
INTRODUCTION

An increasing rate of population growth is a signifi-
cant burden to human well-being and possibly affects
other species in the ecosystem. The risk factors for chronic
diseases (diabetes, heart diseases and cancers) and ma-
ternal and child deaths caused by infectious diseases are
increasing in developing countries due to globalization
and urbanization. Next to malaria, the human schistoso-
miasis is considered as an important parasitic disease with
greatest economic impact in developing countries1. This
disease is common among children as they are more likely
to play in infected water2-3. The human schistosomiasis
is mainly caused by Schistosoma species that either
infects urinary tract (S. hematobium) or intestines
(S. mansoni, S. intercalatum, S. japonicum and S.
mekongi)3–4.

In India, nine schistosome species (Schistosoma
indicum, S. spindalis, S. bomfordi, S. incognitum, S. na-
salis, S. nairi, Orientobilharzia dattai, O. turkestanicum
and O. harinasutai have been recorded from domestic

and wild animals2. Only two species (S. hematobium and
S. incognitum) are identified to cause urinary and intesti-
nal schistosomiasis of the man5-6. The cercarial dermati-
tis is found in high proportion in rural/tribal population
of Assam, Chhattisgarh and Madya Pradesh7-9 and their
infection by S. japonicum is suspicious2. The freshwater
snails are the vectors for schistosomiasis, of which three
genera, namely Biomphalaria, Bulnius and Oncomela-
nia are the most intermediate hosts of human Schisto-
soma parasites in the world. In India, 203 species of fresh-
water molluscs have been recorded10. Of these Bulnius
snail was initially suspected as vector of schistosomiasis
and later the freshwater limpet of Ferrissia tenuis has
been established as vector in India6, 11.

The freshwater limpet Ferrissia belongs to subfam-
ily of Ferrissianae and its distinguishing characters are:
shell < 5 mm in length, with very fine radial ridges on
apex and penis sheath on the vergic sac12. It is widely
distributed in the world13-14. Five species of Ferrissia (F.
baconi, F. ceylanica, F. tenuis, F. verruca and F. viola)
are known in India. Among the five species, F. tenuis is
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ABSTRACT

Background & objectives: Vector ecology and taxonomy of snails is a prerequisite for controlling schistosomiasis
in the tropics. The ecology of the freshwater limpet genus Ferrissia was investigated for detection of cercariae
larvae in them, and taxonomic description of a new species of the genus Ferrissia.

Methods: This study was conducted in 15 perennial streams from five different hills of south India. To study the
seasonal patterns, a stream from each hill was selected and sampled in three seasons. In each study site, triplicate
sampling was done and specimens were collected from stream substrates as well as waste material submerged in
stream. Microscopic examination was carried out for detecting cercariae larvae in limpets.

Results: Three freshwater limpets (F. tenuis, F. verruca and F.  fivefallsiensis) were observed. Seasonality influenced
the abundance of limpets. The highest abundance was observed during post-monsoon (December and January).
The distribution of Ferrissia was observed at riffle in pebbles, leaf litter and wastes (polyethylene bags and
snacks cover) submerged in water. No cercariae larvae were found from the body of limpets. In this study, we
described a new species of Ferrissia fivefallsiensis.

Interpretation & conclusion: Our results showed the distribution, habitat preference and seasonality of limpets,
and recommend the detection of Schistosoma from limpets as well as human samples by use of molecular tools.

Key words Distribution; habitat; limpet, new species; vector



 J Vector Borne Dis 52, September 2015202

the intermediate host of human blood fluke, Schistosoma
haematobium6,11. Several studies on schistosomiasis have
been conducted in central and northern part of India but
no such study was undertaken in southern India. Further,
no taxonomic study on the Indian Ferrissia has been made
since the study by Annandale et al15. Therefore, we in-
vestigated the distribution, environmental effects and
vector potential on the freshwater limpet genus Ferrissia
from south India and report a new species of the genus
Ferrissia.

