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Objective: To investigate the predation efficacy of the freshwater leech, Limnatis nilotica (L.
nilotica) as a potential biological control agent against different stages of the Bulinus truncatus
(B. truncatus), the intermediate host of human Schistosoma haematobium, under laboratory
conditions.

Methods: The leech L. nilotica and the snail B. truncatus were collected from El Kiryab
Agriculture Scheme, Sudan. Thereafter, the predatory activity of the leech was evaluated
against eggs, neonates and adults of the snail in a series of different experiments under
laboratory conditions.

Results: The findings showed that the L. nilotica leech was a voracious predator towards the
eggs and neonates of B. fruncatus snails with a shell length of up to 3 mm, as well as of adult
snails with an shell length greater than 3 mm.

Conclusions: The results showed that L. nilotica had a significant impact on B. truncatus
populations. However, long term studies under natural field conditions are needed to support

these results.

1. Introduction

Schistosomiasis is a prevalent disease in developing countries, with
a huge impact on public health and socioeconomic development[1-3].
Eliminating or decreasing the intermediate snail host species of
schistosomiasis is an appropriate method for controlling outbreaks
of the disease, and this can be accomplished by using chemical
molluscicides, environmental management methods and biological
control agents(3.4]. However, efforts to control snail populations in
the past through the use of chemicals have resulted in environmental
pollution and have impacted local faunas[s]. Therefore, utilizing
locally available biological control agents seems to be a relatively
safe and more economical approach.

Among the potential biological control agents, many invertebrate
and vertebrate predator species have been evaluated, including
microbial agents, parasites, predators and competitors[6-9].
Moreover, many leech species such as Helobdella triserialis lineate,
Glossiphonia complanata and Helobdella punctatolineata have
been found to be good snail predators[10-12].
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The Hirudinea or leeches are a quite small group of macrophagous
or blood-sucking annelids, including about 680 species[13,14].
They are present in the sea, and in terrestrial habitats, but they
mainly inhabit freshwater ponds, lakes, small streams, ditches and
reservoirs[14,15]. Among them, Limnatis nilotica (L. nilotica) is
a blood-sucking parasite that lives in stagnant and semi-stagnant
freshwater(16]. This species is commonly found in Southern Europe,
North Africa, and the Middle East[17].

The objective of the present study was to investigate the predation
rate of the above mentioned, freshwater leech, L. nilotica, with
a view to employing it as a potential biological control agent
against different stages (eggs, neonates and adults) of the snail,
Bulinus truncatus (B. truncatus), the intermediate host of human
Schistosoma haematobium, under laboratory conditions.

2. Materials and methods
2.1. Leech samples

Specimens of the freshwater leech, L. nilotica, with mean body
length of 29 mm, were collected from the water canals of El Kiryab
Agriculture Scheme, Khartoum State, Sudan, by using a fine wire-
mesh scoop. The leeches were transported in a plastic bowl provided
with canal water to the Schistosomiasis Research Laboratory,
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University of Khartoum and maintained in 30 x 20 x 20 cm aquaria,
provided with dechlorinated water and maintained at 25-27 °C. The
leeches were allowed to feed on Physa snails until a week prior to
the experiment, and thereafter they were starved until the beginning
of the experiment.

2.2. Snail samples

Specimens of the snail, B. truncatus were also collected from water
canals of El Kiryab Scheme, using a deep wire-mesh scoop. The
snails were transported to the laboratory in plastic bowls provided
with canal water and lined with vegetation. In the laboratory, the
snails were screened for natural trematode infections and those
found to be free from infection were kept in 30 x 20 x 20 cm
aquaria equipped with an aerator, provided with dechlorinated water
maintained at 25-27 °C, and left under artificial illumination during
daytime hours. The snails were fed with lettuce when needed and
the water in the aquaria was also regularly changed. Small pieces
cut from plastic sheets were put onto the surface of the aquaria, to
provide a suitable substrate for the snails to lay eggs on. When a
considerable number of egg masses were observed on the sheets,
they were transferred to other aquaria containing aerated water to
enable them to hatch into neonates.

Three stages of the laboratory bred, B. truncatus snails were
prepared to be used in the experiments. Two of these were classified
into groups, based on their shell length (SL): group (1), neonates had
an SL of up to 3 mm, while group (2), adults had an SL greater than
3 mm. In addition a third group, group (3) used in the experiments
was made up of the egg mass of the snail.

