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and Family: Priacanthidae) from Indian waters based on morphometric,
meristic and otolith traits
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In this study, stock discrimination of P. hamrur has been done from the Indian coast based on morphometric traits,
meristic counts and otolith shape. During the study period, 370 specimens were collected from the Indian coast. A total of
14 morphometric traits, 10 meristic counts and 6 sagittal otolith shape parameters were studied for discrimination purpose.
Discriminate function analysis was used to separate the stocks from different locations using Statistica (12) software.
Meristic counts were the same in all the four stocks and have no role in stock separation. Differentiation of stocks was
observed based on morphometric and otolith analysis. Analysis of morphometric characters showed little mixing between
Mumbai and Cochin stocks. Squared Mahalanobis distance analysis showed Kakinada and Kolkata were closest stock
whereas Mumbai and Kakinada were least similar stock. Among the three methods, incremental distance analysis of otolith
has been found to be most suitable for separation of stock. The present study will provide basic of stock assessment and help
in the susutainable management of this resource.
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Introduction
Bull's eye (Priacanthus hamrur) has emerged as
one of the potential fishery resources in the trawl
catch along the west and east coasts of India. The
depth of operation of trawlers was 10-80 m along the
east coast and 20-150 m off the west coast.
Priacanthids are reported from 40-100 m depth range
in S-W coast and 100-200 m depth range along the
N-W coast. Bull’s eye was recorded in the depth of
50-400 m along the Kerala and Karnataka coast
with maximum occurrence in 100 to 150 m depth1.
This deep sea fishmigrates towards coastal water
during pre-monsoon for the spawning purpose2.
Landing petterns of the bull’s eye has significantly
changed during the year 2016. Landings of bull’s eye
have been escalated six times high of 1.30 lakh t in
2016 as compared to 2015(ref. 3). Demersal finfish
formed 29 % of total catch in which Nemipterus spp.,
Sciaenids and Priacanthus spp. were found as
dominant groups. The estimated total landings
of Priacanthus spp. during the year 2016 were
29068 t which contributed 2.6 % of the total marine
landings of Kerala. The major species in the
commercial fishery were Priacanthus hamrur (86 %),

Cookeolus japonicus (12 %), Priacanthus sagittarius
and Heteropriacanthus cruentatus (1 % each)
(CMFRI Annual Report 2016-17)3. Stock identification of species is essential for sustainable fisheries
management because most of the analytical tools
assume that the fishes has homogeneous vital rates
(e.g., growth, maturity, mortality) in a particular
stock. Stock delineation is a basic and important
step in fisheries management that involves the
identification of self-sustaining components within its
natural populations4,5. Therefore, the present study has
been conducted to identify stocks of P. hamrur using
meristics, traditional morphology and otolith shape
analysis which give a good insight into the stock
relationships of this species.
Materials and Methods
During the study, specimens of P. hamrur were
collected from the landing centres of Versova
(Maharashtra) & Cochin (Kerala) on the west coast and
Kakinada (Andhra Pradesh) & Digha (West Bengal) in
the east coast during October 2017 to January 2018.
Eleven meristic counts were taken into account for the
current study (Table 1). The meristic characters were
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counted following the widely used and reliable
method6. Morphometric data was also extracted based
on the traditional method (Table 2). Sagittal otolith
has been extracted from the fish and washed in 70 %
ethanol and photographs taken under stereozoom
microscope (Olympus). There is no such difference
found among the right and left sagittal otolith (Fig. 1).
Incremental distance analysis of otolith was done by
using Image-Pro Premier 9.1, 64 bit (Media
Cybernetics). Factor analysis was performed for all the
morphometric, meristic and otolith data separately.
Among all the characters loaded above the threshold
value (0.6) were selected for forward stepwise
discriminant analysis by using Statistica (12) software6.

were selected for subsequent Stepwise Discriminant
Analysis. The scatter diagrams of meristic variables
(Fig. 2) are not able to separate the stock, whereas
morphometric (Fig. 3) and otolith variables (Fig. 4)
showed discrimination among different stock.

