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Abstract

An account is given of the geographical distribution and habitats of Melanoides tuberculata (Miiller, 1774) and M. victoriae
(Dohrn, 1865) as reflected by the samples on record in the database of the National Freshwater Snail Collection (NFSC) of
South Africa. About 30 species of Melanoides occur in Africa of which only M. tuberculata is widespread. Melanoides
tuberculata is also indigenous to India and the south-east Asian mainland to northern Australia and was widespread in

the present-day Sahara during the late Pleistocene-Holocene, but M. victoriae seems to be restricted to Southern Africa.
Details of the habitats on record for each species, as well as mean altitude and mean annual air temperature and rainfall for
each locality, were processed to determine chi-square and effect-size values. An integrated decision-tree analysis indicated
that temperature, altitude and type of substratum were the most important factors of those investigated that played a
significant role in establishing the geographical distribution of these species in South Africa. In view of the fact that

M. tuberculata can serve as intermediate host for a number of trematode species elsewhere in the world, it is recommended
that the ability of the 2 local Melanoides species to act as intermediate hosts should be investigated. Due to the fact that the
majority of sites from which these species were recovered were not since revisited, it is recommended that efforts should

be made to update their geographical distribution and the results compared with the data in the database. The conservation
status of these 2 species and the possible influence of global warming and climatic changes on their geographical distribu-
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tion are briefly discussed.
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Introduction

The genus Melanoides is evidently restricted to the Old World
tropics (Pilsbry and Bequaert, 1927) and about 30 species occur
in Africa of which only M. tuberculata (Miller, 1774) is wide-
spread (Brown, 1994). Melanoides tuberculata was described
from the Coromandel coast of India in 1774 and its present-day
distribution is the Indo-Pacific region, Southern Asia, Arabia,
northern Australia, Near East and much of Africa (Appleton,
2002) and was also introduced into the Caribbean area (Brown,
1994). With regard to South Africa, only 2 species, namely M.
tuberculata and M. victoriae (Dohrn, 1865) have been reported
of which the former is the most widespread according to the
records of the National Freshwater Snail Collection (NFSC).
While M. tuberculata was also widespread in the present-day
Sahara (Van Damme, 1984) M. victoriae seems to be restricted
to Southern Africa (Brown, 1994; Appleton, 2002).

Melanoides tuberculata has proved to be a compatible
intermediate host for several trematode species elsewhere in
the world and shedding of cercariae of a number of trematode
families has also been recorded for this snail species elsewhere
in Africa (Frandsen and Christensen, 1984). It has become
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invasive after its introduction into new territories such as
Martinique Island (Pointier, 2001) and Brazil (Rocha-Miranda
and Martins-Silva, 2006) but also proved to be an efficient and
sustainable bio-control agent of Biomphalaria glabrata (Say,
1818) the intermediate host snail of the intestinal schistosome
parasite in these areas.

This paper focuses on the geographical distribution and
habitat preferences of M. tuberculata and M. victoriae as
reflected by the data in the database of the NFSC. In view of
the fact that the records in the NFSC span a period of several
decades the possible influence of global warming and climatic
changes on the geographical distribution of these species in
South Africa and their conservation status is briefly discussed.

Methods

Data from 1956 to the present (2009) on the geographical
distribution and habitats of M. tuberculata and M. victoriae
as recorded at the time of the survey were extracted from the
NFSC database. Only those samples that could be located on
a 1:250 000 topo-cadastral map series of South Africa were
included in the analyses. The majority of these samples were
collected during surveys conducted by government and local
health authority staff, as well as staff of the former Snail
Research Unit at the Potchefstroom University (now the North-
West University). The number of loci ('/,, degree squares)

