


Review Article
Metabarcoding and eDNA for Insect Biodiversity Assessment in Indian Ecosystems: Moving Beyond Traditional Nets- An Urgent Review

Abstract
Insects are the most species-rich and ecologically critical animal clade, but detailed taxonomic and biodiversity expertise is partial in many groups and regions. Morphology-based taxonomy using particular characters, such as wing venation, genitalia, and pilosity, has always been the basis; however, it is continually restricted by various constraints including cryptic species, damaged specimens, and immature life stages. In the past two decades, DNA-based approaches, including DNA barcoding, metabarcoding, genome skimming, and whole-genome sequencing have transformed entomological studies by enabling the high-throughput delimitation of species and the profiling of insect diversity both on a voucher specimen level and on environmental DNA (eDNA). The recent loss of insect abundance is a danger to various ecosystem services, crop productivity, sustainable food security particularly in Indian agroecosystems. Morphology-based monitoring is usually difficult, expertise-constrained and not usually sufficient to capture taxonomic richness in insect communities, since they have the most dramatic biodiversity of any taxa. In comparison, molecular methodologies, including metabarcoding and eDNA delivery, are efficient, non-destructive, non-invasive, and high-throughput approaches to detecting species of all habitats and life-stages, including elusive or cryptic species. This review critically examines how these methods can transform insect biodiversity monitoring in India’s various ecosystems, surveys integrated workflows combining morphology and molecular data (cybertaxonomy), outlines methodological best practices from field sampling to bioinformatics, identifies limitations, and proposes priorities for expanding regional barcode reference libraries, metadata standardization, and equitable capacity building a “Beyond the Net” framework supporting both biodiversity science, applied conservation, biosecurity,  agroeconomy and insect forensics.
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1. Introduction
1.1 Insect Biodiversity: Importance and Understudied Reality
Insects constitute the foundation of ecosystem health: they facilitate pollination of plants and crops, drive decomposition and nutrient cycling and have central positions within food webs as prey and predators thus helping to maintain ecosystem resilience and functioning in all biomes [Basset et al. 2012]. However, we still have a cripplingly poor understanding of the taxonomy and distribution of insects. Estimates of the total number of insect species on Earth have been estimated in the millions (with the mid-range approximation being between 5-6 million), of which only 1.0-1.2 million have been given formal species names in existing catalogues, and therefore most species are either un-named or poorly known [Stork 2018; Chapman 2009]. Adding to that, there are several reports of significant losses of insect abundance and biomass in recent decades including a pronounced decrease in flying-insect assemblages according to long-term Malaise trap records and broad meta-analyses that attribute this decline to habitat loss, pesticide use, invasive species, and climate change [Hallmann et al. 2017; Szanchez-Bayo et al. 2019; Dirzo et al. 2014].
India is a megadiverse nation with large insect diversity, but its taxonomic lists are far from complete. Recent reviews consider Indian insects in the thousands, with [Shashank et al. 2022] summarising around 62,000 documented species in many families. The pioneer taxonomic organization, Zoological Survey of India by conducting tireless faunal surveys and reports new species and records each year, highlighting both the extraordinary insect diversity in the country, and the significant taxonomic gaps that still exist. These gaps are compounded by the logistical challenges of surveying India’s heterogeneous and often inaccessible terrains, as well as by the hyperdiversity of several insect groups, which collectively hinder comprehensive species inventories. [Shashank et al. 2022; Banerjee, D et al. 2025]. These large undiscovered components of insect diversity are particularly concentrated in tropical and montane regions and among hyperdiverse groups (e.g., Coleoptera, Diptera, Hymenoptera and micro-Lepidoptera), which amplifies the challenge of producing complete distribution maps and time-series monitoring data for India’s agroecosystems and natural habitats.
Classical morphology-based taxonomy remains indispensable for diagnosing and describing species, but it is inherently time-consuming and relies on specialised expert knowledge; this “taxonomic impediment” constrains the rate at which biodiversity can be documented relative to the rate of environmental change [Wheeler et al. 2004; Packer et al. 2009]. Morphology alone is particularly prone to fail or be ambiguous when: (i) cryptic species complexes exist, genetically distinct lineages with little or no consistent external morphology, which molecular tools routinely reveal; (ii) specimens are immature, mutilated, or fragmentary (for example, larval stages or damaged trap catches lacking adult diagnostic characters); and (iii) monitoring requires the rapid processing of bulk samples containing thousands of individuals (where per-specimen morphological identification is often impractical) [Bickford et al. 2007; Hebert et al. 2003; Meier et al. 2006]. For these reasons, DNA-based methods (e.g., COI barcoding, metabarcoding, genome skimming) are increasingly used to complement morphology, accelerating specimen identification, revealing cryptic lineages, linking life stages, and enabling scalable community-level surveys, while still depending on well-curated voucher specimens and expert curation to validate and anchor molecular inferences [Hebert et al. 2003; Srivathsan & Meier 2021; Stork 2018].
