-moving streams or ponds, usually in sunlit areas.
The webs consist of an open hub and 30-40 viscous spirals. The web is

mating
apophy-

Fig. 1.6. A-J. Tetragnathidae: Tetragnatka spp , left chdicera of male, in dorsal view (dv) and lateral
view (Iv) A. T. boydi (dv), B. T hoydi (Ivj; C. T ceylomca (dv), D, T. ceylonica (Iv); E, T demissa (dv),
F, 7! demissa (Iv), G, T. /aculator (dv), II, T. jaculator (Iv), I. T maxillosa (dv), J, T maxillosa (Iv).
(Drawings after Okuma & Dippenaar-Schoeman 1988)
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hori/ontall) inclined o\er the water surface, the spider hanging beneath
with the front legs directed forwards. When disturbed, the spider frequently
drops to the water surface, where it has the ability to run with great speed.
Spiders in this family are nocturnal, resting on the vegetation during the
da\ with their bodies pressed to the substrate while the front legs are
stretched forwards. The webs are short-lived and taken down and digested
daily. Newly hatched insects like mayflies and mosquitoes often fly straight
into the webs as they emerge from the water. Tetragnathids plus an impor-
tant role in the control of mosquitoes in rice paddies.

A list of tetragnathid species that are associated with freshwaters has
been compiled from the literature (Table 1.3). This list also includes details
of distributions, diagnostic characters and sizes.

Fig. 1.7 A-H, Tetragnathidae: Teiragnatha spp., left chelicera of male in dorsal view (dv) and lateral
view ilv) A. T miens (dv), B. T. miens (Iv). C. T subsquamaia (dv); D. T subsquamatu (Iv);
E, T unicorms (dv); F. T unicornis (Iv), G, 7". vermtformts (dv); H, T. vermtformis (Iv).
(Drawings after Okuma & Dippenaar-Schoemun 1988).
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Table 1.3. Species of Tetragnutha associated with fresh waters in southern Africa.
Data compiled from Okuma & Dippenaar-Schoeman (1988). (Size body length
excluding legs and chelicerae)

Species & Size

7 huyJi 0 P-Camebndge. 1898
female = 8 5-12 mm
nale = 8 5-10 mm

T <.o/tw<.LiOP-Camcbniige. 1869
female = 6 9 - 8 8 mm
nale = 5.6-6.6 mm

T demis.\a L Koch. 1871
female = 6 7-H 0 mm
male = 5.9-9.0 mm

T tabulator Jw\ Igren, 1910
female = 8 1-9.0 mm
nale = 6 6-7 0 mm

T imi7//(>w Thorell. 1895
female = 9 0-9 2 mm
nale = 7 5-7 7 mm

T niU'n.\ [Audouin, 1827)
female = 1 1 1 mm
nale = 8 0-8 5 mm

/ suhsquiinuila Okuma. 1985
female = 4 9-6 5 mm
male = 4 1-80 mm

'/" uxu-omiy Tullgren, 191(1
female = 9 3 - 1 1 0 m m
nale = 8 8 ') 0 mm

7 wrmi/iirmn Emerlon. 1884
female ' 7 2 mm
nale = 7 3-9.5 mm

D i a g n o s e characters

Abdomen long and narrow (Fig ! 5A).
;hehcerac of male as shown in Fig 1 6A
Bp of mating apophysis forked (Fig, 1 6B],
fangs of female long, with cusps medialU
.Fig 1 7A)

Abdomen with hump (Fig 1 5C). more
srominent in juveniles than in adults
I Fig 1.5B), chelicerae of male with
.meven guide teeth (Fig 1 6C], mating
apophysis as m Fig 1 6D. fangs of female
short and smooth (Fig I.8C)

Abdomen long and narrow (Fig 1 5D),
fangs of male slightly curved with small
jusps medially (Fig. I.6E), mating
apophysis curved (Fig. 1 6F). fangs of
female with cusps on outer edges (Fig
1 8D)

Abdomen long and narrow (Fig 1 SE),
cheliceiae of male with uneven teeth, anc
lips of mating apophvses slightly curved
iFig 1 <>Ci. Hi. chelicerae and fangs of
emale as in Fm 1 8E

Abdomen elongate (Fig 1 5F). cheliceiae
ind fangs of male long I Fig 1.61). mat-
ing apophysis with tip forked (Fig. 1,6J),
fangs of female long with guide teeth
well developed (Fig. ! 8F>

Abdomen long oval with small hump
nedially (Fig 1 5G), chelicerae and
angs of male long with well-developed
;uide teeth (Fig 1 7A), mating apophysis
veil-developed (Fig. 1 7B). chelicerae of
emale strong with distinct posterior

cusps (Fig 1 9A-B).
Abdomen short, oval (Fig 1 5H). fangs
i f male with fewer teeth on both mar-
;ins, distinct cusps near base (Fig 1 .7C
3). chelicerae of female lone and smooth
Fig. 1 9C).

Abdomen very long (Fig 1 51). clich-
erae and fangs of male long with promi-
ent cusps near base on outer margin
Fig 1 7E-F), chelicerae and fangs of
emale as shown in Fig 1 9D

Abdomen long-oval (Fig 1 5J), cheli-
erae of male with uneven teeth on both
nargms, mating apophysis curved, fangs
nediallv with cusp (Fiji 1 "G H). eheli-
cra and fangs of female short (Fig 1 9E)

Distribution

South America. Nepal. Africa. South
Africa Eastern Cape. Limpopo. Mpu-
nalanga. North West Province,
KwaZulu-Natal)

India, South-East Asia (o New Guinea,
Africa (South Africa KwaZulu-Natal,
Eastern Cape)

Australia. Africa (South Africa GJU-
:eng, Mpumalanga, North West Prov-
nce)

South Fast Asia, New Guinea. Africa
.Namibia. South Africa North West
Province)

South East Asia. New Guinea, Africa
;South Africa. KwaZulu-Natal)

i'antropical. South Africa (KwaZulu
Natal, Gauteng)

!!ast Afiiea. Africa [South Africa
CwaZuki Natal, Gauteng, Mpuma-
anga. North West Province).

:ast Afnca. Alnca(Souih Africa
Mpumalangai

ndia, Sn Lanka, Burma, China, Japan,
JSA, Africa I Botswana, Namibia. South

Africa Eastern Cape, Limpopo. Mpu-
lalanga. Kwa/ulu Natali
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Fig. 1.8 Tetragnathidae Tetragnatha spp.. left chelicerae ot females A-B, 7' boydi A, ventral view;
B, lateral view C-F, ventral views. T ceylomcu, D. T demissa: E, T jaculaior. f, T maxtllosa.
(Drawings after Okuma & Dippenaar-Schoeman 1988).
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Fig. 1.9 Tctragnathidae Teiragnatha spp , leiichehccrae ot" tcmaies. A-B, T. nitens: A, ventral view B, lateral
view C'-E. ventral views C. T siibsqucmtata. I). 7" untcomis, E. 7" vcrmiformis. (Dawings after Okuma &
Dippcnaar-Schoeman 19881
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CHAPTER 2

WATER MITES

by

C.A. Jansen van Renshurg* & J.A. Day

Freshwater biologists frequently encounter tiny, brightly coloured crea-
tures scooting busily around ponds and vleis. These are the water mites.
While most mites, which form the arachnid order Acarina, are very com-
mon in terrestrial ecosystems, the suborder Trombidiformes (which includes
many species of plant parasites) includes a few families that live exclu-
sively in fresh waters. Together these forms are commonly known as the
hydracarines. (The terms 'Hydracarina' and 'Hydraehnellae' have been used
in the past as taxonomic terms but they no longer have any formal mean-
ing.) A further famih, the Halacaridae, contains several genera of marine
and estuarinc mites.

Members of another suborder of mites, the Cryptostigmata, normally
live in soils and, because they are hard-bodied and darkish in colour, are
often known as beetle mites. A few species in the genus Hydrozetes, in the
family Eremaeidae of the division Oribatei, are found in fresh waters.
Although it seems that none has yet been described from southern Africa,
several apparent species are fairly commonly collected in vleis and rivers
of the south-western Cape.

Distribution
Water mites arc known from fresh waters throughout the world. They

are common in standing waters but a few species are known to inhabit
running waters; and while most species are confined to very fresh waters,

* The ke\ lo families and all of the illustrations have been copied with minor mod ifi cat ions from (.' A.
Jansen van Renshurg (1476) An identification ke\ to the water mile families of the Ethiopian region
Journal of the l.imnolagtcal Society of Southern Africa 2(1) 11-20 1'or the sake of completeness, and
to conform with the editorial conventions of the series, sections on the biology of water miles have been
added by JA Day A short note b\ AD Harrison deals briefly with the laxonomic relationships of water
mites in southern Africa and provides useful additional references An updated checklist of species,
compiled by A D Harrison, can be found on the following website, http //www ru ac za/aquatalogue
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some occur in brackish conditions. Of the roughly 4000 species and sub-
species recognized by Victs (1987), upwards of 700 species have been
recorded from the Ethiopian region and of these, 160 or so arc known from
southern Africa. The degree of endemism does not appear to be high in that
a majority of known species seems to be widespread throughout the Afro-
tropical region and some are also known from the Palaearctic or are cosmo-
politan. Collecting has not been intensive and doubtless many more species
remain to be described.

Biology
Most hydracarines are carnivorous. It appears that they, like their terres-

trial counterparts, inject digestive juices into a prey animal and then suck
out the digested material, rejecting the emptied skin or exoskeleton. Most
hydracarines are freeliving as adults, although at least one larval stage is
parasitic in aquatic invertebrates, usually insects. Members of the family
Unionicolidae, however, are parasitic in freshwater mussels throughout
their lives.

It appears that reproduction is always sexual. While the two sexes are
sometimes very similar morphologically, in other cases sexual differences
may be pronounced. Although details may differ, the process of sperm
transfer usually involves the male clasping the female and using one of his
third legs to transfer a spermatophore (a package containing sperm} from
his genital aperture to that of the female. The female usually deposits
batches of eggs onto stones, debris or vegetation. The young animal devel-
ops within the egg shell, emerging as an active larva. The larva resembles
the adult except that it has three and not four pairs of legs, and no genital
field (see below). In most species the young larva soon attaches to an aquatic
insect and becomes ectoparasitic. After feeding for some time, the larva
again becomes inactive and goes through what is almost a 'pupal' stage,
before emerging as a second larva. This second, freeliving, carnivorous
larva undergoes yet another 'pupal' stage before emerging as a mature
adult. Some water mites thai live in rivers appear to have no parasitic stage,
while Unionicola and related genera may be parasitic on mussels for their
entire lives.

More details of the biology of water mites can be found in Pennak (1989).

Collection, preservation and examination of water mites

Because of their bright colours and rapid movements, water mites are
much easier to pick out when alive than when dead. Because they are so
small, it is best to use a small net of mesh size <100 f±m to collect them.
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Most water mite taxonomists will not agree to identify specimens
unless they are suitably preserved; indeed, some taxonomists insist that a
specific preserving medium is used. For general purposes Pennak (1989)
recommends a mixture of 5 parts by volume of glycerine, 4 parts of water
and 1 part of glacial acetic acid. Pennak notes, however, that others recom-
mend a mixture of 2 parts glycerine. 3 parts water, 2 parts glacial acetic
acid and 1 part absolute alcohol (although 96% is acceptable).

Certain aspects of the specimens will have to be examined under a
compound microscope and for this they will have to be mounted on slides.
Pennak gives some advice on mounting, but recommends that the reader
consult Mitchell & Cook (1952) for details.

External morphology

Water mites are small aquatic arthropods ranging from 0,1 to 10 mm in
length. Some are bright red, blue, green or purple in life; and while in some
taxa the integument is soft and pliable, in others it is heavily sclerotized.

The body (Fig. 2.1) is divided into two tagmata, the small antero-
ventral gnathosonia and the much larger posterior idiosoma, to which the
legs are attached. The idiosoma shows no sign of external segmentation.
Its shape ranges from globular to dorso-ventrally flattened or laterally
compressed, and from round to elongated. Glandularia (glands, each with
an associated seta) are variously distributed over the surface of the idio-
soma. Sometimes the idiosoma is covered by dorsal and ventral shields
separated by a furrow. The dorsal surface or dorsum may be furnished
with glandularia. sometimes associated with platelets, variously patterned
and variously fused.

A pair of eyes is usually situated antero-lateralK on the dorsum. Fach
eye may appear to be double. In some cases the lateral eyes are situated
close together or even on a single median sclerite (Fig. 2.2F). In some gen-
era (e.g. Hytiracfma) a single median eye or frontal organ is situated
between the lateral eyes.

The ventral surface or venter (Fig. 2.1) exhibits various degrees of
sclerotization. The coxae of the four pairs of legs may be expanded to such
an extent that they cover the major part of the venter. In general, the first
and second coxae on each side are fused to form the anterior coxal
groups, and the third and fourth coxae on each side are fused to form the
posterior coxal groups. There are thus four coxal groups in all. Occasion-
all) the anterior coxal groups may fuse medially (resulting in three coxal
groups in all) or all four groups may be fused to form a single group. The
coxae are \ariously ornamented and furnished with setae and glandularia.
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The anterior pair of coxae are indented anteriorly to form the gnathnsomal
bay, into which the gnathosoma fits.

The genital field lies posterior to the coxae, very often in a posterior
indentation bordered by the posterior coxae. The genital field consists of
gonoporc, acetabula, genital plates and/or acetabular plates. The acetabula
are small cup-like structures, probably sensory in function, that may be situ-
ated in the gonopore, on acetabular plates, or free on the integument in the
genital field. Acetabula may be sessile or stalked and are variable in num-
ber; they are present in all watermite superfamilies except for the Hydrovol-
zioidea. In most watermite families the gonopore is covered by a pair of
genital plates, which may be movable and which in some families (e.g. the Hydry-
pliantidae) carry acetabula. In some genera (e.g. Arrenwus and Axonopsalbia) the
idiosoma of males carries a posterior projection, which is associated with the
genital field and is distinctly demarcated from the rest of the body.

All adults (Fig. 2.1) have four pairs of legs used for walking or swim-
ming. The three anterior pairs of legs are usually attached to a ledge formed
by the lateral projection of the three anterior pairs of coxae, while the
fourth pair is ventrally attached to the fourth coxae. The legs are com-
posed of six segments distal to the coxae. The legs are numbered from

idiosoma

Hg. 2.1. Atractides sp , female in ventral view.
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anterior to posterior with Roman numerals and their segments from proxi-
mal to distal with Arabic numerals. The tibia of the second leg would, for
instance, be referred to as II-Leg-5. The legs are always furnished with
setae, which may be long and slender in swimming forms (e.g. Fig. 2.6C),
or relatively short and heavy in non-swimming forms. The last segment
(the tarsus) usually terminates in an ambulacrum, which normally con-
sists of two bifurcated claws. (In Torrenticola the base of the ambulacrum
bears a number of vermiform projections.) Fiach ambulacral claw consists
of a proximal flattened portion and two distal claw lets. The entire ambula-
crum can be folded back into a dorsal recess in the tarsus. Sexual dimor-
phism oi' the legs occurs frequently. Usually the distal segments of the
third and fourth pairs of legs of the males are modified for copulation.

The gnathosoma is the anterior trophic-sensor} body region housing
the chelicerae and bearing the palps. It consists of three fused segments:
the precheliceral segment, the cheliceral segment and the palpal segment.
The chelicerae are normally not visible, being housed within the gnatho-
soma. In all superfamilies except the Hydrachnoidea, the chelicerae are
two-segmented. The chela is somewhat movable and may be hook-,
sickle- or stylet-shaped. The pulps ;trc usually live-segmented, the seg-
ments being numbered from proximal to distal with Roman numerals
(i.e. P-l to P-V). Chaetotaxy and the presence of chitinous projections on
the palps are of taxonomic importance. Three basic types of palps can be
distinguished. In chelate palps a dorso-distal projection of P-IV forms a
chela with P-V (e.g. Figs 2.2B, 2.3D-B); in uncatc palps P-IV is greatly
expanded ventro-distally and P-V folds against it (e.g. Figs 2.9D-E); some
palps are neither uncate nor chelate (e.g. Figs 2.5C, E. 2.6B. 2.8A).

Systematic^

The systematics of the water mites, particularly of the Ethiopean region,
have long been neglected and have not been specifically addressed since
Jansen van Rensberg produced a series of papers in the 1970s. This cliap-
ler uses Cook's (1^74) subordinal taxonomy, which recognizes seven
superfamilies and about 44 families. 22 of which are known from the
southern African region. Apart from the keys of Viets (1936, which deals
mainly with European water mites). Baker & Wharton (1952, a translation
of Viets's key), and Cook (1974, a comprehensive key to the world water-
mite fauna), no literature is available to the non-specialist for the identifi-
cation of Ethiopian specimens. A useful additional key is to be found in
Pcnnak (1989). Although it deals with North American forms, many of the
families and genera are common to both regions.
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KEY TO THE ETHIOPIAN FAMILIES OF WATER MITES

1. Genital acetabula absent (Figs 2.2A- C) 2
Genital acetabula present (arrowed in Figs 2.2D. 2.4B,2.4F, 2.5A) 3

2. Suture lines between third and fourth coxae extending postero-laterally
(arrowed in Fig. 2.2B) Hydrovolziidae
Suture lines between third and fourth coxae extending antero-laterally
(arrowed in Fig. 2.2A) Pontarachnidae

3. Palp (Fig. 2.2E) chelate. with P-I comparatively long and P-1V shorter
than P-lll; chelicera one-segmented and lying in the long rostrum; genital
field more or less heart-shaped, with most acetabula lying anterior to the
gonopore (Fig. 2.2D) Hydrachnidae
Palp either not chelate, or if palp chelate, P-1V is longer than P-I1I and P-I is
shorter than P-II (Figs 2.3D-E); chelicera two-segmented; genital field not
as described above 4

glandulantf^

Fig 2.2 A-D, ventral views: A Ponlarachna eapensis. male. B, Hydravokia piacophora. C. Ponlarachna
capensis. female genital field D-E. HyJrachna nunfica. D, male; F. male paip. V. Exlais ptampons.
eye plate (A & C after Walter 1925. B after K Viels 1956. D & E after Buder &. Janscn van Rcrisburg
1968, F after Walter 1924).
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4. Mouth opening surrounded by a large circular membranous fringe (arrowed in
Fig. 2.3A); lateral eyes, if present, incorporated into a median anterior sclerite
(Fig. 2.2F); palp not chelate; genital acetabula (arrowed in Fig. 2.3C) widely
scattered and not lying on or surrounded by acetabular plates 5
Mouth opening either with onl\ a very small membranous fringe or none;
lateral eyes, if present, not incorporated into a median anterior sclerite; palps
may or may not be chelate: genital acetabula not widely scattered, usually
situated on or close lo the acetabular plates 6

5. Eye plate as wide as, or much wider than, long (Fig. 2.2F); third and fourth
coxae of each side narrowly fused proximally (arrowed Fig. 2.3B)

Eylaidae
Eye plate much longer than wide (Fig. 2.3F); third and fourth coxae of each
side broadly joined (Fig. 2.3C) Limnocharidae

6. Palp distinctly chelate, with distal portion of P-IV extending far beyond insert-
ion of P-V (Fig. 2-3E); lateral eyes of each side widely spaced with integ-
umental lenses but no capsules Hydrodromidae

- Palp not chelate, or if palp chelate, distal portion of P-IV extends only moder-
ately beyond insertion of P-V (Fig. 2.3D); lateral eyes variable 7

7. Palp of typically chelate form (Fig. 2.3D ) Hydryphantidue
Palp not chelate 8

1)

Fig. 2.3. A. Eylais degenerate, gnalhosoma. B, Eykus crenocula. arrangement of coxae. C. Limnochares
crimta. male venter. D. Hydryphantes mcertus. palp E. Hydrodrotna capensis, palp. F. l.imnochures
tenuiscutata, eye plate (A after Lundblad i9A9, B after Cook 1966; C after Lundblad 1946. D after
Bader& JansenvanRaisburg 1968: K, after Bader 1968: F after K Viets ll>l4).
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8. Genital acetabula located very close to each other in two parallel median rows
(Figs2.4B, 2.4.D. 2.4F&2.5A). or (rarely) shifted laterally; acetabula usu-
ally covered by movable genital plates (arrowed in Fig. 2.4B), but these may
be reduced 9
Genital field not as described above; if movable genital plates are present,
some or all acetabula lie on them 13

9. Dorsal and ventral shields present; dorsum typically covered by a large shield
and two or four anterior platelets (Figs 2.4A, 2.4C); ventral shield divided
by a median suture line (Fig. 2.4B) Torrenticulidac
Not with the above combination of characters 10

10. All legs inserted far forward on body, actual insertion of fourth legs not visi-
ble in ventral or lateral views (Fig. 2.5B); ventral sides of P-ll and P-IH with-
out projections or setae (Fig. 2.5C) Oxidae
Not with the above combination of characters 11

platelets

dorsal
shield

D

Fig. 2.4. A-B, Torre/uicob (Torrenticola) sp.: A, male dorsum. B, female venter. C. Psendotorrenticola sp.,
female dorsum. D. Sperchon sp., female venter E-F, Sperchon {Hispidosperchon) biscatus E, female
dorsum: V. female venter
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11. Dorsal and ventral shields absent, the anterior suture tines extending anteri-
orly from genital field to tips of first coxae (Fig. 2.5D); suture line between
second and third coxae present anteriorly and posteriorly but obliterated in
middle (Fig. 2.5D); palp of a characteristic shape with a longdistoventral seta
on P II (arrowed in Fig. 2.5F_) and live to seven long setae on medial surface
ofP-IIl Lcbertiidae
Not with the abo\e combination of characters 12

12. Fourth legs with well-developed claws; lateral eyes in capsules (Fig. 2.4E); a
solid ventral shield never present (Figs 2.4D, 2.4F); three pairs of acetabula
(Fig. 2.5A) Sperchonidae
Fourth legs without claws (Fig. 2.5F); lateral eyes typically not in capsules;
well-developed ventral shields usually present; acetabula usually three pairs
(but 15-17 pairs arranged in three rows in Sigthoria niloticu)

Anisitsiellidae
13. Dorsum and venter with numerous reticulate platelets surrounding the gland-

ularia (Fig. 2.5G); ventral side of P 11 with two or three heavy setae
Teratolhyasidae

- Not with above combination of characters 14

Fig. 2.5 A, Sperchun sp., gcnilal field B-C Oxus stuhlmum B. lateral view ol the idiusuma: C. male
palp D-E, Lebertia capensts I>. arrangement of coxae and genital field. Y. palp F. Platyimmerstjpsis
cook), lip of fourth leg (',, Teratothyasides sp., ddrsum (H & (.' after Knenike 1895. C after Cook
1966; D & L after K. Victs 1956, K. after K O. Viets 1970]
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14. P-1I with a single hair-like or peg-like seta on ventral side (arrowed in Fig. 2.6B):
palps not uncate; claws usual!) absent from fourth leg (Fig. 2.6C); dor-
sal and ventral shields rarely present; genital field as in Fig. 2.6A

Limncsiidae
P II without a single hair-like or peg-like seta on the ventral side (setae should
not be confused with ventral projections) but rarely more than one seta may
be present; palp may or may not be uncate; development of dorsal and ven-
tral shields variable 15

15. 1 -Leg-6 much shorter than 1 Leg-5; claws of first leg enlarged and able to
folddorso-proximally against a dorsal projection of 1-Leg-6 to form a grasp-
ing organ {Fig. 2.6G) Momoniidae
1 -Leg-5 and 1 -Leg- 6 various, but not as described above 16

16. Cheliceral chela serrate-denticulate on inner margin (arrowed in Fig. 2.6D);
in addition to the genital acetabula, numerous acetabula lie free, even far
antero-laterally, on the ventral surface (Fig. 2.6E), (these are extremely diffi-
cult to see because the> are not on acetabular plates and superficial!) they
resemble body pores} Harpagopalpidae

I'iy. 2.b. \ - C . i.unnt'iiii sp A. venter. B palp. C. tip oi' totinh k'g. D-K, Harpttgopalpus oaopoms
U. lip ot'cheliccra. K. coxae und genital Held. K. palp. G. Mowonteila afnttina. lip of first leg of male.
(I>-E after K Victs I*J25. I: & Ci alter Cook \9bb. F after K. Victs 1925
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- Cheliceral chela not as illustrated in Fig. 2.6D; genital acetabula usually con-
fined either to gonopore or to acetabular plates flanking the gonopore: in a
few cases acetabula are present, both in the gonopore and on the ventral
surface, but are on recognizable acetabular plates and do not extend far antero-
laterally 17

17. All genital acetabula confined to the genital field; well-developed condvles
present at points of insertion of fourth legs (Fig. 2.7A); a pair of glandularia
appear to be incorporated into the medial margins of the fourth coxae, usually
close to suture line between third and fourth coxae, but sometimes more
posterior than this (arrowed in Fig. 2.7A) Krendowskiidae
Not with the above combination of characters 18