in which the collection sites were located, was distributed
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in intervals of mean annual air temperature and rainfall, as
well as intervals of mean altitude to illustrate the frequency
of occurrence of these species in water-bodies falling within
specific intervals. Rainfall, temperature and altitude data
were obtained in 2001 from the Computing Centre for Water
Research (CCWR), University of KwaZulu-Natal (disbanded
since). All mollusc species in the database were ranked in
order of their association with low to high climatic tempera-
tures according to a temperature index calculated from their
frequencies of occurrence within selected temperature inter-
vals. The method of calculation is dealt with in detail in our
earlier publications (De Kock and Wolmarans, 2005a; b). To
determine the significance in differences between frequency
of occurrence in, on, or at the range of options for each fac-
tor investigated, chi-square values (Statistica, Release 7,
Nonparametrics, 2X2 Tables, McNemar, Fischer exact) were
calculated. An effect size was also calculated (Cohen, 1977)
for each parameter investigated to evaluate the importance of
its contribution towards establishing the geographical distribu-
tion of this species as reflected by the samples in the NFSC
database. The method of calculation is explained with refer-
ence to the 14 different water-body types represented in the
database. The first step is to determine the total number of
times each water-body type, for instance rivers (7 507), was
reported for all the different mollusc species in the database
and then to sum the total number of records of all the water-
bodies reported for all the species in the database (28 956).

To determine the p value for each of the different water-body
types, for instance for rivers as such, the frequency of occur-
rence of all species in rivers (7 507) is divided by the total
number of times (28 956) all the water-bodies were recorded
in the database. The total number of times a specific mollusc
species was reported from all 14 water-bodies together is then
summed (this figure for M. tuberculata, for instance, was 228).
The number of times a specific species was reported from a
specific water-body type is then designated as ‘A’. To determine
a value designated as ‘B’ the number of times a specific species
was reported from a specific water-body, for instance rivers
(79), is multiplied by the p value calculated for rivers (0.259).
This is done for all the different water-body types from which
this specific species was reported. Chi-square values (x?) for
each type of water-body are then calculated as follows:

B-A)*
B

The chi-square values calculated for all the different water-
body types are then summed and the effect size (w) for water-
bodies as such is then calculated as follows: square root of Xx’
divided by £A. Values for this index in the order of 0.1 and 0.3
indicate small and moderate effects respectively, while val-

ues of 0.5 and higher point to practically significant and large
effects (Cohen, 1977). More details of the significance and
interpretation of specific values calculated for this statistic in

a given situation, are discussed in our earlier publications (De
Kock and Wolmarans, 2005a; b).

A decision tree which is a multivariate analysis (Breiman et
al., 1984) was also constructed from the data which enables the
selection and ranking of those parameters that played the most
important role in establishing the documented geographical
distribution of these species, based on the data in the database.
The frequencies of occurrence within the different options for
a specific parameter which do not differ significantly from one
another, are grouped together in the decision-tree analysis. If,
for instance, the frequency of occurrence in rivers does not
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Figure 1
The geographical distribution of Melanoides tuberculata and
M. victoriae in 1/16 square degree loci in South Africa as
reflected by the records in the database of the National
Freshwater Snail Collection

differ significantly from that in streams, these 2 options for
water-bodies are grouped together in the decision tree analysis.
In addition, the total number of times any other mollusc spe-
cies in the database was recorded under a specific condition is
also displayed in the results of the decision tree analysis. This
analysis was done with the SAS Enterprise Miner for Windows
NT Release 4.0, April 19, 2000 programme and Decision Tree
Modelling Course Notes (Potts, 1999).

Results

The collection sites of the 305 samples of M. tuberculata fell
within 85 and the 53 sites of M. victoriae within 21 different
loci (Fig. 1). The former species was recovered from 12 of the
14 water-body types represented in the database while the latter
species were found in only 6 (Table 1). Although the majority
of samples of both species were recovered from rivers the high-
est percentage occurrence (5.9%) in the total number of collec-
tions in a specific water-body for M. tuberculata (0.9%) was
realised in channels and that for M. victoriae in concrete dams
(Table 1). An effect-size value of larger than 0.5 was calculated
for both species for water-bodies as such (Table 1). The major-
ity of samples of both species were recovered from water-
bodies described as perennial, with clear, freshwater (Table 2).
While the largest number of samples of M. tuberculata came
from habitats with standing water, M. victoriae was more fre-
quently collected in slow running water and a relatively large
effect size was calculated for this parameter (Table 2).

