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INTRODUCTION  

 

Knowledge on biological identification at the genus, species and stock levels of aquatic organism 

plays a vibrant role from numerous perspectives such as evolution, taxonomy, ecology, 

conservation and management (Kalhoro et al., 2015). Numerous approaches have already been 
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The intraspecific morphological variations of the butter catfish, Ompok bimaculatus has 

been assessed from two fish farms viz., Chanchra Fish Farm, Jashore (CFFJ) and Fish 

Seed Complex, Khulna (FSCK) and two natural wetlands viz., Bohni beel, Gopalganj 

(BBG); Dakatia beel, Khulna (DBK) in south-western part of Bangladesh. A total 

number of 80 samples were collected comprising 20 individuals from each sampling 

location. Five meristic characters, 18 morphometric characters and 21 truss-based 

morphometric characters were measured respectively. Meristic, morphometric and truss-

based morphometric characters were exposed to one-way analysis of variance followed 

by Tukey-HSD post-hoc test at 5% significance level. Significant differences were 

observed in two meristic characters viz., CFR and PevFR, and five morphometric and 

four truss morphometric characters. However, morphometric and truss measurements 

showed highly intermingled among four populations in discriminant functions (DFs) 

analysis and discriminant space as well. DFs showed that 6-7, PrDL, HL, PSDL, 1-2, 4-

6, FL, ED, 3-9, 5-6, SnL and 4-5 characters contributed 62.8% in first DF, while 2-9, 

HD, 1-9, 2-3, 2-6, 3-6, 3-4, LAB, 3-8, 9-10, IO and MXBLR characters contributed 

20.6% in second DF, and the remaining characters contributed 16.6% in third DF. In 

cluster analysis, two distinct clusters were made, where BBG demonstrated a solitary 

group and FSCK and CFFJ jointly shaped alternative cluster, while DBK population 

found a subgroup with CFFJ. These results postulate the occurrence of intermingling 

populations of this species from four aquatic habitats. These morphological 

discrepancies play an important role in establishing proper decision in order to achieve 

appropriate management and conservation as well as mass seed production for their 

future sustainability. 
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developed for recognition of population status of a fish species such as parasites, molecular 

markers, conventional tags/labels, while morphological strategies is a state-of-art technique with 

many preferences as for example quick and helpful and has been effectively utilized in many 

researches regarding phenotypic variations of fishes (Keivany and Mohsen, 2017). Thus, 

meristic and morphometric characters are frequently used methods in fisheries research for stock 

identification, stock delineation and/or stock discrimination of a fish species (Cadrin, 2000). 

Uncovering of morphological changes within fish populaces in its geographical variety may 

point out the occurrence of stock formation (Agüero and Rodriguez, 2004). Moreover, 

morphometric characters assume a fundamental part in fisheries inquire which is utilized for 

looking at ontogenical developments and morphological patterns of populations crosswise over 

areas (Hossen et al., 2019). Morphological variety of the species in intraspecific is essentially 

caused by ecological components (Ţălu, 2012). Additionally, synergistic effects of allelic 

recombination and ecological influences on various growths would produce shape modification 

amongst populaces (Garrod and Horwood, 1984). To study the shortcomings of conventional 

morphometric strategies, 'the truss network' study has been progressively utilized in fisheries 

research with different analyses methods such as univariate, bivariate and multivariate statistics 

(Cadrin, 2000). According to Cavalcanti et al., (1999), image processing procedures are highly 

recognized for obtaining external phenotypical features in traditional and truss based 

morphometrics study. Obtaining appropriate accomplishment of morphological variation and 

stock identification, a modified box-truss network based on inter connected landmarks recently 

gained much scientific attention due to its easiness of comprehension, depiction and appropriate 

quantification of body shape (Rohlf, 1990). Alike landmarks are shared distinct structures 

amongst biological samples (Bookstein, 1990) which are frequently employed as parallel 

positions on a target entity that implies in intra and inter populations level (Swain and Foote, 

1999). Moreover, relevant research works have given as tabulated form. Furthermore, in our 

study, we also used one-way analysis of variance of meristic data and discriminant function 

analysis, cluster analysis of morphometric data to elucidate the intra- and inter-population 

disparity in butter catfish, Ompok bimaculatus from four selected habitats in the South-Western 

part of Bangladesh, namely, Chanchra Fish Farm, Jashore (CFFJ); Bohni Baor, Gopalganj 

(BBG), Dakatia Beel, Khulna (DBK) and Fish Seed Complex, Khulna (FSCK). 

