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Abstract
Morphometric and meristic traits offer powerful, cost-effective tools for analysing phenotypic variation, stock structure, and environmental adaptation in freshwater fishes. This review synthesizes findings from more than thirty studies published between 2012 and 2024, covering diverse taxa across Asia, Africa, and the Middle East. The literature reveals strong habitat-driven morphological plasticity, particularly in riverine species exposed to hydrodynamic forces, ecological gradients, and climatic variability. Morphometric traits, which respond rapidly to ecological pressures, consistently differentiated populations of Channa striata, Wallago attu, Schizothorax spp., Clupisoma garua, and several others. Meristic traits, although more genetically stable, also reflected population-level divergence under varied developmental and environmental conditions. Integrating these patterns, the review highlights the importance of morphology for taxonomy, species discovery, biodiversity monitoring, and sustainable fisheries management. Despite methodological challenges—including inconsistent measurement protocols and limited geographic coverage—advances in geometric morphometrics, molecular barcoding, and multivariate analytics have strengthened morphological research. The review emphasizes the need for standardized methodologies and integrated approaches to better understand phenotypic diversity and ensure the conservation of freshwater fish resources in rapidly changing ecosystems.
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1. Introduction
Freshwater ecosystems occupy a surprisingly small portion of the Earth’s surface, yet they harbour an exceptionally high proportion of global fish diversity, supporting nearly half of all known fish species (Tripathy, 2020). These systems—from glacial streams of the Himalayas and fast-flowing montane rivers to tropical floodplains, oxbow lakes, and lowland wetlands—are characterized by rapid hydrological oscillations and strong ecological gradients. Fish inhabiting such systems must adjust continuously to local environmental pressures. As a result, freshwater fishes often display marked morphological diversity that reflects both long-term evolutionary pathways and short-term ecological responses. Documenting and interpreting this variation are crucial for understanding population dynamics, ecological adaptation, and the biodiversity structure of freshwater environments (Aisyah, S., & Syarif, A. 2019).
, The morphometric and meristic analyses remain among the most reliable and widely applied tools in fisheries science and ichthyology. Morphometric traits involve quantifiable body measurements—such as head length, eye diameter, body depth, fin dimensions, and caudal peduncle depth—that provide insight into the functional morphology and ecological strategies of fishes (Rawat et al., 2017). Meristic traits, including counts of fin rays, gill rakers, vertebrae, or lateral line scales, offer diagnostic features that are evolutionarily conserved and therefore essential for species identification and systematics (Gharaei, 2012). Although contemporary molecular approaches such as DNA barcoding and eDNA analysis have gained prominence, morphometric and meristic traits remain indispensable because they directly reflect the phenotypic outcome of environmental influences and developmental processes—attributes that genetic markers alone cannot capture (Hasim et al., 2022).
Over the past decade, the increasing environmental pressures on freshwater ecosystems in South Asia, Southeast Asia, Africa, and Central Asia have catalysed a surge in morphology-based studies. Fishes such as Channa striata, Channa punctatus, Schizothorax spp., Wallago attu, Cyprinus carpio, Clupisoma garua, Glossogobius giuris, Rasbora spp., and Triplophysa marmorata have been examined extensively in relation to habitat variation, hydrological regimes, dietary resources, and geographic isolation (Mushtaq et al., 2024; Kumar et al., 2023; Raña et al., 2023; Hasim et al., 2022; Muslimin et al., 2020; Raja et al., 2024). These studies provide compelling evidence that morphology is not merely a descriptive tool but a sensitive and dynamic indicator of ecological conditions. For example, fishes inhabiting high-altitude, fast-flowing Himalayan rivers—such as Schizothorax progastus, S. labiatus, and S. richardsonii—tend to exhibit elongated fins and streamlined bodies that enhance hydrodynamic efficiency (Archo Zakiya et al., 2024; Jan & Ahmed, 2020; Wagle et al., 2021). In contrast, species dwelling in warm, nutrient-rich wetlands like Neotropius atherinoides and Channa punctatus typically develop deeper bodies and higher condition factors associated with abundant food availability (Ara & Nabi, 2021; Bano et al., 2022).
Morphology also plays a decisive role in stock identification, an essential requirement for effective fisheries management. Stocks—biologically distinct population units—often differ subtly in body shape or fin structure due to environmental isolation, local selection pressures, or reproductive segregation (Rawat et al., 2017). Studies on Wallago attu across Indian rivers (Kumar et al., 2023), Channa striata across Sumatra (Muslimin et al., 2020), and Clupisoma garua in the Ganga River system (Ipsita Biswas et al., 2018) reveal that morphometric and meristic divergence can reliably demarcate population boundaries. Such distinctions help managers design location-specific conservation measures, preventing inadvertent overexploitation of vulnerable stocks.
Although meristic traits are generally more genetically constrained than morphometric traits, they too may reveal biologically meaningful patterns when environmental impacts occur during early developmental stages. Variations in fin-ray or scale counts, as observed in Parachanna obscura (Osho et al., 2022) and amassed fishes (Raña et al., 2023), highlight how developmental conditions may imprint on meristic structures. These characteristics thus serve as important tools for studying population differentiation, especially when genetic data are limited.
