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Abstract

This article focuses on the geographical distribution and habitats of the pill clam, Pisidium langleyanum as reflected by 632
samples on record in the database of the National Freshwater Snail Collection (NFSC). The 177 different loci (*/, -degree
squares) from which these samples were collected display a relatively continuous distribution in southern Gauteng, north-
eastern Free State, the central area of Mpumulanga and the western part of Lesotho. However, it is discontinuously spread
through KwaZulu-Natal and the Eastern Cape, poorly represented in North West, nearly absent in the Northern and Western
Cape and completely absent from Limpopo. Details of each habitat as described by collectors during surveys were statisti-
cally analysed, as well as altitude and mean annual air temperatures and rainfall for each locality. This species was reported
from 10 of the 14 water-body types represented in the database, but the largest number of samples was recovered from rivers,
swamps and streams. Chi-square and effect-size values were calculated and an integrated decision tree constructed from the
data which indicated that temperature, altitude, types of water-body and substrata were the important factors that significantly
influenced the distribution of P. langleyanum in South Africa. In view of the many agents reported for this genus elsewhere
in the world that could facilitate its passive dispersal and the fact that this species was already recorded in 1891 from South
Africa, it is suggested that its absence in large areas of this country could most probably be attributed to unsuitable environ-
mental conditions. The possible effect of climatic changes on the geographical distribution of P. langleyanum and the con-
servation status of Pisidium species in South Africa is briefly discussed. The feasibility to exploit this species for monitoring
heavy metal pollution in freshwater biotopes and its ability to act as intermediate host for economically important trematode
parasites should be investigated.
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Introduction

The family Spheariidae includes the smallest freshwater bivalves
and is distributed worldwide. According to Kuiper (1983) the
origin of Pisidium is certainly Mesozoic and their centre of evo-
lution lies without doubt in the Holarctic Region. Biodiversity of
freshwater ecosystems is being lost at an alarming rate and still
little is known of the functional role of most of this biodiversity
(Vaughn and Hakenkamp, 2001). Although freshwater burrow-
ing bivalves have the potential to strongly influence ecosystem
processes these authors point to the fact that the ecosystem roles
of burrowing freshwater bivalves have been particularly under-
studied. Unfortunately this also holds true for the bivalves of
South Africa. To our knowledge research on the Spheariidae
of South Africa, up till the present, has been limited largely to
a few taxonomic studies conducted and published many years
ago. In an account of the freshwater molluscs of the Belgian
Congo Pilsbry and Bequaert (1927) reported 9 species of Pisi-
dium described from Africa at that stage, but predicted that
Africa would doubtless prove to have many more species of this
genus when special methods for collecting aquatic minutiae are
employed. It is therefore not surprising that a total of 20 species
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were reported for Africa by Mandahl-Barth (1988). With regard
to South Africa Connolly (1939) reported the following three spe-
cies of the genus Pisidium: P. langleyanum Melvill & Ponsonby,
1891, P. ovampicum Ancey, 1890 and P. costulosum Connolly,
1931. Two and a half decades later seven species were reported
by Kuiper (1964) in his contribution towards knowledge of the
South African species of the genus Pisidium. The four addi-
tional species added to the list of Connolly (1939) by this author
comprised P. pirothi Jickeli, 1881, P. viridarium Kuiper, 1956,
P. harrisoni Kuiper, 1964 and P. casertanum (Poli, 1791).
According to Kuiper (1964), P. langleyanum, P. costulosum and
P. harrisoni seem to be Southern African endemics, while the
others are also known to occur elsewhere in Africa. Another
species, P. (Parapisidium) reticulatum was reported from the
Okavango Delta, Botswana (Appleton et al., 2003). In his
account of the Mollusca of Southern Africa, Appleton (2002)
mentions that 8 species of Pisidium have been reported from
South Africa of which 6 are represented in the database of the
National Freshwater Snail Collection (NFSC) of South Africa.
We have no records of either P. harrisoni or P. reticulatum in
our database.

