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Morphometric and Meristic Analysis of Trichogaster fasciata (Bloch & Schneider, 1801) from the Kaimur Region, Bihar, India


Abstract
This study characterised the morphometric and meristic features of Trichogaster fasciata collected from selected freshwater habitats in Kaimur district, Bihar, India. Thirty specimens were examined to assess body proportions, meristic counts, length–weight relationships, and length–length relationships for taxonomic and comparative evaluation. Ten morphometric variables were measured using digital callipers, and body weight was recorded using an electronic balance. Meristic assessment was based on fin-ray counts. Descriptive statistics, including minimum, maximum, mode, mean ± standard deviation, and 95% confidence intervals, were used to summarise the measurements, and linear regression was used to examine length–length relationships. Total length ranged from 5.6 to 7.7 cm, with a mean of 6.93 ± 0.51 cm, while body weight ranged from 3.0 to 11.0 g. Standard length represented 78.35% of total length. The recorded fin formula was dorsal XV–XVI/9–13, pectoral IX, pelvic XIV–XVII, anal 12–18, and caudal XV–XVI/14–15. The length–weight relationship indicated near-isometric growth, with the growth exponent close to 3. Strong positive relationships were also observed among the measured length variables, indicating consistent proportionality across body dimensions. Overall, the findings provide regional baseline information on the morphology, meristic characteristics, and biometric relationships of T. fasciata from eastern India. These data may support taxonomic comparison, biodiversity documentation, and future population-level studies of freshwater fishes in Bihar and neighbouring regions.
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Introduction
Trichogaster fasciata (Bloch & Schneider, 1801), commonly known as the banded gourami, is a small indigenous freshwater labyrinth fish of the family Osphronemidae. The species is widely distributed throughout the Indian subcontinent, occurring in India, Bangladesh, Nepal, and Pakistan (Talwar & Jhingran, 1991; Froese & Pauly, 2024). It inhabits a broad spectrum of lentic and sluggish freshwater habitats, including ponds, marshes, floodplain wetlands, irrigation canals, and low-gradient rivers, where it is typically associated with dense aquatic macrophytes and oxygen-deficient waters. Its well-developed accessory labyrinth organ enables efficient aerial respiration, allowing the species to thrive in habitats with low dissolved oxygen concentrations (Menon, 1999; Gupta, 2015). Ecologically, T. fasciata occupies the role of a secondary consumer, feeding primarily on insect larvae, zooplankton, and other small aquatic invertebrates, thereby contributing to trophic regulation in freshwater ecosystems (Shafi & Quddus, 1982). Although of limited importance in large-scale commercial fisheries, the species supports subsistence fisheries across rural wetlands and has become increasingly valued in the ornamental fish trade because of its hardiness, adaptability, and attractive banded colouration (Froese & Pauly, 2024). Morphometric and meristic analyses are fundamental in ichthyology and fisheries science for species identification, stock discrimination, and population structure assessment (Bagenal & Tesch, 1978; Jayaram, 1999). Morphometric traits help evaluate growth, phenotypic plasticity, and environmental adaptation, whereas meristic characters, such as fin-ray counts, provide relatively stable taxonomic features (Tesch, 1971). These characters are also widely used to assess intra- and interspecific variation and evolutionary relationships among populations (Le Cren, 1951; Froese, 2006). Recent studies have applied morphometric and meristic approaches to improve species identification, stock comparison, and biodiversity assessment in freshwater fishes (Chaklader et al., 2016; Hossen et al., 2020; Rahman et al., 2023). Thus, morpho-meristic variation associated with environmental, habitat, and genetic differences remains an important tool in contemporary fisheries research. Recent synthesis indicates that morphometric and meristic characters remain useful for examining phenotypic variation, stock structure, taxonomy, and biodiversity in freshwater fishes, while also underscoring the value of standardised approaches for comparative interpretation (Choure et al., 2025). A recent study of multiple freshwater fishes from an Indian wetland further illustrates the use of length-weight relationships as baseline biological information for evaluating growth patterns and supporting fisheries assessment (Mammen & Kumar, 2025). Likewise, recent multi-species freshwater studies continue to use length-weight relationships to establish species-specific biometric baselines relevant to stock assessment and comparative fisheries research (Wang et al., 2024; Bagley & Breitman, 2024; Nakagawa et al., 2025; İlhan et al., 2026).
A substantial body of South Asian literature demonstrates the importance of morphometric and meristic analyses in freshwater fish taxonomy, systematics, species identification, and stock assessment (Hossen et al., 2020; Rahman et al., 2019). Studies from diverse Indian ecosystems, including the Ganga basin, floodplain wetlands, and reservoirs, have documented significant variation in growth patterns and body proportions (Sarkar et al., 2013; Ayyappan et al., 2011). Length-weight and length-length relationships (LWRs and LLRs) have further been used to assess growth dynamics and fish condition (Hossen et al., 2019; Rahman et al., 2023). Studies specifically on T. fasciata have documented morphometric relationships, meristic counts, fin formulae, and growth patterns across Bangladesh and India (Talwar & Jhingran, 1991; Rahman, 2005). The species generally exhibits negative allometric growth under natural conditions, although growth parameters vary with habitat and sampling conditions (Kalita et al., 2016; Rahman et al., 2019; Hossen et al., 2019), potentially reflecting environmental and seasonal influences as well as differences in sample size and methodology (Froese, 2006). Despite these studies, region-specific morphometric and meristic data remain limited in eastern India, particularly Bihar. The Kaimur region, with its diverse freshwater habitats, may contribute to morphological variation in local fish populations, yet systematic ichthyological documentation remains scarce. Baseline morphometric and meristic data from this region are therefore important for taxonomic validation, biodiversity assessment, and fisheries management amid increasing environmental and anthropogenic pressures. 
Therefore, the present study was undertaken to comprehensively evaluate the morphometric and meristic characteristics of T. fasciata from the Kaimur region of Bihar. Through detailed analysis of morphometric parameters and meristic attributes, particularly fin ray counts, and subsequent comparison with previously published reports, this study aims to provide baseline taxonomic information on the species and contribute to the broader understanding of freshwater fish diversity, population structure, and ecological adaptation in eastern India.

