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Evaluation of environmental methods to control snails in an
irrigation system in Central Morocco
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The Moroccan Ministry of Public Health has launched a programme to eliminate schistosomiasis. One of the
components in this process is the control of Bulinus truncatus, the intermediate host snail of Schistosoma hae-
matobium.We evaluated three environmentally safe measures to control B. truncatus in siphon boxes, the main
breeding sites for these snails in the Tessaout Amont irrigation system. The first method involved covering the
siphon boxes to exclude light and reduce algal growth, the second consisted of increasing the frequency of
emptying and cleaning the siphon boxes, and the third method increased water velocity to hinder the estab-
lishment of the intermediate hosts. The results showed that covering had a pronounced effect on snail and egg
mass density, was accepted by the local community and prevented water contact. Cleaning the siphons three
times during the irrigation season led to a reduction in snail density although it was not statistically significant
and recolonization was rapid. Increasing water velocity by reducing the dimensions of siphon boxes delayed
recolonization, but such a control measure can be applied only in specific situations where it does not pose
hydraulic problems. The three interventions were selectively effective against B. truncatus, whereas other snails
such as Physa acuta and Lymnaea peregra were hardly affected. Covering, the most promising control measure,
could be useful in the Moroccan schistosomiasis eradication programme. However, further investigations are
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needed to assess its impact on water quality.
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Introduction

In Morocco, urinary schistosomiasis was first mentioned in
1914. A national control programme was set up in 1982 and
launched the following year in all affected provinces. The pro-
gramme was successful and schistosomiasis is no longer a
public health problem, although in 1997 it was still endemic in
17 of the 20 provinces where it prevailed in the early 1980s
(Ministry of Health 1998). In 1993, the prevalence was reduced
to a point that warranted the launching of a national schisto-
somiasis elimination programme in 1994 (Ministry of Health
1995). Nevertheless, prevalence has stabilized and the risk of
outbreaks is still present. Case detection and treatment are the
main strategy to control disease transmission, while snail con-
trol is considered an important secondary strategy by the
Ministry of Health (Ministry of Health 1995). The last national
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meeting for the evaluation of the control progress recom-
mended environmental control of the snail intermediate hosts
as an integrated part of schistosomiasis elimination. The basic
assumption of the programme is that physical control of snails
will be cheaper than chemicals (Ministry of Health 1998).
Moreover, recent studies in the Tessaout Amont irrigation
scheme have shown that environmental methods can lead to
encouraging although less effective results than a chemical
molluscicide (Khallaayoune et al. 1998a).

Schistosomiasis in Morocco is primarily associated with ir-
rigated agriculture. Realistic environmental control measures
obviously depend on the design of the irrigation system. The
options available for environmental control in irrigation canals
and reservoirs are increased water velocity (Jones 1993), fluc-
tuation of water level (Jobin 1970; Ofoezie & Asaolu1997),
periodic drying of canals (Pike 1987), removal of aquatic
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macrophytes and algae (Oomen et al. 1990) and creating arti-
ficial shade (Khallaayoune et al. 1998a). In establishing new
schemes, the design should prevent colonization of the system
by snail intermediate hosts, e.g. by using concrete-lined rather
than earth-lined canals to allow the rapid flow of water, or, if
possible, sprinkler irrigation. Our objective in Tessaout Amont
irrigation scheme in central Morocco was to evaluate the effec-
tiveness of three measures to control Bulinus truncatus in ter-
tiary siphon boxes. These canal structures are the main snail
breeding sites (Khallaayoune et al. 1998a) where transmission
of schistosomiasis takes place (Khallaayoune & Laamrani
1992).

Materials and methods
Study area

TheTessaout Amont irrigation system lies in the eastern part of
the Haouz plain, between the eroded hills of Jebilet and the
High Atlas mountains. The plain has a semi-arid to arid climate
characterized by low and irregular rainfall from year to year as
well as during the year. Annual precipitation in Attaouia, at the
centre of the system, varies from 250 to 400 mm, with the main
rainy season from October to May. In summer there is drought
with the hot Saharan Sirocco wind. The mean annual tempera-
ture is 20 °C, relative humidity 54%, and evaporation

2300 mm.