Morphology continues to be indispensable in taxonomy and species discovery. The description of Aborichthys bajpaii from Arunachal Pradesh relied primarily on morphometric and meristic evidence, demonstrating how detailed morphological assessments remain central to identifying cryptic species (Singh & Kosygin, 2022). Additionally, morphological comparisons have proven crucial for identifying aquaculture-introduced lineages, such as Vietnamese-origin Channa striata in Bangladesh, which pose genetic risks to native populations (Jannat et al., 2022).
Despite their value, morphology-based studies face challenges including inconsistent measurement protocols, observer bias, insufficient sampling, seasonal variability, and limited integration with advanced analytical tools (Tripathy, 2020). However, recent methodological improvements—such as geometric morphometrics, high-resolution imaging, multivariate statistics, and the integration of DNA barcoding—are helping overcome many of these limitations (Hasim et al., 2022; Dwivedi, 2021). These approaches offer greater precision, enabling researchers to detect subtle differences in shape and structure that traditional methods may miss.
Given the escalating threats from habitat degradation, altered hydrological regimes, pollution, invasive species, and climate change, morphometric and meristic datasets are becoming increasingly crucial as early-warning indicators of ecological stress. For example, shifts in condition factors or body proportions may signal changes in prey availability, temperature, or water quality (Dinh et al., 2022; Srihari et al., 2020). Because morphology responds more rapidly to environmental change than genetic structure, it offers a powerful tool for monitoring habitat health and forecasting potential declines in fish populations.
In summary, morphometric and meristic analyses remain fundamental pillars of fisheries biology and ichthyology, providing critical insights into species identity, population structure, environmental adaptation, and conservation priorities. They are especially valuable in regions where molecular tools are not widely accessible. The growing body of research spanning diverse freshwater systems underscores the need for continued morphological studies, ideally integrated with modern technologies and ecological frameworks. As freshwater ecosystems face unprecedented environmental pressures, morphology-based approaches will remain essential for safeguarding biodiversity and guiding sustainable fisheries management.
2. Significance of Morphometric and Meristic Analyses
Morphometric and meristic traits occupy a central position in ichthyology because they capture both the structural and functional dimensions of fish phenotypes. Traditionally, morphometric analyses quantify linear measurements such as head length, body depth, fin base length, eye diameter, and caudal peduncle depth. These measurements reflect functional adaptations linked to swimming performance, feeding ecology, predator avoidance, and habitat use (Rawat et al., 2017). Their sensitivity to environmental influences makes them particularly valuable for identifying population-level responses to ecological gradients and habitat disturbances.
Meristic traits—including fin ray counts, gill rakers, vertebrae numbers, and scale row counts—are more genetically conserved and are widely used in species identification and classical taxonomy (Gharaei, 2012). For many groups, especially the Cyprinidae, Nemacheilidae, and Channidae, meristic counts provide reliable diagnostic characters that distinguish between closely related species. Because these traits are typically fixed early in development, they help disentangle genetic differentiation from environmental plasticity.
Beyond taxonomy, morphometric and meristic analyses play a vital role in fisheries science. For stock identification, morphological divergence can indicate reproductive isolation, restricted gene flow, or localized environmental adaptation (Kumar et al., 2023). Condition factors derived from morphometric relationships also allow rapid assessment of habitat quality, prey availability, and physiological well-being (Dinh et al., 2022; Ara & Nabi, 2021). The ability of morphological traits to respond swiftly to ecological change makes them essential tools for monitoring environmental stressors, especially in regions lacking advanced genomic or environmental monitoring infrastructure.
3. Global Research Patterns and Emerging Methodologies
Over the past decade, the application of morphometric and meristic tools has expanded across Asia, Africa, and the Middle East, reflecting both ecological need and methodological innovation. Numerous studies—on species such as Clupisoma garua, Rasbora spp., Channa striata, Parachanna obscura, and Schizothorax spp.—have employed a wide range of morphological approaches to uncover population structure, taxonomic boundaries, and environmental adaptation (Ipsita Biswas et al., 2018; Kumaladewi et al., 2022; Muslimin et al., 2020).
Traditional morphometrics remain common, but increasing numbers of studies now utilize truss network systems, which capture shape more comprehensively by measuring distances between anatomically fixed landmarks (Rawat et al., 2017). In parallel, geometric morphometrics has emerged as a powerful method that isolates shape variation independent of size, orientation, or position. This technique enables visualization of subtle differences in shape that might otherwise remain undetected (Mojekwu & Anumudu, 2015).
Advanced statistical tools including PCA, DFA, cluster analysis, and MANOVA have strengthened analytical precision. They allow researchers to identify distinct morphological clusters, determine which traits contribute most to variation, and assess statistical separation between populations (Dwivedi, 2021).
Another important development is the integration of genetic tools with morphometric data. Studies such as Hasim et al. (2022) demonstrate how preliminary DNA barcoding can confirm species identity, validate morphological groupings, and reveal cryptic diversity. This multidisciplinary approach is increasingly viewed as the gold standard for modern fisheries and conservation research.
4. Environmental Drivers of Morphometric Variation
Environmental heterogeneity is a major driver of morphological diversity in freshwater fishes. Hydrodynamic regimes, water quality, habitat complexity, and resource availability exert strong selective pressures that shape body form, fin proportions, and growth patterns.

