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The productivity of snails consumed in Nigeria is affected by parasites they harbour. Some of these 
parasites endanger humans as well. This study was conducted to determine the terrestrial snail species 
and associated helminth parasites in Ugwueme agricultural zone of Enugu State, Nigeria. The snails were 
collected from two communities. Light and teasing methods were used for recovery of parasites from the 
snails. A total of 618 snails belonging to 7 species (Achatina achatina, A. belteata, A. degneri, Limicolaria 
aurora, L. flammea, Lamellaxis gracilis and Orthalicus sp.) were collected. A. achatina was the most 
abundant species (35.6%) while A. degneri was the least (1.3%). Overall, 388 snails (62.8%) were 
infected. A. achatina had the highest (76.4%) prevalence of infection; A. degneri had the least (37.5%). 
A total of 1 563 helminthes belonging to three species Cosmocercoides sp., Capillaria sp. and Philonema 
sp. were recovered. Mean intensity of Capillaria in A. achatina was 8.33 (5.00 – 12.00 [95% CI]) while 
Cosmocercoides sp. intensity in L. gracilis was 7.67 (6.00 – 11.00 [95% CI]). Diversity of parasite species 
in the snails assessed using diversity indices accorded A. balteata highest values for Shannon-Wiener 
(1.03) and Brillouin (0.90) indices with the 3 species harboured being very abundant (Reciprocal Simpson 
index = 2.80). A thorough understanding of the snails helminthes parasite life cycles, associated host 
morbidity, and direct and indirect cost of such parasitism to human is important, first for human health 
and welfare, secondly for sustainable snail farming, and finally for maintenance of snail biodiversity.

INTRODUCTION

Land snails are pulmonates and vary greatly in size. 
The largest species being the giant African land 

snail (GALS) usually referred to as Tiger snail (Achatina 
achatina) which can grow up to 30cm in length (Cobbinah  
et al., 2008; Anim  et al., 2001). Land snails live in habitats 
that are often damp or wet. Many such as Archachatina and 
Achatina species are normally confined to humid forested 
areas where they occur in great numbers. Snails hibernate 
during dry seasons in the tropics but are usually abundant in 
the rainy periods when fresh vegetation is available. Many 
gastropods particularly aquatic species are known to serve 
as intermediate hosts for different parasites especially 
trematodes that cause diseases such as fascioliasis, 
schistosomiasis and paragonimiasis, in both humans and 
other mammals. Recent findings also show that terrestrial 
snails can habour parasites and may serve as reservoir 
hosts. Rhabditis species have been recorded to show 
high infectivity in different snails (Azzam, 1998; CDC, 
2013a, b). Rashed (2008) reported the recovery of a new
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parasite metacercaria of the Brachylaima from the kindney 
of infected land snail, Monarcha obstucta in Egypt. A 
prevalence of 32% was obtained even though this snail 
host was considered a new host for the parasite in this 
country.

GALS which are known for their voracious feeding 
habit and wide food range are considered as important 
reservoir and intermediate host of parasites that can 
infect human (Kishinioto and Asato, 1974). They 
have been incriminated in transmission of the human 
disease, eosinophilic meningoencephalitis also known as 
angiostrongyltiasis which result in severe neurological 
disorder and can cause death of the patient. The GALS 
serve as the intermediate host for the causative organism 
Angiostrongylus cantonesis, a nematode commonly 
known as the rat lungworm. The adult worm lives in 
the pulmonary arteries of the definitive host usually a 
rodent. Land snails become infected by ingesting infected 
rat droppings. Different species of land snails and slugs 
namely Cyclophorus sp., Acusta despecta, Achatina fulica, 
Satsuma mercatoria (snails) and Limax sp., Deroceras 
varians, Phiomycus billineatus, (slugs) from Kadena AB 
Okinawa Japan were studied for parasitic infection (Asato, 
1974). The result revealed a moderately to high percentage 
of snails harbouring the infective larvae of A. cantosis. 
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Cyclophorus sp. being the most infected with 73% testing 
positive for the infective larvae of rat lungworm.