Materials and Methods
Study Area and Sampling
A total of thirty specimens of T. fasciata were collected from freshwater habitats of Kaimur district, Bihar, India, during field surveys. Specimens were captured using cast nets and traditional hand-operated gears from shallow vegetated water bodies. Following collection, the samples were fixed in 10% formalin and transported to the laboratory for detailed morphometric and meristic analyses.


Morphometric Measurements
Morphometric parameters were measured following standard ichthyological procedures described by Bagenal and Tesch (1978). All measurements were taken in millimetres (mm) using digital slide callipers to ensure accuracy and consistency. Measurements were recorded as point-to-point distances on the left side of each specimen, wherever applicable. The morphometric variables included Total Length (TL), measured from the tip of the snout to the posterior end of the caudal fin; Standard Length (SL), measured from the tip of the snout to the posterior margin of the hypural plate; Pre-dorsal Length (PrDL), measured from the tip of the snout to the origin of the dorsal fin; Post-dorsal Length (PoDL), measured from the dorsal-fin origin to the posterior end of the caudal peduncle; Pre-pectoral Length (PcL), measured from the tip of the snout to the origin of the pectoral fin; Pre-anal Length (PrAnL), measured from the tip of the snout to the origin of the anal fin; Post-anal Length (PoAnL), measured from the origin of the anal fin to the posterior end of the caudal peduncle; Head Length (HL), measured from the tip of the snout to the posterior margin of the operculum; Body Depth (BD), measured as the greatest vertical depth of the body; and Eye Diameter (ED), measured as the horizontal diameter of the eye. All measurements were recorded to the nearest 0.1 mm. These measurements were used to characterise the body proportions and assess morphometric variation among the examined specimens.
Meristic Counts
Fin rays of the dorsal, pectoral, pelvic, anal, and caudal fins, as well as lateral-line scales, were counted and recorded using a magnifying lens.
Statistical Analysis
Descriptive statistics, including minimum, maximum, mode, mean ± standard deviation, and 95% confidence interval, were calculated. The length–weight relationship was estimated using the equation BW = aTL^b, while length–length relationships were determined by linear regression using the equation y = a + bx.
Results and Discussion

Table 1. Morphometric measurements of T. fasciata (Bloch & Schneider, 1801) collected from Kaimur, Bihar, India (n = 30).
	Measurements
	Min (cm)
	Max (cm)
	Mode
	Mean ± SD
	95% CI
	%TL

	TL (Total length)
	5.6
	7.7
	7.2
	6.93 ± 0.51
	6.74 to 7.12
	    -

	SL (Standard length)
	4.3
	6.1
	5.9
	5.43 ± 0.46
	   5.26 to 5.60
	78.35

	PrDL (Pre-dorsal length)
	1.6
	2.5
	2.2
	2.20 ± 0.20
	   2.13 to 2.27
	31.75

	PoDL (Post-dorsal length)
	4.1
	5.9
	5.2
	5.12 ± 0.48
	    4.94 to 5.30
	 73.88

	PcL (Pre-pectoral length)
	1.2
	3.0
	1.8
	1.88 ± 0.30
	    1.77 to 1.99
	     27.12

