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Microhabitat Preferences of Biomphalaria pfeifferi and
Lymnaea natalensis in a Natural and a Man-made Habitat in
Southeastern Tanzania
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Schistosoma mansois an important human parasitic disease which is widespread throughout Af-
rica. AsBiomphalaria pfeiffersnails act as intermediate host, knowledge of their population ecology is
an essential prerequisite towards understanding disease transmission. We conducted a field study anc
assessed the density and microhabitat preferenceB.gdfeifferi in a natural habitat which was a
residual pool of a river. Repeated removal collecting revealed a density of 26.6 [95% confidence inter-
val (ClI): 24.9-28.3] snails/m B. pfeifferi showed microhabitat preferences for shallow water (depths:
0-4 cm). They were found most abundantly close to the shoreline (distances: 0-40 cm), and preferred
either plant detritus or bedrock as substratliymnaea natalensia snail which may act as a host for
humanFasciola giganticaalso occurred in this habitat with a density of 34.0 (95% CI: 24.7-43.3)
snails/n?, and preferred significantly different microhabitats when compar&d péeifferi. Microhabi-
tat selection by these snail species was also investigated in a man-made habitat nearby, which consiste
of a flat layer of concrete fixed on the riverbed, covered by algae. Bepdeifferi showed no prefer-
ence for locations close to the shoreline, probably because the habitat had a uniform depth. We conclude
that repeated removal collecting in shallow habitats provides reliable estimates of snail densities and
that habitat changes through constructions may create favourable microhabitats and contribute to addi-
tional disease transmission.

Key words: Biomphalaria pfeifferi Lymnaea natalensisman-made habitat - microhabitat preferences -
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Schistosomiasis is a major human parasitic dig972, Upatham et al. 1981, Betterton 1984, Tho-
ease widespread throughout Africa and ranks semas & Tait 1984, Betterton et al. 1988, Madsen &
ond only to malaria in terms of public health im-Christensen 1992, Hunter et al. 1993). Habitat fea-
portance (WHO 1993). Schistosomiasis is focallyures required by the snails are rather grossly de-
distributed with transmission influenced by sevscribed and do not put enough emphasis on the
eral factors, of which intermediate host snail dismicrohabitat (Thomas & Tait 1984, Madsen et al.
tribution is of great importance. It is well docu-1988, Woolhouse & Chandiwana 1989), although
mented that intermediate host snails inhabit a widgich knowledge may be relevant for the appropri-
range of natural habitats (Webbe & Jordan 1982te design of snail control (Utzinger et al. 1997a).
Sturrock 1993, Brown 1994). Often, man-made In the Kilombero district in southeastern Tan-
habitats, such as irrigation canals, pools behinzhnia, schistosomiasis is endemic (Zumstein 1983,
small dams and ponds along roads and railwdervilhac et al. 1998%chistosoma haematobium
constructions, may become rapidly inhabited bys the predominant species (Zumstein 1983,
intermediate host snails, thus contributing to distengeler et al. 1991) and the population ecology
ease transmission (Watson 1958, McCullougbf its intermediate host snaBulinus globosus
(Morelet), has been studied in detail (Marti et al.
1985, Marti 1986)S. mansoris also present since
a first focus was identified in the village of
Namwawala in 1984, with an infection prevalence
dof 39% among schoolchildren. Subsequent annual
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Since control using chemotherapy had failed, corvillage, located in the Kilombero district, Morogoro
trol of transmission was tried by environmentategion in southeastern Tanzania (Fig. 1). The area
modification. A river flushing weir was constructedhas a distinct rainy season between December and
by having a flat layer of concrete fixed onto the subApril, with heavy rains mainly in March and April
stratum, and building an artificial pool about 20 m(J&tzold & Baum 1968). The mean annual precipi-
above the weir to impound the water. The weir betation is 1.300 mm and the mean annual tempera-
came operational in 1989 and proved to be effetdre is 26°C (Freyvogel 1960). A detailed descrip-
tive in reducing the occurrencel®f pfeifferibelow tion of the river is given by Fritsch (1993) and fur-
the weir after flushing (Fritsch 1993). However, theher details of the village are provided by Smith et
weir has no longer been operated since 1993 aatl (1995).
Odermatt (1994) found infectd®l pfeifferisnails The fieldwork was conducted in two aquatic
in the artificial pool above the weir. habitats during the dry season in October 1995,