Dicrocoeliasis, a helminth disease caused by 
Dicrocoelium dendriticum and Dicrocoelium hospes infect 
bile duct of humans. The land snail Coinella lubrica serve 
as the first intermediate host for the parasite (CDC, 2013a). 
Even though this disease is common among ruminants, 
human are equally infected (El-Shiekh Mohammed and 
Mumery, 1990; Rack  et al., 2004). Human infection with 
Dicrocoelium sp. occurs by accidental ingestion of infected 
ant, Formica fusca which is the secondary intermediate 
host. Grazing animals and human once infected serve as 
definitive hosts. Clinical presentations of dicrocoeliasis 
in human include digestive disturbances associated with 
bloating and diarrhoea (Rack  et al., 2004). Enlargement 
of the bile duct and biliary epithelium and fibrosis of the 
duct surrounding tissues may occur in heavy infection. 
The condition may result to hepatomegaly and cirrhosis 
(John and William, 2006).

Despite disease causing organisms harboured by 
land snails, they are being consumed in many parts of the 
world such as the Mediterranean countries of Europe and 
Africa (Christie  et al., 1982). Achatina fulica, the giant 
East African snail is sometimes canned, sliced and sold 
to consumers as escargot. In many parts of West Africa, 
Achatina achatina is served as a delicacy. Cameroonians 
particularly natives of South West region take it as a delicacy 
called ‘nyamangoro’. Also, in Northern Morocco, small 
snails are eaten as snacks in spicy soup. Apart from being 
good sources of nutrients, snails are used for medicinal 
purpose in the treatment of certain ailments. In some parts 
of Nigeria, Archachatina marginata haemolymph is used 
for oral rehydration therapy and administered orally too 
for the treatment of diarrhoea and vomiting (Adekunle  et 
al., 2012). 

Due to the public health and nutritional importance 
of the snails in Nigeria and Enugu State in particular, this 
study was carried out to identify the edible terrestrial snail 
fauna of Ugwueme community in Enugu State Nigeria and 
their associated parasites.

MATERIALS AND METHODS

Study area
The study was carried out in Ugwueme agricultural 

zone which is located in Awgu Local Government 
Area of Enugu State, Nigeria. The zones consist of two 
autonomous communities, Eziobu and Agulese (Fig. 1). 
These communities lie within latitude 6º00’ N - 6º04’ N 
and longitude 7º12’ E - 7º37’E. Eziobu lies specifically 
at 6.03047ºN and 7.37210ºE, and Agulese at 6.02529 ºN 
and 7.36506 ºE. Majority of the land mass of the area 

is occupied by hills; and vegetations falls within the 
rainforest-savanna mosaic.

Snail sample collection
The snails were collected from different quarters 

of the Eziobu and Agulese communities in Ugwueme 
agricultural zone. They were picked from different niches 
such as underside of logs and leaves, refuse dumpsites, 
buttresses of large trees and base of houses. The snails 
were sorted, identified and examined for endoparasites. 
Identification of snails was carried out using field guide 
to the land snail and slugs by Herbert and Kilburn (2004).

Fig. 1. Map of Enugu State showing Eziobu and Agulese 
communities in Awgu Local Government Area.

Recovery of endoparasitic helminths
Light and teasing methods were used to recover the 

helminthes. For the light method, each snail was placed in a 
small plate containing water exposed to electric lightening 
of 100 watts bulb lowered to a height of 16 cm above it for 
3 h. The water from the plate was transferred to a petri dish 
and a drop of iodine was added. This waster was viewed 
with microscope in search of parasites. The teasing method 
involved the dissecting of the snail to expose the viscera. 
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The alimentary canal was cut into sections and placed 
in petri dishes containing normal saline. The stomach, 
intestine and other internal organs were cut and then teased 
out to isolate the helminth parasites.

Data analysis 
Data was analyzed using Statistical Package for 

Social Sciences (SPSS) version 20 (IBM Corp., Amonk, 
New York) and Microsoft Office Excel 2007 (Microsoft 
Corp., Redmond, USA). Mean intensity calculations 
and Chi-square analysis for prevalence of infection were 
done in SPSS. Diversity indices and charts were done in 
Microsoft Office Excel 2007. Level of significance was set 
at p < 0.05.