In view of the fact that they can utilise habitats such as
springs, small creeks and peat bogs where no other bivalves can
survive, Korniushin (2000) is of the opinion that investigation of
Pisidium species is important not only for understanding the
structure and history of the fauna, but also because they could
be used for monitoring environmental conditions. Their investi-
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gation is also important in view of reports from elsewhere in the
world that representatives of this genus can serve as intermedi-
ate hosts for trematode parasites (Cannon, 1972; Rantanen et al.,
1998). To our knowledge the role of local representatives of this
genus in the epidemiology of mollusc-borne parasitic diseases
has not yet been investigated. Little is also known of the con-
servation status of the South African Sphaeriidae, but Herbert
(1998) is of the opinion that P. harrisoni may meet the crite-
ria for Red listing. From elsewhere in the world it is reported
that native burrowing bivalves are declining at a catastrophic
rate (Vaughn and Hakenkamp, 2001). A significant decrease of
species richness and density of gastropods and bivalves due to
climatic warming could also be observed in a river system in
France (Mouthon and Daufresne, 2006).

This is an account of the habitats and geographical distribu-
tion of P. langleyanum currently the Pisidium species with the
largest number of records in the database of the NFSC of South
Africa. The possible effect of climatic changes on the geograph-
ical distribution of P. langleyanum and the conservation status
of Pisidium species in South Africa is briefly discussed.

Methods

Details of the habitats of all samples of P. langleyanum that
could be located on the 1:250 000 topo-cadastral map series
of South Africa, dating from 1956 until 2007, were extracted
from the database of the NFSC. The majority of these samples
were collected by staff of government and local health authori-
ties and staff of the former Snail Research Unit at the Potchef-
stroom University. In the instructions supplied, collectors were
requested to carefully screen also the sediment of water-bodies
for burrowing molluscs. Guidelines were made available for
the construction of scoops with a fine mesh which could be
used as a spade to sample the upper layers of the substratum
even for the smaller burrowing bivalve species. The number
of loci (/, square degrees) in which the collection sites were
located, was distributed in intervals of mean annual air tem-
perature and rainfall, as well as intervals of mean altitude to
illustrate the frequency of occurrence within specific intervals.
Rainfall, temperature and altitude data were obtained in 2001
from the Computing Centre for Water Research, University of
KwaZulu-Natal (disbanded since). A temperature index was
calculated for all mollusc species in the database from their fre-
quencies of occurrence within the selected temperature inter-
vals and the results were used to rank them in order of asso-
ciation with low to high climatic temperatures. The method
of calculation is discussed in detail in our earlier publications
(De Kock and Wolmarans, 2005a; 2005b). Chi-square values
(Statistica, Release 7, Nonparametrics, 2X2 Tables, McNemar,
Fischer exact) were calculated to determine the significance in
difference between the frequency of occurrence in, on, or at
the range of options for each variable, such as type of water-
body, type of substratum or temperature interval. In addition
an effect size (Cohen, 1977) was calculated for all the different
variables discussed in this paper. The effect size is an index
which measures the degree of discrepancy between the fre-
quency distribution of a given species in the set of alternatives
of a given variable such as water-bodies, as compared to the
frequency distribution of all other mollusc species in the data-
base in the set of alternatives for the same variable (Cohen,
1977). According to this author values for this index in the
order of 0.1 and 0.3 indicate small and moderate effects respec-
tively, while values in the order of 0.5 and higher indicate prac-
tical significant large effects. More details of the significance
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Figure 1
The geographical distribution of Pisidium langleyanum in %/,
square degree loci in South Africa as reflected by the records in
the database of the National Freshwater Snail Collection.

and interpretation of specific values calculated for this statistic
in a given situation, is discussed in our earlier publications (De
Kock and Wolmarans, 2005a; 2005b).

An integrated decision tree (Breiman et al., 1984) was also
constructed from the data. This statistical model enables the
selection and ranking of those variables that can maximally dis-
criminate between the frequency of occurrence of a given spe-
cies under specific conditions as compared to all other species in
the database. This was accomplished by making use of the SAS
Enterprise Miner for Windows NT Release 4.0, April 19, 2000
programme and Decision Tree Modelling Course Notes (Potts,
1999).

