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 The study aimed to investigate the morphometric and meristic measurements, length-weight relationship and relative condition factor of Odonus 
niger landed along coastal Karnataka.

 The morphometric and meristic measurements, length-weight relationship and relative condition factor (K ) of O. niger was studied for a n

period of eight months from August 2019 to March 2020. The different morphometric characters were subjected to statistical analysis. The length-weight 
relationship was analyzed for both the sexes (female and male)  and combined data. Monthly relative condition factor was analyzed for both the sexes 
and for different size group.

 A comparison of different morphometric measurements exhibited good extent of correlation indicating good extent of interdependence of these 
characters. Four out of eight morphometric characters are 
environmentally controlled and suggested wide range of 
zoogeographical distribution of O. niger. The length-

2.565weight relationship is indicated as W = 0.046 L , W = 
2.589 2.5610.044 L and W = 0.047 L  with coefficient of 

2determination (r ) of 0.910, 0.913 and 0.910 for male, 
female and combined sexes, respectively. The 'b' values of 
both the sexes (male and female) exhibited negative 
allometric growth (p<0.05) and appeared to be leaner. 
There was no significant (p<0.05) variation for relative 
condition factor (K ) among the months and size groups. n

However, little higher values were observed during 
November and February.

 The study fills the knowledge gap and 
support for developing a suitable management system for 
this fish species.

 Condition factor, Meristic characters, 
Morphometry, Red-toothed triggerfish
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Fishery and Morphometrics 
· Landing trends
· Correlation of total length with different body 

lengths
· Dorsal, pectoral, anal and caudal fin counts

Length-weight relationship and Condition 
factor

 

·

 

Length-weight parameters a and b
·

 

Monthly relative condition factor for males
and females.

 

Emerged as top most resource of the state in 2019.

 

High degree of interdependence between various 
morphometric characters.

All meristic characters showed fair amount of 
constancy except the spines on dorsal fin I.

 
Both males and females exhibited

 

negative 
allometric growth.

 

Relative condition was slightly h igher in 
November/February with

 

minor

 

reduction

 

during
August-October.

 

Odonus  niger
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Introduction

The mainstay for taxonomic classification of organisms is 
to equalize the anatomical features, which modify the stock plus 
interrelated species, determined by using differences in 
morphometric and meristic traits (Bookstein, 1991). The 
morphological traits of fishes are the primary and foremost source 
of information for taxonomic and evolutionary studies. The study 
of morphometric characters serves as a powerful tool for 
characterizing strains of similar species, which involves detection 
of a subtle variation in the shape, independent of size. The 
relationship between various morphometric characters of fish can 
be used to determine the probable difference between unit stocks 
and health status of individuals (King, 1995). The length-weight 
relationships (LWRs) of fishes help in the estimation of average 
weight of fish of a given length group by establishing a 
mathematical relationship between the two and hence, it is 
considered as an important fishery management tool (Beyer, 
1987; Froese, 2006). Studies on length-weight relationships are 
also important in fisheries because it helps to understand fish 
population dynamics and the growth pattern on fish stocks 
(Froese, 2006). Similarly, relative condition factor (K ) measures n

deviation of an organism from average weight, which indicates 
the growth and well being of fish (Jisr et al., 2018). 

Red-toothed trigger fish (Ruppell, 1836) (Teleostomi/ 
Actinopterygii/ Tetraodontiformes/ Balistidae) is a reef-associated 
species widely distributed in the tropical region of Indo-Pacific 
and is the only member of genus “Odonus” (Matsuura, 2014). This 
fish was landed in stray quantities of 300-500 t during 2008-09 
along the coast of Karnataka, but did not form regular fishery until 
2015. Later, the catch substantially increased to 1,62,398 tons 
during 2019 to emerge as a top resource in the state (32.3% of 
total fish landings) and contributed to 7.7 % (2.74 lakh tons) of the 
total Indian marine fish landings during 2019 (CMFRI, 2020). The 
reasons for the abrupt emergence of this species in Karnataka 
coast is unknown, and studies should be initiated to investigate 
the possible impact on other commercial fisheries resources such 
as oil sardine and mackerel, which formed the major landings of 
Karnataka upto 2018. The entire catch of Odonus niger was 
utilized for fishmeal production until 2017. Later, the surumi plants 
procured part of it landed in fresh condition for the preparation of 
surumi, which is exported for the production of analogue 
products. The increased demand of fishmeal and surumi plants 
have encouraged the fishers engaged in multi-day trawl boats to 
target this fish. 