Fig. 2. Abundance of snail species in Ugwueme agricultural 
zone.

RESULTS

Six hundred and eighteen (618) snails belonging 
to four genera-Achatina (Lamarck 1799), Limicolaria 
(Schumacher 1817), Lamellaxis (Strebel and Pfeffer 1882) 
and Orthalicus (Beck 1837) were examined for helminth 
parasite infection. The snails were in the species Achatina 
achatina (Linnaeus 1958), Achatina belteata (Reeve 1849), 
Achatina degneri (Bequaert and Clench 1936), Limicolaria 
aurora (Jay 1839), Limicolaria flammea (Muller 1774), 
Lamellaxis gracilis (Hutton 1834) and Orthalicus sp. A. 
achatina (35.6%) was the most abundant in Ugwueme 
agricultural zone followed by L. gracilis (16.7%); the least 
abundant was A. degneri (1.3%) (Fig. 2). Out of the 618 
snails examined, 388 (62.8%) were infected (Table I). A. 
achatina had the highest prevalence of infection (76.4%) 
followed by Limicolaria flammea (67.4%) while the least 
(37.1%) was observed in Orthalicus sp. The disparity in 
prevalence of infection was significant (p = 0.000).

The helminth parasites isolated from the snails were 
in the genera Capillaria (Zeder 1800), Cosmocercoides 

(Wilkie 1930) and Philonema (Kuitunen-Ekbaun 1933) 
(Table II). The highest number of parasitic helminths 
was recovered from A. achatina. The mean intensity of 
Capillaria in A. achatina was highest, 8.33 (5.00-12.00 
(95% CI)) followed by Cosmocercoides sp. intensity 
in L. gracilis at 7.67 (6.00-11.00 (95% CI)). Orthalicus 
sp. harboured only Capillaria sp. at an intensity of 2.00 
(1.60-2.40 (95% CI)). In A. achatina and A. degneri, 
Cosmocercoides sp. was the most prevalent (55.0% and 
37.5, respectively) (Fig. 3). The prevalence of Cappillaria 
sp. in Orthalicus sp. was 38.8%. 

Table I.- Prevalence of helminth parasites in some 
terrestrial snails of Ugwueme community.

Snail species No. examined No. infected (%)
Achatina achatina 220 168 (76.4)
Achatina belteata 12 5 (41.7)
Achatina degneri 8 3 (37.5)
Limicolaria aurora 156 99 (63.5)
Limicolaria flammea 92 62 (67.4)
Lamellaxis gracilis 103 41 (39.8)
Orthalicus sp. 27 10 (37.0)
Total 618 388 (62.8)

χ2 = 53.643 p = 0.000

Fig. 3. Prevalence of helminth endoparasites in snail hosts.

In the land snails the diversity of parasite species 
assessed using diversity indices accorded A. balteata the 
highest, 1.03 (Shannon-Wiener index) and 0.90 (Brillouin 
index) with approximately 3 species being dominant 
(Reciprocal Simpson index=2.80) and a species richness 
of 3. A. flammea had the second highest parasite diversity 
(H=0.87) and also with a parasite richness of 3, but 
approximately 2 dominant species (1/D=2.24). The snail 
species with the most restricted parasite species infection 
were L. gracilis and Orthalicus sp. (H=0.00, Margalef’s 
index=0.00, McIntosh index=0.00 and species richness=1 
for both of them).
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Table II.- Mean intensity of endoparasitic helminth isolated from snail hosts.