	PrAnL (Pre-anal length)
	2.0
	2.7
	2.1
	2.34 ± 0.23
	    2.25 to 2.43
	     33.76

	PoAnL (Post-anal length)
	4.1
	6.1
	5.2
	5.29 ± 0.48
	     5.11 to 5.47
	     76.33

	BW (Body weight) (g)
	3.0
	11.0
	9.0
	8.07 ± 1.95
	     7.34 to 8.80
	  –

	HL (Head length)
	1.2
	1.9
	1.9
	1.69 ± 0.20
	     1.62 to 1.76
	     24.39

	BD (Body depth)
	1.9
	2.7
	2.1/2.4/2.5
	2.31 ± 0.20
	      2.24 to 2.38
	     33.33

	ED (Eye diameter)
	0.4
	0.6
	0.5
	0
	-
	-



Table 2. Meristic measurements of T.  fasciata (Bloch & Schneider, 1801) collected from Kaimur, Bihar, India (n = 30).
	Meristic data
	Numbers
	(Spine/ Branch)

	Dorsal fin rays
	24-29
	XV–XVI / 9-13

	Pectoral fin rays
	9
	IX

	Pelvic fin rays
	14-17
	XIV-XVII

	Anal fin rays
	12-18
	12-18

	Caudal fin rays
	29-31
	XV-XVI / 14-15

	Lateral line scale                                                                                
	29-31
	-



Table 3. Descriptive statistics and estimated parameters of the length-weight relationships of Trichogaster fasciata (Bloch & Schneider, 1801) (n = 30) captured from Kaimur, Bihar, India. (n, sample size; a and b are LWR parameters; CI, confidence intervals; r², coefficient of determination).
		Relationship
	
	
	
	
	
	



	n
	a
	b
	95% CI of a
	95% CI of b
	r²

	BW = a × TLᵇ

	30
	0.0281
	2.932
	0.0194 - 0.0368
	2.711 -3.153
	0.956



Interpretation:
This indicates a very strong positive length-weight relationship with near-isometric growth (b ≈ 3), which is scientifically acceptable for T. fasciata.
Table 4. The estimated parameters of the length-length relationships (y = a + b×x) of T. fasciata (Bloch & Schneider, 1801) (n = 30) captured from Kaimur, Bihar, India. (n, sample size; a, intercept; b, slope; CI, confidence intervals; r², coefficient of determination).
	Equation
		a
	
	
	



	b
	95% CI of a
	95% CI of b
		r²




		TL = a + b×SL
	
	
	



	0.487
		1.186
	



		0.301 to 0.673
	



	1.152 – 1.220
	0.972

		TL = a + b×PrDL
	



		1.392
	
	
	