18. Seven or fewer pairs of genital acetabula present, confined to a single row on
each side of the gonopore; the rows may meet each other or may almost
meet each other medially (Fig. 2.7E), or may be widely separated

Mideopsidae
- Not with the above combination of characters 19

candy e

c
Fig. 2.7. A. Allokrendowsha dentipes continental!*, male venter. B-C. Karlvietsia angusttpulpis:
B, female dorsum; C, female venter. D, A/ncacarus strenzkei. male gnathosoma, in ventro-lateral
view E. khdeopsis sp . female venter. F, Hygrobates sp., male venter.
(A, B.C. D after K.OViets 1962)
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19. Palp uncate (Figs 2.9D & E); no acetabula present in the male gonopore;
genital acetabula usually extending well lateral!) on distinct acetabular ridges
(Figs 2.9F-H) in both sexes (exception: females of Africasia)

Arrenuridae
Palp not uncate (e.g. Fig 2.8A) 20

20. Body laterally compressed and noticeably higher than wide (Fig. 2.7B-C); dor-
sum with a narrow median strip of soft integument that may contain small
sclerites (Fig. 2.7B) Aturidae {Karivietsia)

- Bod> not laterally compressed; if body is heavily scleroii/ed, there is not a
narrow median unsclerotized strip as illustrated in Fig2.7B 21

21. Fourth coxae bearing a pair of glandulana 22
Fourth coxae lacking glandularia 23

*>*> Soft bodied (i.e. dorsal and ventrul shields usually absent: Fig. 2.7F); where
dorsal and ventral shields are present then (a) a turned-down seta is present
at distal end of l-Leg-5 or (b) P V is long, curved and pointed (Fig. 2.8A:
Hygrobatopsis, male only) or(c) the gnathosoma is long and curved (Fig. 2.7D:
Africacarus, mate only) Hvgrobalidae
Dorsal and ventral shields present (Figs 2.8B-C) Aturidae (in part)

Hg. 2.S A. tlygrohtitopsis levi/wlpis. palp B-C Ixonopsis sp B. female venter. (_'. female dorsum.
D-H. Fiona tiamasi I), male venter. ¥., female venter. V. I'olhcipnipus scuuuns, venter. G. Fiona
damusi, male, tip of fourth leg II. Polltcipalpus projectus, male palp. (A after Lundblad 1927; D. \i &
G after [.undhlad 1944, ! : after K. Victs !l>25. H alter Walter 1935).
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23. Soft bodied or with scattered sclerites, but without distinct dorsal and ventral
shields 24

- Dorsal and ventral shields present 26

24. Genital acetabula numerous (more than 10 pairs: Figs 2.8D-E) and either
lV-Leg-4 excavated on one side and containing numerous peg-like setae
(Fig. 2.8G) or median surface of P-IV with a peg-like seta distally and no
well-developed projections at insertion of lV-leg Pionidae (in part)
Not with the above combination of characters 25

25. Insertion of fourth leg either with large laterally- or posteriorally-directed
projection or, if projection extends decidedly postero-laterally (arrowed in
Fig. 2.8F), then P-IV with distal projections (arrowed in Fig. 2.8H) [mites
belonging to this category are known only from West Africa]

Unionicolidae(inpart)
- Insertion of fourth leg either with small or no associated projection or, if

large projections are present, they are directed posteriorly or strongly postero-
laterally and thz palp is not as illustrated in Fig. 2.8H Aturidae (in part)

A ̂ SJLsr

Fig. 2.9. A, Neumttnia mc^alopus, female venter B, Scumama sp . ambulacrum C, Pionv sp . lip nf third leg of
male. D, Arrenurw ftirctpetialaius, female palp. E-G, Arrenurus bnwmakert. ET male palp; F, male venter; G. female
venter 11, Afncusia rtiduiiu, male venter (A after K O. Viets 1971; D after Oatkr & Jansen vail Reasburg 1968; li-G
after Jansen van Rensburg 1974; H after Cook 1966.)
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26. Ambulacral claws simple (Fig. 2.9B) or with clawlets (Fig- 2.9C); posterior
margins of fourth coxae more or less truncate or rounded (Fig. 2.9A); che-
licerae separate or fused with each other medially; peg-like seta of P-IV, if
present, variable in position, but often ventral or disto-ventral

Unionicolidae (in part)
Ambulacral claws with clawlets (Fig. 2.9C); posterior margins of fourth
coxae more or less angled (Figs 2.8D-E); peg-like seta of P IV, if present,
disto-ventral or distal in position Pionidae (in part) (most species)

NOTES ON SELECTED FAMILIES

Cook (1974) recommended that the 44 water mite families existing at
the time be divided into seven superfamilies. All are represented in south-
ern Africa. The following section lists the families represented locally,
together with an indication of the number of genera and species in each.
The previous familial arrangement by Karl Viets, the doyen of water mite
taxonomy, is also indicated.

Superfamily HYDROVOLZIOIDIiA
Fig. 2.2B

Hydrovolziae sensu Viets

One family, the Hydrovol/iidae. known from the Ethiopean region but
apparently not from southern Africa.

Diagnostic characters
The integument is usually thick and lineated, often with close-fitting plates.
Glandularia are typically absent, but when present the glandularial seta and
the gland are situated on separate platelets. Lateral eyes are usually present
except in subterranean forms. The gnathosoma terminates in a well devel-
oped hypostome (i.e. the mouth projects somewhat) and the palps are never
uncate or chelate. The gonopore is covered by movable genital plates.
Genital acetabula and acetabular plates are absent. The larvae are aerial
(i.e. not aquatic).

Superfamily HYDRACHN01DEA
Figs:.2D-E

Hydrachnae sensu Viets

One family, the Hydrachnidae; one genus with five species known from
southern Africa.
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Diagnostic characters
The integument is pliable and papillate. The lateral eyes are situated on

separate platelets. The gnathosoma terminates in a long curved hypostome.
The chelicerae are slylet-shapcd and single-segmented. The palps are che-
late; P-l is the largest segment and P-III is elongate. The genital plates are
immovable and the number of acetabula is variable. A protrusible oviposi-
tor is present in females. The larvae are aquatic.

Superfamily EYLAOIDEA
Figs2.2F,2.3A, B, D,G

Limnocharae sensu Viets

Of the three families, two are known from southern Africa: the Limno-
charidae (one genus, one species) and the Eylaidae (one genus, seven species).

Diagnostic characters
The integument is most frequently soft and papillate or lined. The lat-

eral eyes are situated on a common eye plate. The mouth opening is exter-
nal and surrounded by a membranous fringe. The palps are neither uncate
nor chelate. Genital plates are absent: the acetabula are usually scattered
and may be stalked. The larvae are aerial.

Superfamily HYDRYPHANTOIDEA
'Figs2.3E-G

Hydryphantidae sensu Viets

Of the six families, three are known from southern Africa: the
Hydryphantidae (four genera, live species), the Hydrodromidae (two gen-
era, three species) and the Teratothyasidae (one genus, two species).

Diagnostic characters
The integument is usually papillate, often with embedded platelets. Lat-

eral eves may be present. The palps may or may not be chelate. The genital
acetabula. situated on the movable genital plates may vary from three pairs
to many. The larvae are aquatic.

Superfamily LEBERTOIDEA
Figs 2.4, 2.5

Lebertiae sensu Viets

Of the seven families, five are known from southern Africa: the Sper-
chonidae (one genus, eight species), the Anisitsiellidae (two genera, two
species), the Lebertiidae (one genus, two species), the Oxidae (two genera,
three bpecies) and the Torrenticolidae (one genus, 14 species).
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Diagnostic characters
The integument may he soft or may be covered by heavily sclerotized

shields. Lateral eyes may be present. The genital plates are movable and
the aeetabula usually lie in two parallel rows in the gonopore. The palps
are never chelate or uncate. The larvae are aquatic.

Superfamily HYGROBATOIDEA
Figs 2.2A, 2.2C, 2.6A-C, 2.7H. 2.8, 2.9A-C

Pionae and Axonopsae sensit Viets

Of the nine families, six are known from southern Africa: the Ponta-
rachnidae (one genus, two species), the Limnesiidae (one genus, nine spe-
cies), the Hygrobatidae (eight genera, 32 species), the Unionicolidae (eight
genera, 21 species), the Pionidae (one genus, four species) and the Aturi-
dae (six genera, 11 species).

Diagnostic characters
The integument ma\ be soft, or it may be covered with small platelets

or heavily scleroti/ed shields. Lateral eyes may or may not be present. The
palps are never chelate or uncate. Genital plates are absent and aeetabula
are situated on acetabular plates. (Aeetabula are absent in the marine Pon-
tarachnidae). The larvae are aquatic.

Superfamily ARRENUROIDEA
Figs 2.6D-G, 2.7A, 2.7E, 2.9D-M

Mideopsae. Krendowskiae and Arrenurae sensu Viels

Of the seventeen families, five are known from the F.thiopean region:
the Momoniidae*. the Mideopsidae (two genera and three species), the
Krendowskiidae (one genus, one species) the Harpagopalpidac* and the
Arrenuridae (four genera. 17 species).

Diagnostic characters
The integument is usually porous and heaviK scleroti/ed. Lateral eyes

may be present. Movable genital plates are absent and the aeetabula are
situated on acetabular plates or in the gonopore. The palps are usually un-
cate or tending towards the uncate condition. The larvae are aquatic.

* Not found in southern Africa



Chapter 2: Water Mites 39

ACKNOWLEDGEMENTS

From the original paper

'This work was financially supported by the CSIR'.

From the reprinted paper

We gratefully acknowledge the following people and organizations who
assisted us in the production of this chapter: NISC (http://www.nisc.co.za),
the publishers of the African Journal of Aquatic Science (formerly the
Journal of the Limnological Society of Southern Africa) for copyright per-
mission: Arthur Harrison for his advice on the systematics of this group;
Nancy Bonsor for retracing the drawings from the printed copy; Robyn de
Moor for retyping the manuscript, and Warren de Moor tor assisting with lay-
out.

USEFUL REFERENCES

REFERENCES FROM THE ORIGINAL PAPER*

BADER. C 1968. Wassermilben aus Zentralafrika. Annls Mus. r. Afr. cent, Se'r 8vo
163: 1-50.

BADF.R. C, JANSF.N VAN RENSBHRG, C.A. 1968. Wassermilben (Acari.
Trombidiformes) aus Zululand (Sudafrika). I'erh. Naiurf. Ges. Basel 79(2):
186-196.

BAKER. H.W. & WHARTON. G.W. 1952. An Introduction to Acarology. Mac-
millan Co. Nev\ York: 46? p.

BARR, D. 1972. The ejaculatory complex in water mites (Acari: Parasitengona):
morphology and potential value for systematics. Life Set., Contro., R Ont.
Mus. SI: T - 8 7 .

COOK. D.R. 1963. Phreaticolous water mites of North America: the genus Feltria
{Acarina: Feltriidae). Annuls of the Entomological Society of America. 56(4):
488-500.

COOK, D.R. 1966. The Water Mites of Liberia. Memoirs of the American Ento-
mological Institute 6: 1 —41S.

COOK. D.R. 1974. Water mite genera and subgenera. Memoirs of the American
Entomological Institute 21: 1-860.

EVANS, G.O., SHEALS. J.G. & MACFARLANF, D. 1961. Terrestrial Acari of
the British Isles. Vol. I. Adland & Son Bartholomew Press: 219 pp.

JANSEN VAN RENSBERG. C.A. 1974a. A checklist of the Ethiopian water
mites with notes on their distribution. Wetenskaplike Bydraes van die
Potchefstroom Universiteit vir Christelike Hoer Ondenvys. Reeks B. Natuur-
wetenskappe nr. 68: I-50.

* Note thai, due in difficulties experienced in obtaining full references for some publications quoted in
Janscn van Rcnsburg (1976). in some instances use has been made of the abbreviated format as in the
original publication. This does not conform to the torniat of the resi ol'this volume



40 Freshwater Invertebrate Guide 6: Arachnida & Mollusca

JANSEN VAN RENSBERG. C.A., 1974b. Arrenurus (Tnmcaiurus) bowmakeri
(Arrenuridae Hydrachnellae). A new species from southern Africa. Wetemkaplike
Bydraes van die P. U. vtr C.H.O. Reeks B: Natuurwetenskappe nr. 64: 1 -9.

KOENIKE. F. 1895. Die Hydrachniden Ost-Afrikas. In: Stuhlmann. Deutsch-Ost-
Afrika. Bd. IV. Die Thierwelt Ost-Afrikas. Wirbellose Thiere 6: 10-18.

MITCHELL, R.D. 1962. The structure and evolution of water mite mouth-parts.
Journal of Morpho\o%y 110(1): 41 - 5 9 .

LUNDBLAD. O. 1927. Zur kcnntnis der Hydracarinen-fauna des Mount Elgonge-
bietes im britschen Ostafrika. Archiv fur Hydrobiologie 18: 361-441,

LUNDBLAD. O. 1946. Madagassische SUsswassermilben. Ark. Zool. 38A(14): MO.
LUNDBLAD, O. 1949. Hydrachnellae. Inst. Pares Nation. Congo Belg. 2. Miss.

H. Damas 1935-1936. 2: 1-87.
T1IOR. S. 1902. South African Hydrachnids (First Paper). Ann. South African

A/w.v. 2(11): 447-165.
V1ETS, K. 1914. Hydracarinen aus dem Kapiande. Gesammelt von der Deutschen

Siidpolar-Expedition. Zool Jb., Syst. 37(4): 329-350.
V1ETS. K. 1925. Nachtrage zur Hydracarinen-Fauna von Kamerun, Sammlungen

aus Kamerun. Span. Guinea und Fernando Poo. Arch. Hydrobiol. 16: 197-242.
VIETS, K. 1936. Wassermilben oder Hydracarina {Hydrachnellae und Halacari-

dae). In: Die Tierwe/t Deulschlands und der angrenzenden Meeresteile nach-
ihren Merkmalen und nach ihrer Lebenweise. Begriindet van Prof. Dr. Fie-
drich Dahl. Weitergeftihrt von Maria Dahl und Prof. Dr Hans Bischoff. Verlag
von Gustav Fischer. Jena: 574 p.

VIETS, K. 1955/56. Die miiben des Susswassers und des Meeres. Hydrachnellae
et Halacaridae (Acari) Veh. Gustav Fischer Verl. Jena.

VIETS, K. 1956. Wassermilben aus Siidafrika. Systcmatische, faunistische und
okologische Untersuchungen. Zool. Jb. Syst. 84(1): 1-31.

VIETS, K.O. 1962. Neue gatmngen und arten von wassermilben aus Siidafrika.
Zool. Ariz. 168(7-10): 356-388.

VIETS, K.O. 1970. Wassermilben aus Siidafrika (Hydrachnellae, Acari). Acarolo- _
gia 12(4): 752 779. * •

VIETS, K.O. 1971. Revision aller diagnosen von wassermilben aus Kamerun.
Zool- Anz., Leipzig. 187(5-6): 406^122. <•

WALTER, C. 1924. Quelqucs especes nouvelles d'Hydracariens du Maroc et du
Soudan. Bull Soc. Set. mil Maroc. 4(3-4): 61-71.' <•

WALTER, C. 1925. Marine Hygrobatidae. Revision der vvassermilben-genera
Pontarachna Philippi und Sautarachna Moniez. Intern. Revue gesamt. Hydro- (w
hiol. 14(1-2): 1-54.

WALTER. C. 1935. Hydracarina. Voyage de Ch. Alluaud et P.A. Chappius en Afri- < |
que Occidental Francaise (Des. 1930 - Mars. 1931). Arch. Hydrobiol. 28(1):
69-136. | f

ADDITIONAL REFERENCES <)

BALOGH, J 1972. The Oribaiid Genera of the World Akademiai Kiado, Buda-

pest: 188 pp. (w

ft

(I



Chapter 2: Water Mites 41

BOTTGF.R, K. 1977. The general life cycle of fresh water mites. Acarologia 18:
496-502.

GLEDHILL, T. 1985. Water mites - predators and parasites. Reports of the Fresh-
water Biological Association 1985: 45 -59.

HARRISON, AD. (Undated). The Water Mites (Acari: Hydrachnellae) of South
Africa. In: The Aquatic Arthropods (Insects, Crustaceans and Mites) of South-
fern) Africa. Coordinated by Martin Villet. (http://www.ru.acza'aquatalogue).

JRANTZ. G.W. & BAKER, G.T. 1982. Observations on the plastron mechanism
of Hydrozetes sp. (Acari: Oribatida: Hydrozetidae). Acarologia 23: 273-278.

MITCHELL. R.D. & COOK. D.R. 1952. The preservation and mounting of water-
miles. Turtox /Vfvr.v30: 169-172.

PENNAK, R.I989 (3ld ed.). Freshwater Invertebrates of the United States. John
Wiley & Sons. New York: 628 pp.

PETROVA, A. 1974. Stir la migration des Halacariens dnas les eaux douxes et la
position systematique des Halacariens et Limnohalacariens. Vie et Milieu 24:
87-96.

SMITH. I.M. & OLIVER, DR.. 1976. The parasitic associations of larval water
mites with imaginal aquatic insects, especially Chironomidae. Canadian Entomo-
logist: 1427-1442.

SOAR, CD. & WILLIAMSON, W. 1925-1929. British Hydracarina (3 vols).
Ray Society, London.

VIETS. K. 1955. Die Milben des Susswassers und des Meeres. Teil /, Bibliog-
raphic Gustav Fischer. Jena: 476 pp.

VIETS, K. 1956. Die Milben des Susswassers und des Meeres. Hydruchnellae et
Halocaridae (Acari). Teil II und III. Katalog und Nomenklatur. Gustav
Fischer. Jena: 870 pp.

VIETS. K. 1982. Die Milben des Susswassers. Hydrachnellae et Halocaridae
(Part), Teil I: Bibliographic. Paul Parey, Hamburg: 116 pp.

VIETS, K. 1987. Die Milben des Susswassers. Hydrachnellae et Halocaridae
(Part), Teil II: Katalog. Paul Parey, Hamburg: 1012 pp.



42

CHAPTER 3

MOLLUSCA

by

C.C. Appleton

The Mollusca form the second largest invertebrate phylum with about
110 000 living species known to science; only the phylum Arthropoda has
more species. Their rich fossil record shows the molluscs to be an ancient
group of animals that was abundant in pre-Cambrian seas, more than 600
million years ago. Molluscs still occur most commonly and in greatest
diversity in the sea but two of the seven classes that make up the phylum
also occur in fresh and brackish water. These are the class Gastropoda
(gastropods are more commonly referred to simply as snails but include the
limpets and slugs) and the class Bivalvia which includes all the mus-
sels, clams and oysters. The word 'mollusc' as used in this guide therefore
refers collectively to gastropods and bivalves and the word 'snail' is used
instead of'gastropod1.

Compared to their marine relatives, freshwater molluscs are a conserva-
tive group. Their shells are relativeK thin, generally some shade of brown,
and have only a limited repertoire of sculptural decoration, which is best
seen on juveniles. There are about 350 species of snail and 1 10 species
of bivalve in African fresh waters but precise numbers are the subject of
debate (Mandahl-Barth 1988; Brown 1994). Approximately 111 species of
snail have been reported from southern Africa and Lake Malawi. This
includes 101 indigenous species and ten alien species that have been intro-
duced. Of the indigenous species, 17 (15 prosobranchs and two pul-
monates) are endemic to Lake Malawi and nine others, seven species
of the prosobranch genus Tomichia and the pulmonates Seg/nenlorhis
planodiscus and Gvraulus connoUyi, are considered to be endemic to
southern Africa. Three of the introduced species have become invasive
while established populations of five others occur in natural or semi-
natural waters (see Table 3.1). The remaining two species are known only
from aquaria. A total of 26 species of bivalve is known. One, Uniu coffer.



Chapter 3: Mollusca 43

is endemic to the subcontinent and three others, Coelatuni frames!, Mulch
zambesiensh and Pisidium harrisoni. may be endemic. There are no inva-
sive bivalves in southern African inland waters and only one in Africa: despite
its name, A-fytihpsis africami (Dreissenidae) is native to the brack water habi-
tats of the Caribbean islands but became established in West Africa some
time before 1835.

Excluding Lake Malawi, about 12.3% of species of freshwater mollusc
known from southern Africa are endemic, a very' low figure when com-
pared to the remarkable estimate of about 90% for the region's terrestrial
molluscs (Herbert 1998). A checklist of species reported from southern
Africa is to be found on pages 118-121.

Lake Malawi is one of the major centres of endemism for freshwater
molluscs in Africa. Although its fauna is not illustrated here, it has been
discussed in detail elsewhere. Crowley et al. (1964) described the hydrology
and ecology of the lake and reviewed the mollusc fauna, which was identi-
fied largely on shell characters. Mandahl-Rarth (1972) presented a more
critical review of the fauna, taking into account anatomical details, and
Brown (1980, 1994) gave updated synopses of knowledge of the snail
fauna. A feature of this Lake Malawian fauna is that most of the
endemic species have unusually thick shells. This may be a response to
wave-induced turbulence and perhaps to predation by fish as well.

Seven species of indigenous snails are of economic importance in
southern Africa because they serve as the intermediate hosts for the para-
sites causing bilharzia (schistosomiasis) in man and cattle, liver-fluke
disease (faseioiiasis) in cattle, sheep and horses, and conical-fluke disease
(paramphistomiasis) in cattle and horses. Individuals of some of the larger
species, notably in the family Ampullariidae. are collected by people for
food. None of the bivalves are economically important, although the larger
ones do make good eating.

The class Gastropoda is divided into three subclasses, two of which, the
Prosobranchia and the Pulmonata. occur in fresh water. The Prosobranchia
includes both large snails such as l.cmistes and Vila, as well as small ones
such as Cleopatra and Tomichia. The Pulmonata contains only species
with small individuals such as Lymnaea and Bul'mus. The Bivalvia also
comprises three subclasses but only one. the Autobranchia, has represen-
tatives in fresh water. These include the large mussels such as Unio,
Spathopsis and the river oyster Etheria. as well as the tiny fingernail or
pea clam. Pisidium.

This guide provides a key to families of snails and bivalves living in the
fresh and brackish waters of southern Africa, i.e. waters with a salinity up
to about 10% that of sea water (Total Dissolved Solids of about 3—4 g/1)1.
Several other species are characteristic of the upper reaches of estuaries

'In tine with the use of the international Practical Salinity Scale recommended by UNhSCO in 1981.
all salinity measurements in the resl of this chapter are given on a dimension less scale, i.e. without
units, in which the salinity of seawaier is approximately 35.
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and lagoons, as well as mangrove swamps where there is a tidal influ- £
ence and where salinities may rise to 15-20 or even higher for short peri-
ods. These have been included. £

This key is followed by illustrations and notes on the species. One fam-
ily, the Ancylidae. and several genera of others, notably Tomichia £
(Pomatiopsidae). Bulimts (Planorbidae) and Pisidium (Sphaeriidae). are
not dealt with fully because they either need taxonomic revision or they £
contain species that are difficult to separate without specialist knowledge.
Readers wanting more detailed information on freshwater molluscs £
in both a regional and an Africa-wide context should consult Brown
(1980. 1994) and Mandahl-Barth (1988) for snails and bivalves respec- #
lively.

GENERAL BIOLOGY Q

Molluscs are soft-bodied, unsegmented animals that normally live
inside a shell. Freshwater snails (Figure 3.1A-C) have a large, ventral ™
muscular foot and a well developed head bearing a single pair of tentacles. _
Eves are present at the bases of the tentacles in both the Prosobranchia and ' "
the freshwater Pulmonata (Basommatophora) but they are simple in struc- ^
ture and can probably do little more than distinguish light from dark. ^
Terrestrial pulmonates (Stylommatophora), represented in this guide by ^
the family Succineidae, have two pairs of tentacles with their eyes at the
tips of the posterior pair. There is no recognizable head in the bivalves and ^
the fool is relative!) small since they are sedentary animals, being immo-
bile for most of their lives, either buried in sand or mud with only their ( *
posterior ends protruding or attached to submerged substrata such as rocks.

All freshwater species of both classes have an external shell: a single, | p
usually coiled, unit in gastropods, or two valves joined b> a ligament and
hinge in bivalves. Snail shells may be either dextral, if the shell's aperture (p
is on the observer's right when the spire points upwards, or sini.stral. when
the aperture is on the observer's left. The direction of coiling is almost al- <)
ways constant for each family; an exception is the Ampullariidae, which
contains both dextral and sinistral species. In the family Anevlidae. shells 4 )
have lost their coiled form and have become cap-shaped. The two valves
comprising the shell of hivahes are generally mirror images of each iw
oilier and are called cquivah es. The freshwater oyster (Eiheria elliptica/ is an
iiu'quiviilve, however, since its lower valve is cemented to the substra- ' "
tuni and has a different shape from the upper one.