MATERIAL & METHODS

A pilot trip survey was carried out in 15 perennial
streams from five different hills, namely Agasthyamalai
Biosphere Reserve, Palani Hills Wildlife Sanctuary and
National Park, Sirumalai Hills, Alagar Hills and
Karanthamalai Hills (Fig. 1). The pilot survey of the three
streams from each hill was conducted in November 2013.
To study the seasonal pattern, a stream from each hill
was selected and sampled during northeast monsoon (No-
vember), post-monsoon (December and January) and
southwest monsoon (July and August). During this trip,
the range of microhabitats was observed. The freshwater
limpets were surveyed on stream substrates (bed rock,
boulders, pebbles, woody debris and leaf litter) and hu-
man solid waste materials like clothes, snacks cover and
polyethylene bags. The percentage of riparian cover (RP)

was measured by densitometer. Water temperatures (WT)
were recorded using a digital thermometer. Dissolved
oxygen (DO), total dissolved solids (TDS), pH and con-
ductivity (CON) of water were measured with the help of
portable electronic meter (PCTESTR-35, Thermo Fisher
Scientific Inc.). Latitude (LAT) and longitude (LON) and
elevation (ELV) were determined by global positioning
system (Garmin 12). The average stream depth (SD) and
width (SW) were calculated from three measurements
with a calibrated scale from one transect across the stream.
Stream surface current velocity (CV) was obtained by a
flow meter.

Sampling
In each study site, three samples in 50 × 50 cm con-

tainers were taken at random locations from each riffle
and pool. Specimens were collected from stream sub-
strates as well as waste materials found in stream using
forceps in riffle areas and dip net was used in pool areas.
The collected specimens from each stream were divided
into two sets. The first set of specimens was preserved in
80% ethanol. In the second set, 100–150 freshwater lim-
pets were taken in sterile aerated vials (25 individuals per
vial) containing 500 μl of phosphate buffer saline (pH
7.2). This setup was kept at adjacent stream temperature
in an incubator for 24 h to extract the cercariae larvae
from the body of limpet. After 24 h incubation, saline
solution was observed in a stereoscopic microscope to
find the cercariae larvae.

Data analysis
The physical and chemical parameters of 15 streams

from five hills were graphically presented to illustrate the
site uniqueness. Alpha diversity indices of (Shannon–H
and Simpson–D) were calculated. Based on the abundance
of taxa collected from five hills during three seasons, ter-
nary plot was drawn to show the seasonality. Principal
component analysis (PCA) was calculated, measuring the
relationship between environmental variables and abun-
dance of taxa among sampling sites16-17. All the above
statistics were calculated by using Paleontological statis-
tics (PAST) package, version 3.02. The freshwater lim-
pets were identified by the methods, described by
Ramakrishna and Dey10.

RESULTS

Ecological profiles
The physicochemical variables of 15 streams varied

greatly between the five hills (Table 1), from a maximum
water temperature of 28°C in Alagar Hills, to a minimumFig. 1: Sampling sites in the streams of five hills, south India.

Map not to scale
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of 20°C in Palani Hills (Fig. 2). The width and depth of
stream and water current were highest in Agasthyamalai
and lowest in Alagar Hills (Fig. 2). The riparian cover in
five hills ranged from 60 to 80%. The conductivity and
salinity were highest in Karanthamalai Hills while, dis-

solved oxygen, pH and total dissolved solids peaked in
Palani Hills (Fig. 2).

A total of 1818 individuals belonging to three taxa of
Ferrissia were collected in 15 streams from five hills.
Species richness was high in Agasthyamalai (3 taxa), fol-
lowed by Palani Hills (2) and the other hill (1). Alpha
diversity indices was higher (H: 0.8351 ± 0.0781; D:
0.5162 ± 0.0454) in Agasthyamalai than the other hills.
The post-monsoon favoured the highest samples and in-
dividuals. Abundance of F. verruca was highest during
northeast monsoon whereas post-monsoon facilitated the
high numbers of F. fivefallsiensis and F. tenuis, consis-
tently present in all seasons revealed by ternary plot
(Fig. 3). Abundance of Ferrissia species was higher at

Table 1. Physicochemical parameters of sampling sites in five hills of south India

Name of hills Site LAT LON ELV DO WT pH CON TDS SW SD CV RP
(N) (E) (m) (mg/l) (ºC) (s/m) (mg/l) (m) (cm) (cm/sec) (%)