The irrigation system

The irrigation system serves an area of 53 000 ha, of which
33 000 ha are equipped with modern concrete irrigation ca-
nals. This modern part is managed entirely according to the

Water current direction

water requirements of the crop adapted to water availability.
Another 20 000 ha are provided with water from the modern
system through traditional canals, following traditional water
rights. Traditional canals are being replaced by cement-lined
ones. The system consists of a large dam with a storage lake and
a diversion structure. Downstream after a sand trap, a large
distribution structure conveys water to an extensive network of
canals. The principal, primary, secondary and tertiary canals
are cement-lined.

Primary canals (58.5 km length) are embedded with a trape-
zoidal cross-section. Secondary (170 km) and tertiary
(720 km) canals are semicircular conduits of different sizes,
often elevated above ground level. Quaternary canals are earth-
lined field canals. An extensive network of drainage canals ex-
ists, complementary to the irrigation network. The elevated
canals necessitate siphons to give access to fields and villages.
Generally siphons are constructed to lead water under the road
or track. A typical siphon consists of two rectangular boxes,
usually 0.8 m X 0.8 m (or1.1 m) X 2 m deep, connected byan
underground pipe (Figure 1). Being below canal level, these
boxes contain water almost permanently. In the absence of
wells or natural water courses, siphon boxes are an important
source of water for the local population (Watts et al. 1998).

Study sites

Eighteen siphon boxes located near six villages were selected.
Only tertiary siphon boxes were chosen for covering and
cleaning, while both tertiary and secondary canal siphon boxes
were selected for being reduced in size to increase water cur-
rent velocity. Criteria for site selection were based on snail
density. This had to be important enough to monitor the sea-
sonal dynamics, availability vs. lack of alternative water source

Figure | Schematic drawing of a siphon
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for the villagers and occurrence of cases of schistosomiasis in
recent surveys. Based on these criteria, study siphons were se-
lected near Baaja (covering), Oulad Mesbah (cleaning) and Sidi
Meslem/Smoun (control) villages. Criteria for selection of si-
phons for reduction of dimensions were based on the snail in-
termediate host and hydraulic considerations. It was important
that the reduction of siphon dimensions should not cause
overflow at the upstream part of the canal. Sites selected for
this modification were located at Oulad Naceur.

Manipulation in the tertiary siphon boxes

During the pre-intervention period, snail populations were
monitored from July 1995 to May/June 1996. Thereafter, mod-
ifications/manipulations were implemented and their effects
on snail and egg mass density evaluated monthly for one year
post-intervention.

Close to Baaja village all siphon boxes (57) were covered and
three siphon boxes were followed to assess the effect of covers
on snail populations and prevention of water contact. Before
implementing this intervention, we obtained detailed infor-
mation from a separate social science survey (Watts et al.1998)
on the use of water from the surrounding siphon boxes. The
siphons used by the population were covered with movable
steel lids that allowed access to water for domestic use. The si-
phons not in use were covered with fixed lids.

Close to Oulad Mesbah village, we wanted to evaluate the
effect of more frequent emptying and cleaning of siphon boxes
on snail populations. Normally, the siphons are cleaned once a
year at most unless the underground pipe is clogged. The fre-
quency suggested was three times a year. The boxes were
cleaned after the beginning, midway and towards the end of the
irrigation season that starts in May/June and ends in Septem-
ber/October during a season with regular rainfall. In 1996, the
irrigation season was extended until December because of the
low precipitation. Therefore, all siphons in the tertiary canal
were cleaned in July, September and December 1996 in colla-
boration with the Association of Water Users for Irrigation and
the local irrigation board. In the original design, three siphon
boxes were selected and followed.We had to drop one due to
repeated perturbations such as washing tools used in olive oil
extraction or canes used to mix up pesticides in this siphon
box, which caused extermination of the snail fauna. Five si-
phon boxes were selected as untreated control sites in Smoun
and Sidi Meslem villages.