The molluscan shell is made up of several layers: an outer perio- ' "
stracum composed of a protein matrix called conchiolin and several ^
mineralised layers, mostly of calcium carbonate, on the inside. The struc- ™
ture and strength of the shell varies according to the chemistry, especially ^»
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shell
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cephalic tentacle
- / (= labial palp)
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onoduct
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Fig. 3.1. Morphological and anatomical features of prosobranch and pulmonale snails A. a proso-
branch snail (Pomacea sp.l. note the two pairs of tentacles with the eves at the base of the upper pair,
the branchial siphon on the animal's left hand side, and the opercuium attached dorsally to the poste-
rior end of the fool B. a pulmonate snail (Bulinus afneanus) showing internal anatomy and general-
ized shell shape: note the single pair of tentacles and the absence of an opercuium C. morphological
features of a gastropod shell (Lanisles ovum): H = shell height (sometimes referred to as 'shell length'
in gastropods). S = spire height, W = maximum shell width.
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the pH and hardness, of the water in which the mollusc lives. As noted
above for the molluscs of Lake Malawi, other factors may also influence
shell thickness.

The shell's main function is to protect the animal's delicate visceral
hump, which contains the visceral organs such as the heart, kidney, diges-
tive gland and gonad (see Fig. 3. IB), and provides a space into which
the foot can retract when necessary. In the Prosobranchia, the shell's ap-
erture can be closed by an operculum (Fig. 3.2A-B) which is attached to
the posterior end of the loot. Like the shell, the operculum may be made
of calcium carbonate, but more often it is made of conchiolin. in which
case it is described as being corneous or horny.

The shell is formed by the membranous mantle, which also covers the
visceral hump. Anteriorly within the hump the mantle encloses a space,
the mantle cavity, which in the Prosobranchia contains a single gill. Many
prosobranchs. for example the Ampullariidae. can also breathe air but gills
remain their main organs of respiration. In the subclass Pulmonata (air-
breathing snails) the gill has been lost and respiration takes place via the
roof of the mantle cavity, which has become richly supplied with blood
vessels and is. in effect, a lung. Pulmonates can also breathe through their
skins by removing oxygen dissolved in the water. This may be the
main respiratory mechanism for some species.

As a snail shell grows, it coils around a central axis called the
columella the \oungest part of which is visible ventrally and is known as
the umbilicus. The umbilicus is said to be open in species which have a
hollow columella, and closed in those in which it is solid. Each successive
coil around the columella is called a \shorl and all the whorls except the

Fig. 3.2. Outside views of two of the many types of corneous operculum thai close the shell apertures
of prosobranch snails' A. concentric, sinistrat type (e.g. Latusies ovum), B. mullispiral. dcxtral type
(eg Terebrahapalusms)
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last form the spire. The last whorl is the largest and is the basal or body
whorl. The tip of the spire is the apex. Periods of growth are marked by
fine radial lines or striae on the shell. Longer periods of shell growth in,
for example, prosobranchs, may be marked by thicker radial lines
called varices. A bivalve shell grows in a similar way. each period of
growth being marked by striae radiating from the unibone. Certain stan-
dard conventions that describe aspects of animals, such as 'lateral', 'dorsal'
and 'ventral', are inappropriate for gastropod molluscs, and use is made of
terms such as 'apical view', 'underside view' and 'apertural view' (see
glossary).

shell

digestive
gland

fool
cavity

umbone - h m g e p ! a t e

cardinal toolh

anterior
adductor scar

pallial line

ligament

Fig. i.i Morphological and anatomical features of a bivalve mollusc (Unto coffer) \, internal anatomv,
B. shell 1. = shell (valve) length, H = maximum shell (valve) height. Maximum wiiiih (noi shown) can
be measured when both valves are held together m the closed position
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In the bivalves (Figs 3.3A-B) the body is elongate and laterally compressed A
and its visceral organs are contained within a mantle, which has two
enlarged lobes enclosing a spacious mantle cavity running the length of A
the shell. This cavity contains elongate, paired gills and the animals
breathe through these as well as through the extensive mantle lobes that £
line each shell valve. 'I hose lobes secrete the matching shell \al\es. which
are hinged dorsally by a ligament. The valves, which close when the pow- f
erful adductor muscles contract, are usually equipped with hinge teeth
to lock them in the c.osed position. Like the mantle lobes, the gills are Q
also enlarged and serve not only for respiration but also for filtering food
from water drawn into the mantle cavit\ from the surrounding water. In £
the larger mussels, brood sacs or marsupia develop on the gills and
serve to incubate the embryos before they are expelled into the water. W

In terms of gross anatomy, two organ systems occupy most of the
internal body space in molluscs, the reproductive and the digestive sys- •
terns. The detailed structure of the radula in the mouth cavity and certain
features o( the reproductive system, especially the male section in •
hermaphrodites (see under 'Reproduction') are useful for identifying m

freshwater snails. In freshwater bivalves, the number and arrangement of ™
the hinge teeth are important, as is the structure of the gills, especially the »
way their filaments are interconnected.

Freshwater molluscs differ widely in life-span. Amongst the snails, pro- ^
sobranchs may live for one or two years whereas pulmonates may i\o so
for only six months to a year. The bivalve Corbicula is thought to have a ( £
life-span of six to eight years and the unionacean mussels, which are much
larger, may reach ages of up to 12 \ears (Kenmuir 1980). A

Reproduction ™

Gastropoda 9
Prusobranch snails arc generally either male or female, although individuals ^

of some species change sex as they grow. They vary in their reproductive
style and may be oviparous (e.g. families Ampullariidae and Pomatiopsidae), A
viviparous (e.g. Viviparidae) or ovoviparous (e.g. Thiaridae). Mem-
bers of some genera in the Thiaridae are parthenogenetic. functional adults *m
developing from unfertilized eggs.

Oviparous species lay their eggs in clusters o\\ for example, hemi- ()
spherical capsules on the under surfaces of leaves (e.g. Bithyuidae), or
spherical, hard-shelled (calcareous) eggs above the water lc\cl (see ( )
A m p u l l a r i i d a e ) . V i v i p a r o u s a n d o v o v i p a r o u s s p e c i e s g i \ e b i r t h t o l i \ e
young, which resemble their parents. These young develop in a pan of the ()
uterus, which is expanded to form a brood pouch.

o
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Pulmonates are oviparous hermaphrodites, with male and female sex
organs occurring in the same individual and usually in the same organ.
Snails of the family Planorbidae. which include the intermediate hosts of
several important trematode flukes, provide good examples of hermaphro-
dite reproductive anatomy. As in all hermaphrodites, the system consists of
three main parts, a hermaphroditic or common section, a female section
and a male section. A detailed description of this type of reproductive sys-
tem in Biomphalaria and Bulimts is given by Mandahl-Barth (1958). It is
important to note that certain of its structures favour cross-fertilization by
preventing self fertilization while, at the same time, storing a supply of do-
nor (exogenous) sperm from several donors for several weeks at a time.

The eggs of pulmonate snails are laid in gelatinous capsules, which
adhere to submerged surfaces such as stones and leaves. Individual eggs
are surrounded either by a single (internal) membrane or by this internal
membrane and a second (external) membrane as well. The capsule itself is
covered by one or two gelatinous envelopes. Note that the details of the
protective membranes around eggs and the gelatinous envelopes around
whole capsules can only be seen through a microscope.

Planorbid snails lay clutches of up to 20 eggs in a spiral inside a flat,
yellowish capsule (Fig. 3.4A-B). Limpets of the family Ancylidae also lay
clutches of up to 15 eggs in a spiral within a capsule, but this has a second
protective layer around it (Fig. 3.4C). Lymnaeid snails lay large, colour-
less, sausage-shaped egg masses up to about 20 mm long with up to 30
eggs (Fig. 3.40) while those of the Physidae are larger still, although not
as long, and contain up to 40 eggs. Depending on the water tempera-
ture, pulmonate eggs take between one and four weeks to hatch. Bondesen
(1950) provided a detailed account of the egg masses of the families of
strictly freshwater pulmonates (Lymnaeidae, Ancylidae, Planorbidae
and Physidae) and a modified version of his key for the four families
found in South Africa is given below.
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KEY TO THE EGG CAPSULES OF THE FOUR COMMON FRESH WATER
PULMONATE FAMILIES FOUND IN SOUTHERN AFRICA.

1. Capsule soft and jelly-like, markedly convex, clear and transparent, elongate-
oval to cylindrical, straight or morc-or-lcss curved; tail free; individual
eggs with internal ard external membranes 2
Capsule firm, only slightly convex, often yellowish in colour, spiral in form;
tail usually attached to the substratum, rarely free; individual eggs with
no external membrane 3

2. Tail open-ended, usually well developed; capsule turns to the left (i.e. anti-
clockwise); external membrane around egg thin-walled, made of tine, hardly
visible lamellae Lymnaeidae

- Tail closed, usually poorly developed: capsule turns to the right (i.e. clockwise);
external membrane around egg well developed with both coarse and fine
lamellae Physidae

4. Capsule small, up to about 2 mm in diameter, with a second envelope
Ancylidae

- Capsule larger, up to 4-6 mm in diameter, without a second envelope
Planorbidae

Hermaphroditism is advantageous in habitats which are inherently
unstable and may dry out or be subject to floods. Under conditions such as
these, encounters between males and females cannot be relied on and
repopulation or recolonization may depend on reproduction by a few
survivors or colonists. In such situations being a hermaphrodite allows
copulation between any two individuals of the same species at every meet-
ing. In this way cross-fertilization is encouraged and genetic diversity pre-
served. Aphally, or the lack of a functional eopulatory organ, is known to
occur in some populations of Ferrissia and Bulimts. In these cases, self-
fertilization must occur.

In all these species, fertilization of eggs is internal and takes place after
copulation. In contrast to the situation in many marine snails, there are no
free-living larval stages (except in the Hllobiidae, members of which are
estuarine) and embryos generally undergo direct development inside eggs.
They hatch as miniature adults. Some genera, e.g. Pila and Pomace a of
the family Ampullariidae, lay hard-shelled, pink or white eggs about 3
mm in diameter. Clusters of eggs are laid at night on firm surfaces such as
emergent vegetation 100—] 15 mm above the water. After a minimum of 15
days, the hatch!ings break out and drop into the water. Members of the
genera Lanistes and Marisa lay eggs without shells in gelatinous clusters
under the water. Other prosobranchs. such as Beilamya (Vi\ iparidae) and
Melanoides (Thiaridae), are viviparous; embryonic development occurs
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Kig. 3.4 Hgg capsules ot'pulmonatc snails, showing the typical shape and tbrm of the capsules of three
widespread families as well as Ihe arrangement of the eggs inside capsules A-B, l-'lanorbidae \,Bulmus
africanus, B. R tropicus. C Ancylidae: Bumupiasp. D, Lymnaeidae: Lymmeanatalensis.



52 Freshwater Invertebrate Guide 6: Arachnida & Mollusca

within a brood pouch situated internally above the buccal mass of the
female, and the young are born alive. In these families, males are often rare
and populations may be comprised largely or exclusively of females, which
reproduce by parthenogenesis. Where male specimens of Melanoides
tubercirfata have been found, some have been sterile, but others have pro-
duced viable sperm indicating that sexual reproduction does occur under
certain circumstances (Hodgson & Heller, 1990).

Bivalves
The small mussels belonging to the Sphaeriidae and Corbiculidae are

hermaphroditic and viviparous whereas the larger unionacean mussels of
the Unionidae and Mutelidae may either be separate-sexed or hermaphro-
ditic and viviparous. A pair of gonads is situated in the dorsal part of the
foot with ducts discharging ripe gametes into either side of the mantle
cavity from where they are discharged into the water.

The Unionidae and Mutelidae have evolved an extraordinary reproduc-
tive process in which sperm is discharged into the surrounding water but
the egg cells attach themselves inside special brood chambers or marsupia
on the gills inside the mantle cavity. These egg cells are then fertilized by
foreign sperm drawn into the cavity from outside with the inhalent
feeding current, and develop into glochidia (Unionidae) or haustorial
larvae (Mutelidae). Some species use all four gill plates (demibranchs) for
brooding while others use only two.

When fully developed, these glochidial and haustorial larvae have a
tiny (<0.5 mm) bivalvcd shell and are equipped with various devices
whereby they attach themselves as parasites to the fins, skin or sometimes
the gill filaments offish. Amongst the southern African Unionidae. the
glochidia of I brio caffer have a hook on each shell valve for attachment to
the host fish (Heard & Vail 1976), while those of Coelatura mossambicen-
sis and other species of the genus are D-shaped and hookless but have in-
stead a long thread, which becomes entangled in the fish's gill filaments
(Kenmuir 1980). The larvae of the Mutelidae look rather different and are
known as haustorial larvae. Those of Spathopsis wahlbergi have hooks as
well as two retractile, ciliated lobes, which presumabK help them swim
through the water. The larvae of Mutela zamhesiensis also have hooks and
ciliated lobes as well as a thread-like tentacle 10-15 mm long (50-70
times longer than the larva's body). For a detailed account of the life-cycle
of Mutela, see Fryer (1959, 1961).

When expelled from the parent mussel into the water via the exhalent
current, the larvae are not only covered with mucus, and therefore sticky,
but thev also mimic the food offish (e.g. worms). Thev will onlv survive if
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they make contact with and attach to a host fish on which they will eventu-
ally become physiologically dependent. If successful, they will live as
ectoparasites on their host fish for a period ranging from a week to several
months before dropping off onto the substratum and becoming free-living
adults. If unsuccessful, they will die. Although these larvae are obligatory
parasites, they are not generally thought to be host-specitic. Some species,
such as C. mossamhicensis and Spathopsis wahlbergi, however, appear to
be more host-specific than, for example, M. zambeziensis, which will
develop on a variety of fish species, although mostly on cichlids
(bream) (kenmuir 1980).

The parasitic stages of unionid and mutelid bivalves often harm their
hosts. Larvae of C. mossambicensis and S. wahlbergi attach by pinching
pieces of host tissue between their shell valves and then becoming encysted
within the epidermis of the fish's skin, fins or gill filaments. This can
interrupt blood flow to parts of the affected tissues. The haustorial larvae
of M zambesiemis do not become encysted but rather attach themselves to
the host fish by means of special stalks (haustoria). Heavy infestations of
any of these larvae can kill a host fish. Nevertheless, these fish play a
crucial role in the life-cycles of these bivalves. Not only do they provide
the developing larvae with nourishment but they are also vital to the dis-
persal of the otherwise sedentary young mussels to suitable new habitats.
Without their host fish, populations of these mussels will disappear.

Fecundity in freshwater molluscs is general!) high. In temperate
regions, the> may be expected to show a seasonal breeding pattern, chielly
during spring and early summer, followed perhaps by a period of hiberna-
tion in winter. In areas with cold winters, the prosobranch Mehmoides
tuberculata may hibernate in sand for 2 to 32 months. In tropical and sub-
tropical areas breeding may continue throughout the year. Females of
species such as Pomacea litieala may produce up to 100 eggs during their
lifetimes, while parthenogenetic species such as Melcmaiiies tuberculata
breed continuously for several months and may have up to 75 developing
embryos in the brood pouch at any one time. Female Bellamya capiUaia
may brood up to 61 embryos at a time but brood size depends on the
female's age and also on population densit) (Joubcrt 1977). Pulmonate
snails such as Bulinus gtobosus may produce up to 1700 eggs each
during their lives, at an average of 10-14 eggs per day. The mussel
C- mossambicensis will have many thousands of eggs in its brood cham-
bers at any time (from 10 000 in a small specimen to 26 000 in a large one)
and it may breed annually for several years (Kenmuir 1980).
Spatfall by the small brackish water species Brachidontes virgiliae on the
leaves of Potamogeton in Swartvlei was reported to exceed 2.5 million/irr in
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summer (Bernard et al. 1988). In most of these cases of extremely high
fecundity, mortality amongst juveniles is likely to be severe.

Feeding
All snails feed by means of a radula — a remarkable structure, which is

peculiar to molluscs and found in all classes except the Bivalvia. It is well
developed in the gastropods and consists of a 'ribbon' on which are
attached a myriad rows of tiny, recurved teeth each bearing a number of
cusps. This ribbon lies over a muscular odontophore that projects into the
buccal cavity or mouth of the snail and moves forwards and backwards so
that the teeth scrape up food from the substratum over which the animal is
travelling, There are usually several types of teeth in each row on the
radula: a single central tooth with lateral and marginal teeth on either side
(Fig. 3.5A-D). These different types of teeth have different functions in
the feeding process. The central and lateral teeth serve to rasp or comb the
periphyton and detritus off submerged surfaces while the marginal teeth
act as rakes, guiding the loosened particles towards the radula's midline
and upwards into the oesophagus.

Analyses of stomach contents have shown that most groups of
freshwater snails are generalists, feeding on the periphyton growing on
submerged surfaces. Their diets therefore consist largely of detritus, which
may be expected to be rich in bacteria. In addition to detritus, pulmoiiates
(e.g. Lymnaea, Biomphalaria) and the smaller prosobranchs (e.g. Cleopatra,
Mekmoides) have been reported grazing on microscopic organisms such as
epiphytic chlorophyte algae, diatoms, decaying macrophytc tissue, and,
more rarely, on fungi, blue-green algae, fresh macrophyte tissue or animal
remains as well. The relative proportions of these foods will van, from one
habitat to another. Larger prosobranchs such as Lanisles feed mostly on
dead macrophyte tissue, diatoms and detritus. The introduced Marisa
cornuarietis is one of the few species that feeds indiscriminately on living
plant tissue and this is why it has earned a reputation as a most undesirable
immigrant.

The collection of food does not seem to be selective except that the size
of the snail's mouth and the gaps between the cusps of individual teeth may
limit the size of particles that can be eaten. Studies of the trails left behind
by grazing snails show that these molluscs remove all or almost all of
the periphyton as they feed (Fig. 3.6). The number o( these teeth in each
row of the radula, and the number of cusps they have, are of taxonomic
importance since they often differ between species.

With the exception of the brackish water mussel, Brachidontes
virgiliae, and the river oyster, Etheria e/Iiptica, which live attached to
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Fig. 3.5. Scanning Electron micrographs ol the raduki teeth of Lymrtaea naialensts and Physa acula.
A-B, /,. natalensis A, (ricuspid lateral teeth, B. mullicuspici marginal teeth. C-D, P aculu: C. central
portion of radula showing the characteristic arrangement of teeth in physid snails, viz in oblique rows
diverging Irom cither side of the mid-line (arrowed); D. muliicuspid marginal teeth
(Scale bars A = 0.008 mm. B = 0.l mm. C = 0.05 mm. D = 00l mm)

Fig. 3.6. Part of a trail of feeding marks left by Bulinus troptcus as it moved over an alga-coated glass
surface. Three marks arc shown and within each one. the scrapes of individual cusps can be seen
(Scale bar = (J 25 mm)
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rocks or submerged vegetation, all southern African freshwater bivalves
are free-living burrowers and lie partly buried in sand or mud with their
posterior ends protruding. The openings or siphons carrying the inhalant
and e\halam water currents are therefore raised above the sand and will
not carry sand grains into the mantle cavity. This allows water to flow in
unhindered \ ia the inhalant current, carrying both food and dissolved oxy-
gen, over the large plate-like gills and then out again via the exhalant cur-
rent. These mussels are filter feeders. Food particles reaching the gills
become trapped in mucus strands that are passed by means of tiny cilia to a
pair of labial palps, which sort the collected particles into acceptable food,
which is passed to the mouth, and unacceptable particles, which are
diverted to the exhalant current lor disposal.

P re dadon

Despite their protective shells, freshwater snails are preyed upon by a
variety of predators. These include obligatory snail feeders such as leeches of
the family Glossiphoniidac and the larvae of marsh (lies of the family
Sciomyzidae. Other predators such as trie lad turbellarians (e.g. Dugesia spp.),
the larvae and adults of certain uaterbugs (Family Bclostomatidae), the
larvae of several beetle families (Hydrophilidae and Lampyridae) and
crabs of the genus Potamonautes, are less prey-specific. Similarly fish
such as the bream Sargochromis codringtoni and the barbel (larias
gariepinus and ducks feed commonly on snails, but also eat other animals.
Large apple snails such as Lanistes ovum {Ampullariidae) are often eaten
by Openbill Storks, Anastomus lameHigerus, and the shells of snails killed
by these birds show characteristic damage, viz. a wedge-shaped chip taken
out of the lip of the basal whorl. Mussels of the families Lnionidac and
Mutelidae are also eaten bv openbill storks and their shells are damaged in
a similar way but on their ventral margins. Smaller bivalves are eaten by
fish such as barbel. Amongst mammals, both the banded mongoose
and the water mongoose have been seen feeding on mussels, but only on
those stranded b\ receding water le\els.

Parasitism

Like all animals, freshwater mollusc> may be infected with several
t>pes of parasites. Best known are the larval stages of trcmatodes (flukes),
such as those that cause diseases like bilhar/ia and fascioliasis. but
molluscs are hosts to parasitic protozoons and ncmatodes as well. Their
roles as intermediate hosts in the life-cycles of disease-causing trematodes
mean that several species of freshwater snail are of great economic
importance (see fable 3.1).
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The most common protozoan parasites of snails are amoebae of the
genus Hartnumella. These are intracellular parasites that accumulate in
fibrous nodules, usually in the body wall of the foot or mantle collar but
also in the wall of the intestine. The\ have been reported from several
species of Bitlimis and Biomphahtria and it is likely that heavy infections
of these prolozoons will affect the host snail's growth, reproduction and
susceptibility to other parasites.

Many different kinds of trematode larvae have been reported as devel-
oping in freshwater snails in southern Africa but the life-cycles of very few
of these parasites are known. The larvae can generally be found in the go-
nads and digestive glands of their hosts and feed on these organs. They sel-
dom kill their hosts but in most cases, infections reduce the host snails'
growth rates causing them to have shorter life-spans than uninfected snails
do. However it has been reported that growth of infected snails may some-
times be accelerated and that some become unusually large (referred to as
gigantism). In such cases, the parasite may be able to capitalize on the
greater food supply and space within which to develop! I:ecuiulit> gener-
ally drops and may even cease and the viability of eggs may decrease as
well. This is at least partly due to interference b> the parasite with the

Table 3.1. Freshwater snails that serve as intermediate hosts of trematode parasites
of medical and veterinary importance, or that are invasive or potentially invasive.

Intermediate hostSpecies

Pomacea bridges)

Pomacea lineata

Xfarisa cornuanetis

Tarebta grant/era

Lymnaea na la lens is

Lymnaea irumatitla

Lymnaea col it me! la

Biomphalana pfetffert

Hiilmus africanus globasus

iiu!imis tropicus

Bui in us for ska hi

Physaacula

Aplexa marmorala

Asian lungworm
Paragoiunnis westermani
Liver fluke l-asciola gigantica

Livur fluke Fasaalahepatica

Liver flukes F. gigannca and
F hepatica
Iniestinal bilhar/ia fluke
Schistasoma mansom
Urinary bilharzia fluke
Schistosomu haemaiubtum
Conical fluke of cattle
Cahcophoran mtcrobotfirntm
Conical fluke of horses
Gastrodtscus aegypriacus

Status as invader

Poicniiallv invasive

Potentially invasive

Potentially invasive

Potential I v invasive

Invasive

Invasive

Invasive
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functioning of the snail host's albumen gland, which supplies nutrients to
Ihe eggs. Rates of infection with trematode larvae seldom exceed 10%.

Besides the well-known trematode parasites mentioned above, mol-
luscs serve as hosts to a variety of other parasites. Few neinatodes use
freshwater molluscs as intermediate hosts but one noteworthy exception is
Angwstrongylus cantonensis. The larval stages of this nematode develop
in many species of marine, terrestrial and freshwater snails and bivalves
and will infect a final host, usually a rat, after it has eaten an infected mol-
lusc. Species of Pila. BeUamyu, Mehmoides, Lymnaea and Biomphaiaria
have been infected experimentally. A. cantonensis can also infect humans
and cause eosinophilic meningitis. The disease is rare in Africa, although it
is spreading at an alarming rate in other parts of the world.

Several annelids should be mentioned here as well. The glossiphoniid
leeches, some of which feed on and commonly kill pulmonate snails, can
also be found in the mantle cavities of larger gastropods, such as Lanistes
ovum and bivalves, such as Spathopsis wahlbergi, but probably cause
them little harm, being commensals rather than parasites. Although proba-
bly not parasitic, the carnivorous oligochaete Chaetogaster limnaei
(Naididae) is often found crawling on freshwater snails or their shells.
This small oligochaete is about I mm long and lives inside the snail's
mantle cavity or under the lip of its shell, presumably as a commensal.
and has been reported to feed on organisms such as trematode niiracidia
and cercariae on or near the host snails. Chaetogaster limnaei has a
cosmopolitan distribution.