Butter Catfish, O. bimaculatus (Hamilton, 1822) belongs to the family Siluridae under order 

Siluriformes, is a fairly a common species in all freshwaters across Pakistan to Indonesia (Gilani 

and Rahman, 2005). This species is obtainable in rivers, streams, inundated flood plains and 

waterbodies throughout Bangladesh (Kostori et al., 2011). Recently, this fish species is 

frequently cultured in farm levels due to its high market demand and popular food fish for 

sufficient amounts of protein, lipid, mineral and carbohydrate contents in their muscles (Hei and 

Sarojnalini, 2012). This species mainly sustains on crustaceans, zooplankton larvae, fish, 

oligocheates, algae and bottommost detritus in their habitats and regarded as both carnivore 

(Kibria, 2007; Mishra et al., 2013) and omnivore fish (Arthi et al., 2011). Although, in earlier 

the abundance of O. bimaculatus was higher in their native environments (Rahman, 2005) than 

the present times but several anthropogenic effects and overexploitations made by human 

activities as well as abiotic and biotic factors are the common reasons for declining genetic 

diversity as well as the resilience of the populations severely (Lewis et al., 2017). Presently, O. 

bimaculatus is considered as a near threatened species according to IUCN-Bangladesh (2015), 

and there is a crucial need to allow instant adequate management plan for their right protection 

and conservation in this area. Currently, there is a scarce knowledge regarding on biology, 
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ecology and population dynamics of endangered butter catfish, O. bimaculatus in south-western, 

Bangladesh. Therefore, taking the above circumstances, the objective of the research work is to 

identify the meristic and morphometric variations of the fast-depleting O. bimaculatus 

populations from four freshwaters in Bangladesh for its proper ecological conservation as well as 

management. 

 

MATERIALS AND METHODS  

 

Sampling of fishes. From each sampling site 20 samples were collected and totally 80 samples 

were used from four freshwater sources specifically, Bohni Baor, Gopalganj (BBG), Chanchra 

Fish Farm, Jashore (CFFJ); Fish Seed Complex, Khulna (FSCK) and Dakatia Beel, Khulna 

(DBK) (Table 1) during the period of October to December by using gill nets. After sampling, 

fishes were immediately preserved in ice-box and instantly transferred into the laboratory of 

Fisheries Biology under the department of Fisheries and Marine Bioscience in Jashore University 

of Science and Technology, Bangladesh for meristic, morphometric studies. To collect sound 

data, only vigorous and undamaged fish samples were selected for studies.  

Counting of meristic characters. Five merestic characters were counted namely, number of 

dorsal fin rays (DFR), number of caudal fin rays (CFR), number of anal fin rays (AFR), number 

of pelvic fin rays (PelFR), and number of pectoral fin rays (PecFR) of each specimen by using 

needles and glass lens. To eliminate human bias all meristic parameters were assembled by the 

similar person. 

Measurement of traditional and truss based morphometric characters. Firstly, the fresh 

collected samples were thawed by using normal tap water and softly erased the glaze water on 

the surface of fish body by using soft tissue paper. Secondly, the fish instantly kept on a marked 

white paper with a labeled scale for taking the digital image from left to right directions by using 

a digital camera (Cyber-shot DSC-W300, China) (Mahfuj et al., 2019a). Thirdly, all images 

were retrived from the retrived from the memory stick and then added in tpsDigV.2.1 (Rohlf, 

2006) software for measuring the morphometrics characters (Figure 1 and 2).  

 

In this regard, traditional morphometric characters were measured directly by the aid of reference 

scale. On the other hand, 10 selected landmarks were fixed and eventually 21 interconnected 

truss distances were measured that ultimately formed a truss box on each image. This 

interconnected truss box on each sample represented the unique outline of the fish (Strauss and 

Bookstein, 1982). Finally, all measurements were successively reassigned to SPSS 22 version 

software for supplementary analysis. 

 

Statistical analysis. To exclude the size variation resulting from morphometric and truss 

morphometric characters were standardized by using a model developed by Elliott et al. (1995) 

with modifications.  

Madj= M (LS/Lo)
b
 

Where, M: Unique measurement, Madj: Size adjusted measurement,  Lo: Total length of fish, and 

LS:Overall mean of total length for all fish from all samples. Parameter b was assessed for each 

measured character from the experimental data as the slope of theregression of logM on log LO. 

The effectiveness of size adjustment conversion was deliberated by testing the transformed 
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variable and TL by using the aforementioned model. This is why TL was curtailed in the final 

statistical analysis. Naturally the meristic parameters are counted as self-regulating variable of 

each specimen (Pinheiro et al., 2005). Consequently, they were measured as raw data 

(Kahilainen and Østbye, 2006), and finally exposed without modification of the size 

consequence (Marques et al., 2006). One-way analysis of variance (ANOVA) with Tukey-HSD 

post-hoc test at 5% significance level was considered to test the significance of meristic, 

traditional and truss measurements. The degree of resemblance of diverse features such as 

morphometric and truss dimensions amongst the samples and the proportional significance of 

each dimension for the split-up of the populations were evaluated by discriminant function 

analysis (DFA). An unweighted pair group (UPGMA) and cluster dendrogram was constructed 

based on the mean values of morphometric and truss distances data were used. All statistical 

analyseswere done using SPSS v 22 (SPSS, Chicago, IL,USA). 

