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ABSTRACT
Fish scales are the exoskeleton which provide structural support to the fishes and it is the validated tool for taxonomy,

classification and identification of the fish. In present study, three marine fish species N. japonicus, N. bipunctatus and N. randalli
were collected from the three locations namely Sassoon dock, (Colaba), Versova fish landing center (Versova) and Bhayander
fish landing center (Bhayandar) situated on west coast of India and are used to compare the morphological variations of scales.
During the study, cycloid type were analyzed under 4P scale reader to measure the different morphometric measurements (L1:
A-B, L2: B-C, L3: C-D, L4: D-E, L5: E-F, L6: F-A, L7: A-G, L8: B-G, L9: C-G, L10: D-G, L11: E-G, L12: F-G) between the different
landmarks to find out the morphological variations among scale of studied fish species.The minimum and maximum morphological
measurement of the scale were noted 2.863±0.053 to 12.864±0.172 in N. japonicus, 2.633±0.090 to 13.417±0.343in N. bipunctatus
and 2.594±0.069 to 12.083±0.258 in N. randalli. Whereas, correlation metrix of scale variables was strong between L6 and L7
(0.877) in N. japonicus, L3 and L6 (0.901) in N. bipunctatusand L12 and L5 (0.936) in N. randalli while relationship of L11 with all
variable show the weak correlation. The variation in the scale morphology was verified by the descriptive statistical analysis like
principle component analysis, correlation matrix etc. These findings revealed the morphological variation in the scale i.e. scale
size is different in different fish species which quantify the fish taxonomy and could be considered an essential tool for fish
identification.
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Introduction
The threadfin breams are small to medium-sized

commercially important perciforms fishes and
widespread in the tropical and subtropical Indo-West
Pacific region. These bottom-dwelling fishes constitute
an important components in traditional and commercial
fisheries which are frequently consumed in fresh
condition4,26. In India, the threadfin are represented by
N. japonicas, N. bipunctatus and N. randalli1,25 that
contribute about 1.07 lakh tone of total threadfin fish
landings and 2.41% of total marine fish landings6.

Finfish scales and their sculptural including circuli,
radii, ctenii, lateral line canal etc. can be helpful in
describing the species, identification and
classification5,11,12,16, phylogeny, sexual dimorphism, age
determination; past environment experienced by the fish,
migration, discriminating between hatchery-reared and
wild populations8. The detailed properties of fish scale

was traced back to the late nineteenth century and first
time used in fish taxonomy24. Fish scales commonly
contain layers of collagen, organic and bony materials32

which are helpful to determine the age of fish15,29,31.

The fish scale morphology was used for taxonomy
and on the evolution of the fish14,16,21,28. Early
workers13,17 carried out comparative study on scale
morphology of Sauridatumbil and identified the most
useful characters for future systematic studies. Fish
scale morphology not only shows the differentiation
between species of fishes but also detect the intraspecific
differences of individuals same ecosystem22.
Identification of local populations and their connectivity
is major aspect for the maintenance and management
of vulnerable fish species10.

Therefore, the present study was undertaken to
differentiate the nemipateride species, N. japonicus,
Nemipterus bipunctatus  and Nemipterusrandalli on the
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long west coast of India.

Materials and Methods
Scale morphometric characters were measured

from randomly collected 386fish specimens (232,52 and
102 of N. japonicus, N. bipunctatus and N. randalli
respectively) during the fishing year 2020-21 from
different landing centers namely Sassoon dock,
(Colaba), Versova fish landing center (Versova) and
Bhayander fish landing center (Bhayandar) in Mumbai
along the west coast of India (Fig. 1). Scales were
extracted from the region in between of the dorsal fin
and the lateral line from the left side of the fish. The
collected scales were soaked in 5% KOH solution and
washed with tape water. Then after, clean scales were
used to measure the different morphometric
measurements (L1: A-B, L2: B-C, L3: C-D, L4: D-E, L5:
E-F, L6: F-A, L7: A-G, L8: B-G, L9: C-G, L10: D-G, L11:
E-G, L12: F-G) between the landmarks of the fish scale

(Fig. 2) to under 4P scale reader by measuring the tap
at the accuracy of ±0.01 mm. These morphological
variables were used for statistical analysis including
principal component analysis (PCA), Correlation matrix
etc. with the help of SPSS 21.0.

Result and Discussion
The morphological distances of the scales ranged

as 2.863±0.053 to 12.864±0.172 in N. japonicus,
2.633±0.090 to 13.417±0.343of the scales ofN.
bipunctatus and 2.594±0.069 to 12.083±0.258of the
scales of N. randalli (Table-1). The correlation metric of
different scale variables shows strong correlation, L6
with L7(0.877) in N. japonicus, L3 with L6(0.901) in N.
bipunctatus and L12 with L5 (0.936) in N. randalli while
relationship of L11 with all variables shows the weak
correlation (Table-2).

The coefficients are essential to measure the
covariance of character on that principal component. The

Fig. 1 : Map of study area (fish landing center)
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Fig. 2 : Measurement of morphometric parameters
in typical fish scale. (L1: A-B, L2: B-C, L3: C-D, L4:
D-E, L5: E-F, L6: F-A, L7: A-G, L8: B-G, L9: C-G, L10:
D-G, L11: E-G, L12: F-G)

Fig. 3 : Screen plot (component v/s Eigen value) for morphometric parameters of fish scales (Njis N. japonicus,
Np is N. bipunctatus and Nr is N. randali)

eigen value is a measure of variability explained by a
particular principal component and sum of eigen values
equals the total variability in the variables. The scale
morphometric lengths of fishes were subjected to
principal component analysis and results show that two
principal components (PCs) and eigenvalue (>1 scale
are one dimensional) of these PCs were 7.918 & 1.658;
8.178 & 1.193; 7.484 & 2.076, variance (%) 65.98 &
13.82; 68.14 & 9.94; 62.36 & 17.29 and cumulative (%)
79.804, 78.093 and 79.662 were noted for N. japonicus,
N. bipunctatusand N. randalli respectively (Table 3 and
Fig. 3). The above results on scales morphology for
studied fishes indicated that these two groups of principal
components (PCs) are strong enough to explain the
variability in fish species. The principal component (PC2)
is the independent of PC1 and second largest
component of variation in variables3,9. The plot of PC1
against PC2 scores of these scale variables produced
three separate cluster (Fig. 4) which indicated that the
morphological variation in the scale of these studied
fishes. Similarly, a worker22 reported that scale
morphology can detect spatial structure in fish
populations. Moreover, other studies18,19,20 showed that
the morphology of the scale in cichlids is less likely to
result from convergent evolution and potential for
phylogenetic studies. Other workers8 reported significant
variations in shapes were observed within and between
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Fig. 4 : Scatter plot with sheared PC scores of morphometric parameters of different fishes (NJ is N. japonicus,
NP is N. bipunctatus and NR is N. randali).
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