Agasthyamalai Five falls 8°55' 77°14' 220 18.4 25 6.8 0.03 68.4 4.5 15 0.05 80
Kallada River 8°57' 77°06' 195 12.6 28 7.2 0.03 49.3 5 30 0.06 50
Kulathupuzha River 8°54' 77°03' 180 13.4 28.5 8.2 0.02 29.2 11 45 0.04 40

Palani Hills Kumbakkarai 10°11' 77°31' 375 8.16 24 8.1 0.01 60.1 8.5 20 0.06 60
Moolayar 10°10' 77°31' 1075 20.4 20.6 7.4 0.09 90.1 7.2 15 0.07 20
Silver cascade stream 10°13' 77°31' 1590 16.1 18.9 7.6 0.09 22.4 6.2 10 0.06 80

Sirumalai Hills Thadaganachiamman 10º08' 78°01' 375 9.2 23 6.8 0.01 55.2 1.2 11 0.03 80
Konapatty stream 10°15' 78°01' 350 11.4 22.4 6.7 0.02 73.1 3.5 10 0.03 80
Mavur Dam 10°08' 77°57' 380 10.8 23.4 6.8 0.02 72.4 2.4 8 0.04 60

Alagar Hills Nuburagangai 10°04' 78°12' 160 11.4 27.9 6.9 0.02 32.1 0.5 6 0.08 70
Pattanampatti 10°09' 78°15' 210 9.8 28.1 6.9 0.03 30.6 0.6 7 0.07 70
Valayapatti stream 10°08' 78°14' 220 12.1 27.4 6.9 0.01 31.4 0.4 5 0.08 60

Karanthamalai Hills Ayyan odai 10°17' 78°04' 200 9.6 26.5 6.9 0.02 42.3 1.5 12 0.02 80
Uluppakudi stream 10°15' 78°12' 210 11.1 25.5 6.8 0.02 45.3 1.2 10 0.02 70
Manikamkadai stream 10°20' 78°12' 220 12.4 24.3 6.7 0.02 48.2 0.8 11 0.03 60

LAT–Latitude; LON–Longitude; ELV–Elevation; DO–Dissolved oxygen; WT–Water temperature; CON–Conductivity; TDS–Total dissolved
solids; SW–Stream width; SD–Stream depth; CV–Current velocity; RP–Riparian cover.

Figs. 2 (a & b): The average physical and chemical parameters of 15
streams in five hills.

Fig. 3: Ternary plot representing the abundance of three taxa during
seasons among sampling sites.

(a)

(b)
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flow substrates (riffle) than depositional areas (pool)
(Table 1). Based on distribution of three taxa, pebbles,
leaf litter and wastes (polyethylene bags and snacks cover)
submerged in water exhibited a sharp increase in abun-
dance compared to the other substrates (Table 2).

Principal component analysis (PCA) was calculated,
measuring the relationship between environmental vari-
ables and abundance of Ferrssia taxa among sampling
sites. Eigen values for PC1 and PC2 axes were 1677.67
and 874.29. The ordination of PCA plot showed that
among sampling sites, F. verruca was widespread in all
sites and associated with pebbles, boulders, leaf litter, TDS
and conductivity. The two other taxa (F. tenuis and F.

fivefallsiensis) were dispersed in restricted sites (Fig. 4).
A total of 1818 individuals of three taxa were collected
from the study area. In each taxa, 100 to 150 individuals
were taken for detection of cercariae larvae. Microscopic
examination of F. tenuis, F. verruca and F. fivefallsiensis
revealed no cercariae larva.

Description of F. fivefallsiensis20 sp. nov.
Shell description (Fig. 5a): Shell length 3.2 mm,

width 1.8 mm, and aperture height 1.1 mm. Shell small,
suboval, thin and fragile, bilaterally asymmetrical, 1.68–
1.75 times as long as its greatest width (middle region),
its height 0.36 and 0.61 times as long as its length and its
greatest width; periostracum colour yellow to brown with
dark brown irregular spots as many as in umbilicus re-
gion; apex (Fig. 5b) blunt, reflected right, not elevated;
4–5 fine radial ridges visible at dorsal view.

Soft body: Head, foot and mantle of the animal are
white without any characteristic pattern of colouration
(Fig. 5c).