 

RESULTS  

 

The minimum and maximum values of each meristic count ranged from 3 to 4 for DFR, 13 to 22 

for CFR, 56 to 75 for AFR, 6 to 9 for PevFR, and 10 to 15 for PecFR among four populations 

examined with corresponding descriptive statistical parameters (i.e. mean and standard 

deviation) (Table 2). ANOVA results followed by Tukey-HSD post-hoc test showed that two 

characters i.e. CFR (F = 4.197; P-value, 0.008 < 0.05) and PevFR (F = 4.669; P-value, 0.005 < 

0.05) out of five meristic characters were significantly different whereas DFR (F = 0.267, P-

value, 0.122 > 0.05), AFR (F = 0.727, P-value, 0.727 > 0.05) and PecFR (F = 1.997, P-value, 

0.727 > 0.05) found insignificant difference among four populations. The BBG, CFFJ 

populations resembled each other and highly significant to FSCK while DBK population formed 

intermediate between BBG, CFFJ and FSCK populations for the character of CFR. Similarly 

BBG population demonstrated highly significant to CFFJ and DBK populations whereas FSCK 

population formed intermediate among BBG, CFFJ and DBK populations for the character of 

PevFR.  

Nevertheless, in traditional morphometrics the general descriptive statistics are given in Table 2. 

However, ANOVA results followed by Tukey-HSD post-hoc test proved that five characters 

namely, HL (F = 7.650, P-value, 0.000 < 0.05), PsOL (F = 2.864, P-value, 0.042 < 0.05), PsDL 

(F = 3.100, P-value, 0.032 < 0.05), HDF (F = 5.698, P-value, 0.001 < 0.05) and LJL (F = 2.693, 

P-value, 0.049 < 0.05) found significant differences among the eighteen morphometric 

characters. The CFFJ and DBK populations demonstrated highly significant differences than 

BBG and FSCK populations for the character of HL and PsOL. Additionally, the BBG and 

FSCK populations showed significant heterogeneity than the CFFJ and DBK populations for the 

character of PsDL. Moreover, BBG and DBK populations showed significant heterogeneities 

than CFFJ and FSCK populations for the character of HDF. Furthermore, BBG, FSCK and DBK 

populations demonstrated significant disparity than CFFJ population. On contrary, the remaining 

thirteen characters of traditional morphometric characters did not show any momentous change 

in all populations (P value > 0.05) (Table 2).  
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Consequently, in truss morphometric analysis, the general descriptive statistics are given in 

Table 3. Nevertheless, one-way analysis of variance followed by Tukey-HSD post-hoc test 

ascertained that four characters namely, 6-7 (F = 14.090, P-value, 0.000 < 0.05), 2-6 (F = 3.492, 

P-value, 0.020 < 0.05), 3-7 (F = 4.217, P-value, 0.008 < 0.05) and 8-9 (F = 4.805, P-value, 0.004 

< 0.05) found significant differences among the twenty one truss morphometric characters. 

Firstly, BBG and CFFJ populations are resembled to each other and also demonstrated highly 

significant than DBK and FSCK populations respectively for 6-7 character. Secondly, the BBG, 

CFFJ and DBK populations resembled to each other and possessed highly significant differences 

than FSCK population. Thirdly, BBG and CFFJ populations revealed significant differences than 

the FSCK and DBK populations. Finally, BBG and DBK populations formed significant 

disparity than the CFFJ and FSCK populations. In order to analyze discriminant function 

analysis between populations, and the DFA highlighted three discriminant functions (DF1, DF2, 

and DF3) for traditional morphometrics and truss-network dimensions where, the first DF 

reported for 62.8% at eigenvalue 5.186, the second DF reported for 20.6% at eigenvalue 1.699 

and the third DF reported for 16.6% at eigenvalue 1.375, respectively among group variability, 

elucidating 100% of the total assemblage variability (Table 4). Pooled within-groups correlations 

between discriminant variables and DFs showed that 6-7, 1-2, 4-6, 3-9, 5-6, 4-5, PrDL, HL, 

PsDL, FL, ED, SnL contributed to first DF. Similarly, 2-9, 1-9, 2-3, 2-6, 3-6, 3-4, 3-8, 9-10, 

HDF, HD, LAB, IO and MXBLR contributed to second DF. Side by side, 7-9, 3-7, 10-1, 8-9, 2-

5, 7-8, 3-5, PrOL, SL, LJL, HAF, MXBLL, PsOL and UJL reported to third DF (Table 4). 

The bi-plot results derived from both morphometric and truss measurements, the individual of 

each population was not clearly separated among CFFJ, FSCK and DBK populations with nearly 

corresponding in changing amounts in the discriminant space while the individual of BBG 

population showed complete isolation (Figure 3).  

Discriminant function analysis showed 98.8% and 48.8% original classification and cross-

validation of individuals respectively on the bases of traditional morphometrics and truss 

network measurements. The proportion of appropriately classified samples was maximum in the 

BBG (100%), CFFJ (100%), FSCK (100%) followed by the DBK (95%) in decreasing order. 

However, 98.8% of average original group was correctly classified in original analysis. 

Conversely, the intermixing rates were observed in all populations using cross-validation 

analysis showing maximum intermingling rates were observed in DBK (30%), FSCK (55%), 

CFFJ (45%) and BBG (65%) and finally 48.8% of average percentage levels were demonstrated 

in all populations (Table 5).  

