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Life-table experiments with Helisoma duryi (Wetherby) and 
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In an effort to find an ecological homologue that could be utilized as a biological control agent of the 
intermediate host species of ~nomically important helminth parasites, age-specific life-table experiments 
with Helisoma dury; (Wetherby)'~nd Biompha/aria pfeifferi (Krauss) (intermediate host of Schistosoma 
manson~ were carried out at a series of constant temperatures in a laboratory. The results showed that the 
lifespan and net reproduction rate of H. dury; were higher than those of B. pfeifferi over the whole range of 
temperatures investigated (18-35°C). The conclusion is reached that H. duryi should theorectically be 
capable of establishing viable populations in most of the habitats occupied by B. pfeifferi in South Africa. 

In 'n poging om 'n ekologiese homoloog te vind wat as 'n biologiese beheeragent van die tussengasheerslak
spesies van ekonomies-belangrike he/mintparasiete aangewend kan word, is ouderdomspesifieke lewens
tabeleksperimente met He/;soma dury; (Wetherby) en Biompha/aria pfeifferi (Krauss) (tussengasheer van 
Schistosoma manson~ by 'n reeks konstante temperature in die laboratorium uitgevoer. Die resultate het 
getoon dat die lewensduur en netto voortplantingskoers van H. duryi by die hele reeks ondersoekte 
temperature (18-35°C) hoar as by B. pfeifferiwas. Die gevolgtrekking word gemaak dat H. duryiteoreties in 
staat behoort te wees om lewensvatbare bevolkings in meeste van die habitats wat deur B. pfeffferi in Suid
Afrika beset word, te kan vestig. 

• To whom correspondence should be addressed 

Up to now, most of the components used as molluscicides 
have been biocidal over a wide spectrum. Consequently, 
non-chemical methods of snail control are increasingly 
being sought. From a biological point of view, the ideal 
method of control should be based on competitive displace
ment by an ecological homologue which should not only 
possess similar ecological needs but a higher biological 
potential and adaptability as the vector species (Frandsen & 
Madsen 1979). Furthermore, the competitor species should 
not itself act as an intermediate host of economically impor
tant parasite species. After observing that H. duryi success
fully outcompeted several intermediate host species, in
cluding B. pfeifferi in his laboratory in 1941, Dr. G. 
Mandahl-Barth of the Danish Bilharzia Laboratory sugges
ted it as a biological control agent of the intermediate host 
snails of schistosomes (Madsen 1984). 

Helisoma duryi an invader species from North America is 
already found in widely distributed localities in Africa 
including cooling dams at the Mandini paper mill in Natal 
(Brown 1967), a storage tank on a farm in Namibia (Van 
Bruggen 1974) and the Liesbeeck River in Cape Town 
(Appleton 1977). Of the 41 entries of H. duryi in the data 
base of the National Freshwater Snail Collection at the 
Potchefstroom University, only 15 were recorded from 
natural habitats (marshes, swamps, springs, rivers, streams). 
The fact that this species already occurs in natural habitats 
in South Africa eliminates from the start the problems 
usually encountered in importing an exotic species. 

Since the observations of Mandahl-Barth in 1941 
(Madsen 1984), several researchers (Ayad, Mousa, Ishak, 

Yousif & Zaghloul 1970; Abdallah & Nasr 1973; Madsen 
1979a & 1979b) showed experimentally that H. duryi is 
particularly well adapted to laboratory conditions and that it 
can control several intermediate host species under such 
conditions. These promising results and the fact that H. 
duryi is not susceptible to schistosome infection led to the 
suggestion by Madsen (1981) that field trials with it should 
be encouraged. 