The only study conducted on population parameters of O. 
niger along eastern Arabian Sea was by Ramachandran and 
Philip (2010). However, a few studies on LWRs of O. niger was 
conducted in Bay of Bengal Sea along the southeast coast of 
India (Balasubramanian et al., 1995; Sahayak, 2005; 
Vaitheeswaran and Venkataramani, 2008). There are no reports 
available on the morphometric and meristic traits, and relative 

condition factor of redtoothed triggerfish and hence, this study 
was undertaken along the Karnataka coast, India.

Materials and Methods

Samples of O. niger were procured on a fortnightly basis 
from commercial high-speed demersal trawlers at Mangaluru and 
Malpe Fishing Harbours of Karnataka between August 2019 and 
March 2020. The collected specimens were iced, packed in an 
insulated icebox and transported to the laboratory of Department 
of Fisheries Resources and Management, College of Fisheries, 
Mangaluru for further analysis. The overall length (cm) and weight 
(g) of each individual was measured.

Various morphometric measurements were recorded by 
using fish measuring board and Vernier Calipers following the 
standard procedures (Laevastu, 1965; Dwivedi and Menezes, 
1974). The morphometric characters measured were total length 
(TL), standard length (SL), pre-dorsal fin length I (PDL1), pre-
dorsal fin length II (PDL2), pre-anal fin length (PAL), head length 
(HL), snout length (SnL), eye diameter (ED) and body depth (BD). 
The meristic counts such as the number of spines in the dorsal fin 
and ventral fin, number of rays in dorsal fin, pectoral fin, anal fin, 
and caudal fin as well as the number of gill rakers were counted. 
All the ensuing measurements, calculated in percentage of total 
length, were subjected to statistical analysis for mean, standard 
deviation and coefficient of variation. Various morphometric 
characters were then categorized into genetically (<10%), 
intermediate (10-15%) and environmentally (>15%) controlled 
characters based on their range (Johal et al., 1994). All the 
morphometric measurements were taken from the left side of the 
body of the fish and expressed in percentage of the total length. 
The total length was considered as independent variable, and 
other characters as dependent variables. A scatter diagram of 
various morphometry was plotted, and then, the linear regression 
equation was fitted using least square method (Laevastu, 1965; 
Snedecor and Cochran, 1967). Relationships were delineated by 
the equation: Y = a + bX, where, Y and X are dependent and 
independent variables respectively, a is the constant (intercept) 
and b is the regression coefficient (slope). The correlation 
coefficient (r) was estimated to perceive the extent of linear 
relationship between two variables. The range, mean, standard 
deviation, and coefficient of variation estimated for meristic 
counts were subjected to statistical analysis (Snedecor and 
Cochran, 1989).

