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Abstract
Physids belong to Class Gastropoda; Phylum Mollusca have important position in food web and act as bio indicators, 
pests and intermediate host. Being resistant these are called cockroaches of malacology. Physid snails were collected 
from different water bodies of Faisalabad (Punjab) and were identified up to species using morphological markers. 
The morphometry of the specimens was carried out with the help of a digital Vernier caliper in millimeters (mm) 
using linear measurement of shell characters. Linear regression analysis of the AL/SW ratio vs AL and SL/SW ratio 
vs AL indicated that allometric growth exists only in Physa acuta when compared with P.gyrina and P. fontinalis. 
This study will lead to assess the status of the Physid species in Central Punjab. The Principal component analysis 
shows that the Component 1 (Shell Length) and component 2 (Shell Width) are the most prolific components 
and nearly 80 percent of the identification. The distance between P. acuta and P. fontinalis is 5.4699, P. acuta and 
P. gyrina is 7.6411, P. fontinalis and P. gyrina is 16.6080 showing that P. acuta resembles with P. fontinalis, and both 
these specimens donot resemble with P. gyrina. P.acuta is an invasive species and shows bioactivity making it a 
potent candidate for bioactive substances.

Keywords: Mollusca, Physa, polymorphism, principal components, discriminant analysis, Punjab.

Resumo
Os físidos pertencem à classe Gastropoda; o filo Mollusca possui importante posição na teia alimentar e atua como 
bioindicador, praga e hospedeiro intermediário. Por serem resistentes, são chamadas baratas de malacologia. 
Os caramujos físidos foram coletados em diferentes corpos d’água de Faisalabad (Punjab) e identificados até as 
espécies por meio de marcadores morfológicos. A morfometria dos corpos de prova foi realizada com auxílio de 
paquímetro digital Vernier em milímetros (mm) por meio de medida linear dos caracteres da casca. A análise de 
regressão linear da razão AL / SW vs. AL e razão SL / SW vs. AL indicou que o crescimento alométrico existe apenas 
em Physa acuta quando comparado com P. gyrina e P. fontinalis. Este estudo levará a avaliar a situação das espécies 
de físido no Punjab Central. A análise do componente principal mostra que o componente 1 (comprimento da casca) 
e o componente 2 (largura da casca) são os componentes mais prolíficos e quase 80% da identificação. A distância 
entre P. acuta e P. fontinalis é 5,4699, P. acuta e P. gyrina é 7,6411, P. fontinalis e P. gyrina é 16,6080, mostrando que 
P. acuta se assemelha a P. fontinalis, e ambos os espécimes não se parecem com P. gyrina. P. acuta é uma espécie 
invasora e apresenta bioatividade, tornando-se uma candidata potente para substâncias bioativas.

Palavras-chave: Mollusca, Physa, polimorfismo, componentes principais, análise discriminante, Punjab.
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area of 5960km2 at spherical coordinates of 31.4504° N, 
73.1350° E and is located at an altitude of 184 m above sea 
level (Kahlown et al., 2006). The population of Faisalabad 
is 7,874,790, of which 52.2% is rural and 47.8% is urban 
population and a having a density of 1,321/km2 (Figure 1). 
The Physid snails from the different water bodies of the 
agroecosystem of the Faisalabad were collected by random 
sampling during the months of October to March, by using 
hand-picking methods from irrigation canals of Faisalabad 
(Figure 2). Sixty two villages were selected randomly on 
the using lottery method (Figure 3). Every village was 
visited once during this period, at the dawn or dusk. The 
point of irrigation canals with the vegetation/tree cover 
was keenly observed for an hour to check the presence 
of species specimen for collection. The specimens were 
identified upto genus, on site, collected in small specimen 
bottles and were brought to the lab for preservation in 
99.9% ethyl alcohol. All the specimen bottles were labelled 
with the collectors name, date, and ecological information.

2.2. Morphometric analysis

The snail samples were identified with the help of 
keys and the diagrams given by Albrecht et al. (2009) and 
www.animalbase.org. The morphometry of the specimens 
was carried out with the help of a digital Vernier caliper 
in millimeters (mm) using shell characters i.e number of 
whorls, height and diameter of shells, umbilicus, coiling 
of shells, shape and colour of shells, shape and size of 
aperture, presence or absence of operculum. The picture of 
each snail was taken by photocamera following Altaf et al., 
2017b (Figure 2).