To outcompete and eventually eliminate other freshwater 
snail species in natural habitats, H. duryi should possess 
outstanding assets such as a higher innate capacity of 
inc;rease, a faster growth rate and a longer lifespan under 
different temperature regimes. It has already been observed 
that B. pfeifferi can be outcompeted by H. duryi under 
certain laboratory conditions (Madsen 1984). However, it is 
not known how the population statistics of H. duryi and B. 
pfeifferi in life-table experiments would compare under 
carefully controlled laboratory conditions, or under which 
temperature conditions a local race of H. duryi would be 
capable of establishing viable populations. Consequently, an 
age-specific life-table experiment with H. duryi and B. 
pfeifferi was undertaken at a series of constant temperatures 
ranging from 18-35°C. 

Apart from its medical importance as an intermediate host 
of the intestinal bilharzia parasite, Schistosoma mansoni, B. 
pfeifferi was selected for this evaluation because its geogra
phical distribution in South Africa has been documented 
thoroughly and its population dynamics under various con
trolled conditions have been studied intensively (Shiff & 
Garnett 1967; De Kock & Van Eeden 1981; De Kock & 
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Van Eeden 1986). The population statIStICS calculated 
during life-table experiments with B. pfeifferi have already 
been compared with its geographical distribution (Shiff & 
Husting 1966; Harrison & Shiff 1966; De Kock & Van 
Eeden 1981). It is expected that the results of the present 
study could contribute to meaningful predictions regarding 
the establishment potential of H. duryi in different natural 
habitats in South Africa. 

Material and methods 

The experiment was carried out in the throughflow system 
of aquaria described in detail by De Kock (1985) and De 
Kock & Van Eeden (1986). Temperatures investigated 
ranged with three degree intervals from 18-36°C. However, 
the eggs of neither species failed to hatch at 36°C, thus we 
tried to compile life-tables at 35°C. 

The parental snails of the cohorts of H. duryi came from a 
series of cement and stone dams connected with canals and 
which are situated in the Amphigarden of the Durban 
metropolitan area (2931 CC). The parental snails of B. 
pfeifferi came from an earth dam in a tributary of the Harts 
River in the Lichtenburg urban area (2626 AA). One week 
after hatching, cohorts of 25 specimens of each species at 
each temperature were randomly selected for the compila
tion of life-tables. Mortalities and egg production were 
noted daily. 

The usual population statistics (Table 1) were calculated 
from the life-tables and calculation methods (described by 
Southwood (1978) were used. 

Results 

The population statIstIcs calculated for both species are 
summarized in Table 2 and the rift values additionally 
depicted in Figure 1. It must be kept in mind that these 
statistics represent a mean value of the performance of a 
single snail calculated from the egg production and survival 
of a cohort of 25 individuals. The age specific survival rates 
per cohort per two-week period are shown in Table 3. 

Table 1 The population parameters used to 
evaluate the response of H. dury; and B. pfeifferi 
to the different constant temperatures 

Population 

parameter Symbol Explanation 

Survivorship I~ age-specific survival rale 

Natality m. age-specific birth rate 

Innate capaci Iy r. increase in numbers of a 

of increase population in a spec ific 

constant environment free 

from effects of densily 

Net reproduction RD rate of multiplication in 

one generation 

Finite rate A. antilog of r. ; indicates 

of increase the number of times a 

population will multiply 

per unit time 

S.-Afr. Tydskr. Dierk. 1991,26(4) 

Table 2 Population statistics recorded for the cohorts of 
H. dury; (H) and B. pfeifferi (8) at the different constant 
temperatures 

Population parameters 

Days to 

Constant Halching Hatch- onset of 
tempera- Snail time ing egg pro-
tures ("C) species (days) % duction A. r. Ro 