There are recent concerns tBatmansonhas the period of highe®. pfeifferidensity (Odermatt
gained importance in the Kilombero district1994). Due to low rainfall in the months preced-
(Pervilhac et al. 1998) probably becaBsefeifferi ing the study, both habitats had become isolated,
has become more widely distributed over the lasttagnant pools when the investigation was car-
decade. Given this situation and its relevance fored out. Site A, a natural habitat, was an isolated
transmission and control of schistosomiasis in theesidual pool of the Namwawala river that cov-
area, we decided to compare the microhabitat predred an area of 11.754vlocated approximately
erences oB. pfeifferiin a natural habitat with their 50 m downstream from where the main road
preferences in a nearby man-made habitat. Rerosses the Namwawala river. Site B, a very shal-
peated removal collecting was used to assess tloev man-made habitat of about 1& mith a sub-
total snail density. A&. natalensisalso occurred stratum consisting of a flat layer of concrete was
abundantly in both habitats, their microhabitat prefeonnected with the impoundment area of a river
erences were also investigated and compared withishing weir. Site B is located 10 m upstream
those ofB. pfeifferi from where the main road crosses the Namwawala

river (Fig. 1).
MATERIALS AND METHODS Site A: microhabitat availability Site A was

Study area The study was carried out in thedivided into sections by marking 17 transects, lo-

Namwawala river which runs through Namwawalaated at right angles to the middle line of the habi-
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Fig. 1: map of the study area with a natural habitat (site A) and a man-made habitat (site B).
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tat (Bovee 1982). The distance between adjacebtated stick to the nearest 0.5 cm and the substra-
transects was set at 50 cm. The width of the riveum was classified as for site A. The distance be-
was measured on each transect to the nearest ameen adjacent transects was set at 40 cm.
Along the transects, points were selected at every Site B: snail collection No attempt was made
10 cm. There, microhabitat availability was quanto estimate total snail density because site B was
tified by measuring the total water column deptltonnected with an adjacent pool and immigration
with a calibrated stick to the nearest cm and viswand emigration of snails was likely to occur. Snails
ally classifying the dominant substratum within arwere collected once in six sections which were set
area of 5x5 cm, using the method of De Graaf antly the transects and had a width of 20 cm.
Bain (1986) adapted by the authors to meet local Site B: microhabitat utilization and preferences
conditions: class 1: plant detritus, class 2: clay/sik The utilization of microhabitats 8. pfeifferiand
(0.004-0.06 mm), class 3: sand (0.07-2.0 mm},. natalensisvith respect to water depth, distance
class 4: gravel/pebbles (2.1-64 mm), class rom the shoreline and the dominant substratum
cobbles (64.1-250 mm), class 6: bouldersvere recorded. The water column depth above a
(> 250.1 mm), and class 7: bedrock. It was foundnail was measured to the nearest 0.5 cm. The
previously that, with experience, such visual clasdominant substratum and the distance from the
sifications were reliable (Utzinger et al. 1997b). closest shoreline was quantified as for site A.