The LWRs were determined separately for male and 
bfemale by the formula of Le Cren (1951): W = aL . This 

relationship can also be given in the logarithmic form as log W = 
log a + b log L, where W = total body weight (g), L = total length 
(cm), a= intercept, b= slope (growth coefficient). By performing a 
log-log plot of length-weight pairs, extreme outliers were removed 

2from the regression analysis. The coefficient of determination (r ) 
was used to calculate the degree of association between total 
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length and weight, and 95% confidence interval of the parameters 
a and b were estimated. One-way analysis of covariance 
(ANCOVA) was employed to estimate the difference in the mean 
log weight adjusted for covariate (log length), and to check the 
homogeneity (equality) of regression slopes between the sex 
(male and female) at 5% level of significance (Snedecor and 
Cochran, 1967). Student's t-test was performed for estimated b 
values to examine the growth pattern of males, females, and the 
combined data against null hypothesis of isometric growth (H : 0

b=3) at 5% level of significance and 356 degrees of freedom using 
the statistic: ts = (b-3)/S , where, S  is the standard error of the b b

slope (Morey et al., 2003). Linear regression was performed by 
plotting natural log (Ln) of W against natural log (Ln) TL to find the 
slope and intercept.

To analyze the health status of fish, monthly relative 
condition factor (K ) was determined individually for females and n

males by the formula: K = W /W , where, W  = observed weight n o c o

and W  = calculated weight (Le Cren, 1951). The data of K  of c n

males and females was analyzed for different size groups (2 cm 
intervals) to understand the health status. Statistical analyses 
were conducted using MS-Excel 2013 and IBM SPSS Statistics 
21.0 package.

Results and Discussion 

Three hundred and fifty eight specimens of O. niger were 
analyzed for morphometric and meristic investigations. The 
analysis of data exhibited a maximum coefficient of variation in 
the snout length (10.14%) followed by eye diameter (9.43%) and 
body depth (9.10%) with lowest coefficient of variation 
documented in the pre-anal length (7.46%). In taxonomic studies, 
morphometric characters serve as an important tool for 
understanding the biology of a fish. In the current study, all the 
morphometric characters exhibited extremely narrow range as 
the recorded coefficient of variation was around 7% and 10% 
(Table 1). This low coefficient of variation indicated least or very 
low intra-population variation. 

On the basis of correlation coefficient (r) and regression 
coefficient (b), various body measurements linked to the total 
length of O. niger were compared. The most highly correlated 
body parameter in connection to total length was standard length 
(r = 0.91) with p<0.01 level of significance, while the lowest 
correlated body parameter was eye diameter (r = 0.28). The “r” 
value indicated that only standard length shows high correlation, 
whereas eye diameter showed poor correlation, and other 
characteristics had good and moderate correlation (Table 2). A 
comparison of different morphometric characters showed an 
excellent level of correlation whereas eye diameter and total 
length indicated poor extent of correlation. The poor degree of 
correlation recorded among total length and eye diameter is 
linked to slow growth (Usman et al., 2016). The high value of 
correlation coefficient of other parameters with total length 

indicated a maximum extent of interdependence of these 
characters. The maximum total length (24 cm) of O. niger 
recorded in current study was comparatively lower than the total 
length (31.5 cm) reported by Ramachandran and Philip (2010) 
from South-west coast of India. Various authors have reported 
different maximum total lengths of 30.0 cm from Vizhinjam coast 
(Sahayak et al., 2015), 25.4 cm from the Tuticorin coast 
(Vaitheeswaran and Venkataramani, 2008), and 28.2 cm from 
Kanyakumari coast (Sahayak, 2005). The maximum total length 
recorded for O. niger in the Fish Base data is 50 cm from African 
waters (Smith and Heemstra, 1986). 

Of all the eight characters, three (PDL1, SL, and ED) were 
genetically controlled having range difference of <10%; one 
character (PDL2) to be an intermediate category with range 
difference fluctuating between 10-15%, and four characters (SL, 
PAL, HL and BD) were environmentally controlled having range 
difference >15% (Table 3), which show a wide range of 
zoogeographical distribution (Vladykov, 1934). Randall et al. 
(1990) reported the species as widely distributed in the Indo-
Pacific region from southern part of Red Sea to Durban in South 
Africa, and east to the Marquesas and Society Islands, north to 
Southern Japan, and south to the Southern Great Barrier Reef in 
Australia and New Caledonia. The species started appearing in 
stray quantities during 2008-09 along Karnataka coast and later 
emerged as a top resource in the state (CMFRI, 2020). This might 
be due to the migration of fish from different geographical areas 
and should be studied in detail. All the morphometric characters 
showed negative allometric growth in relation to the total length as 
indicated by the value of regression coefficient (b). Thus, the 
differential growth of O. niger was evident and assumed to be of 
taxonomic interest, besides allometry could be employed for 
studying intra and interspecific discrepancies. Fishes are highly 
susceptible to environmental fluctuations and thus, quickly 
acclimatize themselves with changing body measurements.