A dendrogram prepared by using all morphometrics and truss measurements of each individual 

data from populations. Two main clusters were generally made, where CFFJ shaped a solitary 

cluster and FSCK and DBK combindly formed additional cluster. Furthermore DBK formed a 

sub-cluster with FSCK (Figure 4). 
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Fig. 1. Nineteen traditional morphometric characters were measured for the analysis in butter 

catfish, Ompok bimaculatus. TL (total length) - distance from the tip of the upper jaw to the 

longest caudal fin ray, SL (standard length) - distance from the tip of the upper jaw to the end of 

the vertebral column, FL (fork length) - distance from the tip of the snout to the end of the fork 

of caudal fin, HL (head length) - distance from the tip of the snout to the posterior margin of the 

opercula, HD (head depth) - vertical distance of head, PrOL (pre orbital length) - distance from 

the tip of the snout to the anterior margin of the eye, PsOL (post orbital length) - distance from 

the posterior margin of the eye to the end of the operculum, ED (eye diameter) - distance from 

the pre-orbital length to post-orbital length, SnL (snout length) - distance from the tip of the 

snout to the anterior position of eye, PrDL (pre-dorsal length) - distance from the snout tip to the 

anterior base of the dorsal fin, PsDL (post-dorsal length) - distance from the dorsal fin posterior 

base to the anterior end of the caudal fin, HDF (height of dorsal fin) - horizontal distance of 

dorsal fin, HAF (height of anal fin) - horizontal distance of anal fin, LAB (length of anal fin 

base)- horizontal distance from the anterior part to the posterior part of anal fin, UJL (upper jaw 

length) - distance between the upper snout tip and posterior edge of maxilla, LJL (lower jaw 

length) - distance between the lower snout tip and posterior edge of mandible, MXBLL 

(maximum barbell length, Left) - length of the barbel having highest elongation, MXBLR 

(maximum barbell length, Right) - length of the barbel having highest elongation, IO (inter 

orbital) - distance between dorsal side of both eyes.  

 

 

 

 

Fig. 2. Position of the 10 landmarks for 

assembling the truss morphometric characters on external surface of fish explained as closed red circles. 

Landmarks describe to (1) anterior tip of snout at upper jaw, (2) most posterior aspect of neurocranium, 

(3) origin of dorsal fin, (4) anterior attachment of dorsal membrane from caudal fin, (5) anterior 

attachment of ventral membrane from caudal fin, (6) origin of anal fin, (7) insertion of pelvic fin, (8) 

origin of pelvic fin, (9) insertion of pectoral fin and (10) insertion point of gill line in ventral side. 
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Fig. 3. Bi-plot orientation of individuals from DFA analyses using morphometrics and truss 

measurements of Ompok bimaculatus populations. Legends are corresponds to 1-BBG: Bohni baor, 

Gopalgonj; 2-CFFJ: Chanchra Fish Farm, Jashore; 3-FSCK: Fish Seed Complex, Khulna; 4-DBK: 

Dakatia Beel, Khulna. 

 

 

 

 

 

 

 

Fig. 4. Dendrogram developed by using morphometric and truss distances of Ompok bimaculatus 

populations (BBG: Bohni baor, Gopalgonj; CFFJ: Chanchra Fish Farm, Jashore; FSCK: Fish Seed 

Complex, Khulna; DBK: Dakatia Beel, Khulna) in Bangladeshi freshwaters. 

 

Table 1. Descriptive data and sampling sites of Ompok bimaculatus from South-western 

Bangladesh 

Collection sites Abbreviation No. of 

specimens 

Mean SL in 

cm (SD) 

Date of 

Collection 

Chanchra Fish Farm, Jashore CFFJ 20 10.96±1.03 07.10.2017 

Bohni baor, Gopalgonj BBG 20 12.94±1.20 28.10.2017 

Dakatia beel, Khulna DBK 20 11.45±1.05 20.11.2017 

Fish Seed Complex, Khulna FSCK 20 11.19±1.04 15.12.2017 
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Table 2. Descriptive statistics of meristic and morphometric characters of butter catfish Ompok bimaculatus (abbreviations described 

in materials and methodology part) 

Character

istics 

BBG (n = 20) CFFJ (n = 20) FSCK (n = 20) DBK (n = 20) ANOVA test 

Mean ± SD Min-Max Mean ± SD Min-Max Mean ± SD Min-Max Mean ± SD Min-Max F P-value 

Meristic characters 

DFR 3.50 ± 0.51 3-4 3.55 ± 0.60 3-4 3.45 ± 0.60 3-4 3.40 ± 0.50 3-4 0.267 0.849 

CFR 17.45 ±1.70
A
 15-22 17.00  ± 1.45

A
 15-19 14.95 ± 3.94

C
 13-18 16.50 ± 1.43

AB
 15-19 4.197 0.008* 

AFR 64.55 ± 3.96 64-75 67.15  ± 2.30 63-70 66.45 ± 4.14 56-75 66.55 ± 3.54 60-72 0.437 0.727 

PevFR 8.05 ± 1.39
A
 7-9 7.15  ± 0.67

B
 6-8 7.65 ± 0.74

AB
 6-8 7.10 ± 0.71

B
 6-8 4.669 0.005* 

PecFR 12.80 ± 1.10 11-15 13.35  ± 1.30 10-15 12.40 ± 1.39 10-15 12.60 ±1.35 10-15 1.997 0.122 