Results
The factor loadings after varimax rotation for the
meristic variables, morphometric variables and otolith
variables were analyzed. The characters having factor
loading of above 0.60 on any of the first two factors

Fig. 1 — Incremental distance analysis of Sagittal Otolith

Table 1 — Meristic counts of P. hamrur
Sl. No.
1
2
3
4
5
6
7
8
9
10
11

Meristic counts
Dorsal fin spines
Dorsal fin soft rays
Pectoral fin rays
Pelvic fin spines
Pelvic fin rays
Anal fin spines
Anal fin rays
Caudal fin rays
Total gillrakers on the first gill arch
Branchiostegal rays
Scales on the lateral line

Acronyms
DFS
DFR
PFR
PEFS
PEFR
AFS
AFR
CFR
GR
BGR
SAL

Fig. 2 — Scatter plot of meristic variables

Table 2 — Morphometric traits of P. hamrur
Sl. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Morphometric traits
Standard length
Head length
Eye diameter
Pre dorsal length
Post dorsal length
Dorsal fin base length
Pre pelvic fin length
Post pelvic fin length
Pelvic fin base length
Pre anal fin length
Post anal fin length
Anal fin base length
Depth of insertion of the
anal and dorsal fin
Distance between dorsal-fin
origin and anal fin origin

Acronyms
SL
HL
ED
PrDL
PoDL
DFBL
PrPL
PoPL
PFBL
PrAL
PoAL
AFBL
DPC

Description
Straight length from the tip of the snout to the base of the caudal fin rays.
Straight length from the tip of the snout to the posterior margin of the operculum
The diameter of the eye along the body axis
Distance from the tip of the snout to the origin of the dorsal fin
Distance from the tip of the snout to the end of the dorsal fin
Distance between the origin and end of the dorsal fin
Distance from the tip of the snout to origin of the pelvic fin
Distance from the tip of the snout to end of the pelvic fin
Distance between the origin and end of the pelvic fin
Distance from the tip of the snout to origin of the anal fin
Distance from the tip of the snout to end of the anal fin
Distance between the origin and end of the dorsal fin
Distance between insertion of the dorsal fin and the insertion of the anal fin.

DPrDL
PrAL

Distance between dorsal-fin origin and anal fin origin
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Squared Mahalanobis distances analysis

Based on the morphometric (Table 3) and otolith
(Table 4) characters Squared Mahalanobis distances
revealed significant differences among the stocks with
maximum distance between Mumbai and Kakinada
followed by Kolkata and Cochin while the minimum
distance was observed between Kolkata and Kakinada
followed by Mumbai and Cochin.
Discussion
Meristic characters

Fig. 3 — Scatter diagram of morphometric variables

Fig. 4 — Scatter diagram of otolith variables

Meristic traits are the countable characters in fish
body. Different authors have reported meristic
characters of P. hamrur such as spines on the dorsal
fins (10), dorsal fin rays (13-14), spines on the anal
fins (3), anal fin rays (14-15), pectoral fin rays
(17-20), lateral-line scales (70-90) and total gillrakers
(22-26)7,8. Hence, it is clear that the overall meristic
traits found in our study are almost similar to the
previously reported studies. In the present study,
variations in meristic characters were less compared
to morphometric characters. The variations between
stocks were attributed to the gillrakers and the lateral
line scales numbers. The variations in gillrakers of
fishes and scale count due to isolation caused by
differences in salinity gradients were also reported9,10.
In this current study, it was found that the number of
gillrakers varied in the range of 20-25 (Table 5).
Gillrakers count and inter-raker spacing variation
within species is greater in the warm water fish
species11,12. Size of the prey at each location plays
an important role in the inter-raker spacing variations
in fishes13. Physiochemical variables like water
temperature, turbidity and salinity may also affect

Table 3 — Squared Mahalanobis distance between different stocks based on morphometric characters
Site
Squared Mahalanobis Distances
Kakinada
Cochin
Kolkata
Mumbai
Kakinada
0.00000
8.34937
2.64222
30.97721
Cochin
8.34937
0.00000
27.58596
7.44004
Kolkata
27.58596
0.00000
16.87737
2.64222
Mumbai
30.97721
7.44004
16.87737
0.00000
Table 4 — Squared Mahalanobis distance between different stocks based on otolith
Group
Kakinada
Kolkata
Cochin
Mumbai