Anatomical traits: The praeputium is longer than pe-
nis sheath (Fig. 5d). The former is visibly wider and some-
what inflated in the proximal end. The penis sheath is
narrow and oblong. The bursa copulatrix is club elon-
gated with a short bursa duct.

Etymology: This species is named after the place of
collection, five falls.

Specimens examined: Holotype, India: Five falls,

Table 2. Substrate selection (mean ± SD) of Ferrissia in
riffle and pool habitats of stream

Substrates Riffle (%) Pool (%)

Ferrissia F. F. F. F. F.
 tenuis verruca fivefall- tenuis verruca fivefall-

siensis siensis

Bedrock 2 ± 1 0 2 ± 1 2 ± 1 0 3 ± 2
Boulders 2 ± 1 3 ± 2 4 ± 2 0 0 0
Pebbles 27 ± 3 31 ± 6 20 ± 4 0 0 0
Woody debris 3 ± 1 14 ± 2 5 ± 1 2 ± 1 0 2 ± 1
Leaf litter 25 ± 5 25 ± 3 5 ± 2 3 ± 1 0 2 ± 1
Clothes 3 ± 1 0 2 ± 1 0 0 0
Snacks cover 17 ± 2 0 24 ± 3 0 0 0
Polyethylene 21 ± 2 19 ± 3 35 ± 5 0 0 0

bags

Fig. 4: PCA ordination representing the relationship between environmental variables and taxa abundance in five hills of south India.
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Courtallam, Tirunelveli district, Tamil Nadu state, 31-XII-
2013, 200 m (08°55' 57.33'' N, 77°142' 20.2'' E), S.
Anbalagan (Coll. S. Anbalagan, Bharathidasan Univer-
sity—BDU). Paratypes, same data as holotype: 62 speci-
mens (Coll. S. Anbalagan, Department of Environmental
Biotechnology (DEB), BDU, catalogue number: FE0017);
Mainfalls, Courtallam (38 specimens), 31-XII-2013,
200 m, 08°55' 47.2'' N, 77°16' 09.4'' E, Coll. S. Anbalagan,
DEB, BDU (catalogue number: FE0018); Edapalayam
(42 specimens) 1-I-2014, 220 m, 08°57' 23'' N, 77°06'
21'' E, Coll. S. Anbalagan, DEB, BDU (catalogue num-
ber: FE0018).

Ecology: The species inhabits slow to medium flow-
ing streams where it is associated with Lymnaea sp
(Lymnaeidae: Gastropoda), Simulium sp. (Simuliidae:
Diptera) and Teloganodes sp (Teloganodidae:
Ephemeroptera). This species is found in the polluted
stream substrates of waste clothes, polyethylene covers,
boulders, pebbles and leaf litter.

Differential diagnosis: F. fivefallsiensis sp. nov. or
n. can be separated from F. verruca by the following com-
bination of characters: Shell length less than two times as
long as its greatest width; periostracum yellow to brown
in colour with dark brown irregular spots as many as in
umbilicus part. Morphometric analysis and identification
key on diagnostic traits of F. fivefallsiensis sp. n. are eas-
ily separated from related species.

Morphometric analysis: Morphometric studies of F.
fivefallsiensis sp.n. showed typical traits of the genus
Ferrissia as described by Walker12. The morphological

Fig. 5: Ferrissia fivefallsiensis sp. nov. Shell (a–c): (a) Dorsal view;
(b) Ventral view; (c) Lateral view; (d) Copulative apparatus
(ps—Penis sheath; pp—Praeputium; vd—Vas deferens).

characters of F. fivefallsiensis sp. n. can be compared with
two other Ferrissia species recorded in India (Table 3).

Affinities: By combining morphology with
morphometrical analyses of F. fivefallsiensis sp. n. can
be distinguished from similar species of the group (F.
verruca and F. viola) more clearly. F. fivefallsiensis sp.
n. seems more closely related to F. verruca by sharing
the characters of shell with sub-oval, small, thin, greatest
width at middle region and blunted apex (Fig. 6) and can
be separated from it by the characters of shell length less
than two times as long as its greatest width, shell width
and height, periostracum yellow to brown in colour with
dark brown irregular spots as many as in umbilicus part.
From F. viola it differs in the shell length, width and height
and periostracum colour.