Morphometric characters 

SL 11.72 ± 0.42 10.94-14.09 11.57 ± 0.17 9.95-11.64 12.16 ± 0.87 8.50-13.28 11.78 ± 0.45 8.36-13.22 2.313 0.083 

FL 12.54 ± 0.29 12.20-14.74 12.10 ± 0.41 10.02-12.76 2.60 ± 0.25  8.67-13.88 11.63 ± 2.47 11.24-13.80 1.304 0.279 

HL 2.30 ± 0.28
B
 1.84-2.93 2.47 ± 0.23

A
 2.07-2.91 1.25 ± 0.12

B
 2.20-3.48 2.67 ± 0.25

A
 2.11-3.10 7.650 0.000* 

HD 1.26 ± 0.11 1.09-1.67 1.35 ± 0.08 1.20-1.47 0.55 ± 0.15 0.98-1.58 1.35 ± 0.26 1.06-2.09 2.253 0.089 

PrOL 0.56 ± 0.10 0.38-0.77 0.58 ± 0.10 0.40-0.88 0.61 ± 0.28 0.29-0.90 0.58 ± 0.11 0.32-0.83 0.939 0.426 

PsOL 1.50 ± 0.27
B
 1.14-2.15 1.65 ± 0.25

A
  1.13-2.11 1.50 ± 0.02

B
 1.08-2.34 1.74 ± 0.23

A
 1.31-2.15 2.864 0.042* 

ED 0.48 ± 0.02 0.40-0.51 0.49 ± 0.02 0.46-0.60 0.65 ± 0.10 0.46-0.60 0.49 ± 0.02 0.46-0.60 1.414 0.245 

SnL 0.69 ± 0.09 0.54-0.95 0.68 ± 0.09 0.47-0.90 0.68 ± 0.11 0.44-0.83 0.66 ± 0.12 0.39-0.92 0.942 0.424 

PrDL 3.47 ± 0.80 2.32-4.56 3.41 ± 0.22 2.85-3.72 3.22 ± 0.58 2.39-3.56 3.39 ± 0.27 2.50-3.99 2.047 0.114 

PsDL 7.66 ± 0.66
A
 6.88-9.40 7.24 ± 0.44

B
 6.23-8.60 7.53 ± 0.09

A
 5.71-9.11 7.30 ± 0.31

B
 5.33-8.96 3.100 0.032* 

HDF 1.43 ± 0.12
A
 1.15-1.64 1.40 ± 0.14

B
 1.02-1.63 1.37 ± 0.03

B
 1.36-1.66 1.52 ± 0.11

A
 1.34-1.68 5.698 0.001* 

HAF 0.42 ± 0.05 0.30-0.52 0.42 ± 0.09 0.27-0.62 0.43 ± 1.01 0.32-0.43 0.42 ± 0.06 0.30-0.52 2.289 0.085 

LAB 7.46 ± 0.64 6.35-9.18 7.21 ± 0.26 6.23-7.61 7.81 ± 0.06 4.57-9.10 7.13 ± 0.31 5.24-8.29 1.256 0.296 

UJL 0.79 ± 0.10 0.62-0.99 0.77 ± 0.09 0.62-0.99 0.79 ± 0.05 0.66-0.90 0.82 ± 0.09 0.62-0.97 0.992 0.401 

LJL 0.80 ± 0.10
A
 0.65-1.01 0.73 ± 0.10

B
 0.56-0.90 0.86 ± 0.42

A
 0.66-0.80 0.81 ± 0.10

A
 0.58-0.96 2.693 0.049* 

MXBLL 4.95 ± 0.32 4.30-5.50 4.94 ± 0.88 4.00-5.80 4.93 ± 0.43 4.00-5.80 4.94 ± 0.35 4.20-5.60 0.869 0.461 

MXBLR 4.81 ± 0.30 4.30-5.40 4.79 ± 0.52 4.10-6.00 4.80 ± 0.04 4.20-6.00 4.81 ± 0.35 4.00-5.60 0.385 0.764 

IO 0.97 ± 0.04
A
 0.88-1.10 0.98 ± 0.17

A
 0.80-1.05 0.98 ± 0.03

A
 0.88-1.04 0.97 ± 0.06

A
 0.80-1.04 0.968 0.412 

* Significant difference at 5% significant level. Min: Minimum, Max: Maximum. SD: Standard deviation. ANOVA: Analysis of variance (One-way). F: The ratio of 

between-group variability and within group variability. Means with identical superscript letter are not significantly different for each meristic and traditional variable. 

Means with different superscripts letter are significantly different for each meristic variable and traditional variable. The acronyms of meristic, traditional 

morphometrics and population names are described in materials and methods section. 