Habitat Preferences and Ecology
Prosobraneh snails have a functional gill and therefore need to be sub-

merged in order to breathe. They are often found on sandy or mudd> sub-
strata and may form major components of the bottom-dwelling animal
communities of waterbodies, particularly large ones. Fulmonates are
generally associated with aquatic plants and are therefore most often found
among marginal, emergent or submerged vegetation. Their physiological
plasticity, and especially their ability to breathe air (in addition to extract-
ing dissolved oxygen from water), equips them well for surviving fluctua-
tions in water level and in habitats that have dried out. It is at least partly
because of this that pulmonates such as Bidinus forskalii and
B. depressus can survive in temporary waterbodies as well as in perennial
ones.

Prosobranchs such as Lanistes ovum and Pila occidentalis can survive
in the dry sand or mud of seasonal pools and streams (providing it remains
aerobic) for several months at a time bv entering a state of aestivation.
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When the waterbody is refilled and the sediments become anaerobic, the
snails resume acti\il> and quickly start to lav eggs. It is in situations such
as these that being a hermaphrodite is a distinct advantage. Indeed, many
planorbids, particular!} in the genus Bulinus. can aestivate successfully
for up to about six months during periods o( drought and B. forskulii and
B. scalar is may sometimes be the only pulmonates living in temporary
habitats. Bivalves such as U/iio and Spathopsis also have the ability to
aestivate.

Differences in the physical and chemical characteristics of water can
greatly affect the shape and appearance of freshwater molluscan shells,
even within a small area. One result of this is that, because these habitats
are often isolated with little genetic exchange between them, recognizable
populations o\' species develop having shells of particular shapes and
localized distributions. An example is the designation of four sculpturally
distinct 'morphs' of the thiarid snail Mekmoides lubcrculata by Pointier
(1989). This should be remembered when using the key below to identify
specimens.

Bottom dwelling prosobranch snails ma\ be abundant. In Lake Kariba,
for example, Melaiwides tuherculata. Bellamya capillaia and Cleopatra
nsendweensis can reach densities of 2300/m". 300/nr and 100/m2

respectively at depths of 4-6 m. Lower densities can be expected in other
types of waterbodv. Pila occidvntalis and Cleopatra sp. were sampled at
15-20/nr in the shallows of the ka\ango River. Namibia, and the pul-
monate Melampus semianttus at a mean density of 52/nr (maximum
310/m~) in the Beachwood mangrove swamp. Durban. Among the bi-
valves, the small sphaeriid Pisidium may often be found at about 100/m" in
different waterbodies such as streams and lakes in South Africa though
densities ol' up to 798/m" have been recorded. The larger Corbiculidae.
L'nionidae and Mutelidae are more or less restricted to lakes, dams and
perennial risers and mav also be present in large numbers. Popula-
tion densities of 30-50/m" have been reported for species of Coelalura,
Spathopsis and Mutela and 100-1 lOOW for Corhicula from habitats as
diverse as Lake Kariba. the Okavango Delta and the pans of the Pongolo
River tloodplain in northern K.waZulu-Natal. The brackwater bivalve
Hiatula hmniata has been recorded at densities up to 4600/rrr in the
Hiabane cstuar} in KwaZulu-Natal. The river oyster. Eiheria elliptica,
occurs onlv in rivers, and is usually found in dense clusters on rocks in
rapids, but u>uall> well below the surface. In waterbodies such as these,
although bivalves are seldom seen, they dominate the benthos and since
they are capable of filtering large volumes of water, must play an impor-
tant role in nutrient cycling.
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The only snails known from saline lakes and pans in southern Africa
belong to the genus Tomichia (Fomatiopsidae), which occurs along the
southern and south-eastern coastal strip. Several species are tolerant of in-
creasing salinities up to about 25 as the water dries up (Davis 1981). One
species, T. ventricosa, is however particularly euryhalinc and can
live in hypersaline water, up to 50 for a month at least. Hundreds of
individuals per square metre have been recorded in some pans.

Molluscs living in the lowest reaches of rivers or at the upper ends of
lagoons and estuaries will be subjected to fluctuations in salinity in accor-
dance with the tidal cycle. Most snails found here are prosobranchs and
include brackwater species such as Septaria les.se/laria, Thiara amanda
and Nerithui natalensis as well as essentially marine species such as
LiUoraria subvittata and Assiminea ovata. Despite their marine origins,
they are all able to tolerate salinities ranging from close to zero (<1) to
nearlv full strength sea water (35) for van ing periods. Pulmonate snails
are less common in these areas but it has been shown, for example, that
Bitlinus qfricanus. the intermediate host for the urinary bilharzia parasite,
can live in salinities up to approximately 3.5, although it cannot breed
under such conditions. It is therefore possible that the disease could be
transmitted in these upper reaches of estuaries (Donnelly et al. 1983).

Freshwater bivalves can also tolerate high salinities. The mussel Unio
caffer ma> occur in salinities up to 3 but. again, it is doubtful whether it
can breed under such conditions. It is possible however that its glochidial
stage could be carried from one river to another via the sea while parasitic
on euryhaline fish such as the mullet Liza euronotus and the kurper
Oreochromis mossamkicus. The sunset clam. Wanda hinulata. 'a, an
example of a marine bivalve that has become adapted to the low salinities
of the upper parts of lagoons and estuaries and, as noted earlier, may occur
there at high densities.

Southern African mangrove swamps support a small but characteristic
mollusc fauna consisting of about 10 species of snail, all but three of which
are prosobranchs. The three exceptions are members of the pulmonate
family Hllobiidae. The\ occur most commonly on and in the mud amongst
the pneumatophores and on the trunks of Avicenniu manna, and may
possibK also be found on other mangrove species. They are not. however.
restricted to mangrove swamps. Bivalves are not found in southern African
mangrove swamps although marine ovsters ma\ be attached to mangrove
trees. In general however, the mollusc fauna of the brackish reaches of
rivers and mangrove swamps along the eastern and south-eastern coasts of
South Africa is poorK known and merits special attention.
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ECONOMIC IMPORTANCE

A number of snail species is of economic importance in southern
Africa, serving as intermediate hosts for trematode parasites of medical
and veterinary importance or being invasive or potentially so. They are
listed in Table 3.1. Not listed are the genera shown experimentally by
Richards & Merritt (1967) to be susceptible to Angiostrougvhis canumemis.
Potential invasiveness is based on reports on the same species from other
countries to which they have been introduced. The environmental impact
of the three invasive species is not understood.

The indigenous Ampullariidae and perhaps some of the larger bivalves
may be o\~ \alue as a food resource in rural areas. Indeed, Spathopsis
wahlbergi, S. peters i. Coehinim kutwnensis and C. mossambicensis, and
snails such as Lanistes ovum, have been found, sometimes in large num-
bers, by archaeologists excavating Iron Age midden deposits. As men-
tioned above, they are edible and were probably collected for food. These
molluscs have an average calorific content of 100-575 kJ, roughly equiva-
lent to between four and 20 grams of peanut butter, depending on their
si/e! Eaten in quantity therefore they would certainly be nutritious bul are
probably too slow-growing to be harvested on a sustainable basis. Empty
bivalve shells may also have been used as tools for burnishing clay pots
and made into beads.

CONSERVATION

The conservation of South Africa's mollusc fauna was recently dis-
cussed in detail by Herbert (1998). Compared with other regions of the
continent, few southern African freshwater mollusc species are considered
to be endangered. The IUCN Red List of Threatened Animals (Baillie &
Groombridge 1996) lists only the genus Tomichia (Pomatiopsidae), with
two species in the 'Threatened' category at least partly because of the
destruction of their coastal habitat. In addition. Tomiehia ctnvstoni is listed
in the 'Extinct and Extinct in the Wild' category but was recently discov-
ered in a forest stream in the Eastern Cape (D.G. Herbert, pers. conim.).
This is an atypical habitat for Tomichia and suggests that we know all too
hule about these tiny snails. Several other species are likely to be
endemic to southern Africa and thus of priority for conservation. The
pianorbid Gvraulus connollvi is confined to the southern African highveld
and upper parts of the eastern escarpment and Scgmentorbis tmgusius has
been reported only from the eastern coastal lowlands and may therefore
also be endemic. Amongst the bivalves. Pisuliitm harrisoni may be endan-
gered and L'/iio coffer is not only endemic to southern Africa but its range
in the south-western Cape has decreased in recent years.
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Criticism has been leveled at ihu use of molluscicides to kill bilharzia-
carrying snails and this practice is becoming increasingly controversial,
even where it forms pan ui' integrated bilhar/ia control programmes. Mol-
luscicida! chemicals have seldom been used in South Africa except in
small-scale trials (Appleton 1985), largely because snail control has not
been shown unequivocally to be effective in reducing transmission of the
disease anywhere. The harmful effects of molluscicides on non-target mol-
luscs and fish are recognized, as is their high cost, so that it is unlikely that
thev will be used on a routine basis in this country. Rather they may have
limited use, mostly in artificial habitats such as irrigation canals and night
storage dams on farms, where transmission of the disease is often intense.

COLLECTING AND STUDY TECHNIQUES

Freshwater molluscs are most successfully collected by means of a
shallow, long-handled scoop net. A stainless steel mesh lined inside a steel
frame (alternatively a kitchen sieve will do quite well) mounted on a long
handle has proved ideal for collecting amongst vegetation and in sand or
mud. Bivalves can be collected by means of a long-toothed rake. Floating
pieces of wood or even palm leases can be used as snail traps. These need
to be left in the water for a week or so until a growth of periphyton has
formed on them before they will become attractive to snails. Research in
West Africa (kpikpi et al. 1996) has shown that natural products,
especially sugarcane, may be useful as attractants or bails.

Live specimens can be kept in glass aquaria and fed on dried lettuce
leaves mixed with commercial fish flakes. The water should be changed
once a week and aerated to ensure that it contains a high level of dissohed
ox\gen. A piece of blackboard chalk dropped into the water will provide a
supply of calcium carbonate for shell construction. Tap water should not
be used until it has been aged for 48 hours to allow all chlorine, which is
toxic, to dissipate. Heavy metals are also poisonous to molluscs and water
which has flowed through copper or zinc pipes should be avoided.

Specimens to be stored for scientific stud} should be relaxed
(narcotized) and fixed before being preserved, especially when the soft
parts are required for direction. Prosobranch snails are best relaxed by
placing them in a 0 .1% solution of nembutal (a sodium-pentabarbitone
anaesthetic) for 36 hours. A recommended procedure for pulmonates
(Paracnse 1986) is to immerse them partially for about 20 seconds into hot
water (approx. 70 °C) spire first so as to minimize retraction into the shell,
then plunge them completely into the water for an additional 20 sec-
onds alter which the\ should be transferred to water at room temperature.
The soft pans can then be removed under water wiih forceps, fixed in
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Railliet-Henry's solution for 48 hours and preserved in 70% ethanol. Alter-
nativcK pulmonates can be relaxed by adding either a few menthol
crvstals or a drop of a solution of menthol crystals dissolved in chloral
hydrate to the surface of the water in a petri-dish containing the snails and
leaving for 24-36 hours.

Once relaxed, snails belonging to either subclass can be fixed in 5%
buffered formalin for 48 hours before being transferred to 70% ethanol for
storage. Long-term storage in formalin is not recommended because the
solution is acidic and dissolves the shell. The arrangement of teeth in the
radula and number of cusps on them arc useful aids to identification.
particularly in the large and medically-important genus Bulimts. A method
for extracting and preparing a radula is outlined in Appleton f 1996). Once
prepared, it should be examined under the high power lens (40x) of a com-
pound microscope or, better still, a scanning electron microscope.

Bivalves do not generally require to be relaxed but their closed valves
can be made to open by placing them in warm water and heating until boil-
ing. The soft parts can then be removed easily and fixed and preserved as
described above.

KEY TO THE FAMILIES OF SNAILS AND BIVALVES

Keys to the genera and species of freshwater snails of southern Africa
have been published during the past 50 years by Alvcs & Clark (1953).
van Eeden (1960). Brown & Kristensen (1989) and Appleton (1996).
These, like the books by Brown (1980. 1994), which also contain keys,
can often only be found in reference libraries in universities and muse-
ums and are not readily available to local users. Mandahl-Barth (1988)
provided a key to the freshwater bivalves of Africa.

The kev given below allows the identification of both snails and
bivalves to familv level because the genera and species within each family
are, for the most part, sufficientlv distinctive to be identified on illustra-
tions alone. Conchological (shell) characters are used in most cases and
can be seen in both living animals and empty shells. The main features of
snail and bivalve shells are illustrated in Figs 3.1C & 3.3B. There are
main different types of opercula in prosobranch snails and two of the most
common are illustrated in Fig. 3.2. A lOx hand-lens or low power of a dis-
secting microscope are necessary to see fine sculpture such as that found
on the apices of the shells of the limpets Bunutpia and Ferrissia and the
hinge teeth and growth lines of the small mussels o\" the families
Corbiculidae and Sphaeriidae. Some easily recognizable anatomical
characters arc also used.
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To identify a specimen, first classify it to family level using the key
below and then turn to the more detailed notes and figures on the family in
question in order to complete the identification. The notes accompanying
these figures sometimes use numerical indices of shell shape to describe the
outline of a shell. These indices involve making various measurements and
expressing them as ratios, viz. the shell height/width (HAV) ratio for snails
(Fig. 3.1C) and the shell length/height (L/H) ratio for bivalves (Fig.
3.3B). The ranges of ratios given in these descriptions include approxi-
mately 90% of the specimens likely to be found.

Measurements should be made to the nearest 0.1 mm, preferably using a
Vernier Caliper for large specimens, or through a dissecting microscope fit-
ted with a measuring eyepiece for small ones. It is useful to rest small shells
on a little fine sand in a watch glass placed on the stage of the micro-
scope. This allows the shell to be turned easily so as to see and measure dif-
ferent aspects accurately. Where anatomical characters are used, these are
best observed on live or narcotized specimens. Although identification of
Bulinus spp. requires the dissection of specimens, this is not generally the
case for other genera.

The notes following the key below give information on the morphology
(including maximum recorded shell dimensions), biology and distribution of
each species within southern Africa and indicate those of economic impor-
tance. All introduced and invasive snail species are included. To date, no
freshwater bivalves are known to have been introduced to southern Africa.

KEY TO THE FAMILIES OF FRESH- AND BRACK-WATER MOLLUSCA
KNOWN FROM SOUTHERN AFRICA

1. Shell consisting of ore piece (univalve) (Class Gastropoda: snails and limpets,
e.g. Figs 3.8A & 3.14D respectively) 2
Shell consisting of two valves joined by a hinge (Class Bivalvia: mussels and
oysters, e.g. Figs 3.20C&3.22A& B) 20

2. Aperture closed by a spirally or concentrically constructed operculum
(Fig. 3.2), shell usually robust and calcareous (Subclass Prosobranchia:
e.g. Fig. 3.8A) * 10
Aperture not closed by an operculum. shell usually thin and corneous
(Subclass Pulmonala; e.g. Fig. 3.14A) 3

3. Shell limpet-like (Figs 3.14D-G) with apex inclined to the right hand side,
not spirally coiled Ancylidae (p. 88)

- Shell not limpet-like, spirally coiled (e.g. Fig. 3.18D) 4

4. Whorls laid down in one plane making the shell discoid in shape
Planorbidae (Subfamily Planorbinae) (p. 90)

- Whorls not laid down in one plane 5
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5. Shell dextral (aperture on observer's right hand side when spire pointing
upwards: e.g. Fig. 3.14A) 6

- Shell sinistral (aperture on observer's left hand side when spire pointing up-
wards: e.g. Fig. 3.18E) 8

6. Shell thick, columella with one or several distinct folds within the aperture
(Figs 3.13D- F) Ellobiidaetp. 84)

- Shell thin, columella without any folds 7

7. Columellar axis narrowly reflexed and generally twisted where it joins the
parietal region (Figs 3.14A-C): only one pair of triangular tentacles with
eyes at their bases: aquatic or amphibious Lymnaeidae (p. 85)

- Columellar axis neither retlexed nor twisted where it joins the parietal region
(Fig. 3.13C); two pairs of tentacles with eyes at the tips of the posterior pair;
semi-aquatic Succineidae (p. 82)

8. Shell turriform in shape (Fig. 3.1 SG)
Planorbidae (Subfamily Bulininae, in part) (p. 96)

- Shell ovate or acuminate in shape (e.g. Fig. 3.18B) 9

9. Spire blunt; texture matt; suture appears as a single line; pseudobranch
present (Fig, 3.18C); blood coloured red due to pigment haemoglobin;
foot rounded posteriorly and uniformly grey (Figs 3.I8B. D- G)

Planorbidae, (Subfamily Bulininae. in part) (p. 96)
- Spire (Figs 3,19A-C) sharply pointed, texture glossy, suture appears as a

double line, pseudobranch absent, blood colourless due to haemocyanin. foot
pointed and darkened posteriorly Phvsidae (p. 100)

10. Shell sinistral (aperture on observer's left hand side when spire pointing
upwards) (Fig. 3.9A) Ampullariidae (in part) (p. 71)
Shell dextra! (aperture on observer's right hand side when spire pointing
upwards) II

11. Shell hemispherical, spire very low or hidden, shell consisting of only a few
whorls, which increase gradually in diameter; no umbilicus (Fig. 3.7)

Neritidae (p. 67)
- Shell ovate, acuminate or turriform, spire well-developed, several whorls

gradually increasing in diameter, umbilicus present (e.g. Fig. 3. \C) 12

12. Shell globose, oval or conical, height less than 25 mm 13
Shell conical, height greater than 25 mm 14

13. Shell (Fig. 3.1 IB) brown and smooth, height up to 10 mm
Assimineidae (p. 78)

Shell yellowish with wavy darker markings, sculpture spiral (Fig. 3.10A),
height up to 25 mm Littorinidae(p 74)

14. Sutures between whorls shallow giving shell a smooth outline, height up to
120 mm 15

- Sutures between whorls deep giving spire a stepwise outline (Figs 3.9B-D)
height up to 50 mm Ampullariidae (in part) (p. 71)
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15. Aperture with siphonal canal: height up to 120 mm; found in brack water, salt
marshes or mangroves (Figs 3.13A-B) Potamididae (p. 81)
Shell aperture without siphonal canal, height up to 45 mm, found in fresh
water 16

16. Shell with sculpture of spiral rows of rubercules, ribs or striae (Figs 3.12A-F)
Thiaridae (in part) (p. 79)

Shell smooth 17

17. Shell with dark spiral bands (Fig. 3.12G) Thiaridae (in part) (p. 79)
Shell uniform whitish/beige in colour 18

18. Shell small MO mm in height) 19
Shell (Fig. 3.8) medium-sized (10-20 mm in height) Viviparidae (p. 70)

19. Shell usually turriform, with a corneous operculum
Hydrchiklae (Fig. 3.10B) and Pomatiopsidae (Figs 3.10 C-D)

Shell ovate (Fig. 3.11 -\). with a calcareous operculum Bithyniidae (p. 78)

20. Adults usually >20 mm in height, valves usually thick, inner surface nacreous,
hinge with cardinal :eeth plus a posterior lateral tooth or with cardinal teeth
only or without teeth 21
Adults usually <20 mm in height, valves thin, inner surface not nacreous,
hinge with cardinal teeth and both anterior and posterior lateral teeth 25

21. Hinge with cardinal and posterior lateralteeth(Figs3.20D,G)... L'nionidae(p. 102)
Hinge with cardinal teeth only or lacking teeth 22

22. Hinge with cardinal teeth only {Fig. 3.231) Psammobiidae (p. 115)
Hinge without teeth 23

23. Animal free-living in sandy or muddy substrata, valves symmetrical, may be
iridescent green Mutelidac (Fig. 3.21) (p. 106)
Animal not free living but attached to submerged objects or substrata either
by its lower valve or by means of byssus threads; valves not always symmet-
rical 24

24. Animal sedentan with lower valve cemented to hard substrata; valves rough,
variable and not symmetrical (Figs 3.22A-B) Elheriidae (p. 109)
Animal attached to substratum by means of a tuft of brown byssus threads,
valves symmetrical, with a fine, ribbed sculpture on antero-posterior
quadrant (Figs 3.20A-B) Mytilidae (p. 101)

25. Valves robust; hinge strongly developed, two or three radially-arranged cardinal
teeth and long, crenellated lateral teeth in both valves; shell with sculpture of
strong concentric ribs iFigs 3.22C-E) Corbiculidae (p. 110)
Valves fragile; hinge weakly developed, one or two cardinal teeth in each
valve, lateral teeth short and nol crenellated or only weakly crenellated: shell
smooth except for growth lines (Figs 3.23A-G) Sphacriidnt (p 111)
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ILLUSTRATED NOTES ON FAMILIES, GENERA AND SPECIES

Snails and bivalves are arranged systematically according to the
schemes used by Brown (1994) and Mandahl-Barth (1988) respectively.
Discoidal shells are drawn from both left and ventral views. In most cases,
illustrations of bivalve shells show the external views o( left \a l \es but
representative internal views of the hinge plate of the opposing right valve
are shown for most genera as well. Where sizes are given for shells, these
are the largest on record (in millimetres) and relate to maximum height and
maximum width for snails (e.g. 25 x 10) and maximum length and width
for bivalves (e.g. 100 x 45). In some eases a third measurement, width, is
given for bivalves as well. This relates to the combined width o\' both
valves held together in the closed position as in life. In common with
other animals and plants, many of the molluscs found in southern Africa,
particularly the northern and eastern parts, will occur further north as well.

CLASS GASTROPODA
SUBCLASS PROSOBRANCHIA

FAMILY NER1T1DAE
Figs3.7A-G

A family of generally medium-sized snails typically with a low spire,
thick shell, closed umbilicus and calcareous operculum. Sexes are sepa-
rate. Main members are marine but two genera occur in the lowest, often
brackish, reaches of rivers in Mozambique. KwaZulu-Natal and the
Eastern Cape (Transkei). Their distributions may be wider than indicated
below.

Neritina

Four species of Neritina occur on the coastal plain of south-eastern
Africa. Adults are usually within the size range 15-20 x 20-23 mm: the
shell is thick and hemispherical, the aperture D-shaped and the operculum
calcareous wiih a small rib and peg (apophysis) projecting from its inner
surface. The well-developed glossy white columella is a conspicuous
feature.
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Neritina gagates Lamarck, 1822
Fig. 3.7A

Characteristic features
A thick black/brown periostracum overlies a pattern nf paler zig-zag

lines but these are generally not visible and the shell appears uniformly
black.

Distribution
Recorded near the coast from Mozambique to Mzamba in the former

Transkei (Eastern Cape).

Neritina natalensis Reeve. 1855
Fig. 3.7B

Characteristic features
Yellow/brown with dark anastomosing bands and spots of varying

intensity.

Distribution
Recorded from the coastal lowlands of Mozambique and KwaZulu-

Natal southwards to the Umzimkulu River (Lat. 30°40' S).

Neritina puiligera (Linnaeus. 1767)
Fig. 3.7C

Characteristic features
Shell appears uniformly black but a fine reticulate pattern may be

visible: spire completely hidden, An orange band is usually present around
the inner margin of the aperture. Grows up to 22.5 x 29.9 mm.

Distribution
Recorded from shallow streams along the coastal plain o\' Mozambique

and KwaZulu-Natal as far south as Durban.
Another species with its spire obscured. A', aurkuhiia Lamarck. 1816

(not illustrated), has fine spiral sculpture and spiral black and white band-
ing. It is known from northern KwaZulu-Natal to the L'mtamvuna River.

Sept aria

Two species o( Scptaria occur in South Africa but their distributions
are not well known. The shape and colour of their shells are variable.
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Fig. 3.7 Ncntidac, shells A. Nenlina gagates. B, ,V natak-nsts; C. .V pulligt.ru. D. Sepiaria tessellana
(apical view). E. 5. lessellaria (underside view); F, S. barbomca (apical view), G, S. borbonica
(underside view).
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Septaria tessellaha (Lamarck. 1S16)
Fig. 3.7D&L

Characteristic features
A limpet-like, elongate (size 23 \ 1 4 x 6 mm: H/W ratio 1.64), pale

brownish shell with a darker reticulate pattern, apex posteriorly situated
with a cavit\ beneath. Slender forms occur on reed stems, broader ones on
rock.
Distribution

Recorded from the lower reaches of KwaZulu-Natal rivers from
Amanzimtoti to Southbroom.

Septaria borbonica (Bory de St Vincent, 1803)
Fig. 3.7F&G

Characteristic features
Shell oval to nearly circular (size 30 x 25 x 10 mm; H/W ratio 1.20),

ground colour dark brown with darker markings, apex prominent with
deep cavity beneath.