The majority of samples of M. tuberculata was recov-
ered from water-bodies of which the substratum was described
as either muddy or sandy while equal numbers of samples of
M. victoriae were collected on stony and sandy substrata
(Table 3). A large effect size (w = 0.5) was calculated for sub-
stratum types for both species (Table 3).

With regard to the frequency of occurrence within the differ-
ent temperature intervals, the highest percentage of samples of
M. victoriae was recorded from the 16°C to 20°C interval, while
habitats falling within the 21°C to 25°C interval yielded the high-
est number of samples of M. tuberculata (Table 4). There was,
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Table 1
Water-bodies from which Melanoides tuberculata and M. victoriae were recorded
out of the 14 different types represented in the database of the National
Freshwater Snail Collection
M. tuberculata M. victoriae
Water-bodies A B C D B C D
Channel 169 10 3.3% 5.9% 0
Concrete dam 221 3 1.0% 1.4% 2 3.8% 0.9%
Dam 8400 62 20.3% 0.7% 4 7.5% 0.05%
Ditch 636 4 1.3% 0.6% 1 1.9% 0.2%
Irrigation furrow 113 2 0.7% 1.8% 0
Pan 306 10 3.3% 3.3% 0
Pond 1 566 17 5.6% 1.1% 1 1.9% 0.06%
Quarry 122 0 0
River 7507 79 25.9% 1.1% 35 66.0% 0.5%
Spring 301 1 0.3% 0.3% 0
Stream 7211 28 9.2% 0.4% 2 3.8% 0.03%
Swamp 2076 11 3.6% 0.5% 0
Vlei 103 0 0
Waterhole 225 1 0.3% 0.4% 0
Effect size w= 0.8 (large effect) w= 1.1 (large effect)
A Number of times any mollusc was collected in a specific water-body
B Number of times collected in a specific water-body
C % of the total number of collections (M. tuberculata 305, M. victoriae 53) on record for each species
D % occurrence of each species in the total number of collections in a specific water-body

Table 2
Water conditions in the habitats of Melanoides tuberculata and M. victoriae as described during surveys
Species Type Velocity Turbidity Salinity
Perennial | Seasonal Fast Slow Standing Clear Muddy Fresh Brackish
A 198 14 25 75 119 166 37 188 5
Melanoides |B 64.9% 4.6% 8.2% 24.6% 39.0% 54.4% 12.1% 61.6% 1.6%
tuberculata | C 22 432 5350 2229 9501 16147 20 408 6 438 24 089 657
305 [p 0.9% 0.3% 1.1% 0.8% 0.7% 0.8% 0.6% 0.8% 0.8%
E w=0.3 w=0.1 w=0.1 w=0.00
(moderate effect) (small effect) (small effect) (no effect)
A 46 1 8 28 10 34 6 40 0
Melanoides |B 86.8% 1.9% 15.1% 52.8% 18.9% 64.2% 11.3% 75.5% 0.0%
victoriae C 22 432 5350 2229 9501 16147 20 408 6438 24 089 657
*53 D 0.2% 0.01% 0.4% 0.3% 0.06% 0.17% 0.09% 0.17% 0.0%
E w = 0.4 (moderate to w=0.7 (large effect) w=0.2 (small to w=0.03
large effect) moderate effect) (small effect)

A Number of times collected in a specific water condition

B % of the total number of collections on record for each species

C Number of times any mollusc was collected in a specific water condition
D % occurrence of each species in the total number of collections in a specific water condition
E Effect size values calculated for each factor

* Number of collections on record for each species

however, no significant difference (p < 0.05) between the fre-
quency of occurrence of M. victoriae in habitats falling within the
16°C to 20°C and 21°C to 25°C intervals. The temperature indexes
calculated for all the species in the database and statistical analysis
of the data are presented in Table 5. More than 80% of the samples
of both species were collected in sites which fell within the 2 rain-
fall intervals ranging from 301 to 900 mm (Table 4). While the
largest number of samples of M. tuberculata was collected in sites
which fell within the 0 to 500 m altitude interval, the majority of
samples of M. victoriae came from sites which fell within the 501
to 1 000 m interval (Table 4). There was, however, no significant
difference (p < 0.05) between the frequency of occurrence of
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M. victoriae in habitats falling within the 0 to 500 and the 501 to
1 000 m intervals.