18 H 18 88 68 1,89 0,64 664,7 

B 16 85 53 2).7 0,82 140,5 

21 H 12 89 37 3,50 1,25 1261,5 

B 11 86 29 5,43 1,69 '1:/3,9 

24 H 9 95 28 5,13 1,63 1158,1 

B 9 90 24 6,71 1,90 181,8 

27 H 7 93 23 9,33 2,23 3718,3 
B 7 82 22 5,94 1,79 150,8 

30 H 6 89 22 20.08 2.99 5427,9 

B 6 26 41 0,86 ...{l,15 0,6 

33 H 5 91 20 17,32 2,85 1704.3 

B 0 

35 H 5 34 43 0,67 -0,41 0,2 

B 0 

DiSCUSsion 

The innate capacity of increase (rift) is a composite statistic 
incorporating the results of growth, reproduction and 
survival (O'Keeffe 1985). Therefore, the rift values are not 
independent of the other results - they integrate them into 
single values. The degree of success should therefore be 
measured by means of the rift values for both species at the 
various temperatures studied. Positive rift values were ob
tained for H. duryi at temperatures ranging from 18-33°C. 
This indicates that this species should theoretically be able 
to establish viable populations under similar temperature 
regimes in nature (rift ~ 0). In contrast. the rift values calcu
lated for B. pfeifferi indicate that this species should have a 
small-aava~ over H. duryi at· temperatures between 18 
anl24°C, Jw.t that it should have no ability to establish pop
u~~§;.8i~tures constantly remaining above 3<Y'C. 

";';e -~ability of the parameter rift according to Shiff 
& Hu~tinTcr96~ lies in the range of values obtained under 
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Figure 1 The relationship between r. and temperature in Heli
soma duryi (0) and Biomphalariapfeifferi (e). 
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Table 3 Age-specific survival of the cohorts of H. duryi 
and B. pfeifferi at the different constant temperatures 

Pivotal 
I. values at the different CQl\stant temperatures 

age Species 18°C 210C 24°C 27"C 30"C 33°C 350C 

0,5 H+ 1,0 1,0 1,0 1,0 1,0 1,0 1,0 

B++ 1,0 1,0 1,0 1,0 1,0 

1,5 

2,5 

3,5 

4,5 

5,5 

6,5 

7,5 

8,5 

9,5 

10,5 

11,5 

12,5 

1,0 

1,0 

1,0 

1,0 

1,0 

1,0 

1,0 

1,0 

1,0 

1,0 

0,9 

0,9 
0,9 
0,8 

0,9 

0,6 

0,8 

1,0 

1,0 

1,0 

1,0 

0,9 
1,0 

0,9 

0,6 

1,0 

1,0 

0,8 

1,0 

0,6 

0,9 

0,6 
0,6 

0,9 0,6 
0,5 0,4 

0,9 0,6 
0,5 0,4 

0,8 0,6 

0,4 0,2 

0,8 0,6 

0,4 0,1 

0,8 0,5 

0,6 0,4 0,1 

0,8 0,8 0,5 

0,6 0,4 0,1 

0,8 0,8 0,5 

0,5 0,4 0,1 

0,8 0,8 0,5 

0,4 0,3 •• 

1,0 

1,0 

1,0 

1,0 

0,9 

0,5 

0,8 

0,5 

1,0 

1,0 

1,0 
1,0 

1,0 

0,4 

1,0 

0,2 

0,8 1,0 

0,3 0,2 

0,8 1,0 
0,3 .. 

0,8 1,0 

0,2 

0,8 1,0 

0,2 

0,8 0,9 

0,2 

0,8 0,9 

0,2 

0,7 0,9 

0,1 

0,7 0,9 .. 
13,5 

H 

B 

H 

B 

H 

B 

H 

B 

H 

B 

H 

B 

H 

B 

H. 
B 

H 
B 

H 

B 

H 

B 

H 

B 

H 

B 

H 

... 0,8 0,4 0,7 0,8 
••• 0,3 

14,5 0,8 0,4 0,7 0,8 

B 0,3 

IS,S H 0,7 

B 0,3 

+ = Helisoma duryi 

++ = Biomphalaria pfeifferi 

• = Egg clutches failed to hatch 
•• = All snails died 

••• = Experiment terminated 

0,4 0,7 ••• 

• • 
1,0 0,6 

1,0 0,1 

1,0 1,0 

0,9 •• 

0,9 

0,9 

0,9 

0,9 

... 