Increasing water velocity

Jones (1993) had determined that the annual mean vertical
water velocity in siphon boxes with B. truncatus in this area did
not exceed 0.04 m/s. Above this threshold, water velocity
would wash out snails and prevent recolonization of the siphon
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boxes. Dimensions of three siphons (four boxes on a secondary
canal and two boxes on a tertiary siphon) approaching this
limiting velocity were reduced. Two tertiary siphon boxes with
water velocity under 0.04 m/s were used as control sites. To
increase velocity by 50%, concrete walls were built inside three
of the four sides of the siphon boxes, reducing their interior
surface area by 1/3. Before any construction work took place,
the hydraulic performance of the smaller siphon boxes was
checked by temporarily placing plywood boards in the interior.
Trials with these boards showed that in every case the siphon
boxes were considerably larger than necessary to convey the
discharges required. A reduction by 30-40% did not pose any
hydraulic problem.

Snail sampling methods

Densities of snails and egg masses were recorded monthly from
July 1995 to June 1997 using a drag-scoop. The scoop was made
of a frame 10 cm X 20 c¢m supporting a wire mesh (0.8 mm)
mounted on a 2-m-long handle. It was used to scrape perpen-
dicularly along the walls of the siphon box from the bottom to
the surface once on each of the four sides, thus scraping an area
of 4 X 20 ecm X depth in cm. The number of snails and the
number of egg masses was counted in the four scrapings and
recorded. Snails were identified to species level and their shell
height measured to the nearest millimetre using callipers. B.
truncatus were screened for schistosome infection by exposing
them individually to artificial light for 4 h, mostly between
12.00 and 16.00 h. Egg masses were also identified to species
level. Within 24 h snails and egg masses were returned to the
same sites where they were collected.

Chlorophyll a concentration in covered and uncovered siphons

In summer 1997, the chlorophyll @ concentration in samples of
water from the three covered and three uncovered siphon
boxes was determined following the method described by
Pearson et al. (1987).

Data analysis

For each siphon box, snail or egg mass counts for different
seasons were logarithmically transformed (base 10) after the
addition of one, and compared between treatments during
specified periods by two-way analysis of variance (Zar 1984).
Pairwise comparisons between treatments were done by
Scheffe post hoc test. Student’s ¢-test was used to compare
water components between covered and uncovered siphon
boxes.
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Results

Pre-intervention period (July 1995-May/June 1996)

As shown in Figure 2, B. truncatus was collected throughout
almost all of the pre-intervention period in the two interven-
tion and control sites. Its density was high in July 1995 in the
siphon boxes selected for cleaning and covering and lower in
the control boxes. During the period November 1995—May
1996, the cleaning group of siphon boxes tended to have lower
snail counts than the groups selected for coverage and control,
but differences were not statistically significant, as shown in
Table 1. In the two types of intervention sites, density of B.
truncatus decreased from July 1995 to November 1995 and re-
mained low until March/April 1996, when it started to in-
crease. Density in the control group remained almost stable
until April 1996. Few egg masses were collected during the
coldest months (Figure 3). Peaks in egg mass density were re-
corded in late spring and early summer and no significant dif-
ference was noticed between intervention and control sites
(Table 1). Figure 4 shows that the number of young snails
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Figure 2 Seasonal changes in the number of Bulinus truncatus (no.
collected in four drag scoops per siphon box) in intervention and
control sites from July 1995 to June 1997 (the bar below the X-axis
indicates the timing of the irrigation season).
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(< 3 mm in shell height) was relatively high in summer 1995
and spring 1996. Juvenile snails were rare or even absent in
some samples from November 1995 to March 1996. Thereafter,
their number started to increase.