Snail species examined Parasites species 
recovered

No. of parasites 
recovered (N = 1563)

Mean intensity
Mean 95% CI

Achatina achatina (n1 = 220) Capillaria sp. 413 8.33 5.00 – 12.00
Cosmocercoides sp. 557 4.00 3.00 – 5.00

Achatina belteata (n2 =12) Capillaria sp. 13 3.67 2.00 – 5.00
Cosmocercoides sp. 5 1.67 1.00 – 2.00
Philonema sp. 8 2.67 2.00 – 4.00

Achatina degneri (n3 = 8) Cosmocercoides sp. 8 3.00 1.00 – 4.00
Philonema sp. 2 2.00 -

Limicolaria aurora (n4 = 156) Capillaria sp. 82 2.33 2.00 – 3.00
Cosmocercoides sp. 59 3.00 2.00 – 4.00

Limicolaria flammea (n5 = 92) Capillaria sp. 121 4.33 3.00 – 6.00
Cosmocercoides sp. 135 6.00 5.00 – 7.00
Philonema sp. 14 2.00 2.00 – 2.00

Lamellaxis gracilis (n6 = 103) Capillaria sp. 77 2.33 2.00 – 3.00
Cosmocercoides sp. 36 7.67 6.00 – 11.00
Philonema sp. 13 3.00 3.00 – 3.00

Orthalicus sp. (n7 = 27) Capillaria sp. 20 2.00 1.60 – 2.40

N, total number of endoparasitic helminth recovered. n1, n2,.…ni, number of snail species examined; CI, confidence interval.

Table III.- Diversity characteristics of parasite communities found in different species of land snails.

Diversity index A. achatina L. aurora L. gra L. flam Orth A. deg A. balt Total
Shannon-Wiener index (H) 0.68 0.68 0.00 0.87 0.00 0.50 1.03 0.77
Reciprocal Simpson (1/D) 1.96 1.95 1.00 2.24 1.00 1.55 2.80 2.08
Brillouin index 0.68 0.66 0.00 0.86 0.00 0.38 0.90 0.77
McIntosh index 0.29 0.31 0.00 0.35 0.00 0.26 0.46 0.31
Margalef index 0.15 0.20 0.00 0.35 0.00 0.43 0.61 0.27
Berger-Parker index of dominance 0.57 0.59 1.00 0.49 0.00 0.80 0.50 0.49
Species richness 2 2 1 3 1 2 3
Dominant species Cos Cap Cap Cap Cap Cos Cap

L. gra, L. gracilis; L. flam, L. flammea; Orth, Orthalicus; A. deg, A. degneri; A. balt, A. balteata; Cos, cosmocercoides sp.; Cap, Capillaria sp.

DISCUSSION 

Snails are common molluscs found in Nigeria. 
A. achatina, L. gracilis, L. degneri, L. belteata and 
Orthalicus sp. have been reported from different parts 
of Nigeria (Fashuyi and Adeoye, 1986; Gadzama, 2012; 
Chukwuka  et al., 2014). The abundance and distribution 
of these snails are determined by factors such as food 
availability, weather, predation, human consumption and 
diseases. The tropical Guinea Savannah vegetation of 
Ugwueme probably favoured the wide diversity of edible 
terrestrial snails. Favourable weather condition especially 
the rainy season in Nigeria is conducive for terrestrial snail 
population. This is as the moist environment and associated 
high humidity facilitate snail proliferation (NAERLS, 
1995; Martin and Sommer 2004; Sulikowska-Drozd, 2005; 
Nunes and Santos, 2012); this also enables the growth 

of rich vegetation which serves as food for them. The 
different species found reflect diversities in niches of snail 
species (El-Sorogy  et al., 2016). Weather and human are 
probably acting as factors selecting against species such as 
A. balteata and A. degneri which were in low abundance. 
Also, A. achatina, A. fulica and A. marginata are widely 
reported as highly productive such that within a short 
period can displace other snail species on one hand, and 
in the other impose monumental economic loss to farmers 
when they act as pest (Raut and Barker, 2002; Ugwu  et al., 
2011; Nelson, 2012; Nyameasem and Borketey-La, 2014).