1. Introduction

In Physa snails simple linear measurements of the shell 
are quite useful for the characterization of the species and 
can be analyzed using Principal Component Analysis and 
Discriminant as these are being practiced by taxonomists 
since long (Dillon Junior and Jacquemin, 2015). In North 
America, Physids are the most abundant and widespread 
freshwater gastropods (Burch, 1982). Physa acuta has been 
documented as invasive around the world. Its management 
has not been carried as the taxonomic characterization 
of Physa acuta is fragmentary. A number of studies on 
the basis of reproductive biology has shown that there 
is an over estimation in the number of species of family 
Physidae due to which two genus classification system of 
Physidea has been proposed by Wethington and Lydeard 
(2007) showing nearly 10 species belonging to genus 
Physa, with P. heterostropha and P. cubensis being the junior 
synonyms of the cosmopolitan P. acuta (Draparnaud, 1805), 
and P. hendersoni being the junior synonym of P. pomilia

There are various synonyms of Physa acuta such as 
P. heterostropha, P. integra and P. virgata (Dillon Junior et al., 
2002; Wethington, 2004). The freshwater family Physidae 
(Pulmonata: Basommatophora) has a holarctic distribution, 
extending into Central and South America (Wethington and 
Lydeard, 2007). Physids have been introduced around the 
world and prominently in aquatic ecosystems, particularly 
in lentic habitats. Physidae are hermaphrodites and can 
be distinguished from other pulmonates by the certain 
major characteristics i.e. a high-spired sinistral shell, 
radula with teeth in V-shaped rows, simple jaw with 
no lateral processes, and lack of both haemoglobin and 
pseudobranchia. Family Physidae has a unique characteristic 
that they have an extended mantle edge that can partly 
cover the shell, as well as the presence of a preputial gland 
(Te, 1978). The Physa are cosmopolitan in distribution 
(Albrecht et. al., 2009). These snails are found abundant 
in wet season (July-September) as compared to dry season 
(December-February) due to less rain fall, however other 
abiotic factors also influence the distribution and abundance 
of these gastropods (Altaf et al., 2016; Qamar et al., 2017)

The Physa acuta was first time revealed in Pakistan by 
Begum and Nazneen (1991) while Physa gyrina was depicted 
by Khatoon and Ali (1978). The Physa fontinalis was first 
time reported from the region by Altaf et al. (2017b) A 
number of reviews on the freshwater snails of Sindh, KPK, 
Balochistan and Punjab have been completed. However, 
still the information about Physid snails is fragmentary. 
The freshwater snail fauna of Pakistan is minimum known 
in Asia. The aim of the present investigation is to study the 
taxonomical characterization of three Physa species from 
Central Punjab The species produce bioactive substances 
and show strong activity against S. aureus, E. coli, and 
P.auroginosa. These are strong candidate for the antibiotic 
drug development (Altaf et al., 2018).

2. Materials and Method

2.1. Study area and sampling sites

Faisalabad district is the third one largest city of Pakistan 
and is present in Punjab province of Pakistan, covering an Figure 1. Sampling sites in district Faisalabad.
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3. Results

Three species of the genus Physa i.e. Physa acuta, Physa 
fontinalis and Physa gyrina were found from sixty different 
villages of Faisalabad

3.1. Physa acuta (Draparnaud, 1805)

The morphometric ranges and means of Physa acuta in 
villages linked to Rakh Branh, Ghongera Branh and Jinnah 
Branch (Table 1.) shows shell length ranges within 6.12mm 
-10.9mm in all the three villages with an insignificant 
difference. The shell width ranges from 2.92mm -4.7mm, 
aperture length lies within the range of 3.95-5.8, the range 
of aperture width lies within 1.99-2.67, penultimate whorl 
length lies within the range if 1.67-5.9, spire height with a 

range of 1.25-4.2 and the range of body whorl length lies 
within 2.46-4.17 range. These ranges show that there is 
very less differences in all the three branched villages. A 
colour variation is present in the shell from pale yellowish 
to transparent pale shiny colour. 3-4 numbers of whorls 
are present (Table 1; Figure 3).