Site A: snail collection Snails were systemati- RESULTS
cally searched for within the whole habitat, and they .
were collected by hand, removed and identified at  Site A with a total surface of 11.7%rhad a
species level. Snail collection was repeated thragater depth that ranged between 0 and 26 cm. The
times on two consecutive days (once on day 1 afgibstratum consisted mainly of plant detritus, sand
twice on day 2). This method allowed calculatiornd bedrock. Clay/silt, gravel/pebbles and cobbles
of the total density of snails (Sutherland 1996). Forere less frequently recorded and boulders were
each SDECiES, the number of snails that were C@bsent from this habitat. Four snail species were
lected and removed during the three consecuti&®llected:B. pfeifferi L. natalensisB. globosus
surveys were used to estimate the total populatigidPila ovata(Peters). The first two species were
and the catching probability, according to equationk5-20 times more abundant than the last two. The
provided by Seber and Le Cren (1967). Fofotal number of snails collected and removed dur-
B. pfeifferithe shell diameter, and for natalensis  ing the three repetitive surveys is given in Table |.
the shell length, were measured directly in the fiel@lthough moreB. pfeifferi (n = 282) than
to the nearest 0.1 mm, using a calliper. L. natalensisnails (n = 265) were collected in the

Site A: microhabitat utilization and preferencesthree repeated surveys, the former species was es-
- ForB. pfeifferiandL. natalensisthe precise lo- timated to be less abundant because its catching
cation within site A (x- and y-axis to the nearesprobability was higher (0.54 vs 0.30). This may be
cm) was measured and the water column dep@xplained by the fact that the population of
above the snails and the dominant substratum lt natalensiscomprised a larger proportion of
the point of collection recorded. The spatial distrismallest snails (91 snails with a shell length <
bution of both snail species was depicted in 4 mm) when compared wit. pfeifferi(27 snails
scattergram. Total snail densities [including 959%vith a shell diameter < 4 mm) as shown in Fig. 2a.
confidence interval (Cl)] were calculated for dif-We estimated the total densitiesBbfpfeifferiand
ferent microhabitat types and compared with derl-- Natalensisto be 26.6 (95% Cl: 24.9-28.3) and
sities expected in case of equal spatial distributiod4-0 (95% Cl: 25.7-42.4) snailsfnrespectively.
When snails were found in a habitat type more fre- The spatial distribution oB. pfeifferi and
quently or less frequently than expected the termts natalensisin site A is depicted in Fig. 3. The
“habitat preference” and “habitat avoidance” werdliagram shows that both species are unevenly dis-
used, respectively. Comparison of microhabitaffibuted within the habitat but tend to prefer simi-
availability and utilization byB. pfeifferiand lar locations, including those close to the shore-
L. natalensiswas made by the Kolmogorov- line. These findings are confirmed by analysing
Smirnov test (K-Sm) for continuous variables, sucRlicrohabitat preferences (Fig. 4). Both snail spe-
as water depth and distance from shoreline, arfdles were found most abundantly at distances be-

by chi square tesif) for substratum (Sokal & tween 0 and 30 cm from the shoreline. The high-
Rohlf 1981). est densities d. pfeifferioccurred between 0 and

Site B: microhabitat availability Along six 10 cm and those df. natalensisbetween 20 and
transects, the water depth and the dominant suB0 cm. The comparison of microhabitat availabil-
stratum was recorded systematically at everify in terms of distance from the shoreline and the
10 cm. The water depth was measured with a cafRicrohabitat utilization by the two snail species
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TABLE |

Total number oBiomphalaria pfeifferiandLymnaea natalensisnails collected and removed in three repetitive
surveys with total population estimates and capture probabilities in site A (Cl = confidence interval)

B. pfeifferi L. natalensis
Snails removed in 1. survey 165 115
Snails removed in 2. survey 84 96
Snails removed in 3. survey 33 54
Total snails removed 282 265
Population estimate (95% CI) 312 (292-332) 400 (302-498)
Catching probability (95% ClI) 0.54 (0.46-0.62) 0.30 (0.20-0.41)
Density: snails/rh (95% CI) 26.6 (24.9-28.3) 34.0 (25.7-42.4)
Biomphalaria pfeifferi Lymnaea natalensis
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Fig. 2: frequency distribution of size fBiomphalaria pfeifferiandLymnaea natalensis site A (a) and site B (b).