Meristic traits are extensively used in fish population 
studies. These characters evolve at or before metamorphosis and 
remain fixed all through the life cycle (Okiyama, 1989). Analyses 
of the meristic characters indicated that the quantity of spines on 
the dorsal fin I (3) remained constant for the entire specimens 
examined, while the counts of ventral spines ranged from 11-18. 
The rays on dorsal fin II ranged from 32-36, pectoral fin 10-14, 
anal fin 26-30, caudal fin from 10-12, and the number of gill rakers 
was 30-33. Of all the meristic traits studied, the coefficient of 
variation of ventral fin was maximum (14.40%), followed by 
pectoral fin rays (9.77%) and caudal fin rays (6.48%) (Table 4). All 
the meristic traits exhibited a fair amount of constancy, except the 
spines on dorsal fin I. The fin formula of O. niger landed along 
Karnataka waters can be drafted as: D : III, D : 32-36, P: 10-14, V: 1 2

XI-XVIII, A: 26-30, C: 10-12.

The fin formula of this study confirms with the earlier 
observations of Randall et al. (1990) and Padmavathi et al. 
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Table 1 : Morphometric traits of Odonus niger landed along Karnataka coast.

Statistical estimates Mean±SD (cm) Coefficient of Variation (%)  

Total Length (TL) 18.87±1.63 (15.4-24.0) 8.63
Standard Length (SL) 12.68±0.95 (10.0-16.3) 7.52
Pre-dorsal Length – I (PDL1) 4.20±0.36 (3.0-5.3) 8.61
Pre-dorsal Length – II (PDL2) 7.32±0.56 (5.9-9.3) 7.59
Pre-anal Length (PAL) 7.65±0.57 (6.0-10.2) 7.46
Head Length (HL) 4.14±0.33 (3.1-5.2) 7.97
Body Depth (BD) 5.98±0.54 (4.8-8.3) 9.10
Snout Length (SnL) 2.94±0.30 (2.2-3.7) 10.14
Eye Diameter (ED) 0.84±0.08 (0.6-1.0) 9.43

*Values in parenthesis indicates range (cm)

Table 2 : Morphometric traits linked to the total length of Odonus niger landed along Karnataka coast.

Morphometric character Intercept (a) Regression Coefficient (b) Y =a + bX Correlation Coefficient (r)

Standard Length (SL) 1.240 0.792 Y = 1.240 + 0.792X 0.91
Pre-dorsal Length – I (PDL1) 0.474 0.742 Y = 0.474 + 0.742X 0.74
Pre-dorsal Length – II (PDL2) 0.861 0.728 Y = 0.861 + 0.728X 0.83
Pre-anal Length (PAL) 1.001 0.692 Y = 1.001 + 0.692X 0.80
Head Length (HL) 0.526 0.708 Y = 0.526 + 0.708X 0.72
Body Depth (BD) 0.508 0.839 Y = 0.508 + 0.839X 0.80
Snout Length (SnL) 0.249 0.840 Y = 0.249 + 0.840X 0.72
Eye diameter (ED) 0.342 0.304 Y = 0.342 + 0.304X 0.28

* P d” 0.01, Y: dependent variable, X: independent variable

Table 3 : Percentage proportions of morphometric measurements to Total Length (TL) of Odonus niger landed along Karnataka coast