The results of the decision tree analyses for M. tuberculata
and M. victoriae are depicted in Figs. 2 and 3 respectively.

Discussion

The 85 loci from which the 305 samples of M. tuberculata were
recovered, display a continuous distribution all along the eastern
border of South Africa from Limpopo Province down to the
southern border of KwaZulu-Natal Province (Fig. 1). It is discon-
tinuously spread through the north-western part of Limpopo and
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a focus of 6 loci occurs on the border of North West and Gauteng.
The occurrence of this species in 2 isolated loci in the Northern
Province far outside its endemic range of distribution seems
rather unusual. However, samples of M. tuberculata, closely
associated with Biomphalaria pfeifferi (snail intermediate host of
Schistosoma mansoni) were recovered on more than one occasion
from the Kuruman River and its eye (source) situated in these
loci in the Kuruman district. The presence of freshwater snails in
dolomitic springs in South Africa far outside their endemic range
of distribution is discussed in detail in De Kock and Wolmarans

1 0.9% 305
0 99.1% 33694
Total 100.0% 33 999

TEMPERATURE

i
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0 91.3% 903 0 945% 2112
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Figure 2
Decision tree of the frequency of occurrence of Melanoides
tuberculata for each variable as compared to the frequency
of occurrence of all the other species in the database of the
National Freshwater Snail Collection. 0: percentages and
frequencies of all other species, 1: percentages and frequencies
of M. tuberculata.

(2004a). These springs usually have a stabilising effect on both
water temperature and water supply, factors which play an impor-
tant role in making water-bodies suitable for colonisation by
freshwater snails outside their endemic range of distribution.
Owing to the fact that the geographical distribution of
both M. tuberculata and M. victoriae displays a westerly arm
extending from the eastern part of South Africa, they are clas-
sified as broadly tropical by Brown (1978) compared to nar-
rowly tropical species having no westerly arm. However, from
the effect sizes calculated for the temperature indexes (Table 5)
it is evident that M. tuberculata did not differ significantly in
respect of its association with warm climatic temperatures
(d <0.5) from 10 of the 12 species classified as narrowly tropi-
cal by Brown (1978).

Table 3
Substratum types in the habitats of Melanoides
tuberculata and M. victoriae as described during surveys

Species Substratum types
Muddy Stony Sandy | Decomposing
material
A 86 28 76 13
Melanoides |B | 28.2% | 9.2% | 24.9% 4.3%
tuberculata |C | 12835 | 7934 | 6523 632
*305 D 07% | 04% | 1.2% 2.1%
E w=0.5 (large effect)
A 8 16 16 1
Melanoides |B | 15.1% | 30.2% | 30.2% 1.9%
victoriae | C | 12835 | 7934 | 6523 632
*53 D | 006% | 02% | 02% 0.2%
E w=0.5 (large effect)

A Number of times collected in a water-body with a specific
substratum

B % of the total number of collections on record for each species

C  Number of times any mollusc was collected in a water-body with
a specific substratum

D % occurrence of each species in the total number of collections
in a water-body with a specific substratum

E  effect size values calculated for substratum types

Number of collections on record for each species

*

Table 4
Frequency distribution of the collection sites of Melanoides tuberculata and M. victoriae in selected
intervals of mean annual air temperature and rainfall and mean altitude in South Africa

Species Temperature intervals °C Rainfall intervals (mm) Altitude intervals (m)
16 - 20 21-25 26 - 30 0-300 | 301-600|601-900 901 - 1201 - 0-500 501 - 1001 -
1200 1500 1000 1500
Melanoides | A 64 237 4 9 143 21 1 220 41 44
tuberculata | B 21.0% | 77.7% 1.3% 3.0% 43.0% | 46.9% 6.9% 0.3% 72.1% 13.4% 14.4%
*305 C | 24928 | 4276 37 975 | 11994 | 19799 | 1203 28 6747 | 4491 | 14918
D 0.3% 5.5% 10.8% 0.9% 1.1% 0.7% 1.7% 3.6% 3.3% 0.9% 0.3%
E w = 1.9 (large effect) w = 0.3 (small to moderate effect) w = 1.3 (large effect)
Melanoides | A 29 23 1 2 21 7 0 17 28 8
vicig;iae B 54.7 43.4 1.9 3.8 434 39.6 13.2 0.0 32.1 52.8 15.1
C 24928 | 4276 37 975 11994 | 19799 1203 28 6 747 4 491 14 918
D 0.1 0.5 2.7 0.2 0.1 0.6 0.0 0.3 0.6 0.1
E w = 0.9 (large effect) w = 0.6 (large effect) w = 1.2 (large effect)