4.1 Hydrodynamics and Water Flow
River flow velocity is one of the strongest environmental determinants of body shape. Fish living in fast-flowing rivers typically display streamlined bodies, reduced depth, and elongated pectoral and caudal fins that improve manoeuvrability and reduce drag (Wagle et al., 2021). High-altitude species like Schizothorax progastus, S. labiatus, and S. richardsonii clearly exhibit these adaptations (Archo Zakiya et al., 2024; Jan & Ahmed, 2020).
4.2 Water Quality and Productivity
Nutrient-rich wetlands and floodplains promote deeper bodies, larger heads, and greater growth increments due to abundant food availability. For example, Neotropius atherinoides and Channa punctatus from highly productive wetlands exhibited higher condition factors and deeper bodies (Ara & Nabi, 2021; Bano et al., 2022). Conversely, low-nutrient or oligotrophic environments, such as mountain lakes, tend to produce slender-bodied species such as Triplophysa marmorata (Mushtaq et al., 2024).
4.3 Temperature and Climate Gradients
Temperature directly affects metabolic rates and growth patterns. Cold-water species such as Schizothorax spp. grow more slowly and maintain streamlined morphologies suited to cold, oxygen-rich conditions. Warm-water fishes typically show greater shape plasticity. (Sidiq et al. 2021).
4.4 Geographic Isolation
When populations are geographically isolated by mountains, dams, or watershed boundaries, morphological divergence accumulates. Clear examples include Channa striata populations across Sumatra (Muslimin et al., 2020) and Rasbora populations across East Java (Kumaladewi et al., 2022).
4.5 Anthropogenic Impacts
Pollution, habitat fragmentation, altered flow regimes, and aquaculture practices significantly influence morphological development. Cultured Cyprinus carpio in Iraq developed larger heads and shorter bodies than wild conspecifics due to altered diets and reduced predation (Jawad et al., 2022).