143                                                                                                 Morphological variations of Ompok bimaculatus 
 

 
 

 

 

 
 

Table 3. Descriptive statistic results of truss morphometric characters of butter catfish Ompok bimaculatus (abbreviations described in 

materials and methodology part) 

 BBG (n = 20) CFFJ (n = 20) FSCK (n = 20) DBK (n = 20) ANOVA test 

Mean ± SD Min-Max Mean ± SD Min-Max Mean ± SD Min-Max Mean ± SD Min-Max F P-value 

Truss morphometric characters 

1-2 1.59 ± 0.32 1.35-2.52 1.57 ± 0.19 1.12-1.71 1.57 ± 0.26 1.06-2.25 1.57 ± 0.18 0.94-1.83 1.698 0.175 

2-3 1.96 ± 0.31 1.45-2.73 1.97 ± 0.29 1.14-2.40 1.97 ± 0.34 1.06-2.39 1.97 ± 0.29 1.14-2.62 1.393 0.251 

3-4 8.33 ± 0.34 7.70-9.54 8.32 ± 0.34 6.82-8.74 8.33 ± 0.78 5.88-9.17 8.34 ± 1.24 3.02-8.64 2.525 0.064 

4-5 0.73 ± 0.18 0.56-0.83 0.72 ± 0.06 0.52-0.77 0.72 ± 0.08 0.45-0.76 0.73 ± 0.06 0.44-0.83 1.008 0.394 

5-6 7.55 ± 1.66 7.61-12.93 7.67 ± 0.42 6.50-8.93 7.83 ± 0.80 5.53-9.52 7.67 ± 0.31 5.62-9.05 1.048 0.376 

6-7 1.24 ± 0.26
A
 1.11-2.81 1.10 ±0.22

A
 0.75-1.80 0.81 ± 0.22

C
 0.23-1.14 0.94 ±0.16

B
 0.61-1.09 14.090 0.000* 

7-8 0.57 ± 0.13 0.37-.93 0.58 ± 0.14 0.25-0.82 0.57 ± 0.13 0.34-0.72 0.57 ± 0.11 0.38-0.91 0.338 0.798 

8-9 0.56 ± 0.12 0.34-0.88 0.56 ± 0.10 0.36-0.72 0.57 ± 0.10 0.19-0.72 0.57 ± 0.15 0.23-0.87 1.785 0.157 

9-10 1.10 ± 0.31 0.72-2.35 1.10 ± 0.18 0.71-1.46 1.11 ± 0.10 0.69-1.22 1.09 ± 0.14 0.61-1.24 1.692 0.176 

10-1 1.67 ± 0.28 1.22-2.41 1.66 ± 0.35 1.03-2.99 1.66 ± 0.26 1.65-2.39 1.67 ± 0.24 1.25-2.34 0.965 0.414 

1-9 2.15 ± 0.30 1.86-3.01 2.16 ± 0.16 1.84-2.44 2.17 ± 0.21 1.52-2.41 2.15 ± 0.27 1.57-2.87 2.045 0.115 

2-5 9.71 ± 0.69 8.90-11.96 9.70 ± 0.52 8.22-9.94 9.70 ± 1.14 7.38-11.83 9.71 ± 1.83 8.65-11.99 0.459 0.712 

2-6 3.23 ± 0.40
A
 2.68-4.94 3.21 ± 0.17

A
 2.46-3.37 2.87 ± 0.68

B
 2.34-3.94 3.25 ± 0.32

A
 2.22-3.89 3.492 0.020* 

2-9 1.36 ± 0.29 0.91-2.44 1.37 ± 0.19 1.17-1.90 1.35 ± 0.19 0.86-1.81 1.37 ± 0.34 0.77-3.02 2.435 0.071 

3-5 7.92 ± 0.52 7.69-10.24 7.97 ± 1.75 6.26-8.64 7.97 ± 0.92 5.87-9.49 7.96 ± 0.48 5.84-8.98 1.160 0.331 

3-6 2.62 ± 0.24 2.30-3.37 2.63 ± 0.09 2.25-2.74 2.68 ± 0.28 1.93-3.29 2.61 ± 0.17 1.82-3.05 2.361 0.078 

3-7 2.60 ± 0.23
A
 2.29-3.39 2.59 ± 0.16

A
 2.13-2.83 2.40 ± 0.42

B
 1.85-2.93 2.31 ± 0.34

B
 1.37-2.95 4.217 0.008* 

3-8 2.35 ± 0.24  1.99-3.22 2.34 ± 0.18 1.89-2.71 2.35 ± 0.55 1.32-2.85 2.35 ± 0.18 1.51-2.95 2.217 0.093 

3-9 2.42 ± 0.27 1.80-3.09 2.41 ± 0.45 1.71-2.95 2.43 ± 0.25 1.36-2.77 2.44 ± 0.25 1.37-2.67 1.009 0.394 

8-9 1.59 ± 0.32
A
 0.93-1.59 1.07 ± 0.15

B
 0.74-1.28 1.13 ± 0.15

B
 0.81-1.39 1.26 ± 0.22

A
 0.90-1.69 4.805 0.004*  

4-6 7.86 ± 0.31 7.36-10.96 7.87 ± 0.21 6.60-9.04 7.88 ± 0.93 5.42-9.72 7.97 ± 0.43 5.70-9.13 1.640 0.187 

* Significant difference at 5% significant level. Min: Minimum, Max: Maximum. SD: Standard deviation. ANOVA: Analysis of variance (One-way). F: The ratio of 

between-group variability and within group variability.  Means with identical superscript letter are not significantly different for each truss morphometric variable. 