Results

The 632 samples of P. langleyanum were recovered from 177
loci (Fig. 1). This species was collected in 10 of the 14 differ-
ent water-body types represented in the database. Although
the largest number of samples came from rivers (194), the 136
samples from swamps represented a higher percentage (6.6%)
of the total number of times molluscs were reported from this
type of water-body in the database (Table 1). The frequency of
occurrence in swamps differed significantly (p < 0.05) from all
the other water-body types except from vleis (> = 0.47, df = 1;
p > 0.05). The majority of samples were reported from peren-
nial habitats (79.9%) of which the water was described as clear
(79.4%), fresh (84.0%) and standing (47.9%). There were, how-
ever, no significant differences in the frequency of occurrence in
water-bodies with fast running, slow running or standing water.
Fifty percent of the samples were recovered from water-bodies
with a predominantly muddy substratum (Table 3) and this dif-
fered significantly (p < 0.05) from the occurrence on all other
substrata types on record in the database. The 316 samples of P.
langleyanum recorded from habitats with a muddy substratum
represented 2.5% of the 12 835 samples on record in the database
for all mollusc species reported from this type of substratum
(Table 3).

The majority of samples came from sites which fell within
the temperature interval ranging from 16 to 20°C; however, the
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TABLE 1
Water-body types in which Pisidium langleyanum
was found in 632 collection sites recorded during

surveys
Water-bodies A B C D
Dam 84 13.3% 8 400 1.0%
Ditch 15 2.4% 636 2.4%
Irrigation furrow 1 0.2% 113 0.9%
Pond 12 1.9% 1566 0.8%
River 194 30.7% 7 507 2.6%
Spring 11 17% 301 3.7%
Stream 122 19.3% 7211 17%
Swamp 136 21.5% 2076 6.6%
Vlei 5 0.8% 103 4.9%
Waterhole 1 0.2% 225 0.4%

Effect size: w = 0.70 (large effect)

A number of times collected in a specific water-body

B % of the total number of collections (632)

C number of times any mollusc was collected in a specific water-body

D % occurrence of this species in the total number of collections in
a specific water-body

TABLE 3
Substratum types in the habitats of Pisidium
langleyanum as described during surveys
Substratum types
Muddy Stony Sandy Decomposing
material
A 316 143 99 2
B 50.0% 22.6% 15.7% 0.3%
C 12 835 7934 6 523 632
D 2.5% 1.8% 1.5% 0.3%
E w = 0.24 (small to moderate effect)
A Number of times collected on a specific substratum
B % of the total number of collections (632) on record for this species
C Number of times any mollusc was collected in a water-body with
a specific substratum
D % occurrence of this species in the total number of collections in a
water-body with a specific substratum
E Effect size values calculated for substrata

TABLE 2
Water conditions in the habitats of Pisidium langleyanum as described during surveys
Type Current velocity Turbidity Salinity
Perennial | Seasonal Fast Slow Standing Clear Muddy Fresh Brackish
A 505 60 55 213 303 502 71 531 6
B 79.9% 9.5% 8.7% 33.7% 47.9% 79.4% 11.2% 84.0% 0.9%
C 22 432 5 350 2229 9 501 16 147 20 408 6 438 24 089 657
D 2.3% 1.1% 2.5% 2.2% 1.9% 2.5% 1.1% 2.2% 0.9%
E w=0.22 w=0.10 w=0.27 w=0.10
(small effect) (small effect) (small to moderate effect) (small effect)

A Number of times collected in a specific water condition
B % of the total number of collections (632) on record for this species
C Number of times any mollusc was collected in a specific water condition
D % occurrence of this species in the total number of collections in a specific water condition
E Effect size values calculated for each factor

18 and 173 samples from sites falling within the 0 to 10°C and
11 to 15°C intervals respectively, both represented higher per-
centages of the total number of times that molluscs were recov-
ered from sites falling within a specific interval (Table 4). The
frequency of occurrence in sites falling within the 16 to 20°C
interval differed significantly (p < 0.05) from the other three
intervals. The 452 samples reported from sites falling within
the rainfall interval ranging from 601 to 900 mm/a represented
more than 70% of the total number of samples on record for this
species and differed significantly (p < 0.05) from the frequency
of occurrence within any of the other rainfall intervals in the
database. Although the 316 samples recovered from sites falling
within the 1 001 to 1 500 altitude interval accounted for exactly
50% of the total number of samples on record for this species,
the 118 samples falling within the 2 001 to 2 500 altitude inter-
val represented a much higher percentage (20.1%) of the total
number of times that molluscs were recovered from sites falling
within a specific interval (Table 4). The frequency of occur-
rence from sites falling within the 2 001 to 2 500 altitude inter-
val consequently differed significantly (p < 0.05) in this respect
from all the other altitude intervals.