5. Patterns in Meristic Variation
Meristic traits are often viewed as genetically stable, yet they too can exhibit variation linked to developmental environments. While less plastic than morphometric traits, meristic counts can indicate early-life environmental conditions or population-level genetic divergence.
Notable examples include:
· Variation in anal-fin rays and gill rakers in Parachanna obscura across multiple Nigerian rivers (Osho et al., 2022).
· Differences in scale rows and fin-ray counts among three amassed species in Chalan Beel (Raña et al., 2023).
· Distinct meristic patterns between cultured and wild Cyprinus carpio populations (Jawad et al., 2022).
Because meristic traits are determined during embryonic and larval development, they may be influenced by temperature, dissolved oxygen, or pollution. Their value lies in their stability relative to morphometric traits, making them powerful for taxonomic identification, early-life-stage diagnosis, and discriminating cryptic species.
6. Taxonomic and Conservation Implications
Morphometry and meristic remain indispensable for taxonomy, particularly in regions where freshwater fish diversity is high and genetic tools are limited. The discovery of Aborichthys bajpaii relied heavily on meristic counts, fin-ray patterns, and body proportions (Singh & Kosygin, 2022), underscoring morphology’s irreplaceable role in species discovery.
From a conservation perspective, identifying distinct stocks is essential for preventing overexploitation and genetic homogenization. Morphological analyses have revealed clear structuring in species such as:
· Wallago attu across Indian rivers (Kumar et al., 2023),
· Channa striata across Indonesia (Muslimin et al., 2020),
· Clupisoma garua across the Ganga system (Ipsita Biswas et al., 2018).
Similarly, morphological data have helped identify non-native or aquaculture-derived lineages that threaten native biodiversity, as seen in Vietnamese-origin Channa striata in Bangladesh (Jannat et al., 2022) Morphometry also informs restoration, broodstock selection, habitat prioritization, and policies aimed at preserving evolutionary significant units.
7. Methodological Challenges and Analytical Limitations
Morphometric and meristic studies, while widely applied in fisheries and aquatic biology, present several methodological constraints that influence data reliability, reproducibility, and interpretation. The following challenges have been frequently documented across contemporary research:
• Lack of Standardized Measurement Protocols
Variations in anatomical landmarks, measurement techniques, and instrument calibration lead to inconsistency in morphometric datasets across studies, reducing comparability and increasing measurement bias (Tripathy, 2020).
• Inadequate Sample Size and Uneven Sampling Structure
Small or geographically biased samples—often due to logistical constraints or rarity of species—limit statistical power and may not represent true population-level variation (Rawat et al., 2017).
• Ontogenetic and Sexual Variation Not Properly Controlled
Many species exhibit strong size- and sex-specific morphological differences. Studies that do not apply allometric corrections or stratified analyses risk drawing misleading conclusions about inter-population divergence (Dwivedi, 2021).
• Seasonal Variation Overlooked in Sampling Designs
Morphometric traits and condition factors fluctuate seasonally due to feeding intensity, reproductive cycles, and environmental change. Single-season sampling often masks this natural variability (Ara & Nabi, 2021).
• Overdependence on Linear Measurements and Limited Use of Multivariate Tools
Some studies continue to rely solely on traditional bivariate comparisons, even though advanced multivariate analyses (PCA, DFA, MANOVA) can detect subtle population differences with higher precision (Mojekwu & Anumudu, 2015).