Comocercoides sp. and Capillaria sp. are known 
to infect slugs and snails, some acting as paratenic, 
intermediate or definitive hosts (Bolek, 1997; Grewal  et 
al., 2003). Snails in the spe

cies Agriolimax sp., Deroceras leave, Cepaea 
nemoralis and Cepaea hortensis are definitive hosts to 
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Cosmocercoides dukae (Grewal  et al., 2003). Capillaria 
sp. are ubiquitous parasites infecting a wide range of 
organisms including human. Capillaria philippiensis is 
still remembered for the devastation of Pudoc West (Cross, 
1992). However, reports of Philonema sp. infection in 
snail are rare if not completely lacking. Philonema sp. 
have, however, been reported to parasitize freshwater 
fish (Berg  et al., 1995). Studies on snail helminthes 
parasites in Nigeria have focused mainly on Schistosoma 
sp. intermediate hosts (Bulinus sp., and Biomphelaria sp., 
etc.) neglecting other parasites. The aquatic snails Bulinus 
globosus, B. truncatus, B. senegalensis, B. forskalii, 
Biomphalaria pfeifferi, Lanistes varicus and Lymnaea 
natalensis have been widely reported in different parts 
of Nigeria to host Schistosome parasites (Okafor, 1990; 
Okafor and Ngang, 2004, Ayanda, 2009). Reports on 
parasitic helminthes of terrestrial land snails in Nigeria 
are lacking. Studies from parts of Africa and beyond have, 
however, reported helminthes infection in terrestrial snails 
(Kishinioto and Asato, 1974; Rashed, 2008; CDC, 2013; 
McLaughlin, 2016).

The occurrence of Capillaria sp. infection in all the 
snail species examined except A. degneri highlights its 
ubiquitous nature. From invertebrate, through Prochordate 
to Chordate, all probably have their fair share of Capillaria 
sp. In fish, amphibian, reptiles, birds and mammals more 
than 250 Capillaria species have been found including 
four in human (Cross, 1992). Parasitism as an evolutionary 
adaptation imposes a restriction, tolerance, on both the 
host and its parasites (Miller  et al., 2006; Mazѐ-Guilmo  et 
al., 2014; Råberg, 2014). This disparity in biochemical and 
nutritional demands of parasites determines their host and 
localization within same. Host antagonistic response and 
parasites evasive adaptations are factors that also define a 
parasite life cycle. Capillaria sp. appear to be highly suited 
to parasitic life: well adapted to antagonistic responses of 
hosts and well tolerated.

The prevalence of helminth infection in A. achatina 
(76.4%), L. aurora (63.5%) and L. flammea (67.4%) and 
the overall prevalence of 62.8% in snails in Ugwueme 
agricultural zone are high. Parasitism is associated with 
debilities that sometimes significantly erode functions 
and structure of the host. Such disruption of wellbeing 
is associated with morbidity, low productivity, reduced 
growth and mortality. This reduction in wellbeing carries 
with it a cost for Nigerians who consume these snails as a 
source of protein. The high prevalence of infection may 
definitely result to depletion in the quality and quantity 
of the meat of these infected snails thereby depriving the 
consumers the benefits of the nutrients that healthy snails 
offer. This may result to protein–calorie malnutrition 
particularly in poor rural communities that often depend 

on animals from the wild as their main source of protein. 
This further reduces the likelihood that food sufficiency 
will be attained. Another aspect of the problem is where 
these snails are intermediate hosts to human parasites. 
Snails have been reported as intermediate hosts of human 
and livestock diseases (CDC, 2013a, b; McLaughlin, 
2016). Aquatic snails are well documented as intermediate 
hosts of human diseases. Terrestrial snails though not as 
remarkable as their aquatic counterparts, transmit human 
diseases such as angiostrongytiasis and dicrocoeliasis. 
Human infections with these parasites which may be by 
ingestion of ova occur through improper handling of the 
snails when being processed for consumption. 

The examined snail species haboured parasitic 
helminthes; a thorough understanding of these parasites 
life cycles, associated host morbidity, and the direct and 
indirect cost of such parasitism to human is important, first 
for human welfare, secondly for sustainable snail farming, 
and finally for maintenance of snail biodiversity.

Statement of conflict of interest
Authors have declared no conflict of interest. 

