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ABSTRACT

Invasions of ecosystems by ahen spec1es is a worldwide problem. Man, with his constant
travellmg, introduces organisms to places they have never occurred in before. The introductions
may be accidental or deliberate. Some of the introduced organisms become i invasive and some of
these also become pests. Two aquaﬁc pulmonate snails, Physa acuta (Physidae) and Lymnaea
columella (Lymnaeidae), were introduced to South Africa probably through the aquarium

industry in the 1940s and have now spread to most of the country’s freshwater systems.

A third invasive pulmonate, and second physid provisionally called 4plexa cf. marmorata, has
recently been found in South African freshwaters. Comparison between A.. cf. marmorata found
in Durban and P. acuta from Pietermaritzburg as an example of the genus Physa, confirmed that
they belong to different genera and are therefore different species. Features compared were the
shell, radula, foot, mantle, male geriitalia and sperm morphology. A4plexa cf. marmorata is
characterized by its foot having a pointed posterior end with a dark mid-dorsal stripe while that of
P. acuta does not have these features. The mantle edge of A.cf. marmorata has short triangular
dentations while that of P. acuta has long finger-like projections. Aplexa cf. marmorata does not
have an externally visible preputial' gland whereas P. acuta does. The penis of 4.cf. marmorata
has a lateral opening while that of P. acuta has a sub-terminal outlet. TEM sections of the
spermatozoon of A.cf. marmorata showed that it has a maximum of two glycogen helices around
the mid-piece while P. acuta is known to have three. A study of the population dynamics of A.cf.
marmorata in Durban showed jt to produce three overlapping generations within a 14 month

period' whereas P. acuta has been shown to produce as many as eight over a similar time period.

Further compari.sbns between South African A. cf. marmorata and similar material from the West
Indies, Nigeri‘;‘ and St Lucia (KwaZulu-Natal) showed that they shared the same features with the
specimens collected in Durban and are therefore considered to belong to the same species, Aplexa
marmorata (Guilding, 1828). This species is indigenous to the Caribbean and northern parts of
South America. The picture is however complicated by the fact that Dr L Paraense, doyen of the
Brazilian school of freshwater malacology, does not recognize the genus Aplexa and redescribed

this species under the name Physa marmorata in 1986.
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CHAPTER 1
FRESHWATER SNAILS AS INVADERS IN SOUTHERN AFRICA
1.1 DEFINITION OF AN INVASIVE ORGANISM

Invasions are defined as “introductions via human activity, either accidental or deliberate, which
have been successful” (A.F.G. Tonin, unpublished data, 1986; Bruton & van As, 1986). Barrett
& Richardson (1986) defined an invasion as “the successful founding of a colony in a region
where none existed before and which is followed by rapid spread by the invading species.” The

introduction of alien animals to new areas reached its peak during the colonial era (Roots, 1976).

The usual seqlience of introductory events, viz, accidental transport, invasion and establishment,
can only be successful for .\é‘xpecies with wide ecological tolerance (van Bruggen, 1964). |
Similarly, Ehrlich (1986) and de Moor (1992) describe invasive species as those that can easily
cross physical barriers such ‘as mountains, waterbodies and harsh climate and, with or without the
help of human beings, establish themselves before multiplying rapidly and dispersing to new
habitats. In fact, most of the\\species that have become invasive are those that are able to cross
barriers because of their relati\pnship with Homo sapiens (Elton, 1958). Before humans became
the main distributors of plants:\land animals, geographically separated regions shared very few
species (Mooney & Drake, 19§|0). Inter-continental travel and the wide dispersal of man have
eliminated continental isolation of species and has led to introductions of species to places where
they never occurred before becl;wse of natural barriers (Ashton & Mitchell, 1989; Brackenbury,
©1989). Even very isolated placéj:s have been invaded. A recent illustration of this was the
discovery of the land snail Heli;c aspersa and the slug Deroceras laeve on Easter Island, 2000 km
from the nearest continental lanl‘dmass and thus the most remote island in the world (Naranjo-
Garcia & Appleton, 1998). |
The ]ifé—history style adopted by an introduced species is an important factor determining the
success or failure of the introduction (Bruton, 1986). Clearly, invaders must be able to adapt
themselves to a different climate, soil? and vegetation and compete with the indigenous fauna for
available niches. Species with wide éeographical ranges might inhabit more different habitats
than species with restricted distributions. In many cases it seems that invaders are in fact pre-

adapted to their new environment(s) (Roots, 1976). Invaders are usually abundant in their



original range and are non-selectivl, feeders or have a broad diet (Baker & Stebbins, 1965; Pimm,
1989; de Moor, 1992). They probably come from a region with the same climatic conditions as
the invaded habitat (Hengeveld, 1949; Coope, 1986). They are probably r-strategists because
they establish themselves quickly, l}ack natural enemies and competitors in the invaded area, have
year-round breeding capabilities and are adept at finding an empty niche (Moyle, 1986). Their
generation time is usually short and% they are genetically variable (Hengeveld, 1989), although
some éppear to rely on reproductioﬁ by self-fertilisation. This presumably occurs in the slug D.
laeve, since all specimens collectedi on Easter Island by Naranjo-Garcia & Appleton (1998) were
aphallic. They are ecologically and behaviourally distinct from native species. The importance
of ecological parameters in detemining invasive success, viz. strong resistance to conditions
prevailing in the invaded region, inter-specific competition, community structure and food chains,

was emphasized by Elton (1958). To these we can add predation and parasitism (Roots, 1976).