2.3. Experimental design

Four sets of experiments were designed for the assessment of the
proposed bio-control agent, L. nilotica, against the three groups
(egg masses, neonates and adults) of B. truncatus. The first three
sets consisted of eight aquaria (four control aquaria and four
experimental for each stage), respectively, with the fourth set, the
combination set, consisting of six aquaria (three control aquaria and
three experimental aquaria). In the first set, 50 egg masses [(500 +
2) eggs] of the snail were placed in each aquarium of the set while in
the second set, 50 neonate snails were placed in each aquarium and
in the third set 40 adult snails were placed in each aquarium. Three
L. nilotica leeches were added to each of the 12 experimental aquaria
with no leech being placed in the 12 control aquaria. The frequency
of the experimental agents uses was based on their observed field
frequency. For the combination set, each aquarium was stocked with
50 egg masses, 50 neonates and 40 adult snails. Thereafter, nine L.
nilotica leeches were added to the experimental aquaria with none
being added to the control aquaria. Twenty pieces of gravel (~10 mm
diameter) were added to each experimental aquarium as a place of
rest or refuge for the leeches.

In each experimental set, the number of eggs remaining or the
number of surviving neonates or adult snails were counted every
four days, for eight similar intervals. The water was changed after
each 4-day period and counting was conducted by passing the
water through a small-mesh sieve to avoid washing-out the target
organisms. Snail food (fresh lettuce leaves) was added to each
experimental aquarium whenever needed.

2.4. Data analysis

Data analysis was performed by using independent sample #-tests.
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The SPSS 16.0 statistical software program, was used to conduct the
data analysis and values were considered significant when P < 0.05.

3. Results

3.1. Predation rate of the L. nilotica leech against B.
truncatus snail eggs

The egg masses of the snail, were completely consumed by
the leech in the experimental sets consisting only of eggs, by the
end of the final (eighth) period of observation (Figure 1), and the
consumption values were significantly different when compared with
the corresponding controls (f = 80.6, df = 62, P < 0.001). Similarly,
in the combination sets, the results showed that the number of snail
eggs declined and all had been consumed by the end of the seventh
period of observation (Figure 2) and this was significantly different
when compared with the results from the corresponding control
aquaria (t = 54.2, df = 46, P < 0.001).
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Figure 1. Mean number of B. truncatus eggs (n = 500 per set) collected
after predation by L. nilotica (n = 3 per set) in four experimental sets (eggs
alone) compared with the control groups.
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Figure 2. Mean number of eggs of B. truncatus (n = 500 per set) collected
after predation by L. nilotica (n = 9 per set) in three combined sets (eggs,
neonates and adults) compared with control groups.
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3.2. Predation rate of the L. nilotica leech against neonate B.
truncatus snails

In this part of the experiment, the neonate snails with an SL of up
to 3 mm were completely killed by the leeches by the end of the fifth
period of observation (Figure 3), with a significant difference when
compared to the values for the control groups (r = 15.3, df = 62, P
< 0.001). Similarly, the neonate snails in the combination sets were
completely killed by the leeches by the end of the seventh period of
intervention (Figure 4) and this was also significantly different when
compared to the values for the control groups (t = 9.7, df = 46, P <
0.001).
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Figure 3. Mean number of live neonates of B. truncatus (n = 50 per set)
collected after predation by L. nilotica (n = 3 per set) in four experimental
sets (neonates alone) compared with control groups.
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Figure 4. Mean number of live neonates of B. truncatus (n = 50 per set)
collected after predation by L. nilotica (n = 9 per set) in three combined
sets (eggs, neonates and adults) compared with control groups.

3.3. Predation rate of the L. nilotica leech against adult B.
truncatus snails

The adult snails with an SL greater than 3 mm were reduced to
their lowest number by the end of the last period of observation
(Figure 5), with a significant difference compared with the control
groups (t = 15.9, df = 62, P < 0.001). Likewise, the adult snails in
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the combination sets were also reduced by the end of the last period
of observation (Figure 6), with a significant difference compared
with the control groups (t = 5.7, df =46, P < 0.001).
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Figure 5. Mean number of live adults of B. truncatus (n = 40 per set)
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collected after predation by L. nilotica (n = 3 per set) in four experimental
sets (adults alone) compared with control groups.
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Figure 6. Mean number of live adults of B. truncatus (n = 40 per set)
collected after predation by L. nilotica (n = 9 per set) in three combined
sets (eggs, neonates and adults) compared with control groups.