revealed statistically significant differences. Site The substratum histograms show that
A was a habitat with a mean distance from th8. pfeifferiand L. natalensisprefer either plant
shoreline of 38 £ 22 cm. In this habitBt,pfeifferi  detritus (class 1) or bedrock (class 7). As compared
were found at a mean distance from the shorelingith the substratum availability, these differences
of 26 + 19 cm (K-Sm test, P < 0.001L).natalensis were statistically significanig, 5 degree of free-
were found at a mean distance of 29 + 17 cm (kdom (d.f.) = 56.9, P < 0.001 f&. pfeifferiandy?,

Sm test, P < 0.001). 5d.f. =99.7, P < 0.001 fdr. natalensi}

Both snail species showed microhabitat pref- When microhabitat preferences fr pfeifferi
erences for shallow water with peak densities olandL. natalensisvere compared it was found that
served in water depths between 0 and 4 cm. Contie two species occurred in significantly different
parison between the water depths that were avaihicrohabitatsB. pfeifferipreferred deeper water
able and preferences shown Bypfeifferiand (mean depth: 2.2 + 2.5 cm, n = 282) than
L. natalensigevealed statistically significant dif- L. natalensigmean depth: 1.5 + 1.3 cm, n = 265,
ferences. The mean water depth in site A waB = 0.0007, K-Sm test) ari8l pfeifferi preferred
8.3 £ 7.3 cm, whereas the mean preferred deptts live closer to the shoreline (mean distance:
of B. pfeifferiandL. natalensisvere 2.2 + 2.5 cm 26.4 + 18.6 cm, n = 282) th&n natalensigmean
(K-Sm test, P <0.001) and 1.5 + 1.3 cm (K-Sndistance: 28.8 + 17.2 cm, n = 265, P = 0.023, K-
test, P < 0.001), respectively. Sm test). Both species preferred plant detritus and
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Fig. 3: spatial distribution of 28iomphalaria pfeiffer(+) and
265Lymnaea natalensi@) snails in site A.
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bedrock as dominant substrata; however,
L. natalensisvas more likely to be found on plant
detritus and less likely to be found on bedrogk (

5 d.f. =20.6, P =0.001).

In site B, the water depth was uniform and
ranged between 0 and 6 cm. The substratum con-
sisted of an artificial layer of concrete that was
uniformly covered by algae. During the single sur-
vey, a total of 443 snails were found. There were
three different species of whith natalensisvas
the most abundant at 63.9% (283/443), while
B. pfeifferi accounted for 35% (155/443) and
B. globosudor 1.1% (5/443) of all snails.

The frequency distributions of size for
B. pfeifferiandL. natalensisare given in Fig. 2b.
The spatial distribution of these two snail species
with respect to water depth and distance to the clos-
est shore is summarized in Table Il. It is
characterised by a distinctively different pattern
from that in site AB. pfeifferishowed no prefer-
ence for habitats closer to the shoreline and instead,
were more likely to be found at distances between
101 and 250 cm from the shoreline.

The comparison between the microhabitat pref-
erences oB. pfeifferiandL. natalensisin site B

Lymnaea natalensis

"8 12 16 20 24 28
water depth (cm)

Ed
0 4
Lymnaea natalensis

- N W H
COO0O0O0O

density (m-2)

0 1020 30 40 50 60 70 80 90100
distance rivershore (cm)

Lymnaea natalensis

substratum (class®)

Fig. 4: microhabitat preferences of 2BBbmphalaria pfeifferiand 265Lymnaea natalensifor water depth, distance from the
shoreline and dominant substratum composition in site A. —: mean density in case of equal distribution, ---: lower arfbupper 95
confidence interval, |: error bars. Asterisk: plant detritus (class 1), clay/silt (0.004-0.06 mm; class 2), sand (0.0as58)n; cl

gravel/pebbles (2.1-64 mm; class 4), cobbles (64.1-250 mm; class 5), boulders (> 250.1 mm; class 6) and bedrock (class 7).
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TABLE Il

Characterization of site B, as assessed by a systematic sample (n = 240) of water depths and distances from the
shoreline, and occurrence Bf pfeifferi(n = 155) and.. natalensign = 283) with regard to these two
microhabitat features