It is not a general rule for an invading species to behave like an invader in its place of origin. For
example, Pinus radiata (Monterrey pine) does not show invasive behaviour in California, which
is its place of origin, but it hé§ become a strong invader in South Africa, Australia and New
Zealand (di Castri, 1989).

|
Successful invasion occurs mostly in disturbed or modified habitats (de Moor, 1992). Ecological
resistance was noted to be lower in disturbed, less complex environments and on small islands
where biotic diversity is low (Elton, 1958). These environments are regarded as being more
susceptible to invasion by introduéed species. Fox & Fox (1986) noted a negative relationship
between community richness and %usceptibility to invasion, meaning that species-rich
communities are less prone to invasion. Bruton (1990) challenges this idea and notes that the
African Great Lakes, which are stable, complex, diverse ecosystems, are vulnerable to major
disturb'ances such as the introductilon of alien species, overfishing and pollution. These lakes can
be regarded as "land-locked islandl‘s" because of their isolation and their fauna and flora may be as
vulnerable to extmctlon as on oceanic islands. In summary, most undisturbed communities have

a low 1nva51b111ty to almost all 1nv;ders while the reverse is true for disturbed ones.

Man-made changes are the most important factors influencing the distribution and abundance of
introduced snails in Africa. Construction of new highways and deforestation were thought to be
important factors that might cause the introduced snails to spread. Artificial modification of

aquatic habitats usually leads to a reduction in the heterogeneity of the environment, loss of many



microhabitats and hence a decrease in species diversity (de Moor, 1992). A more homogenous
environment is then created which can be invaded by species adapted to the newly created aquatic
habitat (Harrison & Shiff, 1966). Ijisturbance of natural systems is often associated with the
success of introduced species as was the case in Florida, USA, where clearing, altered burning
cycles and large drainage projects have turned previously stable ecosystems into unstable ones
(Mooney & Drake, 1986). Naturallly unstable habitats like river bends are susceptible to invasion
(Macdonald & Jarman, 1984) and may therefore serve as entry points into the system for

introduced species.

The invasibility” of habitats or conixmunities is thus an important characteristic of environments
exposed to alien organisms and mus“c influence the aliens’ survival and spread. Fox & Fox (1986)
regard “disturbance” asa pre—requis‘:ite for invasion. All communities are probably open to
invasi;)n to some extent but those dfsturbed by various agencies such as cultivation of land (Elton,
1958), and disturbance by glaciatioq, erosion or fire (Williarr'féon & Brown, 1986), are
undoubtedly tl}e most susceptible (I-i]engeve].d, 1986).

Competition between invaders and native organisms may give an impression that the ecosystem
is “adapting” to the invading species as was the case during the spread of the fern, Salvinia
molesta, over Lake Kariba, Zimbabwe (Arthington & Mitchell, 1986). In fact, Holdgate (1986)
was of the opinion that invasion depends more on the interactions between the invader and the
invaded habitat once dispersal has talken place than on the process of dispersal itself.

Bioldgical invasion is an ongoing process. Sailer (1983) estimates that about 11 exotic species of
insects and other arthropods become established in the USA annually. About five species of
higher plants colonize eastern Austreillia each year (Groves, 1986). Forty percent of the birds and
higher plants found in the Hawaiian jslands are invaders (Mooney & Drake, 1990). Over 50% of

the flora of New Zealand consists of|invaders and unfortunately such large scale invasion causes

the extinction of indigenous species.|



1.2 BIOLOGICAL INVASIONS

Biological invasions have received considerable attention recently as SCOPE (the Scientific
Committee on Problems of the Environment) established an international programme to
investigate the ecology of these invé:tsions (Mooney & Drake, 1986; Drake et al., 1989; Mooney
& Drake, 1990). One of the key isshes debated by participants was whether or not invasive
organisms shared common attribute“ls that facilitated their success. Invasions of ecosystems by
exotic species may be natural or "artificial" i.e. accidental, usually via the sport fishing and
aquarium industries or deliberately as biological control agents (Appleton & Brackenbury, 1997).
Natural invasions are those that ha\Je taken place without the help or influence of man (Ashton &
Mitchell, 1989). They happen by chance but are characteristic of the earth's biota. An example is
the invasion of South America by mammals after the appearance of the Panamanian land bridge
(Marshall & Williams, 1981). It cah therefore be argued that there is no difference between

natural and "artificial" invasions but that they are occurring faster nowadays than previously.

"We are in the era when intentional and accidental introductions of alien fauna or flora may be
documented, whereas their impact rpay be measurable only in the distant future” (de Moor, 1992).
The planned introductions of exotic species into new habitats in the past, many of which have led
to environmental disasters, were dohe to fill so-called "vacant niches”. The impact an
introduction of an alien species has ion the ecosystem is not restricted to closely related taxa but
extends acrossl broad taxonomic boundaries so that the whole community structure is likely to be
affected. |

The spread of invasive organisms infto places faraway from their original habitats is of increasing
global concern (Scope, 1983). "We must make no mistake: we are seeing one of the great
historical convulsions in the world’é fauna and flora" (Elton, 1958). Many invading species have
been shown to have altered the st1~u¢ture and functioning of the communities and ecosystems iﬁto
which they were introduced or becojme established in habitats which had already been modified
or disturbed by man (Herbold & Mcéyle, 1986; Moyle, 1986) and one suspects that they must all
have done this to a greater or lesser Extent. Commonly altered properties of ecosystems include
productivity, soil structure and nutrient cycling (Vitousek, 1986) and some introductions have led
to serious economic and health probflems (de Moor & Bruton, 1996). Introduction of alien
species has led to reductions in num:Pers of indigenous species, local extinctions and in some

cases the extinction of endemic speéies (Scope, 1983; de Moor, 1992).