1.2 DNA-Based Tools: Transformative Technologies
Mitochondrial cytochrome c oxidase subunit I (COI) gene DNA barcoding has transformed the way in which species are identified since the beginning of the 2000 by enabling a fast and standardized comparison of query sequences to curated reference databases of species [Hebert et al. 2003; Ratnasingham & Hebert 2007]. This framework allows the rapid mapping of unknown specimens onto known taxa and the identification of possible new taxa when the sequences fail to match. The applications of COI barcoding are widespread, and it is especially common in invertebrate biodiversity studies due to universal mitochondrial primers and the high level of discriminatory power of the locus to most animal groups [Hajibabaei et al. 2007; Bucklin et al. 2011].
Metabarcoding is the next step in DNA barcoding because it uses taxon-specific or universal primers in conjunction with high-throughput sequencing (HTS) technologies to detect and identify multiple taxa in a single bulk sample or environmental matrix [Taberlet et al. 2012; Ji et al. 2013]. This scalable approach has revolutionized biodiversity tracking by allowing the processing of large sample sizes at a new level of taxonomic resolution and breadth. It has been effective in community profiling of Malaise-trap collections, gut-content analysis, and reconstructing historical communities in sediment cores [Creer et al. 2016; Deiner et al. 2017].
Among the most striking trends in the modern ecological investigation, the use of environmental DNA (eDNA) metabarcoding, which allows species to be detected across various matrices (soil, freshwater, marine sediments, and even air) without the need to study organisms directly [Bohmann et al. 2014; Lynggaard et al. 2022] deserves to be mentioned. Through this strategy, eDNA has the potential to detect cryptic, or otherwise hard-to-detect taxa, enable the evaluation of community composition and track biodiversity changes with minimal disruption. Recent evidence has also proven air-borne eDNA can be used to characterize terrestrial arthropod assemblages as well as vertebrate communities, extending the repertoire of non-invasive biomonitoring into new environments that were previously intractable [Lynggaard et al. 2022; Clare, et al. 2022].
1.3 Focus on Indian Agroecosystems: The Urgency
India has a remarkable share of people and farms sustained by agroecosystems. Approximately two-thirds of the nation relies on agriculture and over half the land area is under cultivation, consequently insect biodiversity is not a niche conservation concern, but the foundation of food security and rural livelihoods [World Bank 2025, Brandt et al.2024]. Conventional, specimen-based surveillance and univariate surveys routinely overlook cryptic species, immature life stages and most temporal ephemeral associations, leaving enormous gaps in our perception of pest-benefit balances and ecosystem services in croplands (Sanchez-Bayo, et al. 2024). 
India currently has ~62,400 described insect species reported in the primary literature (≈62,429 species) [Shashank et al. 2022]. A recent review emphasized that <3.73% of India’s known insect taxa have been DNA-barcoded overall, with Lepidoptera and Hemiptera most represented in barcode data, followed by Diptera and Coleoptera, underscoring the need to expand barcode coverage and to strengthen collaboration between morphologists and molecular biologists [Shashank et al. 2022]. Following this literature baseline, the Animal Discoveries-2024 published by the Zoological Survey of India recorded 683 new entries to the national faunal list (459 new species, 224 new records), the largest portion of which were insects, across orders such as Coleoptera, Lepidoptera, Diptera and Hymenoptera [Banerjee, D et al. 2025]. 
These national-scale tallies are mirrored by original taxonomic articles that continue to add Indian insect species annually, these lines of evidence indicate that while India’s described insect fauna stands at ~62.4k species in the literature, the pace of discovery recorded by ZSI and in primary journals signals rapid growth and a pressing need for integrative (morphology + molecules) workflows to keep national inventories current [Shashank et al. 2022; Gupta et al. 2025; Sushama et al. 2025]. The ~62,429 figure is the most recent peer-reviewed national total explicitly reported for India’s described insect species [Shashank et al. 2022]. In faunal diversity, the country has 1,05,244 species and subspecies of all forms of faunal from protists to mammals (Banerjee, D. et al., 2025). ZSI’s Animal Discoveries series reports the continued upward trajectory with annual faunal additions (showing insects as the most represented group in 2024). The information about recent discoveries and new records was announced by Bhupender Yadav, the Union Minister of Environment Forest and Climate Change on 30th  June, 2025 in Kolkata (Sahay S. S., 2025).