B % of the total number of collections on record for each species

E Effect size values calculated for each factor
* Number of collections on record for each species

A Number of times collected in a locality falling within a specific interval

C Number of times any mollusc was collected in a locality falling within a specific interval
D % occurrence of each species in the total number of collections within a specific interval
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Table 5

Frequency distribution in temperature intervals and temperature index of Melanoides tuberculata as
compared to all mollusc species in the database of the National Freshwater Snail Collection

Mollusc species No. of | 6-10°C 1- 16-20°C | 21-25°C | 26- Index 28D 3CcV Effect
samples 15°C 30°C size
d
Pisidium viridarium 639 201 271 164 3 1.947 0.764 39.22 -4.317
Lymnaea truncatula 723 95 281 343 4 2.354 0.709 30.14 -3.370
Pisidium casertanum 5 2 3 2.600 0.548 21.07 -2.798
Pisidium langleyanum 632 18 173 435 6 2.676 0.544 20.33 -2.620
Pisidium costulosum 428 1 139 284 4 2.680 0.492 18.34 -2.612
Bulinus tropicus 8 448 32 2326 | 5860 230 2.744 0.502 18.31 -2.462
Gyraulus connollyi 969 185 777 7 2.816 0.406 14.40 -2.295
Ceratophallus natalensis 1797 299 1430 68 2.871 0.433 15.09 -2.166
Burnupia (all species) 2778 7 287 2 384 100 2.928 0.380 12.97 -2.036
Ferrissia (all species) 540 72 420 47 1 2.957 0.476 16.09 -1.966
Bulinus reticulatus 296 6 287 3 2.990 0.174 5.83 -1.891
Assiminea umlaasiana 2 2 3.000 0.000 0.00 -1.867
Tomichia cawstoni 4 4 3.000 0.000 0.00 -1.867
Tomichia differens 10 10 3.000 0.000 0.00 -1.867
Tomichia lirata 2 2 3.000 0.000 0.00 -1.867
Tomichia ventricosa 89 89 3.000 0.000 0.00 -1.867
Tomichia tristis 81 79 2 3.025 0.156 5.16 -1.810
Unio caffer 76 6 63 6 1 3.026 0.461 15.24 -1.806
Physa acuta 755 719 36 3.048 0.213 7.00 -1.757
Bulinus depressus 552 519 33 3.060 0.237 7.76 -1.728
Arcuatula capensis 15 14 1 3.067 0.258 8.42 -1.712
Lymnaea columella 2302 81 1977 243 1 3.071 0.371 12.07 -1.702
Lymnaea natalensis 4721 205 3802 713 1 3.108 0.429 13.79 -1.616
Assiminea bifasciata 17 15 2 3.118 0.332 10.65 -1.594
Gyraulus costulatus 736 20 580 135 1 3.159 0.437 13.84 -1.498
Bulinus forskalii 1209 17 985 204 3 3.160 0.409 12.95 -1.496
Pisidium ovampicum 7 5 2 3.167 0.408 12.89 -1.480
Sphaerium capense 25 1 17 7 3.240 0.523 16.14 -1.309
Bulinus africanus group 2930 9 2 155 760 6 3.260 0.450 13.82 -1.262
Corbicula fluminalis 390 1 291 94 4 3.267 0.437 13.38 -1.246
Tomichia natalensis 23 16 7 3.304 0.470 14.24 -1.160
Thiara amarula 10 6 4 3.400 0.516 15.19 -0.937
Assiminea ovata 5 3 1 3.400 0.548 16.11 -0.937
Melanoides victoriae 53 29 23 1 3.429 0.540 15.75 -0.871
Biomphalaria pfeifferi 1639 5 880 751 3 3.459 0.508 14.69 -0.800
Septaria tesselaria 2 1 1 3.500 0.707 20.20 -0.705
Coelatura framesi 6 3 3 3.500 0.548 15.65 -0.705
Neritina natalensis 16 8 8 3.500 0.516 14.75 -0.705
Bulinus natalensis 245 2 97 146 3.588 0.510 14.20 -0.501
*Segmentorbis planodiscus 27 9 18 3.667 0.480 13.10 -0.317
* Segmentorbis angustus 32 7 25 3.781 0.420 11.11 -0.051
Melanoides tuberculata 305 64 237 4 3.803 0.430 11.30 0.000
* Pisidium pirothi 39 4 35 3.826 0.388 10.13 0.054
* Chambardia wahlbergi 41 10 30 1 3.932 0.398 10.11 0.300
Aplexa marmorata 9 9 4.000 0.000 0.00 0.458
* Bellamya capillata 31 31 4.000 0.000 0.00 0.458
* Eupera ferruginea 169 6 157 6 4.000 0.267 6.68 0.458
* Lentorbis carringtoni 8 8 4.000 0.000 0.00 0.458
* Lentorbis junodi 12 12 4.000 0.000 0.00 0.458
*Segmentorbis kanisaensis 9 9 4.000 0.000 0.00 0.458
* Chambardia petersi 39 1 36 2 4.000 0.272 6.80 0.458
* Cleopatra ferruginea 73 71 2 4.027 0.164 4.08 0.522
* Lanistes ovum 41 38 3 4.073 0.264 6.47 0.628
ndex: Temperature index; ’SD: Standard deviation; ’CV: Coefficient of variance; * Narrowly tropical species (Brown, 1978)
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Figure 3
Decision tree of the frequency of occurrence of Melanoides victoriae for each variable as compared to the
frequency of occurrence of all the other species in the database of the National Freshwater Snail Collection.
0: percentages and frequencies of all other species, 1: percentages and frequencies of M. victoriae.