REFERENCES 

Adekunle, O.A., Oyinade, A.A., Joseph, O., Adenaike, 
F., Ogunyemi, E.O. and Adejunon, C.A., 2012. A 
scientific justification of the use of giant African 
land snail (Archachatina marginata) haemolymph 
as oral rehydration in African treatment practice. J. 
med. Res., 1: 95-97.

Anim, A.K., Ackah, M., Fianko, J.R., Kpattah, L., 
Osei, J., Serfor-Armah, Y. and Gyamfi, E.Y., 2001. 
Trace elements composition of Achatina achatina 
samples from the Madina market in Accra, Ghana. 
Res. J. Environ. Earth Sci., 3: 564-570.

Asato, R., 1974. A survey of Angiostrongylus cantinensis 
on Okinawa: Incidence in Rattus norvegicus and R. 
rattus. Publ. Hlth., 8: 102-108.

Ayanda, O.I., 2009. Prevalence of snail vectors 
of schistosomiasis and their infection rates in 
two localities within Ahmadu Bello University 
(A.B.U.) Campus, Zaria, Kaduna State, Nigeria. J. 
Cell Anim. Biol., 3: 5-61.

Azzam, K.M., 1998. First record of snail parasitic 
nematode Rhabolitis sp. isolated from Egyptian 
terrestrial snails and its compatibility to infect other 
pests. Egypt. J. Biol. Pest Contr., 8: 27-29.

Berg, O.K., Foote, C.J. and Quinn, T.P., 1995. Fish age, 
nematode (Philonehusma oncorhynchi) infection, 
and development of sexual dimorphism by adult 
male sockeye salmon, Oncorhynchus nerka, in 



1084                                                                                        G.C. Onyishi et al.

western Alaska. Can. J. Zool., 73: 1999-2004. 
https://doi.org/10.1139/z95-235

Bolek, M.G., 1997. Seasonal occurrence of 
Cosmocercoides dukae and prey analysis in 
blue-spotted salamander, Ambystoma laterale, 
in Southeastern Wisconsin. J. helminth. Soc. 
Washington, 64: 292-295.

Centres for Disease Control and Prevention 
(CDC), 2013a. Dicrocoeliases (Dicrocoelium 
dendriticulum). www.cdc.gov/dpdx/dicrocoeliasis/
index.html (Accessed February 2016).

Centres for Disease Control and Prevention (CDC), 
2013b. Echinostomiasis (Echinostoma spp.) www.
cdc.gov/dpdx/echinostomiasis/ (Accessed February 
2016).

Christie, S., Alan, G. and Jerry, W.R., 1982. One-trial 
associative learning modifies odour preferences 
of a terrestrial mollusk. Proc. natl. Acad. Sci., 78: 
640–642.

Chukwuka, C.O., Ejere, V.C., Asogwa, C.N., Nnamonu, 
E.I., Okeke, O.C., Odii, E.I., Ugwu, G.C., Okanya, 
L.C. and Levi, C.A., 2014. Eco-physiological 
adaptations of the land snail Achatina achatina 
(Gastropoda: Pulmonata) in tropical agro-
ecosystem. J. Basic appl. Zool., 67: 48–57. https://
doi.org/10.1016/j.jobaz.2014.06.001

Cobbinah, J.R., Vink, A. and Onwuka, B., 2008. 
Snail farming in West Africa: A practical 
guide. https:/d3gxp3iknbs7bs.cloudfront.net/
attachments/37ff29d26c66fa4b5876c5e81dd 
ad2d253737f28.pdf (Accessed September 2016).

Cross, J.H., 1992. Intestinal capillariasis. Clin. 
Microbiol. Rev., 5: 120–129. https://doi.
org/10.1128/CMR.5.2.120

El-Shiekh Mohammed, A.R. and Mummery, V., 1990. 
Human dicrocoeliasis. Report on 208 cases from 
Saudi Arabia. Trop. Geol. Med., 42: 1–7.

El-Sorogy, A., Youssef, M., Al-Kahtany, K. and Al-
Otaiby, N. 2016. Distribution of intertidal molluscs 
along Tarut Island Coast, Arabian Gulf, Saudi 
Arabia. Pakistan J. Zool., 48: 611-623.