4. Discussion

Over the last few decades, biological control has been considered
as an alternative approach to chemical molluscicides for controlling
the snails responsible for the spread of diseases, and several types
of biological agents have been studied. Among those studied, shell-
invading predators, such as leeches and belostomatid bugs, may be
important sources of mortality in snails[11,18].

The results of the present study showed that the eggs of the snail
B. truncatus were completely killed by the leech L. nilotica in the
experimental aquaria containing eggs alone, by the end of the eighth
and final period of observation. Similarly, in the combination sets,
where the three snail stages were placed together, the results showed
the disappearance of the snail eggs by the end of the eighth period of
observation. This finding can be explained by the eggs of the snail
being soft since they lack a protective shell and are therefore, easily
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consumed by the leech. Previously, it has been reported that the fish
predator, Gambusia affinis preferred to consume the egg masses and
juveniles of the snail, B. truncatus(19].

Further, the results of the present study showed the complete
predation of the neonate snails by the leech by the end of the fifth
period of observation for the neonates-alone sets, while, the neonate
snails in the combination sets were also completely killed by the
leech by the end of the seventh period of observation. This might be
because the body of the neonate snails is relatively soft and easier to
invade. Previously, it has been shown that the predation rates of the
leech Glossiphonia complanata and Nephelopsis obscura increased
with decreasing snail size[11,20]. Moreover, the strong jaws of this
leech species may enable it to easily pierce and invade the skin of
the prey and to ingest all their body fluids and tissues. In addition,
this leech, L. nilotica has strong muscular suckers which enable it
to attach firmly on the prey. Previously, it has been reported that
smaller snails are easier prey and can be attacked and crushed by
predators such as species of crayfish[7.21].

In the present study, the adult snails were reduced to their lowest
number by the end of the last period of observation in both the
individual and combined set experiments. However, when comparing
these results with that of the neonates, it seems that adult snails
with thicker shells are often less susceptible to the leech. In general,
the choice of snails as prey strategy adopted by predators may be
influenced by many factors such as the presence or absence of an
operculum, prey movement and speed as well as the hunger level
of the predators[22]. Previously, it has been reported that, the fish,
Gambusia affinis is able to consume the flesh of the adult snail B.
truncatus in a size range of 3 to 6 mm in the absence of other food
material and the nymph of the Odonata, Hemianax ephippiger is able
to consume even larger sizes of the snail Lymnaea natalensis(9,19].

In conclusion, the present laboratory results showed that the leech
L. nilotica has a significant impact on populations of the snail, B.
truncatus. However, long term studies under natural field conditions
are needed to support these results.

Conflict of interest statement
We declare that we have no conflict of interest.
Acknowledgments

The authors would like to thank the staff of the Schistosomiasis
Research Laboratory, University of Khartoum for their help in the
collection of samples.

References

[11 Hodges MH, Soares Magalhdes RJ, Paye J, Koroma JB, Sonnie M,
Clements A, et al. Combined spatial prediction of schistosomiasis and
soil-transmitted helminthiasis in Sierra Leone: a tool for integrated
disease control. PLoS Negl Trop Dis 2012; 6(6): e1694.

[2] Colley DG, Bustinduy AL, Secor WE, King CH. Human schistosomiasis.
Lancet 2014; 383: 2253-64.

[3] World Health Organization. Schistosomiasis. Geneva: World Health
Organization; 2015. [Online] Available from: http://www.who.int/
mediacentre/factsheets/fs115/en/ [Accessed on 29th August, 2015]

[4] WHO Expert Committee. Prevention and control of schistosomiasis and
soil-transmitted helminthiasis. World Health Organ Tech Rep Ser 2002;
912: 1-57.

[S] Rollinson D, Knopp S, Levitz S, Stothard JR, Tchuem Tchuenté LA,

Yassir Sulieman et al./Journal of Coastal Life Medicine 2015; 3(10): 797-800

Garba A, et al. Time to set the agenda for schistosomiasis elimination.
Acta Trop 2013; 128(2): 423-40.