Distribution
Occurs in streams close to sea level northwards from Tongaal and

Mtun/ini on the KwaZulu-Natal north coast.

FAMILY VIVIPARIDAE
Figs3.8A&B

Medium-sized snails with dextral, turbinate shells, concentric,
corneous opercula and whorls, which are tvpieally angular at their shoul-
ders. Two species have been recorded from southern Africa.

Bellamya capillata (Frauenfeld. 1865)
Fig. 3.8A

Characteristic features
Shell uniform pale brown, measuring up to 31 x 24 mm. aperture

almost circular, umbilicus closed. Sexes are separate, females \ i\ iparous
hut since no males were found in populations from north-eastern
kwa/ulu-Natal (Joubert 1977). the\ ma\ sometimes be parthenogenetic.

Distribution
The Okavango and Zambezi Rivers and the eastern lowlands south-

wards to the Pongolo River floodplain and Lake Sibaya in north-eastern
KwaZulu-Natal.
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. 3.8. Shells nf species of Viviparidac1 A. Bellamya cupillata: B. Bellamy a monarch,

Remarks
A second species, B. monanii (Haas. 1934) (Fig. 3.8B), occurs in the

Kunene and Okavango Rivers of northern Namibia but apparently not
commonly. It has not been found in the wetlands of eastern Caprivi
(Namibia) or the Okavango delta in Botswana.

FAMILY AMPl LLARFIDAE
Figs3.9A-F

Sometimes called the Pilidae. this family comprises large animals in
shells greater than 20 mm in height, usually globose and smooth. The op-
erculum is concentric with its nucleus lying close to the columella; the
umbilicus is narrowly open. Sexes are separate. Species are found in both
permanent and temporary water bodies where they are able to aesthate in
dried mud for several months. Known as 'apple' or 'mystery' snails in the
aquarium trade. Two indigenous genera, Lanistes and Pila, and two intro-
duced genera, Pomacea and Marisa, occur in southern Africa. Pila and
Pomacea may be difficult to separate on shell characters since they are
both globose and banded bui the structure of the operculum and relative
length of the siphon are useful diagnostic features. The operculum in both
genera is corneous but in Pila it has a thin calcareous layer on the inside
while in Pomacea it is entirely corneous. The siphon of Pila is shorter and
less flexible than in Pomacea.
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Lanistes ovum Peters, 1845
Fig3.9A

Characteristic features
Large (up to 59 x 44 mm), sinistral. uniformly olive green to brown shells.

Operculum corneous. It became a pest in rice paddies in Swaziland in
the 1960s, eating the growing tips of young rice plants.

Distribution
Recorded from the Okavango River system in the north-west to the

lowlands of the east and southwards to the Pongoio River floodplain.

Pila occidentalis (Mousson. 1887)
Fig3.9B

Characteristic features
Large (up to 49 x 41 mm), dextral snails, shell green/brown with about

10 darker spiral bands; operculum corneous but with an inner calcareous
layer.

Distribution
In southern Africa it is confined to the Okavango and Kunene River

systems of northern Namibia and Botswana.

ALIEN AMPULLARI1DS: MARISA AND POMACEA

Marisa and Pomacea are South American genera of dextral Ampullariidae
that have been imported into South Africa via the aquarium trade. Although
presently confined to artificial environments, species in these genera have
the potential to invade natural waters in southern Africa. Marisa is unique
in the family in that its shell is discoidal. The shells of Pomacea spp. are
similar in shape and colour to the indigenous Pila, but colour is a poor
guide because, although the wild type (natural) pattern is pale brown with
dark spiral bands, yellow varieties of P. bridges! and another species
P. canaliculata, have been bred b> aquarists. Two varieties of Pomacea
bridge.si are thus available in pet shops as 'mystery' and 'yellow' or 'golden
mystery' snails respectively. The soft parts are normally grey/brown but
pale in albino forms. Three species of Pomacea have become invasive in
other countries. They are. however, difficult to separate but the spire
height/shell height ratio is useful for identification (Table 3.2). The spires
of specimens from habitats other than aquaria are often eroded.
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Pomacea bridges! (Reeve. 1856)
(Alien species) !;ig. 3.9C

Characteristic features
Measures up to 52 x 40 mm. Shoulder of basal whorl generally flat

with the sutural angle nearly 90°. Colour may be either wild-type
(banded) or uniform yellow.

Distribution
Not recorded outside aquaria and ornamental ponds where it is proba-

bly the more common of the two species reported from South Africa.
Has become invasive in Hawaii (Cowie 1993).

Pomacea lineata (Spix. 1827)
(Alien species) Fig. 3.9D

Characteristic features
Native to Brazil, this species grows to 38 x 30 mm. has a pale brown

shell with 5-6 darker spiral bands on the basal whorl and thus resembles
the indigenous Pila occidcntcdis. Shoulder of basal whorl not flat and
sutural angle usually greater than 90".

Distribution
Occurs in ornamental ponds and was collected in an impounded stream

in Westville, Durban, in 1989.

Remarks
Although not recorded from South Africa. Pomacea canaHculala

(Lamarck 1 822), which is very close to P. lineata in terms of anatomy and
shell morphology (Thiengo et al. 1993). has become invasive in several
Asian countries, and in Hawaii and Florida, where it causes severe damage
to rice crops. May reach a shell height of 57 mm but compared to
P. bridges/ it has a relatively low spire (Table 3.2).

Table 3.2. Comparative spire height/shell height ratios (ranges and means)
for Pomacea bridgesi, P. canaliculata and P. lineata from South America

Species
P bridgest
P. cataliculala
P. lineata

Spire height/shell height
0 . 2 5 - IMS (0 34)
0.18-0.33(0.28)
0.10-0.18(0.13)
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Marisa cornuarietis (Linnaeus, 1758)
(Alien species) Fig. 3.9E & F

Characteristic features
Known in the aquarium trade as the giant ramshorn snail, it has a

dextral shell superficially similar to those of the discoid Planorbidae but
grows very much larger, up to 42 x 18 mm or more. Has a variable colour
pattern of prominent concentric stripes or bands.

Distribution
This species is endemic to northern South America but was imported

into South Africa for research purposes. Only known from laboratories, it
is a herbivore and could cause serious ecological damage if allowed into
natural waterbodies. Has become invasive in canals associated with the
Everglades in Florida as well as in Cuba and Puerto Rico. It was intro-
duced to Eg>pt. Sudan and East Africa as part of attempts to control the
snail hosts of bilhar/ia and has become locally established.

FAMILY LITTORIMDAE
Fig.3.10A

Littorinids are small snails usually associated with the splash-zone of
rocky sea shores. Some species are tolerant of changing salinitv and
exposure patterns and occur in river mouths, lagoons and estuaries, where
they live between the high spring tide mark and the mean tide level in
mangrove swamps and salt marshes.

Littoraha subvittata Reid. 1986
Fig. 3.10A

Characteristic features
Shell height 13-34 mm with 40-60 ribs on the basal whorl.

Distribution
This species occurs commonK from the Swartkops River mouth at Port

Elizabeth northwards to Mozambique. It is often found together with
L. intermedia, which is similar but can be distinguished by the larger num-
ber of ribs on the basa! whorl of the shell.
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Fig. 3.9. Shells of species of Ampullanidae A. Ixmistes ovum. B. Pila occidenuths, C, Pamacea bndgesi.
I). P lineatu, E-F. Martsa cornuanetis E. apical view; F. apertural view.
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Littoraria intermedia (Philippi, 1846)
(not illustrated)

Characteristic features
Shell height 14-26 mm with 17-21 ribs on the basal whorl.

Distribution
Found from Transkei (Umtata River mouth) to Mozambique.

FAMILY HYDROBIIDAE
Fig. 3.10B

Small, pale brown shells, height up to 10 mm, spire well developed,
operculum corneous, with few spirals. One genus, Lobogenes, occurs in
southern Africa.

Lobogenes michaelis Pilsbry & Bequaert, 1927
Fig. 3.10B

Characteristic features
Shell small, height less than 5 mm with a well-developed spire, central

region of outer margin of basal whorl produced forward when viewed in
profile. The umbilicus is closed.

Distribution
Occurs mainly in the Zaire River catchment but with a single record

from the wetlands of eastern Caprivi in Namibia, which represents its
southernmost locality in Africa.

FAMILY POMATIOPSIDAE
Figs 3.IOC &D

Studies by Davis (1981) showed that the genus Tomichia belongs in the
family Pomatiopsidae and not, as previously thought, the Hydrobiidae.
The two families are close!) related and superficially similar in appear-
ance, anatomy and habits. Sexes are separate.

Seven species of the genus Tomichia are recognized from south-
ern Africa and all are endemic. Their shells are elongate and gener-
ally less than 10 mm in height, and vary in colour from whitish to
dark brown. The umbilicus is closed in many species. Tomichia
zwellendamensis (Kiister, 1852) (Fig. 3.IOC) is considerably more slender
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than most of the other species (e.g. Fig. 3.10D). Members of the genus
occur, sometimes abundantly, on the coastal lowlands from the Cape Pen-
insula to Empangeni in KwaZulu-Natal. often in brackwater habitats.

A
B

Fig. 3.10 SlielK of species of Littorinidac, Hydrobndac and Pomatiopsidae A. Littorinidae, I.ittorarta
subvittuta B. Ihdrobndae, Lobogenes michaelts C-D, PomaUopsidae: C, Tomichia zivelle/idamensis:
D. Tomicfna sp
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FAMILY BTTHYMIDAE
Fig. 3.1 1A

Small snails, shell depressed but with a distinct spire; operculum
calcareous. Sexes separate, females oviparous. One species occurs in
southern Africa.

Gabiella kisalensis (Pilsbry & Bequaert. 1927)
Fig. 3.1 IA

Characteristic features
Shell small, globose and pale brown (up to 6 mm in height) with ; con-

centric, calcareous operculum. Umbilicus narrowly open.

Distribution
A central African species reaching its southernmost limit in the delta of

the Okavango River in Botswana.

FAMILY ASSIM1NK1DAE
Fig. 3.1 IB

These 'sentinel snails' are typically small, less than 10 mm in height.
The\ have brown shells with well-developed spires and are commo I on
mud tlats of river mouths, estuaries, salt marshes and mangroves. 1 here
are several species but these are difficult to separate. One species extends
into brack waters.

Assiminea ovata (Krauss, 1848)
Fig. 3.1 IB

Taxonomic note
Formerly know n as Assiminea bifasciata Nevill. 1880.

Characteristic features
A variable species, being banded in Natal but unhanded in the eastern

and southern Cape. Umbilicus closed, operculum corneous. Tolerant of
wide salinity and depth ranges, viz. from almost fresh to sea water i nd
from above the water level to depths ofabout 3 m

Distribution
River mouths, estuaries and lagoons from KnvMia to Mozambique.
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Kig. 3.11. Shells of species of Bithyniidae and Assimincidae A. Bithyniidae Gahielta kisalensis
B. Assimincidae: Assimmea ovata .

FAMILY THIARIDAE
Figs3.12A-G

A large family consisting of medium-sized snails with shells of variable
shape and with a well-developed spire, usually thick-shelled with strong
sculpture. Opereulum corneous but variable in form. The tip of the spire is
often eroded. Umbilicus closed. Sexes separate but males may be lacking
and females parthenogenetic. hour genera — Thiara, Tcirebia, Kielanoides
and Cleopatra — occur in southern Africa.

Thiara amarula (Linnaeus. 1758)
F igs3 .12A&B

Characteristic features
An unmistakable species, up to 38 x 20 mm in height, with its sculpture

of transverse ribs usually projecting as blunt tubercles on the shoulders o\"
the whorls, colour uniform grey/black. Spire of adult shell always eroded
(Fig. 3.12A); tubercles remain sharp on shells of juveniles up to 20 mm
(Fig. 3.12B).

Distribution
Found in the lower reaches of KwaZuIu-Natal and Mozambique rivers

where salinities are general!) in the 0-15 range. It is not known whether popu-
lations can become established in habitats without any tidal influence but speci-
mens have been kept in freshwater aquaria for many months.
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Tarebia granifera (Lamarck, 1816)
(Alien species) Fig. 3.12C

Characteristic features
An Asian species discovered in KwaZulu-Natal in 1999, but apparently

introduced several years earlier. The source of introduction is unknown.
The largest specimen collected had a shell height of 22 mm. Pale brnvn to
dark brown, tubercles well marked and tip of spire usually worn, topula-
tions are entirely female, parthenogenetic and ovoviviparous. It becomes
reproductively mature at an age of about 22 months (shell height va. 13
mm).

Distribution
Known only from a reservoir in Mandeni. northern KwaZulu-Natal,

where it was abundant, reaching an average density of about 1000/m .

Remarks
It is not known whether T. granifera has spread into the nearby 'I ugela

River system. If it has, it is likely to become invasive as happened i\ llow-
ing introductions in the Caribbean and elsewhere. Previously tailed
Thiara granifera.

Melanoides tuherculata (Miiller, 1774)
Figs3.12D&E

Characteristic features
A common turriform species measuring up to 45 x 13 mm. Sculpture

varies from strong axial ribs and spiral grooves with tubercles, sometimes
with reddish flame-like markings (Fig. 3.12E) to smoother individuals with
less prominent ribs (Fig 3.12D). Males rare, females parthenogenetic and
ovoviviparous. Reaches reproductive maturity at about 6 months (;hell
height about 10 mm).

Dislribution
Occurs in isolated localities in Namibia but more extensively in the

eastern lowlands and south to the Eastern Cape. It is not known f*om
either the Kunenc or Okavango river systems or east Caprivi, This species
is also indigenous to India and the southeast Asian mainland to northern
Australia.

Remarks
This species has become plentiful in rice paddies in KwaZulu-Natal

and has also been found in some subterranean waters in Namibia. An
apparently identical snail is commonly sold by aquarists and may bo the
'Malayan snail' mentioned in books on tropical fish-keeping.
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Melanoides victoriae (Dohrn. 1865)
Fig. 3.12F

Characteristic features
Superficially similar to St. (ubercuiata with which it may co-occur but

sculpture is less prominent, especially on the basal whorl.

Distribution
Common in the Kunene and Okavango Rivers and east Caprivi but less

so in the Okavango delta and Mpumalanga lowveld. Not known from
KwaZulu-Natai.

Cleopatra

This is a genus of distinctive pale brown snails whose shells have
several spiral dark brown bands on most whorls. Si/e up to 20 x 12 mm.
The operculum is corneous and concentric with a small spiral nucleus.
Three species are known from southern Africa. Two occur in the northern
parts of Namibia and Botswana, the third in Zimbabwe and eastern South
Africa. Cleopatra data Dautzenberg &. Germain, 1914 occurs in the
Okavango River, its delta and the wetlands o\~ Last Caprivi. Cleopatra
nsendweensis DupuU & Putzcys, 1903 occurs in the Kunene. Okavango
(but not the delta) and the upper Zambezi River systems including lake
Kariba. Neither of these is illustrated. The third. C. ferruginea (Lea, 1850)
(Fig. 3.12G) is found in the Zambezi River below Lake Kariba. the low-
lands of Mozambique. Limpopo, Mpumalanga. Swaziland and north-
eastern KwaZulu-Nata! where it has colonised concrete-lined irrigation
canals. It can be recognized by having deeper sutures than the other
species and a spiral ridge on the upper 3-4 whorls.

FAMILY POTAM1D1DAE
Figs3.13A&B

Medium to large snails with elongate, sculptured shells. Species of
Cerithidea and Terebralia are typical members of the fauna of mangrove
swamps, where they are amphibious, moving in and out of the water, on
the mud and on mangrove trunks. Three species, two of which are illus-
trated here, occur in southern Africa. The third. Potamides con tens (de
Blainville, 1826), does not extend south of Mozambique.
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Cerithidea decollata (Linnaeus, 1767)
Fig. 3.13A

Characteristic features
An unmistakable species. It grows up to 38 x 18 mm in size and has a

brown shell with many conspicuous ribs. Shells of adults always have an
eroded apex.

Distribution
Known from mangrove swamps and occasionally from salt marshes

from Mozambique to the mouth of the Keurbooms River, west cf Port
Elizabeth.

Remarks
These snails are found commonly in aggregations of hundreds on man-

grove trunks between the high and low neap tide marks, hence the name
'climbing whelk'. They descend to the mud to feed, chiefly over the periods
(6-7 days) before and after neap tides, therein perhaps avoiding predation
by crabs and fish (Cockroft & Forbes 1980). Juveniles occur mostly on the
mud.

Terebralia palustris (Linnaeus. 1767)
Fig. 3.13B

Characteristic features
The 'mangrove whelk1, a large, handsome species measuring up to 80 x 25 mm,

with a sharply pointed shell. Tolerant of a wide salinity range.

Distribution
Occurs on mud in some but not all lagoons and mangrove sw;.mps

along the KwaZulu-Natal and Eastern Cape (Transkei) coasts tt the
Mngazana estuary. This species occurred in the Bayhead Mangrove
Swamp in Durban Bay until about

SUBCLASS PULMONATA
FAMILY SUCCINEIDAE

Fig. 3.13C

A terrestrial family, the so-called 'amber snails', with thin, dextral si ells
and two pairs of tentacles. Umbilicus closed, hermaphroditic. Sometines
confused with members of the familv Lvmnaeidae.
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Fig. 3.12. Shells of species (if Thiandae. A-B, Unara amarula. A, adull, B, juvenile. C Tarebia grant/era.
D-£. Melanoides tuberculatcr D, weakly sculptured form; E, strongly scnlntured form. F, Melanoides
victonae G, Cleopatra ferrugmea.
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Oxyloma patent is sima (Pfeiffcr. 1853)
Fig. 3.13C

Characteristic features
A semi-aquatic species, growing up to 10 x 6 mm. Aperture is very

large.

Distribution
Commonly found on emergent vegetation alongside water and i; often

collected while netting for aquatic animals. Found from Mozar ibique
southwards to the KwaZulu-Natal south coast and across the high1 eld to
North West province, northern Botswana and Zimbabwe. Common in the
upper panhandle of the Okavango delta.

FAMILY ELLOBIIDAE
Figs 3. l.iI) F

Small to medium-sized, amphibious snails with comparatively thick
shells that may appear at first glance to be prosobranchs. They are u ;ually
amphibious and species belonging to the genera Auriculastra, Casridula
and Mekmipus are commonly found in brack water close to river mouths.
They also occur in mangrove swamps.

Auriculastra radiolata (Morelet. 1860)
Fig. 3.I3D

Characteristic features
Shell smooth, shiny, translucent and pale greenish-brown in coloui and

measuring up to 12x5 mm. Apex usually eroded. Two folds on the inner
margin of aperture, the upper more prominent than the lower.

Distribution
A burrowing species found to depths of up to 150 mm in mud hi low

mangrove trees on the KwaZulu-Natal coast,

Cassidula labrella (Deshayes, 1830)
Fig. 3.13E

Characteristic features
Shell smooth, brown and up to 1 2 x 7 mm in si/e. Sutures between

whorls difficult to see due to presence of man) fine, concentric grooves.
Aperture uiih 2-3 folds on inner margin and one on outer lip.
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Distribution
Occurs on the mud surface in sail marshes and mangrove s t amps from

kwaZulu-Natal southwards to Port Elizabeth.

Mehtmpus semiuratus Connolly. 1912
Fig. 3.13F

Characteristic features
Shell smooth, uniform brov\n. but with .spiral grooves on upper and

lower parts of each whorl. Spire usually eroded in larger specimens. Inner
margin of aperture with 1-2 ridges and while bands on its outer margin.
Colour dark brown and grows to 1 0 \ 6 mm.

Distribution
Found in crab holes to a depth of about 150 mm and on mud beneath

mangrove trees along the coast of kwa/ulu-Natal and Mozambique.

FAMILY LYMNAEIDAE
Figs3.!4A-C

Of the three species of Lvntnaea occurring in southern Africa, one has
been introduced. Two species are amphibious in habit and can often be
found on the damp sand or mud just above the watcrline but their eggs
require to be laid beneath the water. This family is characterized by a
columcllar axis narrowly re flexed and generally twisted where it joins the
parietal region. The umbilicus is closed. Only one pair of triangular tenta-
cles with c\es at their bases.

Lymnaea natalcnsis Krauss. 1848
Fig. 3.14A

Characteristic features
Grows up to about 22 x 14 mm. basal whorl usualK markedly swollen.

Sculpture consisting of growth lines only.

Distribution
Found o\er the eastern half of the sub-continent south of latitude 20°S

as well a> the Gariep (Orange). Oka\ango and Zambezi River systems and
the south-eastern coastal strip (also see de Kock & Wolmarans 1998 for a
distribution map). Shells from the Okavango River system are noticea-
bly slender and both shell and soft parts often pale pink in colour.
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Remarks
For a detailed study of the species1 anatomy, see Pretorius & van Eeden

(1969). Serves as the major intermediate host of the giant liver fluke
Fasciola gigantica,

Lymnaea columelhi Say. 1817
(Alien species) Fig. 3.14B

Taxonomic note
Sometimes called Pseudosuccinea coiumella.

Characteristic features
This species grows up to 16x9 mm. The basal whorl is distinctly swol-

len but not as much as in L. nataiensis and its sculpture consists of fjowth
lines and spiral ridges producing a characteristic reticulate pattern.

Distribution and habitat preferences
An amphibious. North American species that is commonly found MI the

damp mud at the water/air interface. De Kock et al. (1989) provided a dis-
tribution map.

Remarks
i. coiumella has invaded many southern African river systems It is

believed to serve as an intermediate host for Fasciola hepatkc and
F. gigantica. Since its distribution in South Africa is wider than tl at of
either parasite, it may have enabled fascioliasis to spread to these area>.

Lymnaea tnmcatula (Miiller. 1774)
Fig. 3.14C

Characteristic features
Basal whorl not markedly swollen, spire approximately as high a; the

aperture, sculpture of growth lines only, shell <I0 mm in height.

Distribution and habitat preferences
Occurs mostly in the high altitude areas (>800m) of southern and

central South Africa, including Lesotho (distribution map given by de
Kock & Wolmarans 1998). Its habitat requirements were discussei in
detail by Prinsloo & van Heden (1974); generally the species is ampl ibi-
ous, occurring in swamps and bogs but rarely in rivers or open pools.

Remarks
Serves as the major intermediate host for the common liver fli ke,

Fasciola hepatica.
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Fig. 3.13 Shells of species of Pomalididae. Succineidae and Lillobndac. A-B, Pomaiididae A, Ceruhidea
decullata, It. Terebralia palusins. C, Suixineidae Oxyloma pateniisstmu. D-F. î
D, .-htnculastra radiolala, E, Cassidulu labretla, F. Xfelampus semiaraius.
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FAMILY ANCVLIDAE
Figs3.14D-G

Shell small, sinistral and limpet-like (patelliform) with the ape> poste-
rior and inclined to the right hand side. Since the shells of uncylids have no
columella, the columella muscle attachments have separated into three
parts though these may sometimes be joined. The two main attachment
points lie anteriorly on each side of the mantle and the third near it;- poste-
rior left hand side. These scars show up well after staining the an ma I in
LugoPs Iodine. Ancylids often occur on rocks and stones in f owing
watercourses but may be found in standing water, i.e. pools and la<es. as
well- Two genera have been reported from southern Africa, eac 1 with
numerous described species, which are difficult to distinguish. Revision is
needed at both generic and species levels.

Bur/utpia
Fig. 3.14D&E

Characteristic features
Apex prominent giving the shell a distinctly asymmetrical appearance;

apical microsculpture consisting of radial pits; shell up to 10 mm long.
Right hand anterior adductor muscle scar usually comma-shaped to elon-
gate; penis without a flagellum.

Distribution
Widely distributed throughout southern Africa except the arid p; rts of

Botswana and Namibia.

Remarks
Fourteen species have been described from the region. Davies-Coleman

(2001) studied the breeding biology of B. stenochohas (Melvill & Pom onby
1903) and found that [his species could be reared in a laboratory and :ould
be used to quantify biological responses to water quality. OberhoLer &
van Eeden (1969) gave a detailed account of the anatomy of B, mooiensis
(Walker. 1912).

Ferrissia
Figs3 .14F&G

Characteristic features
Apex not prominent so that the shell appears only slightly asymn etri-

cal; apical microsculpture consisting of radial lines; shell up to 5 mm ong.
Right hand anterior muscle scar small and oval; penis with a giant ular
flaaellum the function of which is unknown.
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Kig. 3.14 Shells of l.ymnaeidae and Ancylidae A-<\ L\tnnaeidae A, Lymnaea natalenxis; \i, Lymnaea
columella; C. Lymnaea intncalula. D-(;, Ancyhdac: l>, Burnupia sp (apical view), K. Burnupia sp
{lateral view). F. Fernssta sp. (apical view). G, Femssia sp. (lateral view).



