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ABSTRACT

The principle component analysis for the degree of variation among the populations of Labeo rohita from five
geographical locations was done by the Pearson type Principal Component Analysis (PCA) in XLSTAT 2012 version
1.02. Hundred samples from each site were collected and the morphometric parameters of each sample were noted. For
the environmental conditions of each geographical location the water analysis was also done and the correlation between
the different physicochemical parameters viz., water temperature, Dissolved Oxygen (DO), pH, electrical conductivity,
total hardness, total alkalinity and total dissolved solids of water quality was computed by Minitab version 16. The
results obtained from the PCA indicated clearly that the increase in the number of factors or components was correlated
with the decrease in eigenvalues. The PCA divided the fish populations of five locations on the basis of morphometery
into two main components, which all together accounted for 80.27% of the cumulative variation among the
morphometric parameters. The first group amongst the major two groups accounted for 64.245% of the cumulative
variability while the second accounted for 16.028% of the cumulative variability.
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INTRODUCTION Eastern Mediterranean sea sample from the Baltic and

Aegean sea samples, which were over plotted. PCA

Labeo rohita is popular in Pakistan, India, revealfadthat the obse_rved differences were mainly from
Bangledesh and Thailand. It is a non-oily or white fish. It~ Posterior morphometric measurements of the fish. The
is commonly known as Rohu or Dumbra. It is a fish of ~ Patterns of morphological differentiation suggested that
the carp family, Cyprinidae found commonly in rivers  there is limited exchange of individuals anong areas to
and freshwater lakes in and around South Asia and homogenize populations phenotypically from the Black
South-East Asia This is omnivorous in nature  @hd Aegean seas to Eastern Mediterranean sea. Simon et
(Keralaagriculture, 2012). The studies have been @l (2010), used a simple yet useful criterion based on
conducted for the comparison of morphometric ~ €xternal markings and/or number of dorsal spines which
parameters along with genetic disturbances for the  currently being used to differentiate two congeneric
conservation of this endemic species in the sub-continent ~ acher fish species Toxotes chatareus and Toxotes
(Faith et al. 2004). Turan and Basusta (2001) studied the ~ jaculatrix. They also studied the other morphometric and
level of variation among the twaite shad (Alosa fallax meristic characters that can also be used to differentiate

nilotica) in the waters of territory of Turkey withthetruss ~ these two  species. Principal ~ component — and/or
morphometric system using Discriminant Function discriminant functions revealed that meristic characters
(DFA) and Principal Component Analyses (PCA). were highly corrglated with pectoral fin ray count,
Almost forty individuals from the three representative number of lateral line scales, as well as number of anal
water bodies from three fishing sites viz., Black (Sinop), ~ fin rays. The results indicate that T. chatareus can be
Aegean (Izmir) and Eastern Mediterranean (Iskenderun) ~ distinguished from T. jaculatrix by having a greater
In Discriminant Function Analysis, the ration of correctly ~ number of lateral line scales, a lower number of pectoral
classified Eastern Mediterranean sea sample to their fin rays, and a higher number of anal fin rays. In contrast,
origina group was highest (90 %) with a high overall morphometric discriminant analyses gave relatively low
random assignment of individuals into their original digtinction: 76.1% of fish were ascribed to the correct
population (78 %). Plotting discriminant function 1 (DF1) ~ SPecies cluster. The observed morphometric differences
and discriminant function 2 (DF2) explained 100 % of came from the dorsal and anal spines lengths, with T.
total between group variability and clearly discriminated ~ chatareus having shorter dorsal and longer anal spines
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than T. jaculatrix. Overall, meristic traits were more
useful than morphometrics in differentiating the two
species; nevertheless, meristics and morphometrics
together provide information about the morphological
differentiation between these two closely related archer
fishes. The variation among different species of fishes
and other animals from the aguatic as well as teresstrial
ecosystems on the basis of morphometric parameters
analysis are common (Luthy et al., 2005; Conde-Padin et
al., 2007; Sin et al., 2009). Therefore, our aim to plan this
study was to find variation among the populations of the
same species with their occurrence at different
geographical locations on the basis of morphometric
parameters. The study will be helpful in determining the
environmental influence on the differences in the
physical appearance of the populations of the same
Species.