[6] Yousif F, Hafez S, El Bardicy S, Tadros M, Taleb HA, Huat LB.
Experimental evaluation of Candonocypris novaezelandiae (Crustacea:
Ostracoda) in the biocontrol of Schistosomiasis mansoni transmission.
Asian Pac J Trop Biomed 2013; 3(4): 267-72.

[7] Sulieman Y, Pengsakul T, Guo Y, Huang SQ, Peng WX. Laboratory
and semi-field evaluation on the biological control of Oncomelania
hupensis snail (Gastropoda: Pomatiopsidae), the intermediate host of
Schistosoma japonicum, using Procambarus clarkii crayfish (Crustacea:
Cambaridae). Egypt J Biol Pest Control 2013; 23(1): 215-20.

[8] Sokolow SH, Lafferty KD, Kuris AM. Regulation of laboratory
populations of snails (Biomphalaria and Bulinus spp.) by river prawns,
Macrobrachium spp. (Decapoda, Palaemonidae): implications for
control of schistosomiasis. Acta Trop 2014; 132: 64-74.

[91 Younes A, El-Sherif H, Gawish F, Mahmoud M. Potential of Hemianax
ephippiger (Odonata-Aeshnidae) nymph as predator of Fasciola
intermediate host, Lymnaea natalensis. Asian Pac J Trop Biomed 2015,
5(8): 671-5.

[10] Guimardes CT, de Souza CP, Consoli RA, de Azevedo ML. [Biological
control: Helobdella triserialis lineata Blanchard, 1849 (Hirudinea:
Glossiphonidae) over Biomphalaria glabrata Say, 1818 (Mollusca:
Planorbidae) in laboratory]. Rev Saude Publica 1983; 17: 481-92.
Portuguese.

[11] Bronmark C, Malmqvist B. Interactions between the leech
Glossiphonia complanata and its gastropod prey. Oecologia 1986; 69:
268-76.

[12] Yousif F, Nashid N, Roushdy M, Tadros M, Ayoub M. Factors
affecting predation of the freshwater leech Helobdella punctatolineata
(Glossiphoniidae) on schistosome vector snail Biomphalaria alexandrina
(Planorbidae) under laboratory conditions. A- Biotic factors. Egypt J Soc
Zool 2006; 46: 175-8.

[13] Ewen C. A bloody boon for conservation-leeches provide traces of DNA
from other spacies. Nature 2012; 484(7395): 424-5.

[14] Minelli A, Sket B, de Jong Y. Fauna Europaea: Annelida - Hirudinea,
incl. Acanthobdellea and Branchiobdellea. Biodivers Data J 2014; 2(2):
e4015.

[15] Mohammad Y, Rostum M, Dubaybo BA. Laryngeal hirudiniasis: an
unusual cause of airway obstruction and hemoptysis. Pediatr Pulmonol
2002; 33(3): 224-6.

[16] Bahmani M. Eftekhari Z, Mohsezadeghan A, Ghotbian F, Alighazi N.
Leech (Limnatis nilotica) causing respiratory distress in a pregnant cow
in Ilam province in Iran. Comp Clin Pathol 2012; 21(4): 501-3.

[17] Bahmani M, Zamani P, Meshgi B, Abdi Zadeh R. The first reported
infestation in sheep at Limnatis nilotica in Iran. In: Sixth National
Conference and the First Regional Congress of Parasitology and
Parasitic Diseases; 7-9 June; Karaj, Iran. 2006, p. 384.

[18] Kesler DH, Munns WR. Predation by Belostoma flumineum (Hemiptera):
an important cause of mortality in freshwater snails. J North Am Benthol
Soc 1989; 8: 342-50.

[19] Acra A, Milki R, Raffoul Z, Karahagopian Y, Fletcher M. Laboratory
evaluation of Gambusia affinis fish as predators of the schistosome-
bearing snails Bulinus truncatus. J Trop Med Hyg 1986; 89(1): 7-12.

[20] Brown KM, Strouse BH. Relative vulnerability of six freshwater
gastropods to the leech Nephelopsis obscura (Verrill). Freshw Biol 1988;
19(2): 157-65.

[21] Reynolds JD, Donhoe R. Crayfish predation experiments on the introduced
zebra mussel, Dreissena polymorpha, in Ireland, and their potential for
biocontrol. Knowl Manag Aquat Ecosyst 2001; 361: 669-81.

[22] Krist AC. Crayfish induce a defensive shell shape in a freshwater snail.
Invertebr Biol 2002; 121: 235-42.