Although terrestrial in habit, it is pertinent to record here that four carnivorous snail species were
introduced to the Western Cape dl;lring the period 1959 to 1963 by the Department of Agriculture
(Dr. M. Walters, Plant Protection iResearch Institute, Pretoria, in litt. to C. C. Appleton, April
1999). These were: Euglandina rosea, Gonaxis kibwiziensis, Gonaxis sp. and Gulella wahlbergi.
They were intended as biological control agents against invasive helicid snails such as Theba
pisana and Cochlicella spp. Fortunately, none of these four seems to have survived. This is
especially fortunate in respect of E rosea since this species was also introduced to a number of
Polynesian islands in an attempt ti;) control invasive Achatina fulica. Instead of preying on the
achatinid, E. rosea fed on the endémic tree-dwelling genus Partula and is credited with eating

several species to extinction.

Similarly, the estuarine mud-snail Velacumantus australis was translocated from the east coast of
Australia to the west coast where it has become established in the Swan River estﬁary, Perth, and
transmits the dermatitis-producing avian schistosome, dustrobilharzia terrigalensis, to swimmers
each summer (Appleton, 1989).

|
Introduced species that do not have their native predators present in the invaded area are able to
out-compete indigenous species 1q reproduction (Macdonald & Jarman, 1984). Many of these
invaders are of major importance {jo agriculture, forestry, fisheries etc. and some are intermediate
hosts or vectors of parasites affectling man and/or his livestock, e.g. the snail Lymnaea columella
which is a proven intermediate holst of Fasciola spp. Magzoub & Kasim (1980) claim that
invasive Physa acuta were succeséfully infected with Schistosoma haematobium in a laboratory
in Arabia. There is no evidence, however, from any areas endemic for schistosomiasis in Africa,

that snails of families other than tﬂe Planorbidae, transmit the parasite (Brown, 1995).

' |
The malaria epidemic in South America between 1938 and 1939, where more than 20 000 people

are believed to have died, can be used to show the impact an invader can have (Elton, 1958). The
reason why Anopheles gambiae, the mosquito species that was introduced from Africa, became a
major epidemiological problem, was because its larvae bred in open waterbodies and the adult
stages rested in human habitations,::: unlike the indigenous anopheline species. Not all introduced
species have become invasive hovs/lpver and the question as to why some do and others do not, is

the subject of much debate. |



\

1.3 HOW ARE INVADERS INTRIODUCED?

|
Although some alien species have b;een deliberately introduced into new habitats, e.g. most plants
used in commercial agriculture and!most parasitoids and predaceous insects used in biological
control, many invaders have been introduced accidentally. One of the major impacts of invasive
aquatic animals is through the introduction of alien parasites and diseases that threaten natural
communities and aquaculture (Bruton & van As, 1986). In South Africa, Wells et al. (1986)
noted that most invasive plants werg introduced intentionally and it is likely that many introduced
animals were transported with therr‘i. Certainly many of our freshwater invasives were introduced
via the sport fishing industry (i.e. fish and their parasites) and via the aquarium trade (medusae,
snailé and weeds) (de Moor & Brut;()n, 1988). Whereas most sport fish species were introduced
intentionally, ‘théi'r accompanying ?arasites, other invertebrates and weeds were accidental
introductions. kecently several insiacts were introduced to South Africa and Namibia as biological

control agents of invasive water weeds such as Salvinia molesta and Eichhornia crassipes

(Arthington & Mitchell, 1986; Milﬁ, 1997).
1.4 THE SOUTH AFRICAN SITUATION

Many alien aquatic animals and pl:ants were introduced into southern Africa through colonial
colonisation of the subcontinent (e.g. de Moor & Bruton, 1988; Rayner & Appleton, 1992). The
majority of the European and North/ American species were infroduced in the 19™ century and the
South American and African aliens (were probably introduced during the 20® century. According
to Henderson & Wells (1986), Macdonald & Richardson (1986) and Wells (1986a), the
ecosystems in southern Africa mosrj affected by invasive plants are the riparian zones of rivers but
the degree of invasion and prevalerice of invasive species vary from area to area due to

geographical differences.

Many South African freshwater syjtems are disturbed to some extent by the building of
impqundments (e.g. dams and weirf), abstraction, agricultural runoff, bank erosion, siltation etc.
and are therefore prone to invasion% Bruton & Merron (1985); Ashton ez al. (1986) and de Moor
& Bruton (1988) have catalogued the introduced freshwater animals in South Africa and assessed
their “invasivg” status. They recor%i six molluscs (five gastropods and one bivalve). Two of the
gastropods and the bivalve are marine. The remaining three gastropods are freshwater

pulmonates: Lymnaea columella, Helisoma duryi and Physa acuta. Two of these, L. columella



and P. acuta, have become invasi\{e and are actively spreading across the continent while H.
duryi has only been reported fromartificial waterbodies (Appleton, 1996). Appleton (1996) and
Appleton & Brackenbury (1998) have since updated the list of freshwater gastropods introduced
into South Africa but which have not necessarily become invasive, and noted the presence of
several prosobranchs, Pomacea sp&(Family Ampullariidae) as well as a second member of the
Family Physidae, Aplexa cf. marmorfata. Like Helisoma duryi, the ampullariids have not spread
beyond artificial waterbodies such as ornamental ponds but 4. marmorata has, during the past 15
years, been found in a variety of wa{erbody types. These are all in the extreme eastern part of
South Africa and range from artiﬁci“al ponds to natural pans and backwaters in rivers. It seems to
be spreading and is likely to become the country’s third invasive freshwater pulmonate snail

(Bfackenbury & Appleton, 1997). Aplexa cf. marmorata is the subject of this study.
1.5 OBJECTIVES
1.5.1 GENERAL OBJECTIVE

The main aim of the study was to ¢haracterise the alien freshwater speciés provisionally called

Aplexa cf. marmorata which has récently been found in South African freshwater systems.
1.52 SPECIFIC OBJECTIVES

1. To differentiate between A. cf. marmorata and Physa acuta, a successful invader.

2. To evaluate the potential of A/ cf. marmorata to become a successful invader.

Morphological aspects that are of: taxonomic value such as shell, foot, mantle, penial complex and
egg capsules of the two physids erre compared in trying to differentiate the two species. A
detailed study of the sperm morphology of 4. cf. marmorata was also carried out to facilitate a
comparison with that of P. acuta (Brackenbury, 1989).