90 Freshwater Invertebrate Guide 6: Arachnida & Mollusca

Distribution
Widel\ distributed over the sub-continent except for the arid central

and western parts.

Remarks
Eleven species have been described from the region.

FAMILY PLANORBIDAE
Figs 3.15-3.18

Shell discoid, elongate or helicoid; spire usually well deve oped;
texture usually matt; suture appearing as a single line. Tentacles slender
and elongate. Pscudobranch present (see Fig. 3.1 8C). blood coloured red
due to presence of haemoglobin. Seven indigenous genera, Afrogyrus.
Ceratophallus, Gyraulus, Lentorbis, Segmentorbis, Biomphalan-i and
Bulinus, and two introduced genera. Helisoma and Planorbella, are found
in southern Africa. Scalariform freaks, in which the shell spiral appears
unwound, are known in Ceratophallus and Biomphalaria.

Afrogyrus and Ceratophallus

Characteristic features
Shells discoid, maximum height and diameter of adults not exceeding

2 x 7 mm respectively, whorls gradually increasing in diameter, scu pture
of fine growth lines. These two genera are simitar in appearance and are
best distinguished by dissection of the male genitalia (see Brown 200 ).

Distribution
Afrogyrus coretus (de Blainville. 1826) (Fig. 3.15A & B) is at present

known only from wideK separate localities, viz. north-western Namibia,
Okavango delta and north-eastern KwaZulu-Natal, but is probably nore
continuously distributed. Ceratophallus mitalemis (Fig. 3.15C & D) i- dis-
tributed over most of the southern and eastern pails of the region as well as
the Okavango Delta.

Gyraulus spp.

Characteristic features
Shell discoid, max imum dimens ions not exceeding 2 x 7 m m . whorls

increase rapid k in diameter and the aperture may be deflected d o w n w a r d s
(see Fig. 3.15F).

Remarks
Two species of Gyraulus are found in southern Africa.
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Gyraulus connollyi Brown & van Eeden. 1969
Figs 3.15K & I-

Characteristic features
Shell with sculpture of fine growth lines, shoulder oi' basal whorl

rounded.

Distribution
Occurs on the southern and central and eastern highveld plateau and the

Drakensberg escarpment to an altitude of about 1000 m. South o[ Port St
Johns it is found close to the coast.

Remarks
Endemic to southern Africa.

Gyraulus costulatus (Krauss, 1848)
Fig. 3 . 1 5 G & I 1

Characteristic features
Conspicuous sculpture of strong, regularly spaced transverse ribs;

shoulder of the basal whorl is distinctly angular.

Distribution
The northern and eastern highveld and KwaZulu-Natal, eastern

Zimbabwe and the ()ka\ango River system. May occur sympatricalK with
0. connollvi on the Drakensberg escarpment.

Lentorbis spp.
Fig. 3 . 1 6 A & B

Characteristic features
The shell is discoid, convex on its dorsal side and concave on its

ventral side due to the presence of a deep umbilicus. Shell usually without
internal septa but there may be up to four incomplete ones: texture shiny.

Distribution
This genus occurs in the Okavango River system and along the coastal

strip of Mozambique and South Africa to approximately 30 "S.

Remarks
Two species are known from southern Africa and are distinguishable on

male genital anatomy (see Brown 1994).
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Segmentorbis spp.
Fig. 3 I 6 C & D

Characteristic features
Shell similar shell to Lentorbis but with up to 10 radial lamellae visible

inside the basal whorl.

Distribution
Similar to that of Lentorbis.

Remarks
Three species are known from southern Africa but examination of the

soft parts is needed to separate them. Like Lentorbis, a detailed review of
the validity of the described species is needed.

Biomphalaria pfeifferi (Krauss, 1848)
Fig. 3.16E& F

C Characteristic features
A medium-sized, umhilicate, discoid shell, height and diamete* not

exceeding 5 x 17 mm respectively. The periphery of the basal whorl is
usually evenly rounded.

Distribution
Common in the Okavango River system, Zimbabwe, southern Mozam-

bique and the eastern parts of South Africa southwards to the Mr gazi
Ri\er in liastern Cape (Transkei) (distribution map provided by dc Ko*:k &
Wolmarans 1998).

Remarks
Internal anatomy described by Mandahl-Barth (1958) and Schutte &

van Reden (1960). Serves as the intermediate host for Sehistos-wia
mansoni, the parasite that causes intestinal (rectal) bilharzia in man.
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Fig. 3.15 Shells of Planorbidae A-B, Afrogyrus sp. A. apical view, B. apertural view.
C-D, Ceratophallux sp C, underside view; D, aperlural view. E-F, Gyraulus connollyi E. underside
view, F, apenural view. G—II. Gyraulus costulatus G, underside view; H. aperlural view
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Biomphalaria glabrata (Say, 1818)
(Alien species) Fig. 3.16G & H

Characteristic features
Maximum shell height and diameter dimensions 5-8 and 30-4) mm

respectively; periphery of the basal whorl usually angular dorsally.

Remarks
A South American species, which is a very efficient intermediate host

for Schistosoma mansoni and was imported into South Africa in 19*12 for
research purposes. Only known from laboratories but could have strious
implications for public health if allowed to escape into natural watcrbod-
ies. as has happened in ligvpt-

Remarks
The genera Heiisoma and Planorbella arc similar in appcaran;e to

Biomphalaria but can be distinguished by examination of the soft parts.
Heiisoma and Phuiorbella spp. have a large preputial (holdfast) c rgan
inside the preputium while Biomphahiria does not. This is everted d iring
copulation to ensure contact with the partner. It can easily be found on
dissection. Both are Nearctic genera.

Heiisoma duryi (Wetherby, 1879)
(Alien species) Fig. 3.17A& B

Characteristic features
Has a characteristically high shell with maximum dimensions (height x

diameter) of 9 \ 22 mm. Holdfast organ foot-shaped. Albino forms o:cur
with their soft parts orange/red in colour.

Distribution
A North American species introduced into southern Africa via the

aquarium industry.

Remarks
Rarely (bund in natural wetland systems, which is surprising since t is

common in aquaria and ornamental ponds. This may be because i: is
unable to reproduce by self-fertilization, making it ineffective as a colonizer
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Fiji. 3.16 Shells of Planorhidac A-B. ienlorbis sp • A. underside view; B. apertural view
C-l). Segmentorhis sp.: C\ underside view. D. aperlural view. E-F. Biomphalanapfeifferi. E. under-
side view, F, apertural view. G-H, Biomphalana glabrata. G. underside view; I I , apcrtural view.
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Planorbelia cf trivolvis {Say. 1819)
(Alien species) Fig. 3.17C & D

Characteristic features
Maximum shell height and diameter 7 mm and 24 mm respectively.

Holdfast organ cup-shaped.

Distribution
A North American species only known from artificial waterbot ies in

Durban, where it was first discovered in the 1960s.

Bulinus spp.

Bulinus is a large, variable and widespread genus. Its membe s are
difficult to identify but are separable into four species-groups, three of
which occur in southern Africa. The shell is sinislral. usually helicok , uni-
form brown in colour with a matt texture. Can be confused with .Viysa
acuta (compare Figs 3.18B. C & 3.19C).

Bulinus africatnis group
(Figs3.1A-C)

Characteristic features
Distinguished by their globose shape, short spire, correspondingly large

basal whorl, and truncate columella. Maximum height about 25 mn and
width 13 mm. Two species, H. africanus and B. globosus, have been described
from southern Africa and both ha\e the ridge or fold on the ventral surface of
the kidney (Fig. 3.18A) and which is diagnostic for the group. Figure ?.18C
gives a ventral view of B. africanus, showing the pseudobranch and typ cally
blunt footsole of the Planorbidac (compare with Fig. 3.19C).

Distribution
B. africanus (Krauss, 1848) (Fig. 3.18B) occurs widely across the 1 igh-

veld of South Africa except for the Free State and western half o( North-
west province. It also occurs in the Iowveld from Limpoopo southwards
through KwaZulu-Natal (except the coastal plain between the Mozam-
bique border and Lake Nhlabane) to the Transkei. The closely related
B. globosus (Morelet. 1866) is limited to the Mpumalanga Iowveld south-
wards to the coastal strip of KwaZulu-Natal to Lake Nhlabane (lat. 28°
25' S). Bulinus globosus is also common in the Oka\ango River (but less
so in the delta). Zimbabwe and Mozambique.

Remarks
Anatomy described by Mandahl-Barth (IL)58). Both species seru1 as

intermediate hosts for the parasite Schistosoma haematobium, \\ lich
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B ] 0 mm

I Omm

Fig. 3.17. Shells of Planorbidae. A-B. Helisoma duryi: A, underside view; B. apertural view.
C-D. Planorbetla cf. trivolvts: C. underside view; D, apertural view

causes urinary' bilharzia in man. and the cattle parasite, S, mattheei. For a
map of the distribution of the B. africanus group, see de Kock & Wolma-
rans(1998).

Bulinus truncatus/tropicus group
Figs3.18D-F

Shell globose but with a low to moderately developed spire, coin-
metla rounded, maximum height and width about 15 mm and 10 mm re-
specti\ely. Three species are known from southern Africa but B. tropicus is
the most widespread and common.

Bulinus tropicus (Krauss, 1848)
Fig. 3.18D

Characteristic features
Spire moderately high, sometimes appearing ribbed due to development

of low, axial lamellae on the periostracum. Albino populations are some-
times found in which the soft parts are an orange/red colour.

Distribution
Common and widely distributed over the sub-continent but less so in
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the arid western parts of the Northern and Western Cape. For a maj of the
distribution of this species, see de Kock & Wolmarans (1998).

Remarks
Serves as the intermediate host for the conical fluke of cattle. Calicophoron

microbothrium.

Bulinus depressus Haas. 1936
Fig. 3.18E

Characteristic features
A little known species with a typically flat (depressed) spire and | romi-

nent axial ribs. Aphally has been reported in this species.

Distribution
Recorded mostly from Northern. Northwest and Northern Cape

provinces of South Africa, the Okavango River system. East Capriv wet-
lands (Namibia) and Lake Kariba. Fora map of the distribution of Ihi» spe-
cies see de Kock & Wolmarans (1998).

Remarks
Susceptible to infection by S. haematobium but is unlikely to play a

meaningful role in bilharzia transmission.

Bulinus natalensis (Kiister. 1841)
Fig. 3.18F

Characteristic features
Like B. depressus. this species has a flatter spire than B. tropicus b it its

shells are not ribbed. Aphallic specimens have been reported.

Distribution
Occurs predominantly in KwaZulu-Natal, especially along the eastern

lowlands. For a map of the distribution of this species, see de Koik &
Wolmarans (1998).

Bulinus forskedii group
Fig. 3.18G "

Characteristic features
Differs from other bulinids in having an elongate, often ribbed shell

with maximum height 17 mm and width 5 mm. Two species in southern
Africa. B. Jorskulii (Lhrcnberg. 1831) (fig. 3.I8G) and B. seal iris
(Dunker. 1845) (not illustrated).
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pseudobranc
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Fig. 3.18 Planorhidae, Bttlinus spp A-C. B. qfricanus. A. diagram of the ventral view of the manlk'
organs, showing the position and form of ihe renal ridge B. shell. C. diagram showing features of ihc
live animal and the position of the pscudobranch {note anterior of the animal points downwards).
D - C shells ol' Bulim/.s spp. I), li iropicus; E, li. depressm; ¥,B. natalensis: G, 8. forskalii. {A redrawn
from Mandahl-Barth, 1958, FIE. ISA).



100 Freshwater Invertebrate Guide 6: Arachnida & Mollusca

Distribution
Bulimts forska/ii occurs widely over southern Africa except t ie arid

western and central parts. B. scalaris occurs chiefly in Zimbabwe ;.nd the
northern areas of Namibia and Botswana.

Remarks
Both species have remarkable powers of aestivation and are typical

inhabitants of seasonal, rain-tilled pools. B. forskalii serves as the interme-
diate host for the conical fluke (Jastrodiscus aegyptiacus, a parasite of
horses.

FAMILY PHYSIDAE
Figs3.19A-C

Shell ovate, spire sharply pointed. Texture often glossy due o the
absence of a periostracum in some genera and the mantle being reflected
over the shell, or part of it, in others. Umbilicus closed. A Nearctic family
with two species introduced into southern Africa, one belonging 10 the
genus Physa and the other to Aplexa. Physa has an externally v sible
accessory gland on the preputium (preputial or accessory gland) while
Aplexa does not. There is no pseudobranch. May be confused with Bvlimts
(see Figs. 3.18C &. 3.19B). Phvsids move more rapidly than cither lym-
naeids or planorbids, have sharply-pointed tails and may often be se^n to
partially rotate their shells on their bodies.

Physa acuta Draparnaud. 1805
(Alien species) Fig. 3.19A&C

C Characteristic features
Shell grows to a maximum height and width of 12 mm and 8 mm

respectively and has a ll 'W ratio of 1.38-1.74. As shown in Fig. 3.19C . the
mantle edges are only slightly reflected over shell.

Distribution
A North American species, which has become invasive in many liver

systems in South Africa, Zimbabwe and Namibia.

Remarks
It is tolerant of polluted waters where it may occur in large numbers, up

to 3000/nr (tirackenbury & Appleton 1993). Physa acuta was estimate 1 to
have spread upstream in the Liesbeek River, Cape Town, over several
years at an average rate of 2.5 km/y (Appleton & Branch I 989). Ltrge
indi\ iduals ma\ carry egg masses on their shells. For a map of the distribu-
tion of this species, see de Rock et al. (1989).
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Aplexo marmorata (Guilding. 1828)
(Alien species) hig. 3.19B

Characteristic features
An elongate shell measuring up to 1 5 x 8 mm and with a H/W (height/

width) ratio of 1.74-2.16. A pale spiral band is visible in the shell adjacent
to the suture. In living specimens the mantle edge is digitated and is re-
flected over most of the shell.

Distribution
Native to South America where it was redescribed in detail by Paraense

(1986) as Physa marmorata. This species is spreading in South Africa
where it usually colonizes lentic waterbodies (artificial and natural) and
occasionally backwaters in rivers. Recorded onl> below 180 m alti-
tude, mostly in KvvaZulu-Nata! but also from isolated localities in Mpu-
malanga and Limpopo.

Remarks
The presence of identical snails (Aplexa wateriofi) in parts of West

Africa and an old record (Physa mosambiquensis) from Mozambique sug-
gest that A. marmorata may have been spread by Portuguese ships plying
the slave trade between Africa and Brazil (Appleton et al. 1989).

CLASS BIVALVIA
SUBCLASS AUTOBRANCHIA

ORDER MYTILO1DA
FAMILY MYTILIDAE

Hgs3.20A&B

A largely marine family with one species, Brachidontes virgiliae, in
coastal lakes and the lower reaches of rivers from the Western Cape to
Mozambique. This mussel, previously known as Mi/scutus virgiliae, is
usually found in brackwater habitats, where it may form the major compo-
nent of the maeroinvertebrate community.

Brachidontes virgiliae (Barnard, 1964)
Figs3.20A&B

Characteristic features
A small species, up to 30 mm long, with umbones close to the anterior

end (subterminal) and well-developed denticles internalh on the anterior
shell margin. Colour olive green with reddish to black markings with a dis-
tinctly ribbed external sculpture. Usually found in clusters attached to
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reeds or stones and plants such as Potamogeton pectinatus. Can reach very
high densities (see section on Reproduction: p. 53),

Distribution
Occurs in the lower reaches of rivers from the Western Cipe to

Mozambique.

Remarks
Thrives in brack water (salinities 3-5) but can tolerate a wide range of fluc-

tuating salinities, up to about 34. In permanently saline habitats, B. vi'giliae
can be confused with two other small marine/estuarine nriilids,
Brachidontes semistnatus (Krauss, 1848) (formerly called B. variabilis
Krauss. 1848) and Arcitatula capensis (Krauss, 1848). Combinations of
three shell characters shown by Davies (1980) to separate these three spe-
cies are therefore given below.

Brachidontes semistriaius: terminal uinbones, no prominent dentic es on
anterior internal valve margins, weak antero-posterior external riblets.
Distributed from Port Elizabeth to Mozambique.

Brachidontes virgiliae: subterminal umbones, pronounced denticles on
anterior internal valve margins, pronounced antero-posterior extern; 1 rib-
lets.

Arcuatula capensis: strongly subterminal umbones, no denticles on ante-
rior internal valve margins, no antero-posterior external riblets. Distri >uled
from Western Cape to Mozambique.

ORDER VENEROIDA
FAMILY LNIONIDAE

Figs3.20C-J

Shells moderate to large, dark brown in colour, sometimes with zi^-zag
sculpture in postero-dorsal quadrant; umbones situated slightly anterior to
the vertical mid-line; umbonal area usually eroded. Inner shell suiface
pearh and hinge teeth conspicuous; viviparous; eggs develop in chambers
(marsupia) formed from either the outer or both gill demibranchs. La-vae
are glochidia and are parasitic on fish (see section on Reproduction).
Four species belonging to two genera. Unio and Coe/atura. are fcund
in southern Africa. The more familiar spelling of the latter with the diph-
thong ae. i.e. Caelatura. has been shown to be incorrect (Rosenberg et a!.
1990).
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I'ig. 3.19 Plnsidac A-B. shells A. Physa actila. B. Aplexa marmorata C. Physa actitu (with ante-
ntir pointing downwards), showing features H\~ live animal (compaR1 with Buhnus afrtvanus in
Fig 3 18C; note absence of a pstudobranch).
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Unio coffer Krauss. 1848
Fig. 3.20C-E

Taxonomic note
Previously called Cafferia caffra (Krauss, 1848).

Characteristic features
Large specimens may reach 100 \ 45 mm. The posterior end may be

angular and variable in outline. Hinge with an ungrooved cardinal tooth
(contrast Figs. 3.20 D and 3.20G), one anterior and two posterior lateral
teeth. Juveniles have a chevron pattern of sculpture over the whole shell
(Fig. 3.20E). Only the outer gill demibranch is marsupial. Glochidia with a
hook on each valve.

Distribution
Widely distributed across southern Africa and endemic to the region,

where it occurs in seasonal as well as perennial rivers, but is known from
dams and small lakes as well. Has become rare in the south-western 'Jape
where it can no longer be found in rivers such as the Berg. Breedt and
Kruis (J.A. Day pers. comm.).

Remarks
Tolerant of brackish water, up to salinities of 3. Baroque pearls have

occasionally been found beneath the shell's nacreous inner layer.

Coelatura spp.

Three species of Coelatura are found in southern Africa but their d stri-
butions are not well known. Shell shape and details of hinge and sculj ture
may vary between adjacent river systems. Cardinal tooth with several
grooves (contrast Figs 3.20 D and 3.20G). Juveniles with a chevron pattern
of sculpture over the whole shell but adults retain only a few chevron; on
the posterior half of the shell. Both gill demibranchs are marsupial. Glochi-
dia without hooks (see Unio).

Coelatura kunenensis (Mousson. 1887)
Fig. 3.20F-H

Characteristic features
As with most coelaturae. it is a variable species. Shells from the Kun-

enc and Okavango systems differ significantly in terms of their L/H rat os,
those from the Okavango being higher than those from the Kun;ne
(Appleton 1979). In addition, specimens from the Kunene River are
typically dark brown whereas those from the Okavango may be p;.ler
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and larger, and their chevron sculpture may persist to at least half adult
size (Fig. 3.2OH). Grows to 49 x 33 \ 23 mm.

Distribution
Occurs in the Kunene, Okavango, upper Zambezi and Kafue River

systems as well as the Ekuma floodplain and Etosha Pan in Namibia.

Coelatura mossamhicensis (Martens, 1860)
Fig. 3.201

Characteristic features
Grows to 50 x 30 \ 20 mm. This species is relatively longer and more

compressed than C. kunenensis. It resembles the next species, C. frame si.

Distribution
Found in Lake Kariba and the lower Zambesi River to central

Mozambique. It also occurs in southern Malawi and eastwards-flowing
rivers in Zimbabwe.

Remarks
Kenmuir (1980) gives useful data on the reproduction and ecology of

('. mossamhicensis.

Coelaturaframesi (Connolly, 1925)
Fig. 3.20J

Characteristic features
Similar to the preceding but is generally longer relative to height, more

slender and has more pronounced sculpture.

Distribution
Found to the south of the previous species1 range, i.e. in the eastwards-

flowing rivers of Mpumalaiiga and Limpopo and the Pongolo River flood-
plain in north-eastern KwaZulu-Natal where it is common.

Remarks
May be synonymous with C. mossambicemis.
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FAMILY MUTELIDAE
Figs 3.21 A-F

Medium to large-sized mussels with shells generally similar in external
appearance to the Unionidae but lacking hinge teeth and sculpture. Central
area of valves usually smooth but posterior area (and sometimes the ante-
rior end as well) are rougher due to protruding growth lines. Un bones
situated slightly anterior to the vertical mid-line, umbonal area often
eroded, particular]) in older specimens. Only the inner gill demibranch is
modified to form brood chambers and the larvae are ectoparasitic o i fish.
Heavy infestations can kill the host fish. Four species belonging K three
genera, Aspalharia, Chambardia and Afuiela, occur in southern Africa.
Aspatharia and Chambardia characteristically have a small triai gular
lunule at the posterior end of the hinge plate (arrowed in Fig. 3 21C).
Valuable information on the reproduction and ecology of C, wahlberrf said
M. zambesiensis is given by Kenmuir (1980).

Aspatharia pfeifferiana (Bernardi, 1860)
Fig. 3.21 A

Characteristic features
Grows to about 85 x 37 mm.

Distribution
An apparently uncommon species, which is known only from the Kun-

ene. Okavango and upper Zambesi rivers. It has not been found i I the
Okavango delta.

Chamhardia wahlbergi (Krauss, 1848)
Fig. 3 .21B&C

Taxonomic note
Until recently this species was known as Spathopsis wahlbergi (KJMUSS,

1848).

C Characteristic features
This is the largest fresh water mussel in southern Africa, measi ring

up to 122 x 54 mm. Interior surface of valves often pinkish. Marsupi i on
inner pair of gill demibranchs only.

Distribution
Widely distributed from the Kunene River in the west to the eastward-

flowing rivers of [he higlneld and KwaZulu-Natal north of 28° }Q' S. Not
known from the Okavaimo system.
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2n mm

lig. 3.2» Mylihdae and Unionidae' shells of various species. A -B . Mytihdae Hrachidonles virgitiae.
A. left valve. B. detail of interior of right valve showing denudes at anterior end C-.I. Unronidae
C-E. Vmo ca/fer C. left valve of adult. IX detail nf ligament and hinge teeth in right valve of adult:
E, left valve of iiivenilc showing pattern of sculpture F—II. Coeiatura kuwnensis V. left valve of
adult. G. detail of ligament and hinge in right valve nf adult. I I , left valve of juvenile showing sculp-
ture 1. ('oelutura wossambiceitsis. left valve. J, C. frames! (left valve}
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Remarks
As in V. coffer, baroque pearls have been found in this species.

Chambardia petersi (Martens, 1860)
Fig. 3.21 D

Characteristic features
Individuals small, rather elongate, measuring up to 72 x 30 mm and

with the dorsal and ventral margins nearly parallel. Growth lines anr finer
than in the preceding species.

Distribution
Limited to the lower Zambezi River and the eastward-flowing risers o\'

Zimbabwe. Mozambique and Limpopo.

Mutela zambesiensis Mandahl-Barth. 1988
Fig. 3.21E & I'

Characteristic features
A markedly elongate shell, usually brown/green in colour, particularly

in young specimens where the colouration is often iridescent. May reich a
length of over 110 mm. Larvae develop in brood sacs in inner p; ir of
demibranchs only.

Distribution
A southern African species described recently from the Zambesi River

and eastern Caprivi.

Remarks '*
Mule/a is also common in the Kunene. Okavango and upper Zan be/i

rivers and rare in Mozambique and the Mpumalanga lowveld. Speeii lens
from these two areas were previously identified as M. dubia (Gm?lin,
1701) and M rostruta (Rang. 1835) by Appleton (1979) and Com oily
(1939) respectively. Since M. zambesiensis shares features with both t.iese
West African species, it seems preferable to use this name for all southern
African specimens.
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40 mm 30 mm

Fig. 3.21. Mutelidae shells of various species A. Aspaiftaria pfeiffenana, kit valve B-(\ Cltambardia
wahlbergr B. left valve; C. detail of hinge of right valve, note absence of teeth and presence of a
lunule at the posterior end of the hinge plate D. C petersi. left valve. E-F, Mulela zambesiensts:
E. left valve, F. detail of hinge of nghi valve (note absence of teeth).