specific experimental conditions. These values calculated for 
H. duryi are not only higher than those for B. pfeifferi, but 
show a clear peak at 300C (Figure 1). In contrast, the values 
for B. pfeiffer; do not reach a distinctive peak. The ecologi
cal implications of similar differences, interpreted in the 
light of the views of Shiff & Husting (1966) and Harrison & 
Shiff (1966), are that temperature should playa larger part 
in the geographical distribution of H. duryiand that it 
should be better adapted to occupy habitats with unfavour
able environments, than B. pfeifferi. The relatively longer 
reproduction period, reflected in the considerably higher net 
reproductionrate (Table 2) and the excellent survival rate, 
resulting in a longer lifespan, indicate that H. duryi is more 
K- and less r-selected than B. pfeiffer;. This should act in the 
favour of H. duryi in a competition for natural resources. 
beCause, according to Pianka (1970), K -selected species are 
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usually severe and efficient competitors. 
As far as we know. no experimental investigations regard

ing competition between H. duryi and B. pfeifferi have been 
carried out under natural conditions in South Africa. The 
most important conclusions that could be reached from 
experiments carried out in Tanzania were that H. duryi 
reduced the numbers of B. pfeifferi under certain conditions 
and that it did well in the tropics under the same biophysical 
and chemical conditions as the particular host species 
(Frandsen & Madsen 1979). It was also experimentally 
demonstrated by Frandsen (1976) that H. duryi was capable 
of attracting miracidia of S. mansoni and thus reducing the 
infection and production of cercariae in B. pfeifferi. 

In spite of the fact that H. duryi has been distributed right 
across South Africa by the aquarium industry, and the first 
records of fmds in nature were made 2S years ago, it had not 
yet been able to spread significantly. This could be 
attributed to a poorer ability to aestivate, as reported by 
McCullough (1981), or to the fact that self-fertilization does 
not occur in the species. However, according to Madsen 
(1981), this inability to self-fertilize does not make H. duryi 
unsuitable for biological control because it implies that non
intentional distribution can be controlled much more easily. 

The results of the present study indicate that, as far as 
temperature is concerned, H. duryi should be able to survive 
in most of the habitats occupied by B. pfeifferi in South 
Africa. The degree of success achieved elsewhere in the 
world under laboratory as well as field conditions in 
biological control experiments with H. duryi and the results 
of our own study hold promise. Follow-up experiments in 
the laboratory as well as trials under natural conditions 
should be encouraged. 

Acknowledgements 
The financial support of the Potchefstroom University for 
Christian Higher Education and the South African Medical 
Research Council is hereby acknowledged. 

References 
ABDALLAH, A. & NASR, T. 1973. Helisoma duryi as a means 

of biological control of schistosomiasis vector snails. J. Egypl . 
f1II!d. Ass. 56: 514-519 . 

APPLETON. C.C. 1977. The exotic fresh-water snail Helisoma 
dJuyi (Wetherby, 1897) (Planorbidae) in southern Africa. 
llJol. Meded. Rijk.smu.s. Nat. Hist. Leitkll 52: 125-135. 

AYAD, N., MOUSA, A.H., ISHAK, M.M., YOUSIF, F. & 
ZAGHLOUL. S. 1970. A preliminary study on biological 
control of the snail intermediate hosts of schistosomiasis in 

U.A.R. by Helisoma dUTyi snails. Hydrobiologia 35: 196-202. 
BROWN, D.S. 1967. A review of the freshwater mollusca of 

Natal and their distribution. AM. NaJal Mus. 18: 477-494. 
DE KOCK, K.N. 1985. Effect of programmed circadian 

temperature fluctuations on population dynamics of Bulinus 
tropicus (Krauss) and Lymnaea natalensis Krauss 

(Gastropoda: Mollusca). J. Limnol. Soc. sth. Afr. 11(2): 
71...:.74. 