From the effect size values calculated for the various param-
eters investigated it can be deduced that temperature, altitude
and water-bodies as such, had a large effect and substratum a
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small to moderate effect on the distribution of P. langleyanum
as reflected by the samples on record in the NFSC (Tables 1 to
4). These parameters were likewise selected by the decision
tree analysis as being important in establishing the documented
geographical distribution of this species in South Africa. The
temperature index calculated for P. langleyanum ranked it in the
fourth position in respect of its association with low tempera-
tures as compared to all other mollusc species represented in the
database of the NFSC (Table 5). It can furthermore be deduced
from the effect size values calculated for the temperature indices
that this species differed significantly (w > 0.5) from 47 of the
other 53 mollusc species on record in the database (Table 5).

Discussion

Only 3 Pisidium species, namely P. langleyanum, P. viridarium
and P. costulosum are well-represented in the database of the
NFSC. Identification of these species was determined exclu-
sively on shell characters based on guidelines of Kuiper (1964)
and the revised key published by Appleton (2002).

Pisidium langleyanum which is the most widespread spe-
cies of this genus in South Africa, as reflected by records of the
NFSC, can easily be distinguished from the other two species by
the relatively larger umbones, which are placed way to the back
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[
| WATER-BODIES |
[
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1 4.9% 46 1 1.3% 56
0 95.1% 889 0 98.7% 4216
Total  100.0% 935 Total 100.0% 4272

Figure 2

Decision tree of the frequency of occurrence of Pisidium langleyanum 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 P. langleyanum.

(Mandahl-Barth, 1988) and the sculpture of regular dense striae
of the shell (Appleton, 2002). The prominent umbones of this
species were already mentioned as diagnostic feature by Pilsbry
and Bequart (1927). This species was originally described in
1891 from Port Elizabeth by Melvill and Ponsonby (1891); how-

ever, the oldest record in the database
of the NFSC only dates back to 1958
and was collected in a dam in the
Boshof district of the Free State.

The 177 loci from which the
632 samples of P. langleyanum were
recovered are located largely in the
eastern parts of South Africa (Fig.
2). This species is well-represented in
Gauteng, south eastern Mpumulanga,
Lesotho and north eastern Free State.
It is discontinuously spread through
a large area of the Eastern Cape and
KwaZulu-Natal, completely absent
from Limpopo and poorly represented
in Northern and Western Cape.

Sphaeriids have many and fre-
quent possibilities of passive dispersal
from one water-body to another, even
from one river system to another over
mountains and seas (Kuiper, 1983).
According to this author they are
carried by insects, birds, amphibians
and fish. A resting Pisidium keeps
its valves slightly gaping and quickly
closes its valves when touched by
the antenna or tarsus of a beetle or a
feather of a diving bird (Kuiper, 1983).
Attached in this way by means of its
closed valves specimens are able to
withstand incidental environmental
dryness rather well (Kuiper , 1983)
and can consequently be transported
over long distances. The important
role played by active and passive dis-
persal in establishing the geographical
distribution of Pisidium in Michigan,
U.S.A. is discussed in detail by Heard
(1962). As mentioned earlier, the pres-
ence of P. langleyanumin South Africa
was established as early as 1891. The

absence of this species from large areas in this country should
therefore rather be attributed to unfavourable environmental
conditions than to the lack of opportunity to disperse.
the effect sizes calculated for the parameters investigated (Table
4) it is clear that temperature and altitude had been important

From

TABLE 4

Frequency distribution of the 632 collection sites of Pisidium langleyanum in selected intervals of
mean annual air temperature and rainfall and mean altitude in South Africa

Temperature intervals (°C) Rainfall intervals (mm) Altitude intervals (m)

0-10 | 11-15 | 16-20 | 21-25 | 0-300 | 301- 601- 901- | 0-500 | 501- | 1001- | 1501- | 2001-
600 900 1200 1000 1500 2000 2 500

18 173 435 6 1 170 452 9 24 24 316 150 118
28% | 27.4% | 68.8% | 0.9% 0.2% | 26.9% | 71.5% 1.4% 3.8% 3.8% | 50.0% | 23.7% | 18.7%