: |
Annual population fluctuations of 4. cf. marmorata and the response of this species to
environmental disturbances at tw$ sites within the Durban Metropolitan area were monitored.

Egg production at three different constant temperatures in the laboratory was studied.
|



CHAPTER 2 ,

\

|
AQUATIC PULMONATES AS INVADERS

2.1 INTRODUCTION

Before discuséing the Family Physidae, which includes Aplexa cf. marmorata, it is necessary to
present some characteristic features of the sub-class Pulmonata to which the Physidae belongs.
Pulmonates are either terrestrial (Stylommatophora) or freshwater (Basommatophora) though a
few of the latter are found in the r{narine inter-tidal zone (Brown, 1967; Fretter & Peake, 1978;
Wethington & Dillon, 1993). Typically they have lost their gills and the roof of the mantle cavity
has become richly vascularized tq form a “lung” which allows them to breathe air. Most are
simultaneous hermaphroditeé. Tl;ie freshwater forms are secondarily adapted to water since they
can also extract dissolved oxygenj from the water via their skin (Crowl & Covich, 1990). This

cutaneous respiration has surely helped equip them to colonize a wide range of aquatic habitat

types. ' |'

Few or even single species may éf)ften be found in high densities under extreme physical
conditions, for example in temporary pools. Conversely, in lakes or on tropical islands, many
closely related species may be fc:)und co-existing with each other but with each species being
_represented by only a few indivi;duals. Either way, they are amongst the most common and
conspif;uous animal groups of ﬂtl’;e_ freshwater biota (Bondesen, 1950; Wethington & Dillon, 1993)
and show adaptations to different environments (Crow! & Covich, 1990). They have short life

cycles, maturing at a young agej and having a short reproductive period.

2.2 THE PULMONATE RADULA

| |
The radula is secreted by the ra@ula gland and lies on the radula membrane which in turn covers
the odontophoral cartilage (Roller et al., 1984) and projects from its posterior end (Runham,
1969). The odontophore is the supportive base for the radula and is reinforced by cartilages and
moved by a set of muscles. The radula membrane holds rows of teeth that are being formed
continuously at its posterior énd (Isarankura & Runham, 1968; Bullock, 1989; Gittenberger &\
Goud, 1994). Worn teeth drop off at the anterior (working) end and are usually swallowed by the



snail. Abrasion and reduction of the denticle cusp height begin soon after the teeth move

anteriorly to the working surface and become involved in feeding.

The radula is replaced at a rate of 1-5 rows of teeth per day (Runham & Isarankura, 1966) but this
will depend to some extent on the species as well as on temperature, age, “depth of sleep” (this
relates to hibernating stylommat(:)phorans), but not to starvation or aestivation (Gittenberger &
Goud, 1994). For example, in L)I)mnaea stagnalis the radula is replaced at a rate of 2.98 rows/
day and 5.02 rows/day in Agriqli;hax reticulatus (Runham & Isarankura, 1966). Radula
replacement is most rapid in newly hatched snails (Isarankura & Runham, 1968) but decreases

with age (shell size), proportionally to temperature.

The pulmonat; radula has transverse rows of teeth comprising a central tooth with several to
many lateral and marginal teeth on either side. The transition between the lateral and marginal
teeth is not always clear (Bor et al., 1994) but, counting outwards from the central tooth, the first
tooth with a basal plate decreasing disproportionally in size is considered to be the last lateral and

the adjoining one is the first marginal.

2.3 EGGS AND EGG CAPSULES

.
Egg masses or capsules are often|structurally complex and eﬁergetically costly to produce. They
may provide embryos with calcium needed for cell adhesion, embryo formation or proper
physiological functioning under (lt)smotic stress (Taylor, 1973). They are beneficial in confining
embryos until they are able to move away from the danger of being fed upon by suspension or
deposit feeders (Pechenik, 1986): Encapsulation of the eggs may also protect the developing
embryos from bacterial attack and predation and the capsular fluid itself is nutritive in some
species.
The eggs of freshwater puhnonaf‘eé are laid as capsules containing up to 40 or 50 eggs (Bondesen,
1950; Rudolph & White, 1979). iThe capsules of all freshwater pulmonates have a characteristic
end part, the existus terminalis of terminal tail. The capsule may be more-or-less like a spout,
tube or tapering thread. The egg mass of pulmonates typically rests on the substratum with the
initial point downwards. During Bviposition, the snail turns away from the capsule, i.e. the

sinistral physids turn to the right and the capsule turns clockwise.



As fertilized eggs of, for examplé Lymnaea, pass down the oviduct, they receive various coatings
which form the egg capsule (Duncan, 1957, 1959). Initially the egg is bounded only by an
internal membrane (Bondesen, 1950). The egg itself then secretes a delicate plasmatic membrane,
the primary envelope or vitellineimembrane, around itself and as it passes through the efferent

“lst

duct of the reproductive system, it is surrounded by albumen and a “1* order” tertiary envelope

secreted by the female tract (Duncan, 1957; Rudolph & White, 1979).