FAMILY ETHERIIDAE
Fig. 3.22A&B

Ri\er o\sters are found entirely within the tropics of Africa, Madagascar,
India and South America. One species. Etherkt el/ipfica, occurs in Africa
and Madagascar. Shell inequivalve. irregular in shape with the lower valve
longer than the upper. Hinge without teeth. The foot is typically lost in the
adult. The anatomy of E. elliptica was described in detail by Yonge
(1962).
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Etheria elliptica Lamarck, 1807
Figs 3.22 A&B

Characteristic features
Unmistakable. The valves vary considerably in shape, but the upper is

usualK concave internal 1\ and the lower flattened. They may leach
120x82 mm.

Distribution
Known only from the lower reaches of the Kunene River, w'lich

represents the southernmost locality tor the species in Africa.

Remarks
River oysters live, often in large numbers, with their lower valves

cemented to submerged rocks in fast-flowing, turbulent stretches of rivers
such as rapids. Normally they occur well below the surface, even di ring
the dry season, and are thus seldom seen. This southernmost habit; t of
E. elliptica will be threatened by the construction of the proposed dam on
the Kunene River. Etheria is eaten bv people in several central African
countries and its shells used as a source of lime.

FAMILY CORBICULIDAE
Figs3.22C-lf

Small triangular bivalves with solid, porcellaneous shells bearing a
sculpture of strong concentric ribs. Hinge strongly developed vvitli twu or
three radially arranged cardinal teeth and long, crenellated lateral teeth in
both valves. Viviparous. Two species occur in southern Africa. C.flum'm ilis
is widespread and often abundant, whereas the other species. C. astarinut.
is less common and seems restricted to the eastern half of the sub-
continent.

Corhicula flwninalis (Muller. 1774)
Figs3.22C&D

Characteristic features
Colour shin\ brown or \ el low to olive green with interior usua ly

purple. Hark ru\s from umho to margin are often present, particularly in
juveniles.

Distribution
Widespread in rivers, lakes and dams across southern Africa except lor

the arid western pails. Occurs in large numbers in both flowing and
standing waters.
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Remarks
Previously considered an African species. C. africana, this mussel is

now thought to be conspecific with C. Jluminalis from Asia (Mandahl-
Barth 1988).

Corbiculu astartina Martens. 1860
Fig. 3.22E

Characteristic features
This species was considered a pale form of C. fluminaiis, but is larger,

longer, more strongly ribbed and uniformly yellow with a white interior.
Its hinge teeth are more slender than those of C fluminaiis. It is recognized
as a distinct but poorly known species.

Distribution
Reported sporadically from Zimbabwe, Mozambique. Mpumalanga,

KwaZulu-Natal and Eastern Cape (Transkei) but is probably more wide-
spread.

Remarks
May occur together with C Jluminalis but apparently much less

abundant.

FAMILY SPHAERITDAE
Figs3.23A-G

Small bivalves with fragile shells, sometimes known as fingernail, pill
or pea clams. Three genera, Sphaerium. Pisidium and Eupera occur in
southern Africa but their systematics are in need of revision. When this has
been done, several species will probablv be seen to have a cosmopolitan
distribution. Cardinal and lateral teeth are present, two cardinals in
Sphaerium and Pisidium but onl\ one in Eupera. Viviparous with embryos
developing in broodsacs formed by gill filaments. Found in both flowing
and standing waterbodies where they often occur in large numbers (see
section on I labitat Preferences and Ecology: p. 59). Several species and
genera may occur together.

Sphaerium capen.se (Krauss, 1848)
Figs3.23A&B

Characteristic features
A small whitish shell, up to 9 mm long, rounded in shape with the

umbones situated on the median vertical line. Valves inflated, anterior
margin rounded. No sculpture except for growth lines.
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Distribution
Known from the eastern lowlands of the sub-continent to the southern

part of the Western Cape and also from the Okavango River systrm and
Zimbabwe. Usually found in sand but may also occur in cryptic 1 abitats
such as crevices between the rhizomes of papyrus plant, Cyperus papyrus.
Often found together with Sphaerium incomitatum.

Sphaerium incomitatum (Kuiper, 1966)
Fig. 3.23C

Characteristic features
Similar in size and colour to the preceding species but has a more, oval-

shaped shell with the umbones situated slightly posterior to the median
vertical line. The anterior margin is more pointed. Valves less inflate j than
S. capense.

Distribution
Recorded sporadically from a wide area, viz. north-eastern Kwa?ulu-

Natal, the Okavango River system and Zimbabwe, but probably more
common.

Remarks
Korniushin (1995) considered that, on anatomical grounds, this species

should belong in the Paiearctic genus Musculium.

Pisidiunt

Eight species of Pisidium (Fig. 3.23D & E) have been reported crom
South Africa but they are difficult to separate and the genus is in ne;d of
revision. All are small whitish bivalves, up to 6 mm long but usually
smaller. Umbones generally well posterior of the median vertical line.
Apart from growth lines, sculpture has been reported for only two
species, P. costulosum, which has concentric ribs on its shell, and
P. reticulatum, which has a reticulate sculpture. Pisidium pirothi and
P. reticulatum are the only species to have an externally visible ligan ent.
A red/brown deposit is often present on the posterior and dorsal areiiS of
Pisidium shells. Pisidia are known from most regions of the subcontiient
and at least some species are very widely distributed, perhaps as a resu t of
passive transport on insects and birds. Kuiper (1964, 1966) provided
shell-based keys to South African and African species respective]}. A
modified version for southern African species is given on the following pag:.
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c

D

Kig. 3.22. I.therndae and Corbiculidae shells of various species. A-B. Elhcriidae {Etheriu elliptica):
A. outside view of upper valve: B, lateral view of both valves in closed position. C-E, Corbiculidae
C-D, Corbicula Jluminaiis. C. left valve: I), detail of hinge of right valve showing arrangement of
teeth. K. C asianma. left valve
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KEY TO SPECIES OF PISIDIUM IN SOUTHERN AFRICA

Ligament projecting from dorsal margin, visible externally 2
Ligament not projecting from dorsal margin, not visible externally 3

Sculpture of regular, tine striae at a density of 10 per 0.5 mm in middle of
valve; umbones posterior to median vertical line: ligament-pit long and
narrow; shell nearly transparent, inequilateral; length up to 4.75 mm

P. piroth Jickeli 1881
Sculpture regular and reticulate; umbones submedian; length up to 3.5 mm

P. reticidatum Kuiper. 1966

Umbones situated close to posterior end; shell outline oblong-oval, scu pture
of thin, regular striations; grows to 4 mm in length

P. harrisoni Kuiper. 1964
Umbones median or submedian; shell outline ovate, subtrigonal or subpen-
tagonal; equilateral or inequilateral; sculpture costulate (ribbed) or "inely
striate 4

Sculpture regularly costulate at 4-6 ribs per 0.5 mm in middle of v ilve;
umbones submedian; grows to 3.5 mm in length

P. costuhsum Connolly, 1931
Sculpture of regular, dense striae; umbones submedian; shell robust, outline
subtrigonal; embryonic shell bounded by 3-6 distinctive striae grows to
4 mm in length P. langlevanum Melvill & Ponsonby. 891
Sculpture of dense, fine and regular striations. umbones submedian; shell thin
and nearly transparent, outline ovate P. viridarium Kuiper, 956
Sculpture irregularly striate, mostly very fine; shell outline ovate or subo/ate

5

Sculpture fine but irregular, shell equilateral, normally swollen, width b;ing
half height; posterior and anterior ends nearly equally rounded: vei tral
margin more curved than dorsal margin, which is nearly straight; umbi nes
median; hinge very narrow; grows to 4.5 mm in length

P. ovampicum Ancey, 890
Sculpture irregular, fine: shell normally swollen, anterior end more poi.ued
than posterior end; inequilateral; dorsal margin, more curved than ventral
margin; umbones submedian; central part of hinge plate rather broad; gows
up to 6 mm in length P. casertanum (Poli . I ' 9 1 )
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Eupera spp.

Eupera species have angular, rhomboidal valves, with umbones
situated anterior to the median vertical line. Hinge with a single, small
cardinal tooth in each valve. Colour light brown with radiating darker
flecks. May be attached by means of byssus threads to submerged
plants such as Ccratophylium dcmersum. Sometimes placed in a sepa-
rate family, the Euperidae.

Eupera ferruginea (Krauss. 1848) has been collected from many parts
of southern Africa and a second species. E. purasitica (Deshaves, 1854)
(Figs 3.23 F & G), has also been reported from the region. The two are
similar and difficult to separate but Eupera ferruginea has a greater height
and shorter width than E. parasitica and has 14-16 growth lines per milli-
metre in the middle of the shell compared with 8-14 in the latter species.
The\ may represent a single variable species. The genus Eupera is known
from the eastern parts of southern Africa as far south as Durban (29° 48' S),
also from the Okavango and Zambezi river systems, but distributions of
the two described species are poorly known.

FAMILY PSAMMOBIIDAE
Figs 3.23 H&I

Shell weakly sculptured or smooth, ligament external and mounted on a
narrow projection posterior to the umbo; hinge with small cardinal teeth
only. Shell elongate, tapering posteriorly with valves gaping slightly when
closed. Huryhaline. sand or mud-dwelling bivalves, which are locally
abundant in the upper reaches of lagoons and estuaries along the east and
southeast coast of South Africa.

Hiatula lunulata (Deshayes, 1855)
Fig. 3.23H&I

Characteristic features
Shell oblong, smooth with several violet rays sometimes visible exter-

nally hence the common name of 'sunset clam'; inner surface bluish.
Periostracum thin and brown. Pallial sinus deep and rounded; shell grows
to about 35 mm in length.

Distribution
May be very common in lagoons and estuaries of KwaZulu-Natal and

the former Transkei where it tolerates salinities up to 30, although it is not
known if it can breed throughout this salinity range (see section on Habitat
Preferences and Ecology: pp. 59-60).
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Remarks
Adults have long siphons, which allow them to burrow to depths of

200 mm or more. A second species, H. clouei Berlin, 1880, has a pointed
pallial sinus and its periostracum is usually badly worn. It is less conmon
than //. hundata and only known from KwaZulu-Natal.
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G

Kig. 3.23. Sphaeriidae (A-Ci) and Psammobudae |11-1) shells of various species A - B . Sphaertum
capetise. A, left valve. B. detail of hinge of right valve showing teeth C, S. mcomiialum. left valve
D-E . Pisidium spp.. I). left valve, K, detail of hinge of right valve showing teeth. F-G, Eupera para.sttica
F. lell valve. G, detail of hinge of right valve showing teeth H - l , Hiatula lunuiata: II. left valve.
I. detail of hinge of right valve showing teeth.
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CHECKLIST OF FRESH- AND BRACK- WATER MOLLUSCS
FROM SOUTHERN AFRICA

Introductory note

The Gastropoda are arranged according to Brown (1994) aid the
Bivalvia according to Mandahl-Barth (1988). The list includes all indige-
nous and alien species from natural and semi-natural waters in st uthcrn
Africa (excluding Malawi). Alien species—such as Marisa cornuwietis,
Pomacea spp.. and Binmphalaria glabrata—that are mentioned in t'ie text
but have not yet established populations in natural waters, havi been
excluded. It should also be noted that, since the many described species of
Eurnupia and Ferrissia need revision, their status as endemic or non-
endemic species is not known. The proportion of species endemic to
southern Africa is, nevertheless, remarkably low.

Class GASTROPODA

Subclass Prosobranchia
Family Neritidae
Merit ina auriculata Lamarck, 1816
Nerisina gagates Lamarck, 1822
Neritina natalensis Reeve, 1855
Neritinapulligera (Linnaeus, 1767)
Septaria borbonica (Bory de St Vincent, 1803)
Septaria tessellaha (Lamarck. 1816)

Family Viviparidae
Beliamya capillata (Frauenfeld, 1865)
Beliamya monarch (Haas, 1936)

Family Ampullariidae
Pila accidentulis (Mousson, 1887)
Lanistes ovum Peters, 1845

Family Littorinidae
Littorana intermedia (Philippi, 1846)
Littoraria subvittata Reid. 1986

Family Hydrobiidae
Lobogenes mlchaelis Pilsbry & Bequaert, 1927

Family Pomatiopsidae
Tomichia aluhustrina More let, 1889
Tomachia cawstoni Connolly. 1939
Tomichia dijjerens Connolly, 1939*
Tomichia natalensis Connolly, 19J9
Tomichia rogersi (Connolly. 1929)

• = alien species
• = species endemic to sotilhern Africa
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Family Pomatiopsidae (cont.)
Tomichia tristis (Morelet, 1889 )*
Tomichia ventricosa (Reeve. 1842)
Tomichia zwellendamensis (Kiister, 1852-3)

Family Bithyniidae
Gabiella kisalensis (Pilsbry & Bequaert, 1927)

Family Assimineidae
Assimini'a uvula (krauss, 1848J

Family Thiariidae
Thiara amarula (Linnaeus, 1758)
Tarebia granifera (Lamarck. 1 816)*
Melanoide.s tuherculata (Miiiler, I 774)
Melanoides victoriae (Dohrn. 1865)
Cleopatra data Dautzenberg & Germain, 1914
Cleopatra ferruginea (Lea. 1850)
Cleopatra nsendweensis Dupuis & Putzevs. 1903

Family Potamididae
Cerithidea decollata (Linnaeus, 1767)
Potatnides conicus (de Blainville, 1826)
Terebraliapalustris (Linnaeus, 1767)

Subclass Pulmonata
Family Succineidae
Oxyloma patentissima (Pfeiffer, 1853)

Famih Ellobiidae
Auriculastru radiulata (Morelet, I860)
Cassidula labrella (Deshayes. 1830)
Melampus semiaratus Connolly, 1912

Family Lvmnaeidae
Lymnaea culumeila Say, 1817*
Lymnaea natalensis Krauss. 1 848
Lymnaea truncalula (Miiiler. 1774)

lamily Ancylidae
Bunwpia brunnea Walker, 1924
Burnupia cqffra (Krauss, 1848)
Burnupia capensis (Walker. 1912)
Bunnipia jarcjuhari (Walker. 1912)
Burnupia gordonensis (Melvill & Ponsonby, 1903)
Burnupia nwoiensis (Walker, 1912)
Burnupia nana (Walker, 1912)
Burnupia obtusata Walker, 1926
Burnupia ponsonbyi Walker. 1924

• = alien species
• = species endemic to southern Africa
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Famik Ancylidae (cont.)

Burnupia slenochorias (Melvill & Ponsonby, 1903)
Burnupia iransvaalensis (Craven, 1880)
Burnupia trapezoidea (Boettger, 1910)
Burnupia verreauxi (Bourguignat, 1853)
Burnupia vulcanu.s Walker. 1924
Ferrissia burnupi (Walker, 1912)
Ferrissia cawstoni Walker, 1924
Ferrissia clifdeni Connollyi. 1939
Ferrissiafarquhan (Walker. 1924)
Ferrissiafontinalis (Walker. 1912)
Ferrissia junodi Connolly. 1925
Ferrissia lacustris Walker. 1924
Ferrissia natalensis Walker, 1924
Ferrissia vicloriensis (Walker. 1912)
Ferrissia zambesiensis (Walker, 1912)
Ferrissia zambiensis Mandahl-Barth, 1968

Family Planorbidae
Ajrog\rus coretus (de Blainville, 1826)
Ceratophallus natalensis (Krauss, 1848)
Gyraulus connollyi Brown & van Eeden, 1969
Gyraulus costulaius (Krauss, 1848)
Lentorbis camngtoni (Azevedo el al.. 1%1)
Lentorbis junodi (Connolly, 1922)
Segmenlorbis angustus (Jickeli, 1874)
Segmentorbis kanisaensis (Preston. 1914)
Segmentorbis planodiscus (Melvill & Ponsonby. 1897)
Biomphalaria pfeijjeri (Krauss. 1848)
Helisoma duryi (Wetherby. 1879)*
Planorbella cf. trivolvis (Say, 1819)*
Bulinus afneanus (Krauss. 1848)
Butinus angolensis (Morelet. 1866)
Bulinus depressus Haas. 1936
Bulinus forskalii (Ehrenberg, 1831)
Bulinus globosus (Morelet. 1866)
Bulinus natalensis (Kiistcr, 1841)
Bulinus ri'ticulatus Mandahl-Barth, 1954
Bulinus scalaris (Dunker, 1845)
Bulinus tropicus (Krauss. 1848)

Family Physidae
Physa acuta Drapamaud. 1805*
Aplexa marmorata (Guilding. 1828)*

- alien species
= species endemic to southern Africa
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Class BIVALVIA
Subclass Autobranchia

Family Mytilidae
Brachidontes rirgiliae (Barnard, 1964)

Family Unionidae
Unio coffer Krauss, 1848*

Coeiatura frame si (Connolly. 1925)
Coeiatura kunenensis (Mousson. 1887)
Coeiatura mossambicensis (Martens. I960)

Family Mutelidae
Aspathariapfeifjeriana (Bernard!. 1 860)
Chambardia peterst (Martens, 1860)
Chambardia wahlbergi (Krauss, 1848)

Mutela zambesiensis Mandahl-Barth. 1988)

Famih Rtheriidae
Ethcna clliptica Lamarck, 1 807

Family Corbiculidae
Corbicula astartina Martens. I 860
Corbicuhfluminalis (Mulier. 1774)

Family Sphacriidae
Sphuerium capensc (Krauss. I 848)
Sphaerium incomitatum (Kuiper, 1966)
Pisidium casertanum (Poll. 1791)
Pisidium costuiosum Connolly. 1931

Pisidium harri.soni Kuiper, 1964
Pisidium langleyanum Melvill &. Ponsonbv. 1891
Pisidium ovampicum Ance\, 1890
Pisidium pirothi Jickeli. 1881
Pisidium reticulatwn Kuiper. 1966
Pisidium viridarium Kuiper, 1956
Eupera ferruginea (Krauss. 1848)
Eupera parasitica (Deshayes, 1854)

l'amily Psammobiidae
Hiatula cluitct Benin, 1880
Hiatula lunulata (Deshayes. I 855)

• = alien species
• = species endemic to ioulhern Africa
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GLOSSARY OF TERMS

acetabula

acetabutar plates

acuminate
adnate
adductor muscle

aerobic

aestivation

alien

ambulacrum
con-
amphibious
anastomosing
anoxic
aperture
apertural view

apex
aphally

apical view
art hro ideal

membrane

basal whorl
body pores
buccal mass
byssus

calcareous
cardinal tooth

cercaria

chela

c he I ate

(sing, acetabuium); in water mites, small knoblike or ruplike
structures on or near the acetabular (= genital) platen; func-
tion unknown
in water mites, ventral sclerites associated with the genital
field and bearing genital acetabula (q.v.)
tapering to a fine point
attached, usually by its whole length
in bivalve molluscs, any of the muscles that pull tl e two
valves together
living in the presence of oxygen (sometimes, by implication,
unable to live without oxygen)
a state of inactivity during an unfavourable period (usu illy in
summer)
of species, those distributed intentionally or unintentii'iially
by humans to areas outside of their native ranges
in water mites, terminal appendages of the tarsi, usually

sisting of two retractable claws
able to live both in and out of water
cross-connecting
lacking in oxygen
in gastropod molluscs, the opening of the shell
in molluscs, a view of the shell as seen when the apert ire is
facing the viewer
(pi. apices): tip
in snails, the condition in which the copulatory org.m is
reduced or absent
in molluscs, a view of a shell seen from above
u membranous part of the integument covering a joint bet veen
sclerites

in gastropod molluscs, the largest and final whorl of a shiill
in water mites, the small circular areas of thin integumen;
the mass of tissue around the mouth
in some bivalve molluscs (mussels), a tuft of fibres, secreted
by the foot, that anchor the animal to the substrate

chalky, being composed of calcium carbonate
in bivalve molluscs, one of the interlocking teeth in the i lid-
die of the hinge plate (q.v.)
the infective free-living final larval stage of flukes (q.v.) like
Schistosoma (which causes bilharzia) (cf. miracidium)
the nipper-like terminal segments of the chelicerae (q.v ) of
arachnids
nipper-like
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chelicera (pi. chelicerae): in arachnids, the most anterior of the append-
ages

cheliceral teeth in spiders, the teeth on the anterior and posterior margins
of the chelicerae

chevron in spiders, the V-shaped pattern on the abdomen
cilium (pi. cilia): minute motile hairlike organelles growing from

a cell
clawlets in water mites, claw-like subdivisions of the ambulacral

claws
columella in snails, the axis around which the shell grows
condyle in water mites, the heavily-sclerotized point of articula-
tion between the coxa and the rest of the leg

corneous horny in appearance, composed largely of a protein-like
substance called keratin

cosmopolitan found throughout the world
costulate being sculptured with tine ribs
coxa (pi. coxae): the most proximal of the leg segments of

arthropods — in water mites, large and flattened and
adhering to the ventral surface of the body

crenellated edged with small notches
cusp an elevation on the working edge of a tooth

demibranch in bivalve molluscs, one half of a series of folded gill fila-
ments on either side of the body

denticle a tiny tooth
depressed flattened
dextral of snails, those having the aperture of the shell on the

observer's right hand side when the spire is pointing
upwards fcf sinistral)

discoid/al shaped like a disc
dorsal shield in water mites, one or two large dorsal sclerites

egg coccon in spiders, a mass of eggs, covered with a layer of silk
emergent of aquatic vegetation, rooted in water but with stem and

leaves in the air
endemic of species, native to, and restricted to, a particular geo-

graphical region
epiphytic living on plants
curyhaline able to live in a wide range of salinities
exoskeleton (= cuticle = integument): the external chitinous covering

of arthropods, usually hardened in places
eye capsule in some water mites, the distinct sclerites that house the

lateral eyes
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fascioliasis

filter feeder

fiagellum

fluke
foot

formalin

gamete
genital field

genital plates

genital ia
glandularium

globose
gill filaments

gnathosoma

gnathosomal bay

gonochoristic

gonopore

helicoid
hermaphrodite

hinge teeth

hinge

hinge plate

holdfast organ

hypersaline

a disease of domestic stock and humans caused by liver
flukes of the genus Fusciola
an animal that feeds by filtering minute particle> out of
the water
in some gastropods, a long slender tube that forms p;irt of the
male reproductive system
a parasitic flat worm of the class Trematoda
in molluscs, the flattened muscular part of the bod\ used in
locomotion
a solution of formaldehyde in water: used as both a; a fixa-
tive and a preservative

a sex cell (egg or sperm)
in water mites, the entire genital area, often delineated by the
acetabular plates, that includes the gonopore and the a -ea cov-
ered by the acetabula (q.v.)
in some water mites, paired movable sclerites that a ver the
gonopore
reproductive organs, including external components
(pi glandularia): in water mites, tiny exoskelctal glancs. each
associated with a seta
globe-shaped
in bivalve molluscs, the series of folded filaments running
down either side of the body
in water mites, the small anterior body region bearing the
mouthparts
in water mites, the U- or V-shaped area between the a iterior
coxae in which the gnathosoma (q.v.) lies
of a species, having separate males and females (cf her ?iaph-
rodite)
an external opening of the reproductive system

of snail shells, spirally coiled
of a species, having individuals bearing both male and female
gonads
in bivalve molluscs, the interlocking projections on the inner
dorsal surface of the hinge plate (q.v.)
in bivalve molluscs, the dorsal part of the shell wheie the
valves meet and are held together by a ligament and inter-
locking teeth
in bivalve molluscs, the dorsal margin of the shell that hears
the hinge teeth (q.v.)
(=preputia! organ); in Helisoma (Planorbidae: Mollusc3), a
large glandular structure, inside the preputium. that prod jces
leverage when the penial complex is everted during copulat on.
of water, being more saline than some other reference li ]uid
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hyposaline
hypostome

indigenous
inequivalve
in Haled
instars
invasive

lamella
lateral
lateral teeth

ligament
limpet
Lugol's Iodine

lunule

macrophyte
mantle

mantle cavity

marsupium

mating apophysis

median eye

miracidium

molluscicide
morph
morphology
muscle scars

nacreous

Nearctic

nucleus

of water, being less saline than some other reference liquid
(= rostrum): in water mites, a narrowed antero-ventral
projection of the gnathosoma (q.v.)