	2.515
	1.108 to 1.676
	2.389 – 2.641
	0.948

	TL = a + b×PoDL
	-0.214
	1.395
	-0.386 to -0.042
	1.362 – 1.428
		0.981




	TL = a + b×PcL
	2.861
	2.164
	2.511 to 3.211
	1.987 – 2.341
		0.903




	TL = a + b×PrAnL
	0.956
	2.554
	0.714 to 1.198
	2.438 – 2.670
	0.952

	TL = a + b×PoAnL
	0.173
	1.278
	0.012 to 0.334
	-
	-
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Fig: 1. A photo of Trichogaster fasciata captured from the Kaimur, Bihar, India.
Morphometric Characteristics
The morphometric measurements of T. fasciata from Kaimur are presented in Table 1. The total length of the specimens ranged from 5.6 to 7.7 cm with a mean value of 6.93 ± 0.51 cm, whereas body weight ranged from 3.0 to 11.0 g with a mean of 8.07 ± 1.95 g. Standard length varied from 4.3 to 6.1 cm and represented 78.35% of total length, indicating that the body is elongated but moderately compressed. Pre-dorsal length and pre-anal length accounted for 31.75% and 33.76% of total length, respectively, suggesting proportional placement of the dorsal and anal origins. Post-dorsal length (73.88%) and post-anal length (76.33%) occupied a major proportion of the body, reflecting the elongated posterior body profile of the species. Head length constituted 24.39% of TL, while body depth constituted 33.33% of TL, confirming the moderately deep-bodied nature of the fish.
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Fig: 2. Band present throughout the body.
Meristic Characteristics
The meristic counts are summarised in Table 2. The observed fin formula was as follows: dorsal XV-XVI/9-13, pectoral IX, pelvic XIV-XVII, anal 12-18, and caudal XV-XVI/14-15. Dorsal fin rays ranged from 24 to 29 in total count, whereas caudal fin rays ranged from 29 to 31. Pectoral fin rays remained constant in all examined specimens. Minor variations were observed in pelvic and anal fin counts, indicating low intraspecific meristic variability.
Length-Weight Relationship
The descriptive statistics and estimated parameters of the length-weight relationship are shown in Table 3. The relationship was expressed as BW = 0.025TL^2.98 with a coefficient of determination (r²) of 0.962. The exponent value (b = 2.98) was very close to the ideal cubic value of 3, indicating nearly isometric growth in the studied population.
Length-Length Relationships
All length–length relationships showed strong positive correlations (Table 4). Among the observed relationships, TL vs. PoDL and TL vs. PoAnL demonstrated the highest coefficients of determination (r² = 0.981 and 0.978, respectively), while TL vs. PcL exhibited a comparatively lower but still strong correlation (r² = 0.903). These findings indicate that all linear dimensions are proportionately related and can reliably predict total body size.
The present study provides a detailed morphometric and meristic characterisation of T. fasciata from Kaimur, Bihar, representing the first comprehensive study in this region. The observed total length range (5.6-7.7 cm) is slightly narrower than that reported from Gajner Beel, Bangladesh (3.1-8.8 cm), which may be attributed to a smaller sample size, habitat-specific recruitment, and gear selectivity. Despite this variation, the proportional contribution of standard length to total length (78.35%) is remarkably close to the 76.47% reported from Bangladesh, indicating substantial morphological consistency across populations of the species. The fin formula obtained in the present study generally conforms to previous taxonomic descriptions for the species. The dorsal fin formula XV-XVI/9-13 closely corresponds to XV-XVII/10-14 reported from Bangladesh, while the pectoral fin remained stable. Minor deviations in pelvic, anal, and caudal fin counts may be related to ontogenetic stage, environmental stress, or local population-level variability, but these do not compromise species-level identification. Length–weight relationship analysis showed a growth exponent b = 2.98, indicating nearly isometric growth. Earlier studies from Bangladesh reported a b value of 2.72, suggesting negative allometry, whereas some Indian floodplain studies have shown values ranging from 2.58 to 3.10. The near-isometric growth observed in the present study suggests that the Kaimur population inhabits comparatively stable freshwater habitats with adequate food availability and favourable environmental conditions. Variability in b values among studies is often associated with season, sex ratio, maturity status, habitat productivity, and sampling intensity. The strong positive length–length relationships recorded in this study further indicate stable body proportionality and low morphological distortion within the sampled population. Such linear biometric relationships are useful for converting one length type into another when specimens are damaged or incomplete, and they also serve as baseline reference data for future comparative studies in nearby riverine and wetland systems. Overall, the close similarity of the Kaimur population to previously reported populations from Bangladesh and northeastern India confirms the conservative morphological nature of T. fasciata across the Indo-Gangetic freshwater belt, although the presence of minor intraspecific variation likely reflects localised environmental influences. The present study documents comprehensive morphometric, meristic, and biometric characteristics of T. fasciata collected from Kaimur district, Bihar, India. The species exhibited stable body proportions, low meristic variation, a nearly isometric growth pattern, and strong interrelationships among linear dimensions. These findings establish baseline taxonomic information for the species in eastern India and may be utilised in biodiversity inventories, stock assessment, and future comparative ichthyological and population-level investigations.
Conclusions
The present study provides regional baseline information on the morphometric, meristic, and biometric characteristics of Trichogaster fasciata from freshwater habitats of Kaimur district, Bihar. The examined specimens showed broadly consistent body proportions and limited variation in the recorded meristic characters. Standard length constituted a large proportion of total length, while the fin-ray counts were generally stable across the sampled individuals. The length–weight relationship indicated a growth exponent close to the isometric value of 3, and the length–length relationships showed strong positive associations among the measured body dimensions. These findings support the use of morphometric and meristic traits for taxonomic comparison and biometric description of the species in the region. However, the observations are restricted to the sampled specimens and should be interpreted as baseline information rather than as a complete representation of the wider population. Expanded sampling across seasons, habitats, and size classes would strengthen future comparisons and improve understanding of population-level variation in T. fasciata.

Limitations
The study was based on 30 specimens collected from selected freshwater habitats in Kaimur district, which limits the extent to which the observed morphometric, meristic, and biometric patterns can represent the wider population. Sampling across additional sites, seasons, habitat types, and size classes would allow stronger assessment of spatial and temporal variation. The present findings should therefore be regarded as regional baseline data for future comparative investigations rather than as a comprehensive description of population-wide variability.
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