The Families Physidae and Lymnaeidae have a 2™ order tertiary envelope, the external
membrane, surrounding the internal membrane. The external membrane has a fine lamellar
structure and is continued in the egg strings or fila ovi, found only in egg capsules of the two
families. Similarly, in these two familes a gelatinous, slimy outer layer, the pallium gelatinosum,

covers the egg capsules at deposition.

Pulmonate snails ére amongst the most obvious invasive aquatic invertebrates in South Africa
(Ashtgn et al., 1986). As noted earlier, only two pulmonate species have become invasive in
South African freshwaters so far but malacologists should be on the alert for introduced exotic
freshwater spgpies (Brown, 1995). The two already established are Lymnaea columella and

Physa acuta and the state of knowledge on each is summarised below.
2.4 Lymnaea columella (Say, 1817) ( Lymnaeidae)

Lymnaea columella, is an amphibious snail of North and Central American origin. It was not
listed by Connolly (1939) in his monograph of South African non-marine molluscs so that the
first report from South Afriéa, 1942 at Somerset West near Cape Town (Brown, 1994), is
probably close to the true date of introduction. Like other aquatic invertebrates, it was probably
imported into the country accidentally with fish or aquatic plants (Brown, 1980). Since then it
has colonised most of the major river systems draining the subcontinent (van Eeden & Brown,
1966; de Kock et al., 1989). According to the records of the National Freshwater Snail
Collection held in the Zoology Department, Potchefstroom University, L. collumella is the third
most widely distributed freshwater snail in South Africa after two indigenous species, Lymnaea
natalensis and Bulinus tropicus (de Kock et al., 1989). It also occurs in Kenya and Egypt
(Madsen & Frand_;en, 1989; Brown, 1994) and was recently found in Lake Kariba on the
Zambg;i River in Zimbabwe (Anon., 1998). Little is known of its ecology in Africa but Appleton
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(1974) showed that in South-Africa it lives for approximately eight months and breeds in winter.

It is an intermediate host for the common liver fluke, Fasciola hepatica.
2.5 Physa acuta (Drapanaud, 1805) (Physidae)

Like L. columella, this species was introduced into South Africa in 1942 (Hamilton-Attwell,
1970; Brown, 1994). The first report was from KwaZulu - Natal where it was collected in the
Umsinduzi River, Pietermaritzburg, in 1954 (K. N. de Kock, pers. comm.) but it has spread over
much of the country during the intervening approximately 50 years (Hamilton-Attwell et al.,
1970; de Kock et al., 1989). This distribution pattern shows concentrations of records around the
major urban areas suggesting that it has been introduced more than once. It is now found in
various artificial and natural habitat types and often dominates the macroinvertebrate fauna, e.g.
the Umsinduzi-Umgeni system between Pietermaritzburg and Durban. It also occurs commonly
in polluted water and has therefore been nicknamed "the sewage snail". According to
Alexandrawicz (1986), its spread across Europe was associated with that of polluted and heated
water due to industrial pollution. It is of no economic importance but sometimes it may be
infected with bird schistosomes, which can cause "swimmer's itch" (Frandsen ez al., 1980) though

this probably happens only in its native North America.

Physa acuta has a worldwide distribution today (Smith & Kershaw, 1979) but is, as noted above,
presuﬁiably of North American origin (Brown, 1980) although van Bruggen (1966) suggested it
was introduced to South Africa from Europe. Whatever the route of introduction, this invasive
species has sprea& to many African rivers and lakes from South Africa to Morocco. Working in
the Umsinduz? .River, Pietermaritzburg, Brackenbury & Appleton (1993) showed that P. acuta
was able to produce six identifiable cohorts within a 12 month period, most of them in response
to disturbances due to floods. This and its other invasive attributes have been reviewed by
Appleton & Brackenbury (1998).

A third aquatic pulmonate, Aplexa cf. marmorata, also belonging to the Physidae, has been
reported from several localities in South Africa since 1985 (Appleton e al., 1989; Brown, 1994)

and seems to be spreading in the eastern half of the country. As mentioned earlier, this snail is

the subject of this study.
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CHAPTER 3
The Family Physidae in Africa
3.1 INTRODUCTION

Although the Family Physidae is not indigenous to Africa, representatives of two physid genera,
Physa and Aplexa, have been introduced (see Chapter 2); both have become invasive and are
probably still spreading (Hamilton-Attwellet al., 1970; de Kock et al, 1989; Madsen & Frandsen,
1989; Brown,-1994; Appleton & Brackenbury, 1998). They do not however seem to have been
reported ﬁoﬁ the same habitat suggesting that they may have different ecological requirements.
Since it is possible that they may occur sympatrically in some places, it is useful to provide
descriptions of both genera and compile a list of morphological criteria by which they can be
separated (see below). As pointed out by Appleton & Brackenbury (1998), neither of the two
physid species occurring in Africa has been adequately characterised or identified — in fact a
number of authors have expressed dissatisfaction with the state of physid systematics in general
(Te, 1“380, Taylor, 1988, Brown, 1994). As noted by Clampitt (1970), the morphology of the

male genitalia is important for specific diagnoses within the Physidae.
3.2 Physa Draparnaud, 1801

3.2.1 DISTRIBUTION

According to Te (1973), the genus Physa predominates in North America and, following
introductions to Europe and Asia, is the dominant physid genus throughout the Northern
Hemisphere. Physa acuta was introduced to Africa, probably via Europe from North America,
and is known from many countries on the continent though not so far from West Africa south of
the Sahara (Kristensen & Ogunowo, 1992). The first known African record for P. acuta was from
Somerset West near Cape Town, South Africa in 1942 (Hamilton-Attwell, 1970; Brown, 1994).
Brown (1994) has however also commented on the uncertainty over the correct identification of
this widespread species. Physa acuta was also introduced into Australia (Smith & Kershaw,