Fig. 6: Ferrissia verruca—Shell: (a) Dorsal view; (b) Ventral view;
and (c) Lateral view.

Table 3. Morphometrics (mean ± SD) of F. fivefallsiensis sp. nov.
and two other species recorded in India. Thirty specimens from

Paratype 1 (Five falls), Paratype 2 (Mainfalls), Paratype 3
(Edapalayam) and F. verruca

Species Ridge Shell Shell Aperture Aperture
count length width height width

(mm) (mm) (mm) (mm)

F. fivefallsiensis sp. nov.
Holotype 5 3.2 1.8 1.1 1.4
Paratype 1 4 ± 1 3.2 ± 0.41 1.7 ± 0.11 1.0 ± 0.15 1.4 ± 0.24
Paratype 2 5 ± 1 3.3 ± 0.32 1.9 ± 0.23 1.1 ± 0.12 1.5 ± 0.13
Paratype 3 5 ± 1 3.4 ± 0.43 1.8 ± 0.14 1.3 ± 0.27 1.6 ± 0.12
F. verruca 4 ± 1 3.3 ± 0.15 2.0 ± 0.21 0.8 ± 0.05 1.1 ± 0.19
F. viola 3 4.7 2.5 1.7 –
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Key to the species of Ferrissia in India
The key refers to the freshwater limpet species of

genus Ferrissia distributed in India. The key has been
prepared as simple as possible.

(1) Shell length >5 mm, sharply pointed apex, very little
reflected ................................................................F. ceylanica

— Shell length <5 mm, blunt apex, reflected to the right........…2

(2) The greatest width of shell in the middle region, outline of shell
bilaterally asymmetrical…......................................................3

— The greatest width of shell at posterior region, outline of shell
bilaterally symmetrical............................................................4

(3) The length two times as long as its greatest width of shell,
periostracum black in colour ..................................F. verruca

— The length 1.75 times as long as its greatest width of shell,
periostracum brown in colour .........F.  fivefallsiensis sp. n.

(4) Sides of the shell not parallel, aperture height <1/3rd of the
length ........................................................................ F. baconi

— Sides of the shell parallel, aperture height >1/3rd of the
length.....................................................................................5

(5) Shell deep violet internally, sculpture minute radiating
striae......................................................................... F. viola

— Shell dull yellowish internally, sculpture without minute
radiating striae.............................................................F. tenuis

DISCUSSION

In our study, three taxa were observed in 15 streams
in five hills of south India. Among five hills,
Agasthyamalai had three taxa and high abundance of lim-
pets. Agasthyamalai locates on southern Western Ghats,
reflect the high heterogeneity in environmental conditions
and contain threatened plant and animal species18-19. The
present study indicates that seasonality influenced the
abundance of limpets and the highest number of samples
was observed during post-monsoon. Similar trends were
observed in aquatic insects of south India19-20. The fresh-
water limpet genus, Ferrissia was frequently recorded in
lentic habitats rather than flowing or lotic habitats21-23. In
contrast, the abundance of Ferrissia species was observed
at flowing waters (riffle) than depositional areas (pool).
F. fragilis was typically found on macrophytes, different
manmade objects (waste, e.g. plastic and glass bottles or
jars), wood, dead parts of plants and stones submerged in
water23. Similarly, three species of Ferrissia (F. verruca,
F. tenuis and F. fivefallsiensis) were observed on pebbles,
leaf litter and waste material (polyethylene bags and snack
covers) submerged in water and exhibited a sharp increase
in abundance compared to other substrates.

We carried out a microscopic examination to detect
cercariae larvae in the body of Ferrissia. No cercariae
larvae were observed. Sensitive Schistosoma detection
methods are recommended in the control of schistoso-

miasis. Polymerase chain reaction (PCR) appears to be a
useful method for detecting parasites than microscopy24.
The PCR technique positively identified the parasite of
schistosomiasis which could not be detected by the tradi-
tional methods25. Hence, studies on the tools coupled with
PCR for the detection of Schistosoma from Ferrissia as
well as human samples (urine and stool) are needed to
augment the knowledge of schistosomiasis.
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