2. Insect DNA-Based Tools in India: Current Status
Molecular approaches such as, DNA barcoding, eDNA and DNA metabarcoding, offer a rapid, scalable way to detect multi-taxon communities from bulk samples and environmental substrates, overcome life-stage bias, and reveal hidden trophic links that rearing or visual surveys alone often fail to recover (Li M., et al. 2023). A recent analysis of India’s barcode holdings indeed found that <3.73% of the country’s described insect taxa have a barcode on record, with Lepidoptera and Hemiptera contributing the largest shares, followed by Diptera and Coleoptera; the authors explicitly call for accelerating barcode generation via closer collaboration between traditional morphologists and molecular labs [Shashank et al., 2022]. Independent, order-level studies echo this pattern: Indian butterflies remain under-represented in BOLD despite several regional datasets, and work from Western Ghats reiterates the need for integrative (morphology + COI) workflows to close gaps and stabilize identifications, as observed cases of deep intraspecies nucleotide divergences certainly warrant further study [Gaikwad et al., 2012]. In Hemiptera, early Indian barcoding efforts on Pentatomomorpha and Pentatomidae showed COI’s utility for rapid, specimen-linked identification but also highlighted taxonomic impediments and the need for richer voucher metadata, therefore challenges best addressed through coordinated programs with museum taxonomists [Tembe et al., 2014; Kaur & Sharma, 2016]. Comparable signals appear in Diptera, where mosquito barcoding across India has clarified species complexes and aided vector surveillance, again underscoring the value of joint morphological validation and curated reference libraries [Kumar, N. P et al., 2007]. Coleoptera studies (e.g., ladybird beetles) similarly demonstrate that COI can cleanly separate many species while revealing cryptic diversity that requires morpho-molecular reconciliation, precisely the collaborative model urged by the national-scale review [Vidya, C.V et al., 2022; Shashank et al., 2022].
Recently published case studies have shown that molecular monitoring methods, especially DNA metabarcoding of spider egg sacs can provide insights into host parasitoid interactions at a resolution unprecedented (Debnath et al. 2025) and find that the molecular techniques identify a broader range of parasitoid species. Collectively, the data highlights the urgent need to use molecular surveillance in mainstream agroecology: such measures enhance our understanding of functional biodiversity, inform management choices, and ultimately strengthen the ecosystem processes on which long-term farm sustainability depends, a goal at the core of sustainable agriculture (Sanchez. H et al. 2024).
3. Methodological Frameworks for Integrated Monitoring
3.1 Field Sampling and Specimen Preservation Strategies
Combined multi-method field sampling designs that integrate traditional insect traps and environmental DNA (eDNA) techniques have been demonstrated to dramatically improve biodiversity surveys. Malaise traps, e.g. have been found particularly effective when sampling flying insects like Diptera or Hymenoptera, especially when used in conjunction with DNA barcoding protocols. A high throughput sequencing approach to a large-scale Malaise trap survey in a national park successfully processed over 21,000 specimens and identified more than 2,200 species, providing evidence of the power of morphological voucher data in the context of molecular data on biodiversity monitoring (deWaard et al., 2019). Likewise, Malaise trap-based surveys of tropical forests in Thailand over 68 trap-weeks yielded 15,000 parasitoid wasp sequences, which resolved into almost 5,000 unique BINs (Barcode Index Numbers) across 46 families, demonstrating the taxonomic diversity possible with standardized trapping and DNA-based identification (Quicke et al., 2023). These results emphasize the value of uniform trap set-ups and replication between habitats to obtain complementary coverage of insect assemblages.
In addition to aerial traps, soil eDNA has become a powerful method to record soil arthropod assemblages. Comparative studies that examined both bulk specimens and soil samples showed that most of the overlap was found at the species level, but congruent patterns of diversity were identified at higher taxonomic levels showing structured spatial diversity patterns across habitats (Young & Hebert, 2022). In extreme environments such as caves, soil eDNA can also be used to obtain profiles of arthropods, including hypogean species such as springtails, but these assemblages rely on both above-ground and underground sources and demonstrate the complexity of DNA transport in soils (Lunghi, E et al, 2022). These results suggest a combination of soil eDNA and trapping based sampling will provide a more detailed picture of insect diversity, with surface-active insects as well as cryptic microarthropods.