1979) and Malaysia. Listed below is a review of features differentiating P. acuta from A. cf,

marmorata.
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3.2.2 SHELL

The shell is ovate-oblong (Te, 1978; Paraense, 1987; Shi-Kuei & Beetle, 1995, Appleton, 1996).
Tts texture is smooth and shiny, but not glossy as in 4plexa (Te, 1978), and light brown in colour
(Smith & Kershaw, 1979). It has round, convex whorls and the body whorl is greatly expanded
(Richards, 1964j I‘Paraense, 1987) with protruding shoulders (Te, 1978; Barbosa, 1995). The spire
is elevated and sharply conical (Smith & Kershaw, 1979; Paraense, 1987). Sutures are deep
(Richards, 1964; Kristensen & Ogunowo, 1992) and well impressed (Paraense, 1987). The
aperture is ovate-lunate (Smith & Kershaw, 1979).

3.2.3 MANTLE AND FOOT

The mantle edge processes are finger-like (Richards, 1964) and extend partly over the body whorl
of the shell (Richards, 1964; van Bruggen, 1966; Clarke, 1973).). The foot does not have the
central black stripe and neither does the body wall have the small yellow-green “vacuoles” that

are both characteristic of Aplexa (Richards, 1964; Paraense, 1986) (see below).

3.2.4 MALE GENITALIA

The spermatheca is pyriform or pear-shaped (Paraense, 1987; Barbosa, 1995). The preputium has
a distinct preputial or accessory gland (Richards, 1964; Te, 1973, 1978; Kristensen, 1987,
Kristensen & Ogunowo, 1992; Barbosa, 1995; Shi-Kuei & Beetle, 1995; Appleton, 1996) (Fig.
3.4). The penial duct has a sub-terminal outlet (Richards, 1964; Paraense, 1987; Barbosa, 1995).

325EGGS

The egg capsules of South African P. acuta are oval in shape and concave on the free side. They
have a transparent, colourless capsular membrane which encloses a clear viscous fluid in which

the eggs are embedded (Brackenbury, 1989). The clutch size ranges from 5-86 eggs/capsule.

Physa acuta may lay its eggs on the shells of its conspecifics and up to six such capsules have
been reported from a single individual’s shell (Brackenbury, 1989). Usually however, the egg

capsules are laid in high densities on hard, submerged surfaces such as rock and compacted mud

close to the water/bank interface.
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3.3 Aplexa Fleming, 1820

Included here are characters reported by Paraense (1986) and other authors for Physa marmorata

which Dr. Paraense and Dra. S. Thiengo equate with the South African material (see later).
3.3.1 DISTRIBUTION

The genus Aplexa is circum- boreal in distribution, i.e. it occurs in the Northern Hemisphere, and
has been presumed to be monotypic (Te, 1978). It predominates in Central and South America
(Te, 1973) but is also present in West Africa where it has become invasive after being introduced
at least 60-70 years ago, probably from the West Indies (Ranson & Cherbonnier, 1951; Brown,
1994) or perhaps from Brazil via the slave trade in the 17" and 18™ centuries (Appleton et al.
1989).

3.3.2 THE SHELL

The shell of Aplexa is smooth and glossy (Brown, 1980; Kristensen, 1987; Brown, 1994) with an
acute spire (Te, 1978; Shi-Kuei & Beetle, 1995) but is considerably higher and more conical in
shape’than Physa (Fig. 3.1). The shell is thin with convex whorls without prominent shoulders
(Te, 1978; Paraense, 1986; Barbosa, 1995). The body whorl is narrower than Physa and has
shallower sutures (Richards, 1964; Appleton, 1996) bordered by a whitish band of growth lines
(Paraense, 1986). |

3.3.3 MANTLE AND FOOT

Richards (1964) described the mantle margin as plain or serrated while Paraense (1986) described
it as having short, Uiangular_dentations. On the right hand side the mantle extensions cover
nearly half the right surface of the body whorl and on the left they cover the ventral surface up to
the suture line (Paraense, 1986). The foot is spatulate in shape, rounded in front with an elongate,
pointed tail. This tail has a central black stripe running along its length (Paraense, 1986;
Appleton, 198:9). The skin contains numerous small, yellow-green “vacuoles” that give the body

wall a characteristic tint (Richards, 1964; Paraense, 1986). The precise nature of these

“yacuoles” is not known.
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3.3.4 MALE GENITALIA

The spermatheca has on oblong, curved body and is more-or-less constricted in the middle
(Paraense, 1986; Barbosa, 1995). The preputium in Aplexa is thin-walled with two longitudinal
folds or pilasters and the copulatory organ lacks and a preputial or accessory gland (Richards,
1964; Paraense, 1986; Kristensen, 1987; Shi-Kuei & Beetle, 1995). The penial canal opens
laterally (Richards, 1964; Paraense, 1986).