3.2. Physa fontinalis (Linaeus, 1758)

The shell of Physa fontinalis is sinistral and oval in shape. 
The morphometric ranges and means of Physa fontinalis 
in villages linked to Rakh Branch and Ghogera Branch 
shown in (Table 2 and Figure 3) showing shell length 
ranges within 6.28mm -12.48mm in both villages with 
an insignificant difference. The shell width ranges from 
4.33mm -5.6mm, aperture length lies within the range of 
5.02mm-7.31mm, the range of aperture width lies within 
2.5mm-3.42mm, penultimate whorl length lies within the 
range if 1.79mm-10.98mm, spire height with a range of 
1.25mm-5.2mm and the range of body whorl length lies 
within 3.3mm-5.1mm range. These ranges show that there 
is very less differences in all the three branched villages. 
The shell is thin light horny coloured with a blunt and 
rounded apex; 3-4 numbers of whorls are present with 
upper convex whorls.

3.3. Physa gyrina (Linnaeus, 1758)

The morphometric ranges and means of Physa gyrina 
in villages linked to Ghongera Branh (Table 3; Figure 2) 
showing shell length ranges within 7.03mm -8.9mm in 
Ghongera Branch villages with an insignificant difference. 
The shell width ranges from 4.1mm -6.9mm, aperture length 
lies within the range of 4.69mm-6.13mm, the range of 
aperture width lies within 1.95mm-3.06mm, penultimate 
whorl length lies within the range if 5.66mm-7.09mm, 
spire height with a range of 1.96mm-3.98mm and the 
range of body whorl length lies within 2.98mm-4.5mm 
range. Umbilicus is not present and the coiling of shell is 

Figure 2. (A) Morphological characteristics of snails of genus Physa; 
(B) Physa acuta; (C) Physa fontinalis; (D) Physa gyrina.

Table 1. Morphometric parameters of Physa acuta (Linnaeus, 1758).

Morphometric 
Characters

Range  
(RB villages)

Mean SD
Range  

(GB Village)
Mean SD

Range  
(JB villages)

Mean SD
Overall 
Mean

Shell length 6.56-12.02 8.69 1.52 6.12-10.9 8.17 1.36 6.23-9.3 7.1 0.93 7.98

Shell width 3.3-6.57 4.93 0.91 2.92-6.57 4.78 1.08 2.92-5.9 3.77 0.83 4.49

Aperture length 4.54-7.8 6.07 0.89 3.95-8.12 5.65 1.1 4.02-6.76 4.72 0.83 5.48

Aperture width 2.15-7.5 3.17 1.49 1.97-3.69 2.67 0.39 1.99-3.21 2.36 0.37 2.73

Penultimate 
whorl length

4-10.69 6.53 2.07 1.67-9.45 6.45 1.69 4.99-7.94 6.26 0.81 6.41

Spire height 1.25-5.2 2.98 1.33 1.2-4.75 2.45 0.97 1.56-2.41 1.89 0.23 2.44

Body whorl 
length

2.46-9.9 3.96 1.84 2.46-6.53 3.65 0.8 2.46-4 3.13 0.44 3.58

No. of whorls 3.0-4.0 3.2 0.4 3.0-4.0 3.09 0.29 3.0-3.0 3 0 3.09

AL/SW 0.47-0.71 0.57 0.07 0.45-0.71 0.58 0.06 0.45-0.63 0.53 0.06 0.56

SL/SW 1.40-2.11 1.78 0.21 1.40-2.23 1.74 0.19 1.58-2.23 1.92 0.2 1.81
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sinistral. Snails were not found in the Jinnah Branch and 
Rakh branches of Faisalabad.

3.4. Statistical analysis

3.4.1. Linear regression analysis

Linear regression analysis of the AL/SW ratio vs AL and 
SL/SW ratio vs AL indicated that allometric growth exists 
only in Physa acuta in comparison to other two species of 
genus Physa. AL/SW ratio increased insignificantly (p>0.05) 
in all three species as AL increased (r for Physa acuta, Physa 
fontinalis and Physa gyrina =0.031, 0.1363 and 0.0692 
respectively), but In Physa acuta SL/SW ratio decreased 
significantly (p<0.05) as AL increased (r = 0.043) and In 
Physa fontinalis and Physa gyrina SL/SW ratio increased 

Table 2. Morphometric parameters of Physa fontinalis.