Plant-derived eDNA also increases insect inventories, by capturing insects that have physical contact with vegetation. Different arthropod communities were found in washes of various plant tissues of Campanula rapunculus: Diptera, Hymenoptera, and Coleoptera were associated with floral tissue, whereas Acari and Collembola were more common in roots and stems, reflecting niche-specific associations detectable only through plant-surface eDNA (Weber et al., 2024). More broadly, comparative assessments show that plant-derived eDNA complements traditional sweep netting, with eDNA outperforming conventional methods in detecting plant-specialist arthropods and in resolving fine-scale patterns of β-diversity across plant species (Weber et al., 2023). These results suggest that plant-surface eDNA is an important addition to standardized procedures, especially when investigating insect-plant interactions. Such integrated sampling requires not only collection methods but also specimen preservation to be effective. It is always standard practice to preserve vouchers in 95-100% ethanol to maintain morphological and molecular integrity to enable long-term usability in taxonomic and genomic studies. When it comes to eDNA, the fast degradation of the sample by microorganisms and UV light necessitates cold and dark storage and prompt sample processing following fieldwork since delays significantly reduce the quality of DNA and its detection success (Young and Hebert, 2022). Reliability of downstream analyses is therefore supported by the use of standardized preservation protocols.
The utility of insect biodiversity data is optimized when the metadata are stored in formal formats like Darwin Core, which includes fields of sampling protocol, effort, georeferencing, preservation method, and stable identifiers between specimen, sequence data, and occurrence records. These kinds of structured metadata have allowed easy integration of massive Malaise trap metabarcoding data into biodiversity infrastructures such as GBIF to allow reuse across projects and locations (deWaard et al., 2019). Combined, integrated implementation of traps, soil and plant-surface eDNA, specimen conservation, and Darwin Core-conformant metadata enables a scalable, reproducible insect biodiversity assessment framework across space and time.
3.2 Laboratory and Sequencing Workflow
DNA barcoding of animals conventionally targets a ∼650 bp segment near the 5′ end of mitochondrial cytochrome c oxidase subunit I (COI), the “Folmer region” amplified by the LCO1490/HCO2198 primer pair described and broadly established for species identification by [Folmer et al., 1994; Hebert et al., 2003]. Despite its wide adoption, subsequent surveys revealed primer-template mismatches for many metazoan lineages that can depress amplification efficiency and bias community profiles, motivating redesigns and taxon-tuned primer cocktails [Geller et al., 2013]. Mini-barcodes (∼100–300 bp) have gained prominence when DNA is degraded (e.g., environmental samples, museum material), because shorter amplicons exhibit higher recovery from fragmented templates while retaining taxonomic signal for many groups [Meusnier et al., 2008; Shokralla et al., 2011]. Empirical work demonstrates successful species assignments from archival and formalin-affected material using short COI fragments, expanding barcoding to challenging [Meusnier et al., 2008; Baird et al., 2011; Shokralla et al., 2011]. 
For metabarcoding profiling, primer sets targeting short COI regions are now standard. The mlCOIintF primer in combination with the jgHCO2198 primer (313 bp) improves metazoan coverage across diverse taxa and has been widely used for bulk and diet/eDNA applications [Leray et al., 2013]. In freshwater bioassessment, newly designed COI primer combinations and BF/BR short-amplicon markers increase detection breadth and performance on mixed and degraded DNA [Elbrecht & Leese, 2017; Elbrecht et al., 2017]. These choices mitigate amplification biases that otherwise distort richness and relative read abundance. 
High-throughput sequencing (HTS) platforms, especially Illumina instruments are central to metabarcoding workflows because they deliver millions of indexed amplicon reads per run with low error rates suitable for community analysis. Illumina MiSeq library strategies with double indices have made it possible to multiplex COI barcodes and mini-barcodes on a large scale, making it practical to perform specimen and community-scale analyses [Shokralla et al., 2015]. Initial biodiversity analyses with HTS revealed strong recovery of arthropod and eDNA community composition, demonstrating the utility of the method to survey and assessment [Ji et al., 2013; Thomsen et al., 2012; Taberlet et al., 2012].