Fashuyi, S.A. and Adeoye, G.O., 1986. The possible 
snail intermediate hosts of Dicrocoelium hopes in 
Nigeria. Acta Vet. Brno, 551: 85–88. https://doi.
org/10.2754/avb198655010085

Gadzama, I.M.K., 2012. Distribution and taxonomy 
of mollusks (Mollusca) in some parts of northern 
Nigeria. Ph. D. Desertation, Department of 
Biological Sciences, Ahmadu Bello University, 
Zaria, Nigeria.

Grewal, P.S., Grewal, S.K., Tan, L. and Adams, B.J., 
2003. Parasitism of molluscs by nematodes: Types 

of association and evolutionary trends. J. Nematol., 
35: 146–156.

Herbert, D. and Kilburn, D., 2004. Field guide to the 
land snail and slugs of Eastern South Africa. Natal 
Museum, Pietermaritzburg, South Africa.

John, D.T. and William, A., 2006. Petri Markell 
and Voge’s medical parasitology. Saunders, 
Philadelphia, pp. 178.

Kishinioto, T. and Asato, R., 1974. A survey of 
Angiostrongylus cantinensis on Okinawa: Incidence 
in rats and Achatina fulica. Publ. Hlth., 8: 97–107.

Martin, K. and Sommer, M., 2004. Relationships 
between land snail assemblage patterns and soil 
properties in temperate-humid forest ecosystem. 
J. Biogeogr., 31: 531–545. https://doi.org/10.1046/
j.1365-2699.2003.01005.x

Mazѐ-Guilmo, E., Loot, G., Paѐz, D.J., Lafѐvre, T. 
and Blanchet, S., 2014. Heritable variation in host 
tolerance and resistance inferred from a wild host-
parasite system. Proc. R. Soc. B., Biol. Sci., 281: 
20132567. https://doi.org/10.1098/rspb.2013.2567

McLaughlin, J., 2016. The giant African land snail: 
What you need to know about the rat lungworm, 
mollusks and human disease. www.miami-dade.
ifas.ufl.edu/pdfs/urban_hort/The%20giant%20
African%20land%20snail%20and%20rat%20
lungworm.pdf (Accessed 1 September 2016).

Miller, M.R., White, A. and Boots, M., 2006. The 
evolution of parasites in response to tolerance 
in their hosts: The good, the bad, and apparent 
commensalism. Evolution, 60: 945–956. https://
doi.org/10.1111/j.0014-3820.2006.tb01173.x

National Agricultural Extension and Research Liaison 
Services (NAERLS), 1995. Snail production 
techniques in Nigeria. Extension Bulletin No. 108, 
Forestry Series No. 12. Ahmadu Bello, University, 
Zaria, Nigeria.

Nelson, S., 2012. The giant African snail. Hânai’Ai/The 
Food Provider, Hawaii.

Nunes, G.K.M. and Santos, S.B., 2012. Environmental 
factors affecting the distribution of land snails in 
the Atlantic Rainforest of IIha Grande, Angra dos 
Reis, RJ, Brazil. Brazil. J. Biol., 72: 79–86.

Nyameasem, J.K. and Borketey-La, E.B., 2014. Pest 
incidence, mortality, aestivation, feed intake and 
growth in West African giant snail (Achatina 
achatina) reared under different housing systems. 
Int. J. Sci. Technol., 3: 314–319.

Okafor, F.C., 1990. Schistosoma haematobium cercariae 
transmission patterns in freshwater systems of 
Anambra State, Nigeria. Angew. Parasitol., 31: 
159–166.