Kakinada
0.00000
9.86984
51.95831
64.70004

Kolkata
9.86984
0.00000
55.58416
55.30522

Cochin
51.95831
55.58416
0.00000
19.01581

Table 5 — Fin formula of P. hamrur as reported by the present study
Fin formula

D, X+12-15; A, III+11-15; P, 14-18; V, I+4-5; GR, 20-25

D = Dorsal fin, A = Anal fin, P = Pelvic fin, V = Ventral fin, GR = Gill rakers

Mumbai
64.70004
55.30522
19.01581
0.00000
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gillrakers morphology14,15. Local environmental
conditions influence the meristic characters and as a
result increase their variation at small geographic
scales16. Hence, the variation in gill rakers observed in
the present study might be the result of variations in
ecological factors. As water temperature decreases,
the number of vertebrae, fin ray and scale counts tend
to increase in number (Jordan’s rule)17. Meristic
counts are the easiest methods of stock identification
compared to other methods and relatively easier to
implement, which makes them as the basic steps of
stock discrimination18. Meristic counts can be useful
in the separation of populations in early life stages
from small geographical area, which may be utilized
for the recognition of spawning components19.
Thus, meristic traits when compared with
morphometric variables, showed significantly lower
variation among the four stocks of P. hamrur
collected from the Indian coast.
Morphometric characters

Change in the morphological characters of the fish
population occurs by the ecological and evolutionary
process. Polymorphism involves diversification in
behavior, morphology or life history traits in
populations and is most commonly seen in vertebrate
populations20-22. Morphometric traits of fish are
susceptible to environmental changes thus exhibit
high plasticity of phenotypic or external characters in
overall body shape where phenotypic plasticity
indicates the expression of genotypic changes to an
alternative environmental condition producing an
array of phenotype23.
Incremental distance analysis of Otolith

Otolith shape analysis can be used to identify fish
stocks from different geographical locations, similar
to other morphological methods. However, otolith
shapes are more reliable due to its less chance of
short-term variability, unlike other body shapes.
Change in body structure is caused by the changes in
feeding habit or breeding condition24. Furthermore,
otolith shape also can be interrelated with individual
growth rate25. For example, the difference in otolith
shape is used to know the growth rate of Atlantic
mackerel and indicates the morphological changes in
the fish body26. Six parameters of otolith shape
were used in the discrimination of four stocks.
Discriminant function analysis was applied for the
separation of stock based on otolith morphometric
traits. Similar types of incremental distance analysis

from flathead fish was also reported27. The earlier
investigators did not do this type of analysis for
P. hamrur.
The analysis of meristic counts, morphometric
traits and otolith shape asserted the separation of four
stocks along the Indian coast. The results revealed a
clear separation of Mumbaiand Cochin stocks
whereas little mixing was observed in Kakinada and
Kolkata stocks. Distinguishable variation in
morphology among fish populations suggests the
presence of a stock structure, and the movement
of the stock is restricted28. The Morphological
variability of fish due to segregation is considered to
be an essential adaptive strategy for populations
experiencing inconsistent environments29,30. The
Arabian Sea and Bay of Bengal ecosystems are
distinct ecosystems in terms of both physical and
chemical parameters as reported by various authors31.
Several methods such as meristic counts,
morphological characters, otolith shape, scale
morphology, fatty acid profile and molecular tools
can be used to discriminate stocks from different
locations. In the present study, three methods were
incorporated (meristic counts analysis, morphological
variation and otolith shape analysis) to delineate the
stock. Out of these three methods meristic count does
not give a clear picture for separation of stocks. At the
same time, morphological characters and otolith shape
played a significant role to separate the stock of
Pricanthus hamrur from Indian waters32. To know the
further clear separation of P. hamrur stock the stock
genetic studies may be done33.
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