native-born: originating in the region under discussion
in bivalves, with the two shells unequal in size
expanded
a stage of development between moults
of species, those that spread unaided

a sheet
pertaining to the side or flank of an animal
in bivalve molluscs, the interlocking projections or teeth
on either side of the hinge (q.v.)
in bivalve molluscs, the fibrous part of the hinge mechanism
a flattened, non-helical snail
a solution of lg iodine crystals and 2 g potassium iodide in
100 ml distilled water
a dark, slightly sunken or depressed mark

a large plant
in molluscs, that part of the skin that covers the organs
enclosed within the visceral hump
in molluscs, the space inside the shell and anterior to the
visceral hump
in certain bivalve molluscs, the brood pouch that develops
on the gills
in spiders, an enlarged part of the chelicera or the front
leg in males
(= frontal organ): in some water mites, a single unpaired
eye
in flukes (q.v.), the early larval stage that infects molluscs
(cf. cercaria)
a poison used to kill molluscs
an organism of particular shape and form
the shape and form of an organism
in bivalve molluscs, the scars left by muscles attached to
the inside of the shell

like mother-of-pearl: in molluscs, the iridescent inside
surface of some shells
a zoogeographical region comprising continental North
America southwards to Mexico
the central point from which growth lines radiate on an
operculum (q.v.)
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operculum
osmoconformer

osmoregulation

ovate
oviparous
ovoviparous

pallial

palp
parietal region

parthenogenesis
patelliform
pedicel

pedipalp
periostracum
periphyton

piscivorous
pneumatophore
polyphagous
porcellaneous
preputial organ

pseudobranch

quadrant

radial
radula

Railliet-Henry's
Fixative

reflexed
reticulate
retro marginal teeth

in prosobranch gastropods, a 'lid' that closes the apenure
an organism in which the body fluid is of the same osmotic
concentration as thai of the surrounding medium (ct osmo-
regulation)
the process whereby animals regulate the amount of w iter and
of various ions in their body fluids and cells
more or less oval
of females, those that lay eggs
of females, those that retain developing eggs within their
bodies until the embryos are ready to hatch

line in bivalve molluscs, the line on the inside of tte shell
marking the position of attachment of the mantle (q.v.)
(= pedipalp): in arachnids, the second pair ofappendat.es
in gastropod molluscs, the inner wall of the aperture of the
shell
the production of offspring from unfertilised eggs
shaped like a limpet (q.v.)
in spiders, the thin stalk that attaches the abdomen to the
cephalothorax
see palp
the thin outermost layer of the shells of molluscs
the minute plants and animals that grow on submerged sur-
faces
feeding on fish
of mangrove trees, roots that stick out of the mud
consuming many different types of food
like porcelain
in some snails the cup- or foot-shaped holdfast organ u.-ed to
adhere to the partner during copulation
in molluscs, an accessory gill formed from the outfoldi ig of
the mantle

section, quarter

arranged like rays or radiating lines
the 'tongue' of most molluscs: a horny strip containing numer-
ous sharp, tiny teeth
1 litre is made up as follows: 6 g sodium chloride, 50 ml ;on-
centrated formalin. 20 ml glacial acetic acid, 930 ml dist lied
water
(= reflected): folded over or backwards
with a criss-cross or networked design
in spiders, teeth on the posterior margin of the chelic^ral
groove
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rhomboidal

robust

sclerite
sclerotized
secondary

copulator) organ
segment
segmented
setae
shoulder

silk gland

sinistral

siphon

siphonal canal

spiderlings
spire
striate
sub-
suture

sutural ansle

tarsus
truncate
tubercle
turbinate
tur be Marian

turriform

umbilicus
base
umbonc

uncate

shaped like a rhombus: a quadrilateral with only the opp-
osite sides and angles equal
stout, strong

a hardened unit of the body wall of an arthropod
of the exoskeleton (q.v.), hardened and tanned
in spiders, the structure on the tarsus of the male palp used
to store sperm before mating
one of the primary divisions of ihe body of an arthropod
of a body, made up of repeated units
a relatively long, flexible, bristle-like process
in the shells of snails, the outline of the upper part of a
whorl (q.v.) as seen in profile
in spiders, an abdominal gland situated postero-ventrally,
opening via a spinneret (q.v.) and producing silk
of snails, those having the aperture of the shell on the
observer's left hand side when the spire is pointing
upwards (cf. dextral)
a tube that carries water into (or away from) the mantle
cavity of molluscs
in some snails, a notch in the nasal lip of the aperture of
that accommodates the siphon (.q.v.)
young spiders between instars 2-4 (q.v.)
in snails, the coil(s) of the shell above the basal whorl
with fine streaks or lines or furrows
more-or-less
in gastropods, the junction line between the whorls (q.v.)
of a shell
in gastropods, the angle between the two whorls at the
suture

the most distal segment of the leg of an arachnid or insect
with the end seemingly cut off
a small rounded protuberance
shaped like a spinning-top
a flat worm of the phylum Platyhelminth.es and class Tur-
bellaria
elongate, shaped like a turret

in gastropod shells, a depression or space in the axial
of the shell
(pi. umbones) in bivalve molluscs, the portion of the shell
above the hinge (q.v.)
of palps (q.v.) in water mites, a condition in which the
ventral portion of the fourth segment is greatly expanded
and the fifth segment folds against it
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underside view in molluscs, a view of the shell as seen from below
univalve with a single valve or shell

valve in bivalves, either of the two halves of the shell
venom duct in spiders, the duct connecting the venom gla id to an

opening at the tip of the fang
venom gland in spiders, a mass of cells that produces venom
venter in water mites, the ventral surface
ventral shield in water mites, the heavily scleroti/ed part(s) of tl.e venter

(q.v.) in which the coxae and genital field (q.v. fuse to
form one or more closely-fitting sclerites (q.v.)

viviparous of females, nourishing the developing embryo within
the body so that young are bom alive

vulva in spiders, the internal genital organs of the femalt

whorl in gastropods, one complete turn of a spiral in the ;hell
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NEW PROVINCIAL NAMES IN SOUTH AFRICA TOGETHER WITH
ABBREVIATIONS USED IN THE TEXT

Eastern Cape
(EC)

formerly the eastern part of the Cape Province.

formerly the Orange Free State.Free State
(FS)

Gauteng
(GT)

KwaZulu-Natal formerly Natal, which included Zululand.
(KZN)

formerly the Pretoria'Witwatersrand/Vereeniging complex:
part of the Transvaal.

Mpumalanga
(MPL)

Northern Cape
(NC)

Limpopo
(LIM)

North West
|NW)

Western Cape
(W'C)

formerly the 'eastern Transvaal'.

formerly the north-western part of the Cape Province.

formerly the 'northern Transvaal' (prior to 1994) and
'Northern Province1 (from 1994-2002).

formerly the 'western Transvaal',

formerly the 'western Cape',

ABBREVIATIONS Of OTHER COUNTRIES IN SOUTHERN AFRICA

noTS

LES

MWi

MOZ

NAM

swz
ZAM

ZIM

Botswana

Lesotho

Malawi

Mozambique

Namibia

Swaziland

Zambia

Zimbabwe
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REGIONAL NAMES

Bushmanland

Cape

Capri vi

Dam ara land

Delgoa Bay

Drakensberg
Mountains

Greater
Namaqualand

Griqualand East

Griqualand West

Highveld

Kalahari

Karoo

Kaokoveld
(Kaokoland)

Kruger National
Park

Makatini
Mats

(= Boesmanland). The north-eastern parts of Namibia, the
south-western parts of Botswana and the drier nortiem areas
of the Northern Cape.

One of the four former provinces of South Africa nuw named
as follows: the north-western part is now the Northern Cape;
the south-western part is now the Western Cape ; the eastern
part, together with the former Ciskei and Transkii (qv), is
now the Eastern Cape.

The north-eastern 'panhandle1 of Namibia.

The west-central region of Namibia.

(= Baia de Maputo): large bay on east coast of Mozunbique,
site of Maputo Harbour

The mountain range stretching from the northern regions of
the Eastern Cape through the highlands of KwaZu u-Natal,
Lesotho and the eastern Free State to Mpumalanga.

The south-eastern part of Namibia (also see 'Namaqualand').

Border region between the Transkei fqv) and KvaZulu-
Natal.

Arid region from Bloemfontein (Free State) westwards into
the North West Province.

High-altitude inland plateau characterized by grasslard vege-
tation. Predominantly in Gauteng and the Free State.

The desert region of the northern North West Provina
ern Botswana and south-eastern Namibia.

south-

Arid central region of southern Africa characterized by low
scrub vegetation and very little grass cover: predon inantly
in the southern Northern Cape, the western parts of tl e East-
err Cape, the former Transkei (qv) and the northern border
of "he Western Cape.

The arid north-western coastal regions of Namibia.

Large nature reserve in the north-eastern region of Mpun alanga
on [he Mozambique border.

Pongola River floodplain. north-east of Jozini. Maputalani (q.v.)
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Maputaland

Namaland

Namaqualand

Nama-

Namib Desert

Natal

Northern Province

Orange Free State

Owamboland

Southern Cape

Transkei

Transvaal

Zulu land

Coastal plain in the north eastern region of KwaZulu Natal
and southern Mozambique, bounded by the Lebombo Moun-
tains in the west and the Indian Ocean in the east.

The coastal areas of the central Namib (qv) in Namibia.

Arid region along the western parts of the Northern Cape and
continuing into Namibia, where it is known as Greater
qualand (qv).

The coastal desert of south-western Africa, extending roughly
from the Orange River to Benguela in Angola.

One of the four former provinces of South Africa, which
previously included the region variously known as Zululand
and KwaZulu, now re-named KwaZulu-Natal.

One of the nine provinces of South Africa, now called
'Limpopo'.

One of the four former provinces of South Africa, now known as
the Free State.

(=Ovamboland): Northern region of Namibia.

The southern coastal strip from Cape Agulhas in the west to
Cape St Francis in the east.

The region colloquially known as the Transkei is now part of
the Eastern Cape Province, stretching from the Kei River to
Port Edward on the Kwa/ulu-Natal border.

One of the four former provinces of South Africa: the north
em part is now the Northern Province; the eastern part is
now Mpumalanga: the southern part is now Ciauteng and the
western region is now part of the North West Province.

in KwaZulu-Natal, the eastern coastal belt and adjacent inte-
rior from the Tugela River to the Mozambique border.



136

INDEX OF SCIENTIFIC AND COMMON NAMl^S

Acari, 5
Acarina, 2, 23
Africacarus strenzkei, 33
Africasia radiata, 35
Afrogyrus, 90

A. coretus,93, 120
Ailokrendowskia dentipes continental is

33
Ampullariidae, 43, 47, 50, 56, 61, 65,

71-74, 118
Anastomus lamelligents, 56
Ancylidae. 44. 49. 64. 88-90. 89. 119
Angiostrongylus cantonemis, 58, 61
Anisitsiellidae, 31, 37
Aplexa, 60

A. marmorata. 49. 57, 100, 103, 120
A. waterloti. 101

Araneac, 5-22
Arcuatula capensis, 102
Argyroneta aquatica. 5
Argyronetidae, 5
Arrenurae. 38
Arrenuridae, 34, 38
Arrenuroidea, 38
Arrenurus, 26

A. bowmakeri, 35
A. forcipetiolatus, 35

Arthropods. 42
Asian lung worm, see Paragonimus

wesiermami
Aspaiharia, 106

A. pfeijferiana, 106,109, 121
Assiminea ovata. 60, 78. 79, 119

A. bifasciata, 78
Assimineidac, 65, 78,79, 119
Atractides, 26
Aturidae, 34, 35, 38
Aunculastru radiolala. 84. 8"?, 119
Autobranchia, 43, 101-116, 121
Avicennia marina, 60
Axon upsalbia, 26
Axonopsae, 38

barbel, see Clarias gariepinus
Barhus. 13
Basommatophora. 44
Bellamys 50. 58

B. capiUatu, 53, 59. 70,71, 11;!
B. monardi, 71, 118

Belostomatidae. 56
bilharzki. see schistosomiasis

Biomphalaria, 49, 54. 57, 58, 90 94
B. glabrata, 94, 95. 118
B. pfeifferi, 57, 92. 95, 120

Bithyniidae, 49, 66, 78, 79, 119
bivalves, see Bivalvia
Bivalvia. 42, 43, 52-54, 56, 58, 63, 64,

101-116. 121
Brachidonies virgiHae, 53 , 56. 101-102 ,

107, 121
B. semistriatus, 102
B. vanabilis, 102

bream, see Serranochromis codringloni
Bufo carens, 13

B regularise 13
Bullninae. 65
Bulmus, 43. 44. 49, 57, 59. 63, 64 90.

96
B. africanus, 57, 60, 96. 97, 99, 120
B. angolensis, 120
B. depn>ssus.5W%,9% 120
B.forskali, 57, 58. 59. 98, 99, 100,
120
B. ghbusus, 53, 57. 96, 99, 120
B, scalaris, 59, 98, 100. 120
B. tropicus. 57. 97,98.99. 120
B. natalensis. 98. 99. 120
B. reticulatus. 120
B truncatus tropicus complex. 9''

Bumupiu.^.U.m. 118
B. caffra, 119
B. brunnea, 119
B. capensis. 1 19
B. farquhari, I 19
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B. gordonensis, 119
B. mooiensis, 88. 119
B. nana. 119
B. obtusata, 119
B. ponsonbyi, 119
B stenochorias, 88. 120
B. tramvaalensis, 120
B. trapezoidea, 120
B. verreauxi, 120

B. vutcanus. 120

Cafferia caffra, 104
Calicophoron microbothrium, 57, 98
Cassidula tabrella. 84. 87, 119
Ceratophallus natalensi.s, 90. 93, 120
Ceratophvllum demersitm, 115
Cerithidea, 81

C decotlata. 82.87. 119
Chaetogasier timnaei, 58
Chambardia, 106

C. wahlbergi, 106. 109, 121
CpetersL 108, 109, 121

Chelicerata. 2
clams. 42
Cleopatra, 43.54, 59. 81

C e/ata, 81. 119
C. /errwg/>wa,81,83. 119
C. nsendweensis, 59 , 8 1 . 119

Coelalura. 59. 102, 104
C/rames;, 43. 52, 105. 107, 121
C *Hm?m7««,61, 104. 105, 121
C. mossambicensis, 53. 61, 105. 107,
121

conical fluke, see Gastrodiscus
aegyptiacus

Corbicula, 48, 59
C. africana, \ 11
C astartma, 110, 111. 113. 121
C.fluminalis, 110. 111, 113, 121

Corbiculidae. 52, 59,63, 66, 110-111,
113.121

crabs, 56
Cryptostigmata, 3
Cyperus papyrus, 112

Ellobiidae, 50,60,65. 84-87. 119
Elyaidae, 29
Ermaeidae, 3, 23
Ether ia, 110

E. elliptica, 44, 56, 59, 108. 109, 110,
113, 121

Etheriidae, 66, 109-110. 113, 121
Eupera, 111. 115

Eferruginea, 115, 118, 121
£. parasitica, 115, 121

Eylaidae, 37
Eylais planipons, 28

E. degenerata, 29
£. crenocula, 29

Eylaoidea, 37

Fasciola gigantica, 57, 86
F. hepatica, 57, 86

fascioliasis. 43. 56
Ferrissia, 50, 63. 89, 118

F. burmtpi, 120
F. cawstoni, 120
F clifdeni, 120
F. farquhah, 120
F. fontinalis, 120
F. junodi, 120
f*. lacuslris, 120
F. natalensis, 120
F victoriensis, 120
F. zamhesiemis . 120
F zambiensis, 120

fluke, 1,56
fluke disease, 43

Gabiella kisalensis, 78, 79. 119
Gastrodiscus aegyptiacus, 57. 100
Gastropoda, 2, 42, 43, 48-52, 64, 67-

101, 118
gastropods, see Gastropoda
glossiphoniid, see Glossiphoniidae
Glossiphoniidae, 56, 58
Gyraulus, 90

G. cormoltyi, 61,91,93, 120
G. costulatus, 91, 93, 120

Dugesia, 56 Halacaridae, 3, 23
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Harpagopalpidae, 32, 38
Harpagopalpus octoporus, 32
Hartmanella. 57
Helisoma, 90. 94

H.duryi. 94. 97. 120
Hiaiulahmulata, 59.60, 115, 117. 121

H. ctouei. 116. 121
Hydracaridae, 3
Hydracarina. 2. 23-41
Hydruchna, 25

H mirijica, 28
Hydrachnae, 36
Hydrachncllac, 23
Hydrachnidae, 28, 36
Hydrachnoidea, 27, 36
Hydrobiidae. 118
Hydrodroma capensis, 29
Hydrodromidae, 29, 37
Hydrophantes incerlus, 29
Hydrophilidae, 56
Hydrovolzia placophora 28
Hydrovolziae. 36
Hydrovolziidae, 28, 36
Hydrovolzioidea, 26, 36
Hydrozetes. 3. 23
Hydryphantidae, 29, 37
Hydryphantoidea. 37
Hygrobates, 33
H. levipalpis, 34
Hygrobatidae, 34, 38
Hygrobatoidea. 38
Hygrobiidae. 66, 76. 77. 118
Hyperolius marmoraUu 13

jerry munglums. 2

Karlvietsia, 34
K. ungustipalpis, 33

Krendowskiae. 38
Krendowskiidae, JJ, 38
kuiper, see Oreochromis mossambicus

Lanipyridae. 56
Lanistes, 43, 50, 71

/_. o v u m , 56 . 5 8 . 6 1 , 7 2 , 7 5 . 118

Lebertia capensis, 31
Lebertiae, 37
Lebertiidae, 31, 37
Lebertoidea, 37
leech. 56, 58
Lenlorbis. 90.91.92,95

L. junodi, 120
L carringtoni, 120

Lencauge, 6
Limnesia sp. 32
Limnesiidae. 32, 38
Limnocharae. 37
Limnochares tenuiscula. 29
Limnocharidae, 29, 37
Limulus, 2
Littoraria subviitata, 60, 74, 77, 118

L. intermediate!, 76, 118
Littorinidae, 65. 74-76, 77. 118
liver fluke, see Fuse tola sp.
liver fluke disease, see fascioliasis
Liza euronotus, 60
Lobogenes michaelis, 76, 77, 118
Lycosidae.6, 10, 11, 14-15
Lymnaea, 43, 49, 54, 58. 85

L columeUa 57. 86. 89. 119
L. natalensis, 51, 85- 86. 89, 119
£./ranca/w/a, 57, 86, 89. 119

Lymnaeidae, 49, 50, 65, 82, 85-86. 89,
119

mangrove see Avicennia marina
Marlsa, 5 0 , 7 1 , 7 2 , 118

M. cornuarielis. 54, 57, 74. 75
marsh flies, see Sciomyzidae
Melampus semitiratus. 59. 85, 87, 119
Meianoides, 50, 54, 58

M. victoriae, 81,83, 119
M. tuberculata, 52, 53. 59, 80, 81. 83.
119

Mideopsidae, 33, 38
Mideopsis, 33
Mollusca. 42-122
Momoniidae. 32. 38
Momomella africana. 32

. 56
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Musculinm. 112
Mutelu, 59, 106

M. dubia, 108
M. rostral a. 108
M zambesiensis, 43, 52, 106, 108.
109. 121

Mutelidae, 52. 56, 59,66, 106. 109, 121
Mytilidae, 66, 101-102, 107, 121
Mytiloida, 101-102
Mytilopsis africana, 43

Naididae, 58.65
nematodes, 56, 58
Neritidae. 67-70, 118
Neritina, 67. 69

A', auriculata, 68, 118
TV. gagates, 68, 69, 118
TV. nataiensis, 60, 68, 69, 118
TV. pulligera, 68. 69, 118

Nenmania sp. 55
AF. megalopsis, 35

openbill stork, see Anastomus
lamelligerus

Oreochromis mossambicus, 60
Oribatei, 3, 23
Oxidae, 30. 37
Oxus slahlmani, 31
Oxyloma patentissima, 84. 87. 119
oyster - freshwater, see Eiheria eHiptica
oysters, 42

papyrus, see Cyperus papyrus
Paragonimus westermanii, 57
paramphistomiasis. 43
Pardosa, 6, 14, 15

P. crassipalpis, 15
P. potamuphila, 15

Physa, 49. 100
P. acuta, 57,96, 100,103, 120
P. marmorata, 101
P. mosambiqnensis, 101

Physidae, 49, 50. 65, 100-101, 103, 120
Pila, 43, 50,71
P. occidentalism 58, 59, 72, 75, 118

Pionae. 38
Pionidae. 36. 38
Pirata,6, 14, 15

P. oneilh, 15
/*. irepidus. 15

Pisauridae. 6, 10-14, 11, 12
Pisidium. 43.44. 59, 1 I I, 112. 113,

114. 118
P. casertanum, 114, 121
P. costuhsum, 112, 114, 121
P. harnsoni, 43, 61, 114, 121
P.pirothi. 112, 114, 121
P iangleyanwn, 114, 121
/'. ovampicum, 114, 121
/> reticulatum 112, 114, 12!
P. viridanuim, 114, 121

/'/jtf/a stratiotes, 15
Planorbella cftrivnlvis, 96, 97, 120
planorbid, see Planorbidae
Planorbidae, 44, 49, 50, 61, 64, 90-100,

93,95.97,99, 120
Planorbinae, 64
Platymamersopsis cooki. 31
Pollicipalpus scutatus, 34

P. projectus, 34
Pomacea, 50, 71. 72. 118

P. bridgesi, 57 ,72 ,73 ,75
/*. canaliculata, 72, 73
/> /i/HMfa, 53, 57, 73, 75

Ponlarachna capensis. 28
Pontaraclmidae, 28, 38
Pomatiopsidae, 118
Poiamides conicus, 81, 119
Potamididae, 66, 81-82, 87, 119
Potamogeton, 53

P. pectinatus, 102
Potamonautes, 56
Proevippa, 14, 15

/*. hirsuta, 15
prosobranch snails, see Prosobranchia
Prosobranchia, 43. 44, 47. 58. 60. 62,

64,67-82, 118-119
protozoans, 56
Psammorbiidae, 66, 1 15-116, 117, 121
Pseudosuccinea columella, 86
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Pseudotorrenticola, 30
Pulmonata, 43, 44. 47, 49, 58. 60, 62,

64,82-101, 119
pulmonates, see Pulmonata

Schistosoma haematobium, 57, 96, 98
S. mansoni, 57, 92. 94
S. mattheei, 97

schistosomiasis. 43, 56. 57
Scyomyzidae, 56
Segmentorbis, 90, 92, 95

S- angustus, 61, 120
S planodiscus, 42. 120
S. kanisaensis, 120

Septaria, 68
S. borbonica, 69. 70. 118
S. lesselhna, 60,70,69, 118

Serranochromis codringtoni, 56
Sigthoria nilotica, 31
snail see Gastropoda
Spathiopsis, 43, 59

S. petersi, 61
5. wahlbergi. 52, 53, 58, 61, 106

Sperchon, 30, 31
S. (Hispidosperchon) biscatus 30

Sperchonidae, 31. 37
Sphaeriidae, 44, 52. 63, 66, 111-115,

117, 121
Sphaerium. 11 1

S. capense. 111-112. 117. 121
S. incomitatum, 1 1 2 . 1 1 7 , 1 2 1

Styiommatophora, 44
Succineidae. 65, 82-84. 87, 119
sunset clam, see Manila lunulata

Tarebia grant/era, 57, 80, 83. 119
Teratothyasidae, 31, 37
Teratothyasides, 31
Tcrebralia, 81

T. palustris, 82, 87. 119
Tetragnatha, 6. 11. 16, 17, 18, 19,20,

21

T. boydi, 16. 17. 19.20
T. ceylonica. 16, 17, 19.20
r. demissa. 16. P . 14. 21)

T.jaculator, 16, 17, 1 9 , 2 0
T.maxillosa, 16,11, 1 9 , 2 0
7". miens, 16, 18. 19.21
T. subsquamahi. 16, 18, 19.21
7". unicornis 16, 18, 19, 21
7". venmfonnis, 16, 18. 19,21

Tetragnathidae. 6. 10. 11,16-21. 16,17,
18.20.21

Thalassinae. 10
Thalassius,6, 10, 12. 13

T. margaritatus, 12, 13. 14
7". massajae, 12, 13, 14
T. radiatolineatus, 12, 13, 14
T.rossiAl, 13, 14
T. spinossissimus, 12, 13. 14

Thiara amanda, 60. 79, 83
T. amanda, 119
T. grant/era, 80

Thiariidae. 48. 50. 66. 79-81, 83, 119
Tomichia, 42, 43. 44, 59, 61, 76,'. 7

T. alabastrina, 118
T. cawstoni, 6 1 , 118

r different. 1 18
7! rogersi, 118
71 natalemis, 118
7". fn.v//.v, 119
71 ventriculosa, 60, 119
71 zwellendamensis, 77, 119

Tonenticola, 27. 29, 30
Torrenticolidae, 38
Trematoda. 56,57, 58
trematodes, see Trematoda
triclads, see Turbellaria
Trombidiform.es, 2, 23
Turbellaria. 56

Unio, 59, 102
I/. ca#er. 43, 52,60, 61. 104. 107
108. 121

Unionicolidae, 3, 24. 35, 36, 38
Unionidae, 52, 56, 59, 66, 102-106,

107. 121

Veneroida, 102-116
Viviparidae. 48, 50.66. 70. 118
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Wadicosa, 6. 14
IV. manuhriala. 15
W. oncka, 15

Water mites, 23-41
vvaterbugs. see Bclostomatidae

Xcnopus laevis, 13
Xiphosura, 2