354 4404 | 24928 | 4276 975 11994 | 19799 | 1203 6 747 4491 | 14918 | 6998 586
5.1% 3.9% 1.7% 0.1% 0.1% 1.4% 2.3% 0.7% 0.4% 0.5% 2.1% 2.1% 20.1%

w = 0.56 (large effect) w = 0.30 (moderate effect) w = 1.36 (large effect)

moawx|mg|lo|m|>

Number of times collected in a locality falling within a specific interval
% of the total number of collections (632) on record for this species
Number of times any mollusc was collected in a locality falling within a specific interval
% occurrence of this species in the total number of collections within a specific interval
Effect size values calculated for each factor
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factors in establishing the documented geographical distribution
of this species in South Africa. Its close association with low cli-
matic temperatures as reflected by its temperature index (Table
5), supplies a plausible explanation for the complete absence of

any records of this species from Limpopo and this supports the
supposition of Brown (1978) that P. langleyanum could possibly
be restricted to the cooler areas of South Africa. In view of the
above it seems justifiable to assume that global warming could

TABLE 5

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

Number | 0-10°C | 11-15°C | 16 -20°C | 21-25°C | 26-30°C | ‘Index 2SD 3cv Effect

Mollusc species of sam- size
ples

Pisidium viridarium 639 201 271 164 3 1.947 0.764 39.22 -1.341
Lymnaea truncatula 723 95 281 343 4 2.354 0.709 30.14 -0.592
Pisidium casertanum 5 2 3 2.600 0.548 21.07 -0.140
Pisidium langleyanum 632 18 173 435 6 2.676 0.544 20.33 0.000
Pisidium costulosum 428 1 139 284 4 2.680 0.492 18.34 0.007
Bulinus tropicus 8448 32 2326 5860 230 2.744 0.502 18.31 0.125
Gyraulus connollyi 969 185 7 7 2.816 0.406 14.40 0.257
Ceratophallus natalensis 1797 299 1430 68 2.871 0.433 15.09 0.359
Burnupia (all species) 2778 7 287 2384 100 2.928 0.380 12.97 0.462
Ferrissia (all species) 540 72 420 47 1 2.957 0.476 16.09 0.517
Bulinus reticulatus 296 6 287 3 2.990 0.174 5.83 0.576
Assiminea umlaasiana 2 2 3.000 0.000 0.00 0.595
Tomichia cawstoni 4 4 3.000 0.000 0.00 0.595
Tomichia diferens 10 10 3.000 0.000 0.00 0.595
Tomichia lirata 2 2 3.000 0.000 0.00 0.595
Tomichia ventricosa 89 89 3.000 0.000 0.00 0.595
Tomichia tristis 81 79 2 3.025 0.156 5.16 0.641
Unio caffer 76 6 63 6 1 3.026 0.461 15.24 0.643
Physa acuta 755 719 36 3.048 0.213 7.00 0.683
Bulinus depressus 552 519 33 3.060 0.237 7.76 0.705
Arcuatula capensis 15 14 1 3.067 0.258 8.42 0718
Lymnaea columella 2302 81 1977 243 1 3.071 0.371 12.07 0726
Lymnaea natalensis 4721 205 3802 713 1 3.108 0.429 13.79 0.794
Assiminea bifasciata 17 15 2 3.118 0.332 10.65 0.811
Gyraulus costulatus 736 20 580 135 1 3.159 0.437 13.84 0.887
Bulinus forskalii 1209 17 985 204 3 3.160 0.409 12.95 0.889
Pisidium ovampicum 7 5 2 3.167 0.408 12.89 0.901
Sphaerium capense 25 1 17 7 3.240 0.523 16.14 1.036
Bulinus africanus group 2930 9 2155 760 6 3.260 0.450 13.82 1.074
Corbicula fluminalis africana| 390 1 291 94 4 3.267 0.437 13.38 1.087
Tomichia natalensis 23 16 7 3.304 0.470 14.24 1155
Thiara amarula 10 6 4 3.400 0.516 15.19 1.330
Assiminea ovata 5 3 2 3.400 0.548 16.11 1.330
Melanoides victoriae 49 29 19 1 3.429 0.540 15.75 1.383
Biomphalaria pfeifferi 1639 5 880 751 3 3.459 0.508 14.69 1.438
Septaria tesselaria 2 1 1 3.500 0.707 20.20 1514
Coelatura framesi 6 3 3 3.500 0.548 15.65 1514
Neritina natalensis 16 8 8 3.500 0.516 14.75 1.514
Bulinus natalensis 245 2 97 146 3.588 0.510 14.20 1.675
Segmentorbis planodiscus 27 9 18 3.667 0.480 13.10 1.821
Segmentorbis angustus 32 7 25 3781 0.420 111 2.031
Melanoides tuberculata 305 64 237 4 3.803 0.430 11.30 2.072
Pisidium pirothi 39 4 35 3.826 0.388 10.13 2114
Chambardia wahlbergi 36 7 28 1 3.932 0.398 10.11 2.308
Aplexa marmorata 9 9 4.000 0.000 0.00 2.433
Bellamya capillata 31 31 4.000 0.000 0.00 2.433
Eupera ferruginea 169 6 157 6 4.000 0.267 6.68 2.433
Lentorbis carringtoni 8 8 4.000 0.000 0.00 2.433
Lentorbis junodi 12 12 4.000 0.000 0.00 2.433
Segmentorbis kanisaensis 9 9 4.000 0.000 0.00 2.433
Chambardia petersi 39 1 36 2 4.000 0.272 6.80 2.433
Cleopatra ferruginea 73 71 2 4.027 0.164 4.08 2.484
Lanistes ovum 41 38 3 4.073 0.264 6.47 2.568
‘Index: Temperature index; *SD: Standard deviation; *CV : Coefficient of variance
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have a limiting effect on the extent of the geographical distri-
bution of this species in South Africa. A significant decrease
of species diversity and density of gastropods due to climatic
warming were reported for the Saéne River and its two main
tributaries (France) (Mouthon and Daufresne, 2006). These
authors are of opinion that an increase in the frequency of hot
summers could lead to the extinction of more than half the
mollusc species currently inhabiting the potamic area of the
River Sabne. Most of the sites on record for P. langleyanaum
in the database of the NFSC were sampled many years ago
and have not been revisited since, but specimens of this spe-
cies, often sharing the same habitat with P. costulosum, are
still recovered from sites in the Mooi River catchment area
recorded earlier by De Kock and Van Eeden (1969). However,
the related species P. pirothi reported from the Letaba River
in the Kruger National Park in 1967 (Oberholzer and Van
Eeden, 1967) could not be recovered during extensive surveys
conducted in 1995, 2001 and 2006 (De Kock and Wolmarans,
1998; De Kock et al., 2002; Wolmarans and de Kock, 2006).
Whether this could be attributed to warmer climatic tempera-
tures is debatable because the temperature index calculated for
P. pirothi ranks it eleventh out of 53 mollusc species due to its
association with high climatic temperatures (Table 5).