• Inadequate Integration with Environmental and Habitat Data
Although many studies report morphological differences across locations, relatively few quantitatively link morphometric variation to hydrodynamics, temperature, productivity, or habitat complexity, limiting ecological interpretation (Wagle et al., 2021).
• Preservation and Handling Effects on Morphological Traits
Specimens preserved in formalin or ethanol, or those subjected to mechanical compression during storage, may exhibit shrinkage or deformation that alters key measurements (Dinh et al., 2022).
• Limited Incorporation of Molecular Data for Validation
In several cases, morphological conclusions are not cross-validated using DNA barcoding or genetic markers, making it difficult to distinguish true genetic divergence from environmentally induced plasticity (Hasim et al., 2022).
• Observer Bias and Operator-Dependent Error
Differences in researcher expertise, measurement consistency, and interpretation of landmarks produce substantial inter-operator variability, especially in truss-based studies (Kumar et al., 2023).
• Incomplete Reporting and Lack of Raw Data Transparency
Raw datasets and supplementary files are often missing, hindering reproducibility, reanalysis, and meta-analytic synthesis across studies (Raña et al., 2023).
8. Methodological Challenges in Morphometric and Meristic Studies
Despite their widespread use and clear utility, morphometric and meristic approaches face several methodological constraints that can limit the robustness, comparability, and interpretability of results. These challenges span from sampling design and data collection to analytical choices and reporting standards.
One of the primary concerns is lack of standardization in measurement protocols. Different studies frequently use slightly different anatomical landmarks, measurement definitions, or reference points for the same morphometric variables. For example, body depth, head length, and fin base lengths may be measured from different anatomical positions across investigations, making cross-study comparison difficult (Tripathy, 2020). Even when the same traits are measured, variations in instrument calibration, fish orientation, or preservation status can introduce systematic biases. This challenge is particularly acute in multi-operator projects, where training and inter-observer consistency are critical but not always documented.
Sample size and sampling structure also present recurring limitations. Many morphometric studies are based on opportunistic sampling from local markets, landing sites, or single field visits, which may not capture the full range of spatial or temporal variability in a species (Rawat et al., 2017). Rare, endemic, or threatened species—such as Schizothorax zarudnyi or narrowly distributed loaches—are often represented by small numbers of individuals (Gharaei, 2012; Singh & Kosygin, 2022). While such work is still valuable, limited sample size reduces statistical power and can obscure subtle patterns in stock structure or environmental responses.
Another important issue is inadequate control for ontogenetic and sexual variation. Morphology changes with age, size, and maturation status, and many traits exhibit strong allometric scaling (Dwivedi, 2021; Faiz-ur-Rehman et al., 2015). If juveniles and adults, or males and females, are pooled without appropriate size correction or stratification, observed differences between populations may reflect demographic structure rather than genuine geographic or environmental effects. While some studies apply size-standardization and allometric corrections, these procedures are not uniformly implemented, leading to inconsistencies in interpretation.
Seasonal effects are another underappreciated source of variation. Fishes may undergo morphological changes associated with gonadal development, feeding intensity, or environmental fluctuations across seasons. Yet many investigations rely on single-season snapshots, especially in monsoon-driven systems (Tripathy, 2020). This can mask seasonal plasticity or produce biased estimates of condition factor and length–weight parameters, particularly in species with strong reproductive migrations or seasonal feeding cycles.
On the analytical side, there is sometimes an over-reliance on simple bivariate comparisons when more powerful multivariate approaches are available. While linear regressions and basic correlation analyses are useful, they may fail to capture the multidimensional nature of shape variation. Modern studies increasingly employ PCA, DFA, cluster analysis, and MANOVA to detect subtle differences among groups (Rawat et al., 2017; Mojekwu & Anumudu, 2015). However, not all datasets are analyzed using these techniques, and in some cases, the underlying assumptions of multivariate methods—such as homogeneity of variance–covariance matrices—are not formally evaluated.
Another methodological gap is the limited integration with environmental and ecological covariates. Many studies describe morphological differences between locations but do not model these differences as functions of environmental variables such as flow velocity, substrate type, temperature, or prey availability. As a result, the mechanistic links between habitat and phenotype often remain inferential rather than demonstrated.
Finally, data sharing and reproducibility remain weak points. Raw morphometric and meristic datasets are not always deposited in accessible repositories or appended as supplementary material. This limits opportunities for meta-analysis, cross-validation, or re-analysis using new methods such as geometric morphometrics or machine-learning algorithms.
Addressing these limitations will require coordinated efforts to develop standardized protocols, encourage transparent reporting, and integrate morphometric data with environmental, genetic, and ecological information. Only then can the full potential of morphometric and meristic analyses be realized for modern fisheries science.
9. Future Directions and Integrative Perspectives
Given the strengths and limitations of current morphometric and meristic research, several promising directions emerge for future work. These directions emphasize integration—across methods, disciplines, and scales—as a way to enhance both scientific understanding and practical application.
A key priority is the harmonization and standardization of protocols. Developing widely accepted guidelines for trait definitions, measurement landmarks, data recording, and quality control would greatly improve comparability across studies and regions (Tripathy, 2020). Such guidelines could be modelled on existing frameworks used in geometric morphometrics and could be adapted for both field and laboratory conditions. Training workshops and open-access manuals would further help build capacity, particularly in resource-limited settings.
Another major direction is the integration of morphometrics with molecular and genomic tools. DNA barcoding, mitochondrial markers, and increasingly affordable genomic approaches can confirm species identity and reveal cryptic lineages, while morphometric–meristic data document the phenotypic expression of underlying genetic and environmental influences (Hasim et al., 2022). Joint analyses—where genetic clusters are compared with morphological clusters—can help distinguish environmentally driven plasticity from true genetic divergence. This integrative approach is particularly valuable in cases involving introduced or farmed strains, such as Vietnamese-origin Channa striata in Bangladesh (Jannat et al., 2022) or cultured versus wild Cyprinus carpio in Iraq (Jawad et al., 2022).
The increasing availability of geometric morphometrics and advanced imaging presents another exciting frontier. Landmark-based geometric methods allow detailed shape analysis independent of size, orientation, and position, capturing subtle variations that traditional linear measurements may miss (Dwivedi, 2021; Mojekwu & Anumudu, 2015). Coupled with high-resolution digital imaging and automated landmark detection, these techniques can substantially increase precision while reducing observer bias. Future work can combine geometric data with traditional meristic counts to produce richer, multidimensional phenotypic profiles.