MATERIALSAND METHODS

The 100 samples from each site were collected
i.e. were the representatives of hatchery raised and
natural populations of the Riverine systems of Punjab
viz., UVAS-Fish Hatchery, C-block Ravi campus Pattoki
District Kasur, Trimu Barrage at the junction of River
Chenab and Jhelum near Jhang, Taunsa Barrage at River
Indus near Kot Adu District Muzaffar Garh, Qadirabad
Barrage at River Chenab near Mandi Bahuddin and
Baloki Barrage at River Ravi near Bhai Phero District
Kasur. Data regarding the morphometeric parameters
viz., body weight, fork length, total length and lengths of
dorsal, caudal, anal, pectoral and pelvic fins of each
individual were recorded. The Pearson type Principal
Component Analysis (PCA) was conducted by XLSTAT
2012 version 1.02. For the measurement of water quality
parameters to develop correlation matrix between them
by Minitab version 16, we followed the manual " Standard
Methods for the Examination of Water and Waste Water"
by American Public Health Association (1998). From
each sampling sites along with the collection of fish
morphometric data, water samples for limnological
studies were taken in the polythene bottles having 500 ml
capacity, the physiochemical characteristics i.e. water
temperature Dissolved Oxygen (DO) and pH were
recorded at the sampling sites. For the remaining
physicochemical parameters the samples were taken to
the laboratory for analysis of electrical conductivity, total
hardness, total alkalinity and total dissolved solids.

RESULTSAND DISCUSSION

The results obtained from PCA indicated clearly
that the increase in the number of factors or components
was correlated with the decrease in eigenvalues. The
values showed that its trend reached its maximum at level
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of second factor (Table 2). The percentage contribution
of the each factor to the analysis with transformation
showed that as in the squared cosines of the factors, it is
clear that the first two factors have contributed more to
the variability and they are indicated by the bold values
(Table 3). According to the Kaiser criterion based upon
the eigenvalues greater than one, the PCA for the
morphometric character analysis demonstrated that
although the five populations of L. rohita are less distinct,
80.27% of fish were ascribed to the correct species
cluster. The first group of parameters which were
differentiated as factor one (F1) viz., fish body weight,
total length, dorsal fin length, caudal fin length, anal fin
length, average length of the paired pectoral fins and
average length of paired pelvic fins, accounted for
64.245% of the cumulative variability while the second
differentiated group was on the basis of fork length of the
fish body determined as factor two (F2) accounted for
16.028% of the cumulative variability (Table 4). The
factor one (F1) was positively correlated with the fish
body weight, fork length, total length, dorsal fin length,
caudal fin length, anal fin length, average length of the
paired pectora fins and also with the average length of
the paired pelvic fins. In case of factor two (F2) the
correlation with the fish body weight, fork length and
total length was positive while there was negative
correlation of this factor with dorsal fin length, caudal fin
length, anal fin length, average length of the paired
pectoral fins and also with the average length of the
paired pelvic fins (Table 5). These results are in
accordance with the results of Simon et al. (2010), who
postulated that PCA account for 60.7% of the total
morphological variations while studying the degree of
variation among the populations of T. chatareus and T.
jaculatrix on the basis of morphometric parameters.
These results are aso in accordance with the results
concluded by Turan and Basusta (2001) while studying
the level of variation among the twaite shad (Alosa fallax
nilotica) in the waters of territory of Turkey with the truss
morphometric system using Discriminant Function
(DFA) and Principa Component Analyses (PCA). In
their experiment, the ration of correctly classified Eastern
Mediterranean sea sample to their origina group was
highest (90 %) with a high overall random assignment of
individuals into their original population (78 %). On the
basis of our results it can be concluded that five
populations of Labeo rohita were different from each
other on the basis of differencesin fish body weight, total
length, dorsal fin length, caudal fin length, anal fin
length, average length of the paired pectoral fins and
average length of paired pelvic fins and the major
difference was on the basis of fork length of the fish.
These results are amost according to the findings of
Simon et al. (2010) who concluded that length of dorsal
fin base, depth of caudal peduncle and head length and
the first anal spine length and length of soft dorsal ray for
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T. chatareus and T. jaculatrix poulations diferrent for the
two populations and major share was from the dorsal and
anal spines lengths, with having shorter dorsal and longer
anal spines. The factor one (F1) determined that fish body
weight, fork length, total length, dorsal fin length, caudal
fin length, anal fin length, average length of the paired
pectoral fins and also average length of the paired pelvic
fins of all the populations were positively correlated with
each other. The factor two (F2) determined that
correlation of the fish body weight, fork length and total
length were positive while there was negative correlation
between the dorsal fin length, cauda fin length, ana fin
length, average length of the paired pectoral fins and also
average length of the paired pelvic fins. These results are
amost like the results of Simon et al. (2010), who
postulated that almost all the loadings were negative with
no clear pattern of the total variance, with length of
dorsal fin base, depth of caudal peduncleand head length
and the first anal spine length and length of soft dorsal
ray.