According to Brown (1994) the southern limit of the
distribution of M. tuberculata in the eastern part of South
Africa lies near Port Elizabeth. However, despite the fact that
we have many records of other freshwater mollusc species
in the database of which the southern limits of distribution
extend even further than Port Elizabeth (De Kock et al., 1989;
De Kock et al., 2001; De Kock et al., 2002a; De Kock and
Wolmarans, 2004b; De Kock and Wolmarans, 2005¢; De Kock
and Wolmarans, 2007), we have none for this species extending
further southwards than the southern border of KwaZulu-Natal.
Twelve of the 21 loci on record for M. victoriae are shared with
M. tuberculata; however, it is not as widespread as the latter
species (Fig. 1). Appleton (2002) mentions that M. victoriae is
not known from KwaZulu-Natal; however, we have 4 samples
on record from this Province collected during 1965 and 1966
which is now reported for the first time.

The fact that M. tuberculata was recovered from 12 of
the 14 water-body types represented in the database (Table 1)
confirms the report by Brown (1994) that it can utilise various
permanent water-bodies including rivers, shallow seepages
and man-made habitats. In contrast to this, M. victoriae was
reported from only 6 different water-body types and obviously
seemed to prefer perennial rivers (Tables 1 and 2) which is the
only water-body type mentioned for this particular species for
the Mpumalanga Lowveld by Brown (1994). The 5 samples on
record for M. tuberculata from habitats with brackish water also
support the report by Brown (1994) that this species is toler-
ant of moderate brackishness in coastal localities. According
to this author M. tuberculata is not found in temporary waters;
however, we have 14 samples on record in the database reported
from seasonal habitats for this species and also 1 sample of M.
victoriae from a temporary habitat (Table 2). Although more
samples of M. tuberculata were reported from water-bodies
with standing water than with slow running water (Table 2) no
significant differences could be indicated between these alterna-
tives. In contrast more samples of M. victoriae were recovered
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from water-bodies with slow running water than with standing
water (Table 2) and in this instance a significant difference (p<
0.05) could be indicated. From the effect values calculated for
water velocity it is evident, however, that this factor played a
much more important role in determining the presence, or not,
of M. victoriae in a specific water-body. The majority of sam-
ples of both species were reported from water-bodies with water
described as clear (Table 2) but no significant differences were
found between their occurrence in habitats with clear or muddy
water and the effect sizes calculated for this parameter also indi-
cated that turbidity did not play an important role in determining
the suitability of a given water-body.