Means with different superscripts letter are significantly different for each truss morphometric variable. The acronyms of meristic, traditional morphometrics and 

population names are described in materials and methods section. 
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Table 4. Within-group correlations results obtained from discriminating variables and 

discriminant functions (DFs; variables well-arranged by size of correlation within function)  

Characters Function 1 Function 2 Function 3 Characters Function 1 Function 2 Function 3 

% of Variance 62.8 20.6 16.6 3-6 0.092 0.150
*
 -.090 

Cum. variance 62.8 83.4 100.0  3-4 0.106 -0.138
*
 -.078 

Eigenvalue 5.186 1.699 1.375 LAB 0.048 -0.127
*
 -.086 

6-7 0.296
*
 0.245 -0.006 3-8 0.072 0.118

*
 -.102 

PrDL 0.266
*
 0.183 0.154 9-10 0.091 -0.118

*
 -.019 

HL -0.226
*
 -0.019 0.165 IO 0.017 -0.116

*
 .100 

PsDL 0.147
*
 -0.052 0.068 MXBLR -0.038 -0.062

*
 .032 

1-2 0.113
*
 -0.023 -0.004 7-9 0.066 -0.111 .326

*
 

4-6 0.111
*
 0.003 0.023 PrOL 0.011 -0.147 .215

*
 

FL 0.108
*
 -0.085 -0.010 SL 0.061 0.079 .211

*
 

ED -0.100
*
 0.035 -0.038 3-7 0.132 0.092 -.211

*
 

3-9 0.091
*
 0.050 -0.047 LJL 0.019 -0.161 .209

*
 

5-6 0.085
*
 -0.047 0.010 10-1 -0.030 0.073 .198

*
 

SnL 0.072
*
 -0.049 0.066 HAF 0.085 0.050 .188

*
 

4-5 0.034
*
 0.003 0.010 MXBLL 0.012 -0.036 .151

*
 

HDF -0.128 -0.235
*
 0.182 PsOL -0.115 0.113 .128

*
 

2-9 0.025 0.219
*
 0.090 8-9 0.080 0.105 .117

*
 

HD -0.037 0.203
*
 0.091 UJL -0.040 -0.089 .112

*
 

1-9 0.000 0.183
*
 0.132 2-5 -0.012 0.011 .112

*
 

2-3 0.049 0.158
*
 0.001 7-8 0.024 0.046 -.070

*
 

2-6 0.060 0.155
*
 0.144 3-5 -0.053 -0.014 .069

*
 

* Maximum complete correlation between each variable and any discriminant function. 

The acronyms of meristic, traditional morphometrics and population names are described in material and methods 

section. 

 

Table 5. Appropriate classifications of individual of Ompok bimaculatus populations (BBG: 

Bohni baor, Gopalgonj; CFFJ: Chanchra Fish Farm, Jashore; FSCK: Fish Seed Complex, 

Khulna; DBK: Dakatia Beel, Khulna) categorized as group-wise and cross-validation method  

Population Code Predicted Group Membership Total 

BBG CFFJ FSCK DBK 

Original 
a
 

BBG 20 (100%) 0 0 0 20 

CFFJ 0 20 (100%) 0 0 20 

FSCK 0 0 20 (100%) 0 20 

DBK 0 1 (5%) 0 19 (95%) 20 

Cross-validated 
b 
 

BBG 13 (65%) 3 (15%) 2 (10%) 2 (10%) 20 

CFFJ 2 (10%) 9 (45%) 4 (20%) 5 (25%) 20 

FSCK 0 3 (15%) 11 (55%) 6 (30%) 20 

DBK 3 (15%) 6 (30%) 5 (25%) 6 (30%) 20 
a
 98.8% of unique assembled cases appropriately ordered. 

b
 48.8% of cross-validated assembled cases appropriately categorized. 
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DISCUSSION 

 

In the contemporary study, vastly significant morphological disparities of Ompok bimaculatus 

were observed among four populations. Understanding the proper stock discrimination studies in 

fishes meristic characters are highly valuable bio-markers and these characters can specify the 

initial development of a fish species. In case of meristic characters of all samples fluctuated 3-4 

rays for DFR, 13-22 for CFR, 56-75 for AFR, 6-9 for PevFR, and 11-15 for PecFR. These 

findings are completely similar to those findings documented by Rahman, (2005) in O. 

bimaculatus, Chaklader et al. (2016) in Ompok pabda, Ng and Tan (2004) in O.platyrhynchus 

and Mahfuj et al. (2019b) in O. pabo. In ANOVA test the P-value displayed significantly 

difference in two meristic characters in CFR and PevFR among all populations. These significant 

disparities may be caused by genetic and environmental factors during the period of different 

ontogenical shifts in their life cycle (Swain et al., 2005). Moreover, meristic counts may be 

fluctuated by abrupt changes of abiotic factors in water bodies such as temperature gradient, 

productivity, abundance of microalgae, salinity gradient, radiation and degree of day light 