https://doi.org/10.1139/z95-235
www.cdc.gov/dpdx/dicrocoeliasis/index.html
www.cdc.gov/dpdx/dicrocoeliasis/index.html
www.cdc.gov/dpdx/echinostomiasis/
www.cdc.gov/dpdx/echinostomiasis/
https://doi.org/10.1016/j.jobaz.2014.06.001
https://doi.org/10.1016/j.jobaz.2014.06.001
https:/d3gxp3iknbs7bs.cloudfront.net/attachments/37ff29d26c66fa4b5876c5e81dd ad2d253737f28.pdf
https:/d3gxp3iknbs7bs.cloudfront.net/attachments/37ff29d26c66fa4b5876c5e81dd ad2d253737f28.pdf
https:/d3gxp3iknbs7bs.cloudfront.net/attachments/37ff29d26c66fa4b5876c5e81dd ad2d253737f28.pdf
https://doi.org/10.1128/CMR.5.2.120
https://doi.org/10.1128/CMR.5.2.120
https://doi.org/10.2754/avb198655010085
https://doi.org/10.2754/avb198655010085
https://doi.org/10.1046/j.1365-2699.2003.01005.x
https://doi.org/10.1046/j.1365-2699.2003.01005.x
https://doi.org/10.1098/rspb.2013.2567
www.miami-dade.ifas.ufl.edu/pdfs/urban_hort/The%20giant%20African%20land%20snail%20and%20rat%20lungworm.pdf
www.miami-dade.ifas.ufl.edu/pdfs/urban_hort/The%20giant%20African%20land%20snail%20and%20rat%20lungworm.pdf
www.miami-dade.ifas.ufl.edu/pdfs/urban_hort/The%20giant%20African%20land%20snail%20and%20rat%20lungworm.pdf
www.miami-dade.ifas.ufl.edu/pdfs/urban_hort/The%20giant%20African%20land%20snail%20and%20rat%20lungworm.pdf
https://doi.org/10.1111/j.0014-3820.2006.tb01173.x
https://doi.org/10.1111/j.0014-3820.2006.tb01173.x


1085                                                                                        Helminth Parasites of Snails, Nigeria 1085

Okafor, F.C. and Ngang, I., 2004. Freshwater snails 
of Niger-Cem, Nkalagu, Eastern Nigeria: 
Observations on some demographic aspects of the 
Schistosome-transmitting Bulinids. Anim. Res. Int., 
1: 120–124.

Pechinic, J.A., 2010. Biology of the invertebrate. Mc-
Graw Hill Publishers, New York.

Råberg, L., 2014. How to live with the enemy: 
Understanding tolerance to parasites. PLoS Biol., 
12: e1001989. https://doi.org/10.1371/journal.
pbio.1001989

Rack, J.E., Adusu, E. and Jelinek, T., 2004. Human 
infection with Dicroelium dendriticum. Deut. 
Med. Wochensh., 129: 2538–2540. https://doi.
org/10.1055/s-2004-835298

Rashed, A.A., 2008. A new parasitic metacercaria from 
the land snail Monacha obstucta Pfeiffer 1842 with 
critical review on relevant metacercariae belonging 

to the genus Brachylaima Dujardin 1843. J. Egypt. 
Soc. Parasitol., 38: 483–500.

Raut, S.K. and Baker, G.M., 2002. Achatina fulica 
Bowdich and other Achatinidae as pests in tropical 
agriculture. CAB International, United Kingdom. 
https://doi.org/10.1079/9780851993201.0055

Sulikowska-Drozd, A., 2005. Habitat choice 
in the Carpathian land snails Macrogastra 
tumida (Rossmässler, 1836) and Vestia turgida 
(Rossmässler, 1836) (Gastropoda: Clausiliidae). J. 
Mollus. Stud., 71: 105–112. https://doi.org/10.1093/
mollus/eyi013

Ugwu, S.O.C., Ogbu, C.C. and Ikechiuno, I.K., 2011. 
Reproductive characterization of three species 
of giant African land snails (GALS) in captivity. 
Afr. J. Biotechnol., 10: 10315–10319. https://doi.
org/10.5897/AJB11.875

https://doi.org/10.1371/journal.pbio.1001989
https://doi.org/10.1371/journal.pbio.1001989
https://doi.org/10.1055/s-2004-835298
https://doi.org/10.1055/s-2004-835298
https://doi.org/10.1079/9780851993201.0055
https://doi.org/10.1093/mollus/eyi013
https://doi.org/10.1093/mollus/eyi013
https://doi.org/10.5897/AJB11.875
https://doi.org/10.5897/AJB11.875