At the same time, there is considerable potential in linking morphometric data with environmental and ecological models. For instance, incorporating habitat variables—such as current velocity, temperature, substrate composition, and productivity—into statistical models can clarify causal relationships between environment and morphology (Dinh et al., 2022; Wagle et al., 2021). Spatially explicit approaches, including GIS-based habitat mapping, can help relate morphological divergence to landscape features, barriers, and connectivity.
Long-term and large-scale studies also deserve emphasis. Many existing data sets are short-term or localized, yet climate change and basin-level alterations unfold over decadal scales. Establishing long-term monitoring of key species using standardized morphometric and meristic protocols would provide invaluable baselines for detecting directional changes in body shape, condition, and growth patterns under shifting environmental conditions.
Another promising direction lies in machine-learning and image-based classification. With growing access to digital photographs and video, algorithms can be trained to recognize shape patterns, fin configurations, and body proportions automatically (Vashist, P., & Books, A. 2022). Such tools could support real-time stock discrimination at landing sites or help non-specialists perform preliminary species identification in the field. When combined with eDNA surveys and automated environmental monitoring, these approaches could form part of integrated early-warning systems for biodiversity change.
Finally, there is a strong need to translate morphometric and meristic findings into management and policy frameworks. Many studies demonstrate clear stock separation or habitat-linked morphological divergence but stop short of discussing how such information should influence harvest regulations, protected-area design, or aquaculture practices (Rawat et al., 2017; Tripathy, 2020). Future research should explicitly connect morphological evidence to decision-making, for instance by identifying evolutionarily significant units, recommending stock-specific catch limits, or guiding broodstock selection in hatcheries.
In essence, the future of morphometric and meristic research lies in an integrative, multi-scale approach. By combining traditional measurements with modern analytical tools and embedding them within ecological and management contexts, researchers can greatly enhance the role of morphology in conserving freshwater biodiversity and sustaining fisheries resources.
9.1 Advances in Integrative Taxonomy and Molecular Approaches
During the past decade, molecular systematics has transformed the field of fish taxonomy by providing robust, high-resolution tools capable of resolving species boundaries, detecting cryptic diversity, and validating morphologically ambiguous taxa. While morphometric and meristic analyses remain foundational, integrative taxonomy—combining morphology with molecular datasets—has emerged as the gold standard for modern ichthyology (Awas M., et al., 2023).
The application of DNA barcoding using mitochondrial markers such as COI and Cyt b has enabled researchers to distinguish closely related freshwater species that exhibit overlapping morphometric features. For example, recent barcoding studies on Schizothorax species complexes revealed substantial genetic divergence among morphologically similar populations inhabiting Himalayan basins, supporting the presence of cryptic lineages and previously unrecognized diversity (Awas M., et al., 2023). In Southeast Asia, the integration of molecular phylogenetics with traditional meristic counts clarified species boundaries within the genus Rasbora, resolving taxonomic ambiguities that persisted for decades (Sudasinghe, H., et al., 2020).
Similarly, studies on Channa species have demonstrated that molecular data can delineate distinct evolutionary lineages within populations that were once considered conspecific based solely on external morphology (Conte-Grand et al., 2017). This is particularly relevant for aquaculture species, where the introduction of non-native genetic stocks may not be morphologically apparent but can be detected using molecular markers. Recent studies integrating microsatellite markers with morphometric data successfully identified hybridization events between native and farmed Channa striata in Bangladesh (Ahmed, M.  et al., 2018), reinforcing the value of molecular validation in biodiversity monitoring.
Advancements in next-generation sequencing (NGS) technologies, such as RAD-seq, genome skimming, and whole mitochondrial genome sequencing, have further enriched integrative taxonomy. These approaches have been used to reconstruct high-resolution phylogenies, identify population structure, and detect fine-scale evolutionary processes. For instance, genome-wide SNP datasets have recently been applied to study the population genetics of Cyprinus carpio, revealing subtle genetic structuring that correlates with morphometric divergence across river basins (Xu J. et al., 2019).
Environmental DNA (eDNA) is another emerging tool that complements traditional morphology-based surveys. eDNA metabarcoding has facilitated the detection of rare or cryptic species in turbid or inaccessible freshwater habitats, improving species inventories and conservation assessments (Shu, L., et al., 2022). Although eDNA does not replace morphological analysis, its integration with morphometrics allows more accurate mapping of population distributions and monitoring of invasive or threatened species.
Collectively, these developments underscore the importance of integrative frameworks combining morphology, meristic, and molecular tools for reliable species identification, stock assessment, and biodiversity conservation. Incorporating molecular evidence into future morphometric research will enhance taxonomic clarity and strengthen the ecological interpretations drawn from morphological divergence.
10. Conclusion
This review highlights the enduring importance of morphometric and meristic analyses in understanding the diversity, ecology, and evolutionary dynamics of freshwater fishes. Across more than a decade of research, morphological traits consistently revealed meaningful patterns of habitat-driven adaptation, environmental plasticity, and population differentiation. Morphometric traits proved especially responsive to ecological gradients, enabling the discrimination of stocks in species such as Wallago attu, Channa striata, and Clupisoma garua. Meristic traits, while more genetically constrained, also contributed valuable markers for detecting developmental variation, cryptic population structure, and species identity.
The synthesis of findings underscores the essential role morphology plays in fish taxonomy, species monitoring, conservation prioritization, and fisheries management. It remains particularly valuable in regions where access to advanced molecular tools is limited. At the same time, the review emphasizes the need for methodological standardization and integration with modern analytical tools—including geometric morphometrics, DNA barcoding, and automated image analysis—to enhance accuracy and interpretive power.
As freshwater ecosystems face accelerating pressures from climate change, pollution, habitat fragmentation, and anthropogenic exploitation, morphology-based assessments provide a practical and sensitive means of detecting ecological stress. Moving forward, the combination of traditional and advanced morphometric approaches will be indispensable for safeguarding freshwater biodiversity and ensuring sustainable fisheries in rapidly changing aquatic environments.
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TABLE:01. 
MORPHOMETRIC CHARACTERS