The graphical presentation of the data to the
PCA generated the plots among the variable
(Morphometric parameters), observations (all the samples
from five sites) and the bi-plot i.e. variable and
observation plot was generated to determine the degree of
relatedness among the individuals of the different
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populations from five geographical locations. By the
transformation of the data in the PCA the F1 and F2
factors based graph between the variables showed that the
cumulative share of these variables was 80.27% while the
F1 contributed 64.29% and F2 shared 16.03%. By
observing this variables plot it is clear that on the basis of
morphometric parameters al the populations lies in the
same area (0 to +1.0) with some minute differences
(Figure 2). The observation (samples) plot was also
generated on the same share of variability by these two
factors. The 20 representative individuals of each
population from the total 100 samples of each
geographical location were chosen to generate this plot.
The observation plot showed that almost 90% of the
randomly selected representative samples of the all
populations lies in the same region (0 to +5) while the
remaining individuals lies in the same other region (O to -
4.5) (Figure 3). It means on the basis of PCA analysis the
all the geographical representative samples were divided
into two major groups and their degree of relatedness
varies from 0 to +5 in group first while the group second
was between 0 to -4.5. Bi-plot was also generated with
these factors and which shows similar trend in the degree
of relatedness as for the variable and observation plot
behavesindividually (Figure 4).

Table 1. Summary statistics for the morphometric parameters

Variable Minimum M aximum Mean Std. deviation
Weight 180.000 345.000 246.850 31.241
F-Length 20.800 26.900 24.108 1.254
T-Length 23.900 28.800 26.953 1.238
D-Fin 4.800 8.100 6.348 0.639
C-Fin 3.700 6.400 5.470 0.589
A-Fin 3.100 5.800 4.414 0.570
Pe-Fin 3.000 5.400 4477 0.519
Pl-Fin 2.900 5.500 4,253 0.544

Note: -Weight (Body Weight of fish), F-Length (Fork Length of fish), T-Length (Total Length of fish), D-Fin (Dorsal Fin Length), C-
Fin (Caudal Fin Length), A-Fin (Ana Fin Length), Pe-Fin (Average Length of Paired Pectoral Fin) and Pl-Fin (Average Length of
Paired Pelvic Fin)

Table 2. Contribution of the variables (%)

F1 F2 F3 F4 F5 F6 F7 F8
Weight 13.862 3.140 17.339 20879 4599 27601 10928  1.653
F-Length 8.286 39.645 0.021 12.697  0.215 0.298 9322 29514
T-Length 12.801 20.341 3.049 4.555 0.045 0.866 7.880  50.462
D-Fin 10.324 0.080 49.326 17.173 18.899  0.801 0.120 3.277
C-Fin 10.024 22.144 9.635 26.185 16.262 13.662  1.152 0.935
A-Fin 15.719 3.124 0.017 11.765 27137 39.792 2384 0.061
Pe-Fin 13.457 7.184 13.078 6.740 24539 12219 18576  4.206
Pl-Fin 15.526 4.340 7.533 0.006 8.304 4761  49.638 9.891
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Table 3: Squared cosines of the variables

F1 F2 F3 F4 F5 F6 F7 F8
Weight 0.712 0.040 0.132 0.054 0.011 0.037 0.012 0.001
F-Length 0.426 0.508 0.000 0.033 0.001 0.000 0.010 0.021
T-Length 0.658 0.261 0.023 0.012 0.000 0.001 0.009 0.036
D-Fin 0.531 0.001 0.374 0.045 0.046 0.001 0.000 0.002
C-Fin 0.515 0.284 0.073 0.068 0.039 0.018 0.001 0.001
A-Fin 0.808 0.040 0.000 0.031 0.066 0.053 0.003 0.000
Pe-Fin 0.692 0.092 0.099 0.018 0.059 0.016 0.021 0.003
PI-Fin 0.798 0.056 0.057 0.000 0.020 0.006 0.056 0.007

Valuesin bold correspond for each variable to the factor for which the squared cosine isthe largest

Table 4: Eigenvalues

F1 F2 F3 F4 F5 F6 F7 F8
Eigenvalue 5.140 1282 0759 0261 0242 0133 0112 0072
Variability (%) 64245 16028 9487 3259 3021 1662 1402  0.895
Cumulative % 64245  80.273 89.760 93020 96041 97.703  99.105  100.000