Morphometric 
Characters

Range  
(RB villages)

Mean SD
Range  

(GB Villages)
Mean SD

Range  
(JB villages)

Mean SD
Overall 
mean

Shell length 7.54-12.03 9.83 1.3 6.28-2.48 10.16 1.61 NA - - 9.99

Shell width 4.33-6.4 5.62 0.62 3.33-6.4 5.52 0.73 NA - - 5.57

Aperture length 5.93-8.12 7.08 0.77 5.02-8.34 7.31 0.97 NA - - 7.19

Aperture width 2.7-7.6 3.37 1.33 2.5-7.7 3.42 1.37 NA - - 3.39

Penultimate 
whorl length

2.23-10.98 7.33 2.68 1.79-10.98 7.66 2.78 NA - - 7.49

Spire height 1.25-5.05 3.44 1.18 1.25-5.25 3.26 1.41 NA - - 3.35

Body whorl 
length

2.98-9.9 4.59 1.77 2.98-10.28 5.1 2.35 NA - - 4.85

No. of whorls 3.0-4.0 3.6 0.49 3.0-4.0 3.88 0.32 NA - - 3.74

AL/SW 0.49-0.69 0.58 0.49 0.45-0.61 0.55 0.03 - 0.57

SL/SW 1.44-2.03 1.75 0.14 1.63-2.23 1.84 0.14 - 1.79

Figure 3. Scree plot between principal components and the 
eigenvalue.

Table 3. Morphometric parameters of Physa gyrina (Linnaeus, 1758).

Morphometric 
Characters

Range

Mean SD

Range

Mean SD

Range

Mean SD
Overall 
mean(RB 

villages)
(GB 

Villages)
(JB 

villages)

Shell length 7.54-12.03 9.83 1.3 6.28-2.48 10.16 1.61 NA - - 9.99

Shell width 4.33-6.4 5.62 0.62 3.33-6.4 5.52 0.73 NA - - 5.57

Aperture length 5.93-8.12 7.08 0.77 5.02-8.34 7.31 0.97 NA - - 7.19

Aperture width 2.7-7.6 3.37 1.33 2.5-7.7 3.42 1.37 NA - - 3.39

Penultimate 
whorl length

2.23-10.98 7.33 2.68 1.79-10.98 7.66 2.78 NA - - 7.49

Spire height 1.25-5.05 3.44 1.18 1.25-5.25 3.26 1.41 NA - - 3.35

Body whorl 
length

2.98-9.9 4.59 1.77 2.98-10.28 5.1 2.35 NA - - 4.85

No. of whorls 3.0-4.0 3.6 0.49 3.0-4.0 3.88 0.32 NA - - 3.74

AL/SW 0.49-0.69 0.58 0.49 0.45-0.61 0.55 0.03 - 0.57

SL/SW 1.44-2.03 1.75 0.14 1.63-2.23 1.84 0.14 - 1.79

Shell coiling Sinistral



Brazilian Journal of Biology, 2023, vol. 83, e246934 5/9

Morphological Characterization of Physids reported from Central Punjab

insignificantly (p>0.05) as AL increased (r for Physa fontinalis 
and Physa gyrina =0.0165, 0.3653 respectively). The slopes 
of both linear regression lines significantly suggested that 
elongation of shell length and enlargement of shell width 
do not probably contribute equally to the growth of Physa 
acuta (Table 4).

3.4.2. Principal component analysis

Principal Component Analysis is performed for 
multivariate analysis to identify the smaller number of 
uncorrelated variables, Principal Components from our data 
set. PCA explains the maximum amount of variance with 
the fewest number of Pricipal Components. This method 
of analysis for specie identification has been previously 
supported and used for analysis of heretability of shell 
morphometrics of Physa acuta (Dillon Junior and Jacquemin, 
2015). PC1 (Shell Length) contributes 43.7% of all variables. 
The variables which correlate with PC1 are Shell length, 
Shell Width, Aperture Length, Aperture Width, Penultimate 
Whorl Length, Spire Height, Body Whorl Length, Whorls 
with the values of 0.469, 0.386, 0.434, 0.037, 0.240, 0.356, 
0.366, and 0.345 respectively (Table 5).

The scree plot indicates that first three componets 
(Shell Length, Shell Width, Aperture Length) contribute 
their maximum part in species identification because their 

Eigenvalue is more than 1 with the pattern of 4.3714, 2.4908 
and 1.1648 respectively (Table 5; Figure 3). Component 
1 (Shell Length) and component 2 (Shell Width) are the 
most prolific components in our data set. In the scoreplot, 
clusters on both sides represent the maximum differences 
between three species, Physa acuta, Physa fontinalis and 
Physa gyrina and minimum differences within these species. 
The second componet (Shell Width) does not contribute 
effectively in the identification of species as shown in the 
graph of score plot (Figure 4).