Nearly 78% of the samples of M. tuberculata were recov-
ered from loci which fell within the temperature interval rang-
ing from 21°C to 25°C while the interval ranging from 16°C
to 20°C yielded the largest number of samples of M. victoriae
(Table 4). These results are supported by the temperature
indexes calculated for these 2 species which indicated that the
former species not only seemed more closely associated with
warmer climatic temperatures but the effect sizes calculated for
these indexes also showed that it differed significantly (d > 0.5)
from M. victoriae in this respect (Table 5). Although only 4
samples of M. tuberculata were recovered from sites which fell
within the temperature interval ranging between 26°C and 30°C
it represented 10.8% of the total number of collections of all
molluscs in the database from sites falling within this specific
temperature interval (Table 4 and Fig. 2). This also points to a
relatively close association with higher climatic temperatures.

From the effect-size values calculated for the various
parameters investigated (Tables 1 to 4) it can be deduced that
temperature, altitude, substratum and water-bodies, played an
important role in establishing the geographical distribution
of both species as reflected by the data in the database of the
NFSC. This deduction is supported by the results of the deci-
sion tree analyses (Figs. 2 and 3) which selected temperature,
altitude and substratum as the most important factors which
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had significantly influenced the geographical distribution of
both species. From the decision tree analyses it can further be
seen that a substratum consisting of mainly decomposing mate-
rial played a significant role in the habitats from which samples
of M. tuberculata were recovered (Fig. 2).

With regard to their habitat preferences it can be concluded
that both species seemed to prefer perennial rivers in areas
which fell within the temperature intervals ranging from 16°C
to 25°C and altitude intervals ranging from 500 to 1 500m
a.m.s.l. However, the results in Table 1 suggest that M. vic-
toriae is considerably more stenoecious than M. tuberculata.
Current velocity in a water-body and mean yearly rainfall also
seemed to play a significant role in the presence or not of the
former species in a specific area (Tables 2 and 4).

As mentioned earlier M. tuberculata has become invasive
after introduction into new areas such as Martinique Island
(Pointier, 2001) and Brazil (Rocha-Miranda and Martins-Silva,
2006) but fortunately in both these cases it proved to be an effi-
cient and sustainable control agent of intermediate host snails
responsible for the transmission of schistosomiasis to humans.
Apparently this is not the case in South Africa because we have
a number of samples on record in the database of the NFSC,
amongst others from the Kruger National Park, where persist-
ent populations of both the local schistosome intermediate host
snail species and populations of M. tubercuata have co-existed
in the same water-body through several decades.

Although numerous cases of M. tuberculata becoming a
nuisance species in tropical fish aquaria have been reported in
literature, we are not aware of any case recorded in literature of
this species causing problems in natural water-bodies in South
Africa. According to Appleton (2002), however, it has become
plentiful in rice paddies in KwaZulu-Natal and we were recently
approached for advice on a case where M. tuberculata had
proliferated to such an extent after invading the heat exchanger
of an electric power-plant that it caused complete clogging of the
filters, resulting in malfunctioning of the entire system.

Countrywide surveys for freshwater molluscs was termi-
nated during the early 1980s and on account of the fact that
many of the positive sites were not revisited, comments on the
conservation status of our mollusc fauna should be made with
circumspection. However, Melanoides localities reported from
the Kruger National Park by Oberholzer and Van Eeden (1967)
have since been revisited in surveys conducted by ourselves in
1995 (De Kock and Wolmarans, 1998), 2001 (De Kock et al.,
2002b) and 2006 (Wolmarans and De Kock, 2006) and a marked
decline in positive localities, as well as in population size, were
evident for both species. Whereas Oberholzer and Van Eeden
(1967) reported 34 and 20 positive sites for M. tuberculata and
M. victoriae respectively, only 4 sites and 1 site for these species,
respectively, were found positive during our extensive survey
in 2006. The only prosobranch snail that was encountered in
large numbers in some of the sites during our 2006 survey was
the exotic invader species Tarebia granifera which was reported
for the first time in Africa by Appleton and Nadasan (2002).
According to Pointier and McCullough (1989) this species has
demonstrated its capacity to invade and rapidly colonize a wide
range of water-body types on numerous islands and countries in
the Neotropical area and succeeded in reducing and even elimi-
nating populations of other mollusc species. Whether the inva-
sion of water-bodies in the Kruger National Park by this exotic
species could have a bearing on the observed decline in positive
sites of both Melanoides spp. needs further investigation.