DE KOCK, K.N. & VAN EEDEN, I.A. 1981. Life-table studies 
on freshwater snails: The effect of constant temperature on the 

population dynamics of BiomphalariapfeifJeri (Krauss). 
Wetellskaplike Bydraes vall die PU vir CHO. Reeks B: 
Natuurwetenskappe. 107: 1-17. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

10
). 



152 

DE KOCK. K.N. & VAN EEDEN. I.A. 1986. Effect of 
programmed circadian temperature fluctuations on population 

dynamics of Biomplwlaria pfeifferi (Krauss). S. Afr. 1. Zool. 
21(1): 28-32. 

FRANDSEN. F. 1976. The suppression by Helisoma duryi of the 

cercarial production of Schistosoma mansoni-infected 

Biomplwlariapfeifferi. Bull. WHO. 53: 385-390. 

FRANDSEN. F. & MADSEN. H. 1979. A review of Helisoma 
. duryi in biological control. Acta Tropica 36: 67-84. 

HARRISON, A.D. & SIDFF, CJ. 1966. Factors influencing the 

distribution of some species of aquatic snails. SAJ .sci. 62(8): 

253-258. 

MADSEN, H. 1979a. Further laboratory studies on the 

interspecific competition between HelisollJll duryi (Wetherby) 

and the intermediate hosts of Schistosoma mansoni Sambon: 

Biomphalaria alexandrina (Ehrenberg) and B. camerunensis 
(Boettger). Hydrobiologia 66: 181-192. 

MADSEN, H. 1979b. Preliminary observations on the role of 

conditioning and mechanical interference with egg masses and 

juveniles in the competitive relationships between Helisoma 
duryi (Wetherby) and the intermediate hosts of Schistosoma 
mansoni Sambon: Biomplwlaria camerunensis (Boettger). 

Hydrobiologia 66: 207-214. 

MADSEN, H. 1981. Prospects of the use of Helisoma duryi in 

biological control of schistosomiasis. Proc. 10th Scand. Symp. 

Paras ito!. Information 16: 66-67. 

S.-Afr. Tydslcr. Dierk. 1991,26(4) 

MADSEN, H. 1984. Data sheet on Helis0m4 spp. as biological 

control agents. WHO Information document, WHONBCI 
84.894. 16pp. 

McCULWUGH, F.S. 1981. Biological control of the snail 

intermediate hosts of human SchistosollJll spp.: A review of its 

present status and fublre prospects. Acta Tropica 38: 5-13. 

O'KEEFFE. I.H. 1985. Population biology of the freshwater snail 

Bulinus globosus on the Kenya coasL n. Feeding and density 

effects on population parameters. 1. Appl. Ecol. 22: 85-90. 
PIANKA, E.R. 1970. On rand K selection. Am. Nal. 104,940: 

592-597. 

SIDFF, CJ . & GARNE'IT, BRIOOET 1967. The influence of 

temperablre on the intrinsic rate of nablTal increase of the 

freshwater snail Biomplwlaria pfeifferi (Krauss) (Pulmonata: 

Planorbidae). Archiv. Hydrobiol. 62(4): 429-438. 

SHIFF. CJ. & HUSTING, E.L. 1966. An application of the 

concept of intrinsic rate of natural increase to studies on the 

ecology of freshwater snails of the genera Biomplwlaria and 

Bulinus (Physopsis) in Southern Africa. Proc. Trans. Rhod. 
Scient. Ass. 51: 34-50. 

SOUfHWOOD, T.R.E. 1978. Ecological Methods. Chapman & 

Hall, London. 

VAN BRUGGEN, A.C. 1974. Alien planorbid from South West 

Africa erroneously recorded as Biomplwlariapfeifferi. Zool. 
Meded. RijlcsmlU. Nal. Hist. uidl!n 48: 11-18. 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

10
). 