As reported for Corbicula fluminalis africana (De Kock
and Wolmarans, 2007a), P. langleyanaum is widespread in
a variety of freshwater habitats including marshes across
Southern Africa except for the arid western parts. Although a
considerable number of records of various other mollusc spe-
cies were reported from these western parts, the diversity is
significantly lower as compared to the situation in the eastern
parts of this country (De Kock et al., 1989; De Kock et al.,
2001; De Kock et al. 2002; De Kock and Wolmarans, 2005c;
De Kock and Wolmarans, 2007b). The obvious explanation
for this phenomenon according to Brown (1978) is that water
in itself'is the primary requisite for an aquatic mollusc and that
there can be no doubt that the virtually arid zone extending
from the Western Cape through Namibia, the Northern Cape
and Botswana is of overriding importance in that region.

Being a bottom dweller the possibility exists that this spe-
cies could be more widespread than reported in this paper due
to the fact that it could easily be overlooked during a casual
survey. The majority of samples on record in the database of
the NFSC have, however, been collected by specially trained
staff. Most of these surveys were done in shallow water near
the margin of water-bodies which might not have been the
most appropriate procedure for collecting bivalves. However,
in a quantitative survey of molluscs in the Mooi River (North-
West Province) with various appropriate devices for the quan-
titative sampling of benthic organisms, it was established that
the largest populations of P. langleyanum were to be found
either in or on the sediments in shallow runs near the margins
of water-bodies (De Kock and Van Eeden, 1969).