3.3.5 EGGS

Eggs are laid within a gelatinous envelope (Richards, 1964) and the surrounding capsule is a
slimy C-shaped ribbon with rounded ends (Paraense, 1986). The clutch size of 4. marmorata
ranged between 7 and 35 eggs/capsule (this study). No eggs were found attached to the shells of

other snails.
3.4 DISTINGUISHING SOUTH AFRICAN 4plexa cf. marmorata FROM Physa acuta

Because of ongoing debate over the correct identification of the species of Aplexa occurring in
South Africa (Appleton et al. 1989; Brown, 1994), Dr. D.S. Brown (The Natural History
Museum, London) has suggested that it be called Aplexa cf. marmorata until the problem is
resolved. This name is used here. Aplexa cf. marmorata can be distinguished from P. acuta by

means of several characters:

the shell is narrower and more conical than P. acuta and it is smooth and glossy whereas that
of P. acuta is smooth and relatively dull (Fig. 3.1).

the whorls of 4. cf. marmorata are not shouldered and ha{ve shallow sutures whereas P. acuta
has definite shoulders and deep sutures.

the spire ef A. ct. marmorata is not as sharp (acute) as in P. acuta.

the body wall of 4. cf. marmorata has the green pigmentation that is characteristic of Aplexa
(Richards, 1964) while that of P. acuta does not.

the mantle of 4. cf. marmorata has small, triangular dentations which do not project over the
shell whereas P. acuta has finger-like dentations that cover the whole shell when the snail is

moving (Appleton ef al., 1989) (Fig. 3.2) — this shows A. cf. marmorata.
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Figure 3.1: Smooth and glossy shell of A. cf. marmorata.

Figure 3.2: Triangular mantle dentations, M, of A. cf. marmorata.
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¢ the preputium of A. cf. marmorata has two longitudinal‘ pilasters while that of P. acuta has a
glandular swelling, i.e. a preputial gland, that is visible externally (Figs. 3.3 & 3.4).

¢ in A cf. marmorata, the spermatheca has an oblong body and is constricted in the middle
while that of Physa is pyriform or pear-shaped (Fig. 3.5).

¢ the penial canal opens laterally in A. cf. marmorata while P. acuta has a subterminal outlet.

3.5 GENITAL ANATOMY AND SHELL SHAPE OF PHYSIDS FROM AFRICA AND THE
CARIBBEAN.

3.5.1 INTRODUCTION

During this stI;dy, snails of the Family Physidae from six localities in Africa and the Caribbean:
(i-ii) the islands of Guadeloupe (Séo) and St Lucia in the West Indies, (iii) Nigeria and (iv-vi) St
Lucia and Durban (Botanic Gardens and Bluff Nature Reserve) in KwaZulu- Natal, South Africa
were dissected. This was to enable the author to become familiar with the genital anatomy of the

Physidae.
3.5.2 MATERIALS AND METHODS

The reproductive systems were dissected from representative specimens from all six localities.
Histological sections were also prepared of the penis and preputial gland, where this was evident,
and stained in Haematoxylin and counterstained in Eosin (Appendix 1). Duplicate sections were
stained with Alcian Blue to determine whether or not the “glandular cells” of Paraense (1987)

were in fact mucus-producing cells as he suggests (Appendix 2).

Shells of snails from each of the six localities were cleaned in a saturated solution of oxalic acid
(Appendix 3) and examined for microsculpture and drawn using a Leica MSS$ stereo-microscope

fitted with a drawing tube.
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Figure 3.3: Penis of A. cf. marmorata (P = prepuce, PL = preputial pilasters, PS =

penial sheath, VD = vas deferens) (X10).

Figure 3.4: Penis of P. acuta with the preputial glandular swelling showing on the

outside (G = glandular tissue, P = preputium, VD = vas deferens) (X10).
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Figure 3.5. Reproductive system of A. cf. marmorata (A = albumen gland, B=
copulatory bursa, BP= bulb of penial sheath, H= hermaphrodite duct, N=
nidamental gland, O = ovotestis, P= prostate gland, PL= penial pilasters, PR=
preputium, S = spermatheca, SV= seminal vesicle, V= vagina, VD = vas

deferens, U= uterus (X‘1 0).

19






3.5.3 RESULTS

Only the specimens from Seo in Guadeloupe had an externally visible preputial gland comparable
with that illustrated in Figure 3.4 for Physa acuta. In the other five samples examined, this
“glandular” tissue was not visible externally but the sections showed that it was distributed
diffusely within the preputium wall (see Chapter 4 for detailed discussion of this work).

Figures 3.6, 3.7 and 3.8 show outlines of the shells from the West Indies, Nigeria, St Lucia (South
Africa) and Durban. Typically the shells were smooth, glossy and slender but narrower than
those of Physa acuta. The spires were conical in shape, except for those from Nigeria which all
had the two earliest whorls broken (Fig. 3.7). The upper part of the shell was acute-angled while
the lower half was oval in shape. All had shallow sutures bordered by a band of growth lines. The

columellar fold merged with the parietal callus.
3.6 CONCLUSIONS

Using the presence/absence of a discrete preputial gland as a generic character (Richards, 1964;
Te, 1973; Kristensen, 1987; Appleton, 1989; Kristensen & Ogunowo, 1992; Barbosa, 1995, Shi-
Kuei & Beetle, 1995), it was concluded that the snails from Guadeloupe belonged in Physa,
perhaps P. cubensis (this study), while the others belonged in Aplexa.

Shells from Guadeloupe were more globose and wider than the rest of the shells. The mean shell
width/ shell length ratio (n = 6) was found to be 0.58 compared to 0.55 found for P. cubensis
(Paraense, 1987). Shells from St. Lucia in the West Indies and St. Lucia in KwaZulu- Natal had
slender body whorls and high spires. Shells from the Botanic Gardens and Bluff Nature Reserve
also had slender body whorls but their spires were not as high as the ones from the West Indies
and St. Lucia in KwaZulu- Natal. The spires of all shells from Nigeria in West Africa were
broken. All thése shells conform to the description given by Paraense (1987) for Physa

marmorata.
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Figure 3.6: a) Shells of P. acuta from Séo in Guadeloupe with a broad body whorl
(X10).
b) Shells of A. marmorata from St. Lucia in the West indies (X10).