Microhabitat features No. of samples No. of snails
B. pfeifferi L. natalensis
Water depth
0-1cm 152 40 240
1-2cm 40 75 38
2-3cm 18 38 4
3-4 cm 16 2 0
4-5cm 7 0 0
5-6 cm 7 0 1
Total 240 155 283
Distance from shoreline
0-50 cm 60 15 110
51-100 cm 53 17 61
101-150 cm 50 38 52
151-200 cm 46 46 34
201-250 cm 31 39 26
Total 240 155 283

revealed significant differenceB. pfeifferioc- catching probability oB. pfeifferiwas well above
curred in deeper water than natalensis(mean 0.3, therefore this method can be considered a re-
depth: 1.3 £ 0.8 cm, n = 155; compared witHiable means for total density estimates (Krebs
0.3+0.6 cm, n =283, P <0.0001; K-Sm test) anii993).
tended to live further away from the shoreline than It was emphasised by Woolhouse and
L. natalensis(mean distance: 151 + 62 cm,Chandiwana (1989) that precise information on the
n = 155; compared with 89 + 68 cm, n = 283spatial distribution of intermediate host snails of
P < 0.0001, K-Sm test). schistosomiasis is crucial for an understanding of
DISCUSSION disease transmission and the pote_ntia_l of control
measures, particularly also the application of focal
The present study allowed us to compare estinollusciciding. However, only a few studies have
mates of the total density 8f pfeifferiwhich we  focused on microhabitat preference8opfeifferi
calculated from data on three consecutive samplggviewing the literature, it was concluded that
with published results based on other quantitatigater temperature in stagnant waters, and current
methods, such as mark-recapture or exhaustivelocity in running waters are the key factors that
sampling in a given area. Total density measurefetermine the density d. pfeifferi (Appleton
of intermediate host snails of schistosomiasis arey78). Thomas and Tait (1984) conducted a study
important variables which may affect the transmism a large lake in Nigeria ari8l pfeifferiwas most
sion rates of the disease (Woolhouse 1992). Intefikely to be found in shallow waters close to the
estingly, our density estimates of 2@6pfeifferi  shoreline. Utzinger et al. (1997a) determined shal-
snails/n? is similar to those of 16-51 snails’m |ow waters (depth: 2-7 cm) as preferred microhabi-
obtained by Thomas and Tait (1984) using theats forB. pfeifferiin a small perennial river in
mark-recapture method. A peak density of 98anzania. The present study in a small residual
snails/n? was reported by Woolhouse (1992), alsgond of a river also carried out in Tanzania con-
using the mark-recapture method. Using 25 cmfirmed thatB. pfeifferi prefer shallow waters
quadrats, peak densities of 83+23 snaffsiere  (depth: 0-4 cm) and are most likely to be found
estimated by Thomas and Tait (1984). Our meaglose to the shoreline (distance: 0-40 cm). In addi-
and peak density ranged in the same magnitudgon, it was found thaB. pfeifferipreferred plant
indicating that estimates based on repetitive retetritus and bedrock as dominant substrates, which
moval in small and shallow sites represent an a{ls in contrast to previous ﬁndings] where no Sig-

ternative approach to estimate absolute snail defficant preferences were reported for substratum
sities. This is further confirmed by the fact that th@ype (Utzinger et al. 1997a).
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When the spatial microhabitat preferences afieers on the feasibility and efficacies of potential
B. pfeifferiwere compared with the availability of control measures. Consequently, proposed struc-
microhabitats in a man-made habitat, it was fountliral habitat changes might be modified, so that
that most favourable conditions were created, ihe likelihood of establishing new snail habitats
fixing a concrete slab onto the riverbed which reeontributing to the spread of schistosomiasis, might
sulted in a uniform water depth. It was interestingpe reduced.
to note that the layer of concrete in this hapltat_ was ACKNOWLEDGEMENTS
covered by algae, and the densityBofpfeifferi
was h|gh' Confirming recent results from Odermatt TolL Mkomange for excellent a.SSiStance in the field.
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