From the literature it is clear that M. tuberculata can serve
as intermediate host for several trematode species which can be
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harmful to a number of vertebrate species, including man. These
include amongst others, Clonorchis sinensis, the Oriental liver-
fluke (Lun et al., 2005) and Philopthalmus gralli, a trematode
infecting the eyes of bird species but also reported infecting
humans (Diaz et al. 2002). Melanoides tuberculata was also
proved to be a compatible intermediate hosts for Gastrodiscus
aegyptiacus, the fluke responsible for gastrodiscosis in equine
populations in Zimbabwe (Mukaratirwa et al., 2004) and
Calicophoron microbothrium another trematode fluke of vet-
erinary importance in that country (Chingwena et al., 2002).
Furthermore, specimens of M. tuberculata infected with larval
stages of economically important intestinal flukes of the family
Heterophyidae were reported from the Rio de Janeiro metropoli-
tan area, Brazil (Bogéa et al., 2005). Melanoides tuberculata
was also reported from Australia as the intermediate host of the
trematode, Transotrema licinum an ectoparasite of several fish
species (Manter, 1970) and evidence was also put forward by
Frandsen and Christensen (1984) that M. tuberculata could be an
important intermediate host for several fluke species. Shedding
of non-schistosome cercariae was also reported for M. tubercu-
lata from the Msambweni area, Coast Province, Kenya (Kariuki
etal., 2004).

Due to the fact that M. tuberculata is relatively easy to cul-
tivate and maintain in the laboratory, it has been utilised locally
as bio-indicator to assess biological effects of diffuse sources
of pollutants in a wetland system (Wepener et al., 2005) and in
comparative studies in the laboratory on the uptake and effects
of heavy metals on cellular energy and allocation (Moolman et
al., 2007). Studies on the life cycle and growth of M. tubercu-
lata were also conducted in a natural habitat in Mpumalanga
(Appleton, 1974). To our knowledge, however, the capacity of
representatives of the 2 local Melanoides species to serve as
intermediate hosts for parasitic flukes has not yet been investi-
gated. However, after eggs resembling those of Paragonimus
kellicotti, a lung fluke infecting cats and dogs, were reported
from humans and cats in KwaZulu-Natal (Proctor and Gregory,
1974), circumstantial evidence implicated M. tuberculata as
the intermediate host because it was the only prosobranch snail
that could be found in the area at that stage.

In view of the important role played by M. tuberculata in
the epidemiology of a number of trematode species of medical
and veterinary importance elsewhere in the world, it is recom-
mended that the ability to act as intermediate hosts for eco-
nomically important trematode flukes of both the Melanoides
species occurring in South Africa should be investigated. At
the same time efforts should be made to update the geographi-
cal distribution of both species and to compare the results with
existing records in the database of the NFSC to evaluate their
conservation status. The ability of M. tuberculata to aestivate
was listed as a poor by Brown (1994) and the fact that perennial
rivers seemed to be the water-body of preference for both species
could be a disadvantage for their long-term survival. Increased
evaporation of surface water due to global warming could have
a detrimental effect on the permanency of such water-bodies
and suitable habitats could become less available which in turn
could impact negatively on their geographical distribution and
conservation status in this country. As mentioned earlier M.
victoriae seemed to be considerably more stenoecious than M.
tuberculata and therefore more prone to be affected by changes
in environmental conditions. Taking into account the relatively
limited geographical distribution reported for M. victoriae and
the results of our recent surveys in the Kruger National Park, the
conservation status of this species could justifiably be considered
as vulnerable.
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