Post-intervention period (May/June 1996—June 1997)

Following the interventions of covering siphons in late May
(after the sampling) and cleaning in early July 1996 (before the
July 1996 sampling), marked reductions in the density of B.
truncatus were observed for these two interventions, while
density in the control siphon boxes continued to increase dur-
ing this period (Figure 2). Cleaning kept the density of B.
truncatus relatively low from July to November 1996, although
the difference to the control group was not statistically signif-
icant (Table 1), but the population built up as usual the follow-
ing spring (March 1997) and density and pattern were similar
to that in the control. Density of B. truncatus remained very
low in the covered siphon boxes for the rest of the post-inter-
vention period, and was significantly different from the con-
trol during this period (Table 1). Only a minor build-up was
observed in March/April 1997.

Regarding reproduction of B. truncatus, covering resulted in
a rapid and lasting reduction in egg mass production
(Figure 3). Egg mass counts decreased markedly from May to
June in all three treatments and picked up again in July and
August 1996 in the control group, while few egg masses were
observed in the cleaned boxes during these months (Figure 3).
The second cleaning did not prevent a peak in egg mass count
from September to December and such a peak was not seen in
the control boxes (Figure 3). However, the number of juvenile
snails was generally lower in the cleaned boxes than in the
control boxes during the irrigation season in 1996 (Figure 4).
From March to June 1997, significantly more eggs were found
in the siphon boxes that were cleaned than in the control boxes
(Table 1) and the number of juvenile snails also tended to be
greater in cleaned boxes than in control boxes. Covering kept
the number of young snails low until the end of the post-inter-
vention period except for a slight increase noticed in April
1997. A few juvenile snails were found in the covered boxes
during the irrigation season in 1996, but since no egg masses
were observed during this period, these are likely to have
drifted in from upstream canal structures.

In covered and cleaned siphon boxes, interventions did not
lead to a reduction in numbers of Physa acuta, Lymnaea pere-
gra, Melanopsis praemorsa and Ancylus fluviatilis comparable
to that observed for B. truncatus (no data presented). There was
no significant difference in density of P. acuta and L. peregra
between treated and control siphons. During the entire period
of this investigation no schistosome-infected snails were
found. However, B. truncatus shedding cercariae of Para-
mphistomum microbothrium were collected. Results also
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Table | Mean number of Bulinus truncatus snails and egg masses for different seasons and different treatmentst (i.e. Logjo(count + 1) + Standard

error). Sample sizes (No. of siphon boxes times no. of samplings) are given. P-values are from two-way analysis of variance (treatment and month for

the selected periods)

Covering Cleaning Control P-value
Snails
July—October 1995 12 213+0.15 8 1.78 £0.28 22 1.53%0.16 n.s.
November 1995—May 1996 21 1.48£0.13 14 0.99£0.18 35 141+011 n.s.
July—October 1996 12 1.02 £ 0.12% 8 1.35£0.23 20 1.90%0.18 < 0.01
November 1996—February 1997 12 0.76 £ 0.14* 8 149+ 0.13 20 1511017 < 0.01
March—June 1997 12 0.87%£0.13* 8 1.68 +0.29 20  1.66 £0.13 < 0.01
Egg masses
July—October 1995 12 043£0.12 8 0.46 +0.19 22 0.37£0.08 n.s.
November 1995—May 1996 21 049£0.14 14 0.65%0.20 35 046%0.10 n.s.
July—October 1996 12 0.05£0.03* 8 0.64 +0.27 20 0.78+£0.13 < 0.01
November 1996—February 1997 12 0.15 % 0.06* 8 0.73 £0.22 19  047+0.10 < 0.05
March—June 1997 12 0.10 £ 0.10% 8 1.19 £ 0.21* 20 0.5410.14 < 0.001

* Indicates significant difference from the control group of siphon boxes using Scheffé post hoc test
T Boxes were covered in May 1996 (after the month’s sampling) and cleaning started in July 1996 (before the month’s sampling)
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Figure 3 Seasonal changes in the number of egg masses of Bulinus
truncatus (no. collected in four drag scoops per siphon box) in
intervention and control siphon boxes from July 1995 to June 1997 (the
bar below the X-axis indicates the timing of the irrigation season).
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showed a significant difference in chlorophyll a content be-
tween uncovered and covered siphon boxes, 585 pg/l and
193 wg/l, respectively (¢t = 4.54, P < 0.05).