(Kashefi et al., 2012). Besides, time alterations during spawning, larval development (Bailey 

and Gosline, 1955) and developmental rates (Gabriel, 1944) are one of the major crucial factors 

for meristic variation in within species level. In addition, lotic water fish possesses more anal 

fins to recover their swimming and locomotion based on the hypothesis developed by Swain and 

Holtby (1989). Therefore, the following water among four habitats might be a crucial factor for 

the aforementioned populations, though the current velocity of the water from the selected 

habitats was not measured. Furthermore, ecological influences and rearing density 

simultaneously can modify the development of meristic characters and sometimes exposes 

natural aberrations in their development in varying degrees of aquatic organism (Leary et al., 

1991). Additionally, geographical variation is one of the major contributors of changes of 

meristic characters due to the fluctuations of environmental circumstances (Kashefi et al., 2012; 

Mahfuj et al., 2017; Gain et al., 2017). Aggressive behavior (Simon et al., 2010) coupled with 

feeding habits might be an important factor of losing their fins and spines because of 

carnivorousness (Mishra et al., 2013) and omnivorousness (Sivakami, 1982) feeding pattern of 

O. bimaculatus. Nonetheless, in this present study no momentous changes were detected in DFR, 

AFR and PecFR except CFR and PevFR characters due to involvement of similar environmental 

conditions in four populations, which laterally validate similar number of rays in DFR, AFR and 

PecFR.  

However, the phenotypic flexibility of fish is very high and they adjust rapidly by altering their 

body maintenance and conduct to natural vicissitudes due to the fluctuations of their habitats as 

well as their environments. These alterations, eventually, modify their morphology and 

physiology as well as swimming behavior (Mahfuj et al., 2019c, d). In Bangladeshi water 

bodies there presumably little natural changes of water quality parameters from place to place. 

However, because of little natural contrasts, the subsequent morphological contrasts in fish might 

be small to the point that they may be difficult to recognize with net morpho-meristic characters. 

Consequently, truss network estimations were utilized in this test. Truss network protocols are an 

effective maneuver for identifying fish populations (Turan, 2004a). A reasonable structure of 

morphometric assessments using 2-dimensional illustration of a fish relinquishes the necessity to 

discover the sorts of parameters for the stock separation (Turan et al., 2004b). However, in the 

present study, the truss linkage coordination can successfully be utilized to recognize the River 

and beel populations. For these circumstances, gradually critical distinctions were expected due 
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to the 4 absolutely dissimilar habitats viz., two aqua-farms CFFJ and FSCK are cultured, 

controlled, maintained habitat and the rest two wetlands BBG and DBK are closed water. 

Influences among the 4 populations varied even if the 1st, 2nd or 3rd DF was measured (Table 

4). The 1st DF reported for much more (62.8%) changeability than ensured the 2nd DF (20.6%) 

and the 3rd DF (16.6%). It is obvious that the 1st DF elucidates much more variances than the 

2nd and 3rd DF. Nevertheless, the 3rd DF is considerable rarer instructive clarifying changes 

among the populations. The dendrogram engaged in this revision occasioned in 2 clusters and 1 

sub-cluster: Two main clusters were mainly formed, where BBG fashioned a single cluster and 

FSCK and CFFJ combinedly formed another bunch. Moreover DBK formed a sub-cluster with 

FSCK (Figure 5).  

The phenotypic discreteness recommends an immediate connection amongst the degree of 

morphological discrepancy and topographical partition, which demonstrates that physical 

objectivity, is a limiting variable for the movement among populations. Turan, (2004a) also 

established parallel outcomes for Liza abu populations from the three Rivers in Turkey. 

Morphometric dissimilarities amongst populations are usual meanwhile they are physically 

sequestered and may be started from plentiful predecessors. Fish are remarkably subtle to usual 

changes and hurriedly adjust by fluctuating essential external morphological parameters. It is 

outstanding that morphological charms can indicate high pliancy due to disparities in natural 

circumstances, for example, food availability and temperature (Allendorf, 1987; Swain et al., 

1999). In general, same fish species shows more noticeable fluctuations in morphological 

features in same habitats than other lives (Wimberger et al., 1992). 

 

CONCLUSION 

 

The results derived from this research are highly usefull as it will be provided as exemplary 

paradigm of endangered Ompok bimaculatus populations for further deliberates such as 

conservation and management strategies in the natural wetlands. More research especially 

molecular tests of the population levels are required for the superior stock identification for 

ensuring their sustainability in nature to ensure this endangered species from elimination. It is 

obvious that the morphometric attributes guide qualities toward recognizing populations is over 

momentously obsolete. However, the implication of truss network organization with strong 

statistical data analyses method has been entirely re-shaped the examination of morphometric 

assortment and eventually has extended the vitality of morphometric investigation for stock 

identification, nowadays. Moreover, the morphometric strategies are heightening the efficacy of 

truss-based phenotypic investigation in fish stock recognition to energize the viable exploitation 

of depleted fishery assets as well as protect the biodiversity. 
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