As mentioned earlier, it was suggested by Korniushin
(2000) that Sphaeriidae could be used in monitoring environ-
mental conditions in some countries. The lifespan of Pisidium
spp. is typically 1 to 3 years (Heard, 1965; Holopainen, 1979;
Vincent et al., 1981; Rantanen et al., 1998) and in view of the
fact that P. langleyanum can exploit a large variety of water-
bodies, are a bottom dweller and filter feeder and are already
present in many river systems in South Africa, it could be
worthwhile to investigate the feasibility of utilising it as an
indicator of heavy metal pollution. It is a known fact that
bivalves can accumulate heavy metals from superficial sedi-
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ments (Pourang, 1996). Due to the fact that bivalves yearly
produce an incremental layer of their shells, consisting mainly
of calcium carbonate and a small fraction of organic substance,
Carell et al. (1987) maintain that environmental history can
be revealed by analysing elements in mussel shells along the
annual growth increments. According to these authors live
animals and museum material, as well as sub-fossil material
could be used for these analyses. The collection of preserved
samples of bivalves from all over South Africa in the NFSC
span a period of more than four decades and could prove to be
a most valuable asset for similar investigations.

As mentioned earlier the functional role of freshwater
burrowing bivalves have been particularly understudied,
however, they filter phytoplankton, bacteria and particulate
organic matter from the water column and they affect nutri-
ent dynamics in freshwater systems through excretion and
biodeposition of faeces and pseudofaeces (Vaughn and Hak-
enkamp, 2001). James (1987) also came to the conclusion that
excretory products from bivalves should be an important and
readily available source of nutrients to be utilised by phyto-
plankton. Although one might consider the possible impacts
of populations of P. langleyanum on the freshwater biotope as
unimportant due to the relatively small size of individuals, the
large number of specimens often encountered in suitable habi-
tats could compensate for their lack in size. In a quantitative
survey of molluscs in the Mooi River (North West Province)
densities of up to 4 483 specimens/m? were recorded for P. lan-
gleyanum (De Kock and Van Eeden, 1969) and Kuiper (1983)
mentions a figure of 10 000 or even more per square metre for
some species of Pisidium in central European lakes.

A high prevalence of the helminth parasite, Bunodera
luciopercae for which the perch is a compatible definite host,
has been reported for a population of P. amnicum in a river
in eastern Finland (Rantanen et al., 1998). It was also estab-
lished that the yellow perch was the definite host for B. lucio-
perca in Canada (Cannon, 1972). To our knowledge the abil-
ity of P. langleyanum to act as intermediate host for digenean
helminth parasites has not yet been investigated. In view of
the reports mentioned above it is recommended that the pos-
sible role of P. langleyanum as intermediate host of trematode
parasites should be investigated. As reported from elsewhere
in the world, some of these parasites could have a negative
impact on local fish populations and on the aquaculture
industry.

The conclusion of Vaughn and Hakenkamp (2001) that
native burrowing bivalves are declining at a catastrophic
rate in North America supports the earlier report by Bogan
(1993) that freshwater bivalves are threatened and declining
globally. Little is known about the conservation status of
bivalves in South Africa. The numbers of specimens and
diversity of bivalve species, as well as the number of posi-
tive sites reported from the Kruger National Park in 1967
(Oberholzer and Van Eeden, 1967) have declined remark-
ably as revealed by our subsequent surveys mentioned ear-
lier. In a personal communication by JA Day to CC Apple-
ton (Appleton, 2002) it was also mentioned that the bivalve
Unio caffer (Krauss, 1848) have become rare in the south-
western Cape. Our personal observations led to the conclu-
sion that this species has also become rare in the Mooi River
basin, North-West Province where it was relatively common
in specific habitats in the 1960s (De Kock and Van Eeden,
1969). With regard to the Pisidium species, it was already
mentioned in the introduction that Herbert (1998) is of opin-
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ion that P. harrisoni may meet the criteria for Red listing.
The absence of P. pirothi from sites in the Kruger National
Park from where it was previously collected, was also men-
tioned earlier.

The relatively widespread distribution and ability of
P. langleyanum to exploit a wide variety of water-bodies also
make it an ideal candidate for monitoring heavy metal pol-
lution in our country. The shells of preserved specimens of
bivalves in the NFSC could also be analysed as a possible
indicator of environmental history as is done elsewhere in the
world (Carell et al., 1987).

The records of molluscs in the NFSC date back to 1954
and such a long data set could form an important and excellent
baseline for future projects dealing with conservation and cli-
matic change. Efforts should therefore be made to update the
geographical distribution of the freshwater molluscs in South
Africa, an aspect that is long overdue and has been grossly
neglected since the early 1980s.
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