In % of Total Length (TL) Mean ± SD (%)

Standard Length (SL) 67.32 ± 2.49 (61.00-82.76)
Pre-dorsal Length – I (PDL1) 22.28 ± 1.40 (18.63-27.59)
Pre-dorsal Length – II (PDL2) 38.87 ± 1.90 (33.62-48.28)
Pre-anal Length (PAL) 40.64 ± 2.13 (35.00-50.34)
Head Length (HL) 22.05 ± 1.52 (17.46-37.82)
Body Depth (BD) 31.75 ± 1.79 (25.00-40.69)
Snout Length (SL) 15.60 ± 1.13 (11.82-20.69)
Eye diameter (ED) 4.46 ± 0.50 (3.41-6.90)

*Values in parenthesis indicates range (%)

 N.K. Suyani et al.: Morphometry and relative condition factor of red-toothed trigger fish

(2017), but differ from that of Sahayak et al. (2015). The current 
study recorded 11-18 ventral spines and 12 caudal rays, which 
were different from 9-23 ventral spines and 10 caudal rays as 
documented by Sahayak et al. (2015). Slight variations in the 
merisitic characters may be a result of genetical and/or 
environmental constituents like salinity, temperature and food 
availability (Foote et al., 1989). 

The LWRs of 358 specimens encompassing 101 females 
and 257 males were analyzed. The evaluation of LWRs 
parameters of males, females, and the pooled individuals are 
delineated in Table 5. The LWRs were highly significant (p<0.001) 
for males, females, and the pooled individuals with coefficient of 

2determination (r ) values greater than 0.910, 0.913, and 0.910, 
respectively. The calculated allometric coefficient (b) for males, 
females, and pooled data (Table 5) indicated negative allometric 
growth (Table 5). The length-weight comparisons derived were W 

2.565 2.589= 0.046 L and W = 0.044 L  for male and female, respectively. 
It was proclaimed exponentially as a linearized equation: LnW = -

23.072 + 2.565 LnL (r =0.910) for males and LnW = -3.127 + 2.589 
2LnL (r =0.913) for females. The mean weight of both the sex 

(adjusted for covariate length) and between the regression slopes 
(b) of the length-weight relationship did not exhibit any significant 
difference (p>0.05). Hence, the data of males and females were 

2.561 2pooled together and LWRs was represented as W = 0.047 L (r  
= 0.910, n = 358). A t-test conducted separately for males, 
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Table 4 : Meristic characters of Odonus niger landed along Karnataka coast

Meristic characters Mean±SD Coefficient of Variation (%)  

Dorsal fin I 3±0.00 (3) 0.00
Dorsal fin II 33.95±1.23 (32-36) 3.24
Pectoral fin 12.60±1.23 (10-14) 9.77
Ventral spines 15.65±2.25 (11-18) 14.40
Anal fin 28.65±1.31 (26-30) 4.57
Caudal fin 11.30±0.73 (10-12) 6.48
Gill rakers 31.80±1.20 (30-33) 3.76

* Values in parenthesis indicates range

Table 5 : Length-weight relationships (LWRs) of Odonus niger landed along Karnataka coast

Sex N TL range Weight range                  Regression parameters |t | Growth type

2(cm)  (g) a 95% CI of a b 95% CI of b r

–Male 257 15.5 – 24.0 53.29-170.12 0.046 0.035-0.062 2.565 2.465-2.665 0.910 8.586 A
–Female 101 15.4 – 23.0 52.01-150.59 0.044 0.027-0.070 2.589 2.429-2.748 0.913 5.112 A
–Pooled 358 15.4 -24.0 52.01-170.12 0.047 0.037-0.060 2.561 2.477-2.644 0.910 10.313 A

2N, sample size; TL, total length; a, intercept of relationship; b, slope of relationship; CI, confidence interval; r ,Coefficient of determination; t  t-statistic s,
–value; A , negative allometric

s

Table 6 : Relative condition factor (K ) of Odonus niger landed along Karnataka coastn

