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Introduction:-

Physidae represent a family of freshwater pulmonate gastropods with a current worldwide distribution that has been,
at least partly, the result of intensive introductions and subsequent invasions (Taylor, 2003). The arguably most
well-known example is the invasive freshwater snail Physa acuta (Draparnaud, 1805), originates from Eastern North
America (Dillon et al., 2002) and originally described from the Garonne River of France.

P. acuta has high dispersal ability; it is now common in certain parts of Australia (Madsen and Frandsen, 1989) and
southern America (Paraense, 2005). In Asia, P. acuta has been recorded from Arabia (Brown and Wright, 1980;
Magzoub and Kasim, 1980), Jordan (Burch, 1985), Sinail (Tchernov, 1971) Iran, Iraq, Israel, Japan, Macao (Madsen
and Frandsen, 1989), Malaysia (Ali, 1993) and India (Raut et al., 1995). It has also been reported from Africa
including Madagascar (Brygoo, 1968; Hamilton-Atwell et al., 1970; Mandahl-Barth et al., 1974; Brown, 1965;
1980; 1994, Dupouy and Mimpfoundi, 1986; De Clercq, 1987; Clark et al., 1989; De Kock et al., 1989; Clark and
Baroudy, 1990; Curtis, 1991; Brackenbury and Appleton, 1993; Appleton, 2003). In all these areas P. acuta is a
common inhabitant of ponds, streams, river, rice fields and municipality drains (Macha, 1971; Brown, 1980; Godan,
1983; Alexandrawicz, 1986; Appleton and Bailey, 1990; Ali, 1993; Brackenbury and Appleton, 1993; Raut et al.,
1995).

In West Africa, P. acuta has been reported only from Nigeria (Fashuyi, 1990; Kristensen and Ogunnowo, 1992).
Several surveys carried out in lvory Coast in the 20th century failed to report the presence of physid snails
(Germain, 1908; 1911; Franc, 1949; Binder, 1957; Ndamkou, 1985; Mouchet et al., 1987; Yapi, 1988; N’Goran,
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1997). Though, most major freshwater habitat types in Ivory Coast are prone to Physa acuta invasions, so far there
has been no report of this species in this country, until our first record of occurrence in Yamoussoukro man-made
lakes.

Here, (i) we report on the occurrence of a vital population of P. acuta in man-made Lakes of Yamoussoukro. Specie
identity was confirmed by morphological and anatomical methods, and (ii) the spatial distribution pattern is
presented in this paper.

Materials and method:-

Study area;-

The study was conducted in the political capital of Ivory Coast (Yamoussoukro; central Ivory Coast). This country is
characterized by 11 lakes built in the 1970s communicating with each other by gravity; these lakes constitute an
important touristic and cultural asset to this city. The study area lies between 6°4829"-6°49'50" N and 5°15'55"-
5°17'24" W. This lake complex is covering an area of approximately 140 ha with a catchment area near 28.5 km?.
However, they are completely flooded by aquatic plants, with the exception of three lakes (lI, Il and 1V; Fig. 1).
This eutrophication is attributable to basins land use, the activities developed on the watersides and the riverians
habit. Indeed, the man-made lakes of Yamoussoukro receive important quantities of erosion products and waste
(domestic waste, oil, sewage, sludge drain). Besides, they attend the modification of the water balance sheet linked
to the hydrologic and hydrodynamic modification of lakes, to the increased sedimentation and physicochemical
pollution of the lakes.

Species discovery and identification:-
A field study on the mollusc fauna of Yamoussoukro was conducted during three months with sampling on 9 out of
11 Lakes. A total of 21 sampling points (Fig. 1) in the lake yielded extensive mollusc material. Voucher specimens
of Physa acuta were deposited at the University of Daloa; Ivory Coast), in the Ecole Pratique des Hautes Etudes of
Perpignan (Laboratoire de Biologie Marine et Malacologie; France) and in the Centre d’Ecologie Fonctionnelle et
Evolutive (CEFE Montpellier; France).
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Fig. 1: Map of man-made lake system of Yamoussoukro with the location of the sampling stations and distribution
of Physa acuta. Lakes were identified by roman numbers (0 to X).

Snails were collected in water bodies of the lake complex using a long-handled sieve (mesh size 1 mm) and
transferred to the laboratory alive. The adult specimens were allowed to relax overnight using menthol. They were
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then immersed for 40 seconds in water heated at 70 °C, from which they were transferred to water at room
temperature. Soft parts were drawn from the shell using a small forceps and fixed in slightly modified Railliet-Henry
fluid (distilled water 930 ml, sodium chloride 6 g, formalin 50 ml, glacial acetic acid 20 ml). Shell width and height
were measured to the nearest 0.1 mm using calipers. The larger snails (up to 25 specimens) were dissected under
stereomicroscope for morphological and anatomical study.

Spatial distribution pattern:-

The field work included all major habitat types in the 9 lakes. Snails were collected monthly during five months
(covering all seasons) by removing them from vegetation and mud using long-handled sieves (mesh size 1 mm).
Specimens were preserved in 96% ethanol, which was changed completely after 24 hours. All snails were sorted,
identified with morphological characters and counted.

Environmental variables:-

The sampling sites were characterized by measuring in situ selected physical parameters using a multiparameter
apparatus (WTW 840i). These were water temperature (°C), conductivity (uS.cm-1) and pH. Total Dissolved Solid
and Turbidity were measured with Turbidimeter WTW Turb 430R. Samples for chemical analyses were collected
from each station using prewashed polyethylene bottles. The water samples were kept at a temperature below 4°C to
stop all the activities and metabolism of the organisms in the water and were analyzed within 24 hours after
collection. Afterward, the concentrations of nitrite, nitrate, ammonium, phosphate, sulfate, chlorure, iron, calcium
and manganese were determined in the laboratory according to standard spectro-photometric methods by using a
spectrophotometer SCHIMADZU UV 160A. Total Fecal Coliform (10/100mL) was also determined.