Increasing water velocity

Results obtained are presented in Figure 5. The dimensions of
the siphon boxes were reduced after construction work and
this led to the elimination of B. truncatus and its egg masses.
Increased water velocity kept snail density low, though recolo-
nization was fast at the secondary siphon I. Snails and egg
masses were collected less than one month after the interven-
tion at this site. In September 1996, the upstream siphon box at
the secondary siphon IT showed the highest snail density ever
recorded after the intervention. At the tertiary siphon boxes,
snail density started to increase only after the third month post-
intervention.

Discussion

The outcome of this investigation could be evaluated with re-
gard to two major points. The first and most important is that
environmentally safe methods to control snails were put into
effect and one of them led to results comparable to those which
could be obtained using chemicals. Moreover, the ecological
methods exert an effect only on B. truncatus and not on non-
target snails such as P. acuta and L. peregra. The second point is
that information on water use was a key element in the success
of environmental control measures against the intermediate
hosts. In a previous study in Tessaout Amont, fixed covers of
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Figure 4 Seasonal changes in the number of young (shell height < 3.0 mm) Bulinus truncatus (no. collected in four drag scoops per siphon box) in

the control and intervention siphon boxes from July 1995 to June 1997.

siphon boxes had been destroyed by villagers after eight
months (Khallaayoune et al. 1998b).We considered the pattern
of water use in the design of alternative covers.

Results reiterate that B. truncatus is present in the tertiary
siphon boxes throughout most of the year. Snail and egg mass
dynamics showed peaks in density during spring and summer.
High temperatures and stagnant water conditions have been
identified as factors favouring proliferation of B. truncatus in
siphon boxes (Khallaayoune & Laamrani 1992; Khallaayoune
et al.1998a).

In Oulad Mesbabh, villagers were involved in emptying and
cleaning all siphon boxes located at the tertiary canal. Appar-
ently the method had some effect on snail density and repro-
duction, but these effects were not clear-cut and of limited
duration.When siphons were emptied, snails were removed but
egg masses stuck to the inner walls of boxes. Although egg
masses of planorbid snails do not tolerate desiccation as shown
for Biomphalaria glabrata (Chernin & Adler 1967), the siphon
boxes probably do not dry out completely during cleaning de-
spite the high temperatures prevailing in the area during sum-
mer. A study on the microdistribution of B. truncatus and its
egg masses within the siphon boxes showed egg masses at
depths ranging from less than 0.2-1.6 m (Laamrani et al.
1998). Location at the deepest parts of the siphon box (which
remain humid and sheltered) is likely to protect them against
desiccation. Recolonization of siphons may be due to the fact
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that some snails could be present in the underground pipe
where a small amount of water remains even when the boxes
are emptied. It could also be due to snail drift from upstream
structures. B. fruncatus has a high reproductive rate as was
shown by Dazo et al. (1966) in Egypt and therefore may rapidly
recolonize modified siphon boxes.

Cleaning was less effective than brushing the siphon box
sides repeatedly during each irrigation period throughout the
irrigation season (Khallaayoune et al. 1998b). Consequently,
repeated emptying and cleaning the siphons could be recom-
mended only in situations with focal transmission in order to
prevent the peak of snail density.

In covered siphon boxes, the effect of darkness on B. trunca-
tus density and egg mass density was pronounced and lasted
until the end of the post-intervention monitoring. A similar
result had been reported for a population of Biomphalaria
pfeifferi that was eliminated from a canal within 6 weeks after
artificial shade was introduced, and recovered to the same
density as in other zones within 8 weeks after removal of the
artificial cover (Loreau & Baluku 1991). B. truncatus kept in
continuous darkness under laboratory conditions showed a
reduction in egg laying (El-Emam & Madsen 1982). The fact
that other snail species were not affected by covers is in line
with a previous observation that showed that Potamopyrgus
antipodrum (Hydrobiidae) was not affected by artificial shad-
ing in a stream in New Zealand (Towns 1981).
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Figure 5 Changes in number of B. truncatus in control and modified
siphon boxes (no. collected in four drag scoops per siphon box) from
May 1996 to May 1997. Re-dimensioning of the siphon boxes was done
in early May 1996. U and D signify upstream and downstream siphon
box, respectively; Sec. I and Sec. II are secondary siphon I and I1.