Table5: Correlations between variables and factors

F1 F2 F3 F4 F5 F6 F7 F8
Weight 0.844 0.201 -0.363 -0.233 0.105 -0.192 -0.111 -0.034
F-Length 0.653 0.713 0.013 0.182 0.023 0.020 0.102 -0.145
T-Length 0.811 0.511 0.152 0.109 0.010 0.034 -0.094 0.190
D-Fin 0.728 -0.032 0.612 -0.212 -0.214 -0.033 -0.012 -0.048
C-Fin 0.718 -0.533 0.270 0.261 0.198 -0.135 -0.036 -0.026
A-Fin 0.899 -0.200 0.011 -0.175 0.256 0.230 0.052 -0.007
Pe-Fin 0.832 -0.304 -0.315 0.133 -0.244 0.127 -0.144 -0.055
Pl-Fin 0.893 -0.236 -0.239 0.004 -0.142 -0.080 0.236 0.084

wrarinlies Jarss F1 and F2: 30 I7 %
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Note: -Weight (Body Weight of fish), F-Length (Fork Length of fish), T-Length (Total Length of fish), D-Fin (Dorsal
Fin Length), C-Fin (Caudal Fin Length), A-Fin (Anal Fin Length), Pe-Fin (Average Length of Paired Pectoral Fin) and
PI--Fin (Average Length of Paired Pelvic Fin)

Figure 2: Morphometric Parameters (Variables) Plot
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Figure 4: Variables and Observations Bi-Plot

The correlation of the pH with water
temperature (r= 0.107) and dissolved oxygen (r = 0.905)
was positively non-significant while the correlation with
electrical conductivity (r = -0.798), salinity (r= -0.888),
total dissolved solids (r = -0.857), total akalinity (r = -
0.736) and total hardness (r = -0.499) was negatively
non-significant. The correlation of the dissolved oxygen
with water temperature (r= 0.313) was positively non-
significant while the correlation with electrical
conductivity (r -0.669), sdlinity (r= -0.828), tota
dissolved solids (r = -0.809), total alkalinity (r = -0.930)
and total hardness (r = -0.300) was negative but also non-
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significant as like with the water temperature. The
electrical conductivity was positively correlated with all
the physic-chemica parameters as with water
temperature (r= 0.482), salinity (r= 0.925), total dissolved
solids (r = 0.889), total akalinity (r = 0.452) and total
hardness (r 0.906) and this correlation was non-
significant (Table 7).

The salinity amongst the water parameters was
correlated positively with water temperature (r = 193),
total alkalinity (r = 0.717) and total hardness (r = 0.734)
and it was non-significant but with total dissolved solids
(r = 0.994) the correlation was also positive but highly
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significant (P <0.001). The total dissolved solids values
observed from the study sites were positively correlated
with water temperature (r = 0.172), total akalinity (r =
0.734) and total harness (r = 0.657) and this correlation
was non-significant. These results are according to the
findings of Shinde et al. (2011) who found that
correlation coefficient showed high significant positive
and negative relationship (p <0.01) while working with
the physico-chemical parameters and correlation
coefficient of Harsool-savangi Dam,  Digtrict
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Aurangabad, India. The correlation between the total
akalinity and total hardness was also positive and non-
significant (r = 0.048). Most of the physic-chemical
parameters were positively correlated with each other
which satisfied the water conditions for the presence of
fish and these results according to the findings of Sen et
al. (2011) while working with the study of some physico-
chemical parameters of pond and river water with
reference to correlation study.

Table 7. Correlation Matrix of Physico-chemical Parameter s of the Study Sites

Temp. pH D.O. E.C. Sal. T.D.S TA.
H 0.107
P 0.864
0.313 0.905
D.O. 0.608 0.034
EC 0.482 -0.798 -0.669
e 0.411 0.106 0.217
Sal 0.193 -0.888 -0.828 0.925
) 0.756 0.044 0.083 0.025
TDS 0.172 -0.857 -0.809 0.889 0.994
e 0.782 0.064 0.097 0.044 0.001
TA -0.484 -0.736 -0.930 0.452 0.717 0.734
o 0.409 0.156 0.022 0.445 0.173 0.158
TH 0.801 -0.499 -0.300 0.906 0.699 0.657 0.048
T 0.103 0.392 0.624 0.034 0.189 0.229 0.938
Cell Contents: Pearson Correlation
P-value
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