Figure 3.7: a) Shells of A. waterloti from Nigeria, West Africa (X10).
b) Shells of A. marmorata from St. Lucia, KwaZulu- Natal (X10).
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Figure 3.8: Shells of A. marmorata from (a) The Botanic Gardens (X10).
(b) The Bluff Nature Reserve, Durban
(X10).
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CHAPTER 4
WHAT IS Aplexa cf. marmorata?
4.1 HISTORICAL ACCOUNT

According to Te (1978), Baker (1928) showed differences between Physa from North America
and Europe. Te (1978) further separated the former, on anatomical grounds, into its own genus,
Physella, with two subgenera, Physella s.s. and Physodon. Thiele (1931-35) and Zilch (1959-60)
both used shell and anatomical characters to recognise not only the two traditional American
genera, Aplexa and Physa, but also several subgenera proposed by earlier workers (4plexa s.s.
and Stenophysa under Aplexa, and Physa s.s., Alampetista, Costatella and Petrophysa under
Physa. Starobogatov (1967) elevated the two traditional genera (4plexa and Physa) to subfamily
rank using anatomical features (Physinae with four genera: Physa, Physella, Petrophysa and a
new genus Afrophysa, and Aplexinae with three genera: Aplexa, Stenophysa and a new genus

Sibireniauta).

Hubendick (1978) listed only Physa and Aplexa in the Physiaée, without any subdivisions and
doubted that tﬁey ’merit to be separated as different genera. Te (1980) concluded that the Family
Physidae can Be grouped into four genera and two subfamilies containing a total of 48 species.
The subfamily Aplexinae consisted of the genera Aplexa and Stenophysa while the subfamily
Physinae consists of the genera Physa and Physella.

Aplexa is the predominant gehus in Central and South America (Te, 1974, 1978) but has also
been collected from West African countries like Ghana, Burkina Faso, Togo and Nigeria (Brown,
1994) and Te (1973) identified this population as Aplexa (Stenophysa) marmorata. Appleton,
Brackenbury & Tonin (1989) have reviewed the generic and specific name changes this West
African species has undergone. Specimens from Burkina Faso were originally described as
Physa (Aplect‘b) waterloti by Germain (1911) and Ranson & Cherbonnier (1951) retained the
name. In 1973, Te moved the species to the genus Aplexa and equated it with the West Indian 4.
(Stenophysa) marmorata. The West African snails were referred to as 4. (Stenophysa) waterloti

by Brown (1980) but Paraense (1986) called them Physa marmorata.
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Many years previously however, Clessin (1886) had described Physa mossambiquensis from
'Mogambique' as the type locality and he noted that these specimens resembled South and Central
American species more than East African ones. In discussing this species, Connolly (1925)
mentioned that J. Thiele had provided him with details of the radula of P. mosambiquensis, the
six cotypes of which are housed in the Berlin Museum, lodged under ZMB Mol1.8484. These
shells have been.ioaned to Prof. Appleton for this study by Dr. M. Glaubrecht who noted that no

radula preparations could be found. These shells are described in section 4.9.

Specimens conforming to the species from South and Central America have been collected during

the past 15 years from several sites in KwaZulu - Natal and Northern Province. The KwaZulu-

Natal sites are:

Durban:

» Canals ﬂowing. through the market gardens in the Durban suburb of Newlands
(29°48'S/30°57'E)

» Artificial pond in a nursery in Pinetown

> Ponds at Durban North sewage works (T.E. Crouch, personal communication to
C.C.Appleton,1996)

» Lake in the Bluff Nature Reserve, Durban (29°56'S/31°59'E) by G.B. Wilken (University of
Natal).

» It has also been collected from the Botanic Gardens, Durban, for purposes of this study.

This species appears to be spreading as it has also been found in three remote localities in

northern Kwa-Zulu Natal, (P.A. Reavell, 1998-9, pers. comm.):

»  Suni Ridgq Game Farm, Hluhluwe (28°1'S/32°15'E). This is a spring-fed, clear water, deep
borehole v:/ith marginal vegetation and permanent water.

» Western shores of St. Lucia Reserve (28°5'S/32°26'E). This habitat is a large hippo pool with
bird hides. The water is clear and permanent with short marginal vegetation,

» Side of N2 road between Empangeni and Mtunzini near the turnoff to Amanzimnyama
Mission (28°52'S/31°46'E). The habitat is spring fed with clear water in a shallow pan. It has

marginal vegetation and only dries up during extremely severe drought.
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> On the South Coast, 7 specimens were collected from a small, spring-fed grassy pool with
slow-flowing muddy water close to the Highway near Hibberdene (30°32'S/30°35'E) (E.
Saathoff, 1995, pers. comm).

The first two of these localities are particularly remote and no explanation can be given as to how

the snails reached them.

In the Northern Province it was collected from an artificial pond in the grounds of the Siegfried
Annecke Research Institute, Tzaneen (23°50'S/30°10'E) by D.L. Theron in the 1980s.

In Mpumalanga Province, the species has been collected in a backwater of the Sabie River near
Lower Sabie Caﬁlp, Kruger National Park (K.N. de Kock, Potchefstroom University, pers. comm.
to C.C. Appleton, 1998).

4.2 CHARACTERISATION OF Aplexa cf. marmorata FROM SOUTH AFRICA

Taking into account the inadequacy of physid systematics (Te, 1980; Taylor, 1988; Brown,
1994), it is useful here to describe or characterise the South African A. cf. marmorata as

thoroughly as possible before commenting on its identity.
4.2.1 MATERIALS AND METHODS

Characterization of 4. cf. marmorata required the use of a variety of techniques that are described
in a series of appendices (1-7). Outlines of shells cleaned in a satgrated oxalic acid solution
(Appendix 3) were drawn