	Sr. No.
	Parameters
	Short Form
	Illustration of Parameters

	01
	Standard Length
	SL
	From snout to the origin of caudal fin

	02
	Total Length
	TL
	Snout to the longest part of the caudal fin

	03
	Body Weight
	BW
	Head to caudal fin end point

	04
	Head Length
	HL
	Snout to the posterior-most part of the operculum

	05
	Snout Length
	SnL
	Snout to the anterior-most margin of the eye orbit

	06
	Dorsal Fin Length
	DFL
	Origin of the dorsal fin to the tip of the largest dorsal fin ray

	07
	Pectoral Fin Length
	Pect.FL
	Origin of the pectoral fin to the tip of the largest pectoral fin ray

	08
	Pelvic Fin Length
	Pel.FL
	Origin of the pelvic fin to the tip of the largest pelvic fin ray

	09
	Anal Fin Length
	AFL
	Origin of the anal fin to the tip of the largest anal fin ray

	10
	Caudal Fin Length
	CFL
	Origin of the caudal fin to the tip of the longest part of the caudal fin

	11
	Body Depth
	BD
	The maximum vertical length of the body

	12
	Eye Diameter
	ED
	The maximum length of the eye orbit from one margin to another

	13
	Distance of Eye
	Dis.E
	Snout origin points to the location of the eye

	14
	Mouth Width
	MW
	Origin of mouth (dorsal and ventral)

	15
	Upper Jaw Length
	UJL
	Upper jaw origin line (right to left)

	16
	Lower Jaw Length
	LJL
	Lower jaw origin line (right to left)



TABLE: 02. 
MERISTIC CHARACTERS

	Sr. No.
	Parameters
	Short Form
	Illustration of Parameters

	01
	Dorsal Fin Rays
	DFR
	Total number of rays present on the dorsal fin

	02
	Pectoral Fin Rays
	Pect.FR
	Total number of rays present on the pectoral fin

	03
	Pelvic Fin Rays
	Pel.FR
	Total number of rays present on the pelvic fin

	04
	Anal Fin Rays
	AFR
	Total number of rays present on the anal fin

	05
	Caudal Fin Rays
	CFR
	Total number of rays present on the caudal fin
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