Loading plot visually represents the results for first two 
components (Shell Length and Shell Width). Our results 
represent that Shell Length, Shell Width, Aperture Length, 
Aperture Width, Penultimate Whorl Length, Spire Height, 
Body Whorl Length, Whorls, and SL/SW have large positive 
loading on 1st component. AL/SW is negatively loaded on 
1st component. The parameters, Shell Length, Body Whorl 
Length, Spire Height, Whorls, SL/SW are positively loaded 
on second component. Aperture Length, Penultimate 
Whorl Length, Shell Width, Aperture Width and AL/SW 
are negatively loaded on second component (Figure 5).
Outlier plot represents the outliers in our results. There is 
less number of outliers above the reference line as shown 
in graph. Most of the values are below the reference line 
which shows data is correct and no miss identification of 
species (Table 6; Figure 6).

Table 4. Regression equations indicating the allometric growth of the three studied snails.

Species Regression Value r-value N p-value

P. acuta SL/SW=1.7973-0.0141AL 0.043 92 P<0.05

AL/SW=1.1903+0.0053AL 0.031 92 P>0.05

P. fontinalis SL/SW=0.7162+0.1714AL 0.0165 69 P>0.05

AL/SW=1.1976+0.0152AL 0.1363 69 P>0.05

P. gyrina SL/SW=1.1655+0.0809AL 0.3653 9 P>0.05

AL/SW=0.2305+0.1166AL 0.0692 9 P>0.05

Table 5. Eigenanalysis of the Correlation Matrix.

Variables PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10

Shell length 0.469 -0.006 -0.047 -0.017 0.156 0.049 -0.231 -0.529 0.3 0.572

Shell Width 0.386 -0.354 -0.125 0.017 0.061 0.052 -0.151 -0.42 0.292 0.647

Aperture Length 0.434 -0.078 0.131 0.114 0.248 0.405 -0.364 0.641 0.07 0.037

Aperture Width 0.037 -0.103 0.73 0.573 0.178 -0.207 0.193 -0.117 0.007 0.013

Penultimate Whorl Length 0.24 -0.171 0.294 -0.711 0.321 -0.307 0.322 0.139 0.018 0.007

Spire Height 0.356 0.169 -0.397 0.28 0.162 0.145 0.745 0.082 0.022 0.006

Body Whorl Length 0.366 0.199 -0.194 0.174 -0.233 -0.772 -0.216 0.245 0.011 0.045

WHORLS 0.345 0.084 0.084 -0.157 -0.801 0.252 0.181 -0.012 0.011 0.006

AL/SW -0.045 -0.612 -0.157 0.088 -0.166 -0.11 0.112 0.082 0.547 0.483

SL/SW 0.047 0.616 0.117 -0.102 0.162 0.027 -0.061 -0.164 0.721 0.129

Eigenvalue 4.3714 2.4908 1.1648 0.9426 0.4368 0.3525 0.1785 0.049 0.0121 0.0015

Proportion 0.437 0.249 0.116 0.094 0.044 0.035 0.018 0.005 0.001 0

Cumulative 0.437 0.686 0.803 0.897 0.941 0.976 0.994 0.999 1 1
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3.4.3. Discriminant analysis

Discriminant analysis was done to classify the 
observations into two or more groups and to determine how 
accurately the observations are classified into the known 

groups. True group represents that all the observations 
are correctly placed in the model. The total number of 
specimens was 171 out of which 134 members were 
correctly identified with 78.4% correction proportion. In 

Figure 4. Score plot between the First Principal Component and the Second Component.

Figure 5. Loading Plot between the First Principal Component and The Second Principal Component.

Table 6. Discriminant analysis among three Physid species.