Size group Male Female

(cm) No. of fish Mean ±SD No. of fish Mean  ±SD

15-17 19 1.0016 ± 0.0574 12 1.0025 ± 0.0755
17-19 87 1.0022 ± 0.0668 46 1.0021 ± 0.0642
19-21 113 1.0021 ± 0.0648 34 1.0019 ± 0.0624
21-23 36 1.0015 ± 0.0551 08 1.0011 ± 0.0511
23-25 02 1.0000 ± 0.0000 01 -

K  Kn n

 N.K. Suyani et al.: Morphometry and relative condition factor of red-toothed trigger fish

females, and pooled data divulged that the slope of regression 
line of males, females and pooled data was significantly (p<0.05) 
different from 3.00, signifying negative allometric growth (b<3) for 
the species (Table 5). The calculated b value of LWRs lies within 
the predicted range of 2.5-3.5 reported for the majority of aquatic 
animals (Froese, 2006; Assana et al., 2020). The values obtained 
in this study are comparable with the earlier investigations from 
the Tuticorin coast (Vaitheeswaran et al., 2015) and the Wadge 
bank off Kanyakumari (Ramachandran and Philip, 2010). The 
coefficient value (b=2.086) recorded for the pooled sex from the 
Gulf of Mannar (Sahayak, 2005) was comparatively lower than 
that of the present investigation (b=2.561). This indicates that the 
weight gained by the fish with increase in size was much rapid in 
this study than in the Gulf of Mannar. The difference in b values in 
LWRs may be attributed to various factors such as sample size, 
length range covered, the habitat in which the fish live, fish 
physiology, ontogenetic development, season, population, sex, 
gonadal maturity, stomach fullness and health status (Froese et 

al., 2011; Rajesh et al., 2020).

Relative condition factor (K ) indicates proper growth, n

feeding intensity, spawning, maturation, and health condition of 
fish (Nair et al., 1983). In males, the maximum value of K  was n

documented in October (1.0023 ± 0.0686) and the minimum in 
September (1.0008 ± 0.0413); while in females, the highest and 
lowest values were in November (1.0046 ± 0.0590) and August 
(1.0001 ± 0.0180) respectively (Fig. 1). Monthly variations in K  of n

male and female O. niger showed similar values around 1, which 
indicates almost identical 'condition'. According to Jisr et al. 
(2018), good growth condition of fish is indicated when K  value n

was greater than 1, while <1 indicates unhealthy condition. 
Slightly decreased values recorded for females during post-
monsoon months (August-October) indicates diversion of energy 
for reproduction, and further, little higher K  recorded during n

November and February could be associated with enhanced 
feeding intensity to retrieve from the spawning stress 
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(Jisr et al., 2018). Further, the monthly K  of fish is also affected by n

the seasonal variations of environment, food availability, feeding 
habits, and swimming behaviour of the fish (Froese, 2006). 

The mean K  values of different size groups of both males n

and females are presented in Table 6. The K  values of females n

were lower in the size group of 21-23 cm. Moderate values were 
noticed in the size groups of 17-19 and 19-21 cm. The highest K  n

value was recorded in the size group 15-17 cm. In males, the 
lowest K  value was noticed in the size group 23-25 cm and the n

highest in 17-19 cm size group. From this investigation, it is 
obvious that K  values of O. niger caught along the Karnataka n

coast indicated a healthy condition. The K  values of different size n

groups failed to exhibit any significant difference. The near 
integrity in K  among the different size groups is attributed to n

prolonged spawning pattern or to the aspects other than 
spawning (Zacharia and Jayabalan, 2007). The study may 
contribute to an invaluable database, which will be helpful in 
taxonomic and stock assessment studies, which are most 
important for establishing suitable management measures for 
Odonus niger landed along the Karnataka coast, South-eastern 
Arabian Sea.
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