Data analysis:-

We used the Kruskal-Wallis and Mann-Whitney non-parametric tests to search for potential differences in variables.
Therefore, Principal Components Analysis (PCA) was done in order to get an overall assessment of the possible
relations among environmental variables in the considered stations using the software package PAleotological
STatistic (PAST) version 2.17¢ (Hammer et al., 2001).

Results:-

Snail sampling was carried out at twenty one sites in nine Lakes in Yamoussoukro. Only two connected sites lake
VIl (6°48' 35" N; 5°16' 29" W) and V (6°49' 01" N; 6°49' 01" W) harbored P. acuta (Fig. 1). Shell of specimens
recorded is sinister elongate-ovate, smooth, moderately lustrous and translucent, fine close-set lines of growth, non-
perceptible spiral lines (Fig. 2). Whorls 5 is very large, regularly and rapidly increasing, the spire short and suture
slightly impressed. The ear-shaped aperture is large, about % total length of shell; outer lip thin, sharp; inner lip
closely appressed to the columellar region completely closing the umbilical region; columellar plait somewhat
twisted; parietal callus wide, columellar fold well marked. Largest shell 14 mm in length, 7 mm in width.

Fig. 2: Shells of Physa acuta from Yamoussoukro, Ivory Coast, ventral and dorsal view.

The reproductive system (Fig. 3) - Ovotestis (ot) embedded in the digestive gland. Ovotestis follicles emptying into
a collecting canal which continues into the ovispermiduct (od). Between the proximal and distal segments of the
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latter are the seminal vesicles (sv). The ovispermiduct empties into the carrefour from which the oviduct (ov)
emerges as a narrow tube which runs leftwards, gradually widens, becomes bosselated and highly convoluted,
proceeding into the nidamental gland (ng). This latter shows no remarkable features and narrows to the uterus (ut)
and vagina (va), which receives the spermathecal duct (sd), about twice as long as the spermatheca (sp).
Immediately after emerging from the carrefour the spermiduct gives off a series of short prostatic diverticula (pr).
They may be simple or divided into usually 2-4 short branches. After giving off the last diverticulum the spermiduct
continues into the vas deferens (vd), which opens into the caudal end of the penis. The penis sheath (ps) is somewhat
swollen proximally, tapering gradually distalward and expanding into a sarcobellum at its junction with the prepuce.
The prepuce (pp), much wider than the penis sheath, is from about as long to twice as long as the latter; a lenticular
gland (pg) is present on the proximal half of the preputial wall.

ovispermiduct, ag albumen gland, sv seminal vesicles, ov oviduct, ng nidamental gland, pr prostate, pp preputium,
ps penis sheath, sp spermatheca, va vagina, vd vas deferens, ut uterus, pg preputial gland.

Ordination of sampling stations on the Yamoussoukro man-made lake system in relation with environmental
variables represented by a biplot diagram from the PCA is shown in figure 4. The percentage variance on the PCA
axis 1 and 2 explained respectively 91.2% and 07.0% of variability in the physicochemical characteristics. These
two axes explained together 98.2% of total variation. Axis 1 divided the stations in two groups: one group composed
of all stations located on lake VII and one on lake V in the positive part and another group constituted of others sites
in the negative part. This axis mainly represented a significant and positive gradient of conductivity, Total Dissolved
Solides (TDS) and Fecal Coliforms. The results of PCA revealed that stations of the first group (lake VII and V)
were associated with important amount of conductivity and TDS, and greater values of Fecal Coliforms.
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Fig. 4: A Principal Components Analysis (PCA) ordination biplot of the 16 environmental variables recorded for 7
sampling stations along the man-made lake system of Yamoussoukro (variance explained: PC1=91.2%,
PC2=07.0%). Cond=Conductivity, TDS= Total Dissolved Solides, Colif_Fx= Fecal Coliforms; Roman numbers
represented lakes.

Discussion:-

The morphology of physid snails collected from Yamoussoukro (lvory Coast, West Africa) is clearly
indistinguishable, in shell and anatomy. Shells showed all the characteristics of P. acuta as described by Brown
(1994) and Paraense and Pointier (2003). Most major freshwater habitat types are prone to Physa acuta invasions
(Meier-Brook, 2002), so far there has been no record of this species in Ivory Coast. From the results it clearly
appears that P. acuta is present in this West African country. Though the occurrence seems to be restricted to the
single disturbed lake VII yet, we consider it likely that the species will further spread via active and/or passive
dispersal. It is known, for example, that P. acuta commonly occurs in roots of floating water plants (de Kock and
Wolmarans, 2007) and thus rapidly spreads across large distances.

Our PCA results confirm the important role of physicochemical conditions of water for the community composition
of macroinvertebrates. P acuta was associated to water with high level of conductivity and TDS, and greater values
of Fecal Coliforms. P. acuta has been shown to be associated with polluted water (Brown 1994) and one common
name of the species is ‘‘sewage snail”’. It was also demonstrated that P. acuta was responsible for rarefaction of the
native Physa fontinalis in Italy (Manganelli et al., 2000). P. acuta is a prolific breeder and can survive in polluted
waters. It has adapted to a wide range of environments, and therefore constitutes a relevant biological model for
understanding how adaptation proceeds.
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