Put into Group
P. acuta P. fontinalis P. gyrina

True group True group True group

Species P. acuta P. fontinalis P. gyrina

P. acuta 79 13 3

P. fontinalis 10 52 0

P. gyrina 9 2 3

Total N 98 68 6

N correct 79 52 3

Proportion 0.806 0.776 0.5

N = 171

N Correct = 134

ProportionCorrect = 0.784
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the identification of P. acuta, there were 79 numbers of 
specimens which were correctly identified out of total 
98 available specimens. The correction proportion for 
P. acuta was 80.6%. In the case of P. fontinalis, there were 
52 members correctly identified out of total 68 number of 
specimens with correction proportion of 77.6%. Number of 
P. gyrina was only 6 specimens from which only 3 members 
were correctly identified with 50% correction proportion 
which is very small. Due to such small number of P. gyrina 
specimens, they couldn’t be used for collection and extract 
formation (Table 6)

3.4.4. Square distance between groups

Square distance between groups indicates that how 
far or how different the specie is from other species in 
terms of its morphological, qualitative and quantitative 
attributes. The distance between P. acuta and P. fontinalis 
is 5.4699, P. acuta and P. gyrina is 7.6411, P. fontinalis and 
P. gyrina is 16.6080. These values indicate that P. acuta 
resembles with P. fontinalis, and both these specimens 
don’t resemble with P. gyrina (Table 7).

4. Discussion

Three species of Physa were identified on the basis of 
morphometric analysis i.e. P. acuta, P. fontinalis, P. gyrina. 
These globally invasive species have been introduced 
unnoticed and their correct identification is important 
for biodiversity conservation (Ng et al., 2018) in Pakistan

In Physa acuta the aperture is bigger relatively than the 
other species. The colour of shell spindle and apertural lip 
in grown snail is white while the overall colour of snail is 
blackish or dark grey. Small golden yellow spots are visible 
on the mantle (Sritongtae et al., 2015). Physa acuta are 
found near the banks of lakes, ponds, rivers and running 
or stagnant water. They can tolerate all the eutrophic 
conditions, as long as they are short lived. They are today 
distributed worldwide but are native to Mediterranean 
region and now most frequent in North America and 
Europe (Dillon Junior et al., 2002).

The shell of snail Physa fontinalis has no operculum but 
a spire is present. The shape of shell is like an inverted 
pyriform. It has 4-7 numbers of whorls with a sinistral 
symmetry. They have more shell height then the width. 
The height of shell is 8-12 mm. The spire height of last 
whorl is small and it is predominating. The height of 
spire is less than the whole shell height. The lips of 
the shell can be thick or thin with a translucent glossy 
appearance (Jungbluth and Knorre, 2009). Physa fontinalis 
can be found in all the freshwater environments. It can be 
found in polluted as well as in non-polluted freshwater 
supported by the research of Watson and Dallwits (2005) 
and Altaf et al., (2017d). However, Physa fontinalis has been 
found in rare in villages of Faisalabad (Altaf, 2017d) with 
higher concentrations of arsenic (Aziz and Altaf, 2018) 
due to its sensitivity for arsenic (Canivet, et al., 2001). The 
snails of this species can be termed as sinistral pond snails 
(Bouchet and Rocroi, 2005). These Physids are also known 
as cockroaches of malacology due to the fact that they eat 
algae and fish food. Although in heavily populated regions 
due to water pollution the species is found threatened 
(Welter-Schultes, 2012) yet in Faisalabad the snail species 
diversity is highly significant and snails have achieved the 
status of pest (Altaf et al., 2016).

The Physa gyrina was found in very less numbers in 
agroecosystem in Punjab which might due to its sensitive 
nature. The members of the species of Physa gyrina has a 
rising spire with 4-6 fairly convex whorls in its shell. The 
colour of body is grey and has white and yellow dots on it. 
Physa gyrina can be known as pond snail. They can tolerate 
all ranges of water from polluted to non-polluted. http://
www.biokids.umich.edu/critters/Physa_gyrina/.According 
to our findings the Physa gyrina can be found in intermittent 

Table 7. Squared Distance between three species of Genus Physa.

Species P. acuta P. fontinalis P. gyrina

P. acuta 0 5.4699 7.6411

P. fontinalis 5.4699 0 16.608

P. gyrina 7.6411 16.608 0

Figure 6. Outlier Plot between the Mahalanobis Distance and the Observation.
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characterization of Physid species is extremely important 
as we have found potent bioactive substances showing 
antibacterial activity (Altaf et al.2018). The Physa fontinalis 
species have been found to have a negative interaction with 
other species of the region (Altaf et al. 2017c) which might 
be due to the phenomenon antibiosis or ammenalism.

5. Conclusion

The three species of the Physids have been reported 
for the first time in this region and can be biologically 
controlled as a bioresource. The species specific typological 
markers are extremely important for the characterization 
as it will not only be important for the management of the 
species as pest but also to harvest the product of interest 
i.e. bioactive substances.
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