The decline in density of B. truncatus could be due to the
low algal growth that was observed on the sides of siphon
boxes, and it is likely that reduced density of B. truncatus is
partly due to food limitation. The low chlorophyll a content
recorded in the covered siphon boxes provides an additional
argument on the possible role of food resource. The limiting
role of food in small reservoirs was reported for B. globosus at
the Kenya coast (O’Keeffe 1985). Nevertheless, further investi-
gations are required to monitor the seasonal changes in snail
food preferences and availability in modified and control si-
phon boxes. The low concentration of chlorophyll a noticed in
covered siphon boxes indicates that covers induced a change in
photosynthetic intensity. Therefore, reduction of snail density
is probably due to indirect effects of covering on other habitat
factors, especially food resources. The role of the snails’ endo-
geneous factors was not investigated. Stagnant water with less
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photosynthetic activity would contain less dissolved oxygen
and would probably be favourable to the proliferation of anae-
robic microorganisms. Consequently, more investigations are
needed to clarify the effects of covering on water quality con-
sidering the fact that it is used in some part of the irrigation
scheme for drinking. A side benefit of this control measure
pointed out by the social science survey (unpublished) con-
sisted of a substantial reduction in the density of mosquitoes as
mentioned by the villagers. However, this aspect requires
further investigation.

In Oulad Naceur, reduction of dimensions delayed recolo-
nization in only one of the two secondary siphons. Densities of
B. truncatus remained relatively low throughout the post-in-
tervention period. However, re-establishment of B. truncatus,
L. peregra and P. acuta was evident sooner or later in the two
other intervention siphons. This result points out that siphons
are more complex habitats than canals, where the effect of
water velocity was proved to be effective in snail removal
(Jones 1993).

At the site where the inimical effect of increased water velo-
city was most pronounced, the thickness of the substratum
layer (i.e. the sediment attached to the vertical sides of the
boxes) was kept low by the current throughout the post-inter-
vention period (no data presented). This could be due to the
fact that it will take time for a silt layer to increase on the re-
novated surface of siphon boxes, or to the high water velocity
that hampers silt deposits and therefore food availability. This
would corroborate Appleton’s (1978) finding that an adverse
effect of water velocity on snails could be caused by detritus
(and probably other food items) being washed out by the water
current. Apparently water velocity is slow in some parts of the
siphon box, which creates protected areas for snails (Laamrani
et al.1998). Similarly, small-scale variation in velocity creates
suitable refuges for snail breeding as reported for B. truncatus
and Biomphalaria alexandrina in alarge canal in Egypt (Mousa
& El Hassan 1972).

In conclusion, environmental measures can be effective in
reducing the density of B. truncatus, but investigations of
water use are essential for their success. The best results were
obtained by covering siphon boxes. The method is well ac-
cepted by villagers as elicited by a post-intervention survey.
Installation of covers is a one-time final investment of around
52 USS$ per siphon box (104 per siphon), which would have a
long-lasting effect, while mollusciciding is a recurrent activity
that requires repeated investments in chemicals, transport and
labour power.

Of the three environmental methods to control snail inter-
mediate hosts that we evaluated, covering siphon boxes may be
useful to the national programme of schistosomiasis eradica-
tion. The cost would be justified in view of the side benefits
and the extended impact on the control of paramphistomiasis
and fascioliasis, which prevail in the region (Khallaayoune &
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El Hari1991; Laamrani et al. 1997). More investigations are
needed on how such modifications affect snail populations, to
test whether water quality is adversely affected and to explore
possibilities of more local involvement in the planning and
implementation of environmental methods for schistosomiasis
transmission control.
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