[bookmark: _Hlk207668737]3.3 Bioinformatics and Taxonomic Assignment
Metabarcoding pipelines for environmental DNA (eDNA) studies involves a series of steps, each aimed to ensure maximum accuracy and reproducibility. In the first phase, raw sequence reads are usually quality trimmed to eliminate low-quality bases and contamination with adapters that may be present in the sequencing library (Callahan et al., 2016) to ensure robust downstream analyses. This is followed by chimera removal, which eliminates artifactual sequences that could inflate diversity (Edgar et al. 2011). This is followed by the processing of sequence reads into amplicon sequence variants (ASVs) or groups of sequencing operational taxonomic units (OTUs) using algorithms such as DADA2 that outperform classical OTU clustering (Callahan et al. 2016). The resulting representative sequences are taxonomically identified by comparison with curated reference databases (e.g., the Barcode of Life Data System (BOLD) or GenBank that are trusted repositories of DNA barcodes of most taxa (Ratnasingham and Hebert, 2007; Benson et al., 2018).
In the context of biodiversity research and in particular in insect monitoring, eDNA metabarcoding has repeatedly been shown to be able to capture higher taxonomic richness and finer resolution than morphological identification. For example [Ji et al. 2013] showed that metabarcoding recovered more species than conventional morpho-taxonomic methods from surveys of arthropod communities. Similarly [Deiner et al. 2017] reported that eDNA-based surveys are more efficient than conventional sampling for rare or cryptic taxa, and can therefore provide a more complete picture of ecosystem diversity. These advantages reveal the transformative power of eDNA and metabarcoding for accelerating biodiversity discovery and monitoring for Indian ecosystems where insect diversity remains grossly under-recorded.
3.4 Why Novel DNA Sequences in BOLD and GenBank Still Require Taxonomic Expertise
When a DNA barcode or other marker appears for the first time in public repositories such as BOLD or GenBank, the presence of a novel sequence cluster alone does not constitute a formally named species; formal species assignment requires expert taxonomic judgment supported by specimen-based evidence and an explicit diagnosis. Sequence clusters (for example Barcode Index Numbers-BINs-in BOLD) are extremely useful provisional units for flagging candidate taxa and guiding subsequent work, but they should be treated as hypotheses of taxonomic distinctness rather than as definitive species names until corroborated by integrative evidence (morphology, ecology, geography, and where possible additional molecular markers) and a valid type designation under the relevant nomenclatural code [Ratnasingham & Hebert 2013; Padial et al. 2010]. The International Code of Zoological Nomenclature (ICZN) recognizes name-bearing types (holotypes, syntypes) and, except in narrowly defined and debated cases, requires deposition of voucher specimens or clear type material that allows future verification; descriptions that rely solely on sequence data or photographs remain controversial and are more likely to be considered unstable or nomenclaturally problematic without accompanying physical vouchers and diagnostic characters [Dayrat 2005; Pante et al. 2015]. Best practice therefore couples sequence data with vouchered specimens (ideally with sequence data from the type specimen itself, following GenSeq ranking for sequence reliability), explicit differential diagnoses, and expert comparison with related taxa so that names are stable, repeatable and verifiable by future researchers [Monckton et al. 2020]. Finally, because public sequence databases are not immune to misidentifications or annotation errors, taxonomic assignments based on single best BLAST hits should be corroborated phylogenetically and by taxonomic expertise before formal naming is proposed [Dennis A et al. 2018]. 
3.5 Metabarcoding Applications in Arthropod Monitoring, Agricultural Systems, and Ecosystem Services

Recent work using DNA metabarcoding has revealed that soil-derived environmental DNA (eDNA) and Malaise trap bulk samples each capture distinct and complementary assemblages of arthropod taxa. In a temperate forest study, only ~11.8% of species overlapped between these sampling methods. Importantly, arthropod diversity peaked differently across habitats and seasons: Malaise trap catches were highest in summer, while soil eDNA detection peaked in winter, demonstrating seasonal life-cycle dynamics and habitat partitioning. This dual sampling provides a more precise approach to biodiversity and phenological shifts of forest ecosystems tracking [Kirse et al. 2021].

DNA metabarcoding of bulk arthropod or predator samples in agroecosystems has proven highly effective as an alternative to morphological surveys that are labour intensive. Bulk-marker sequencing workflows have shown that a large fraction of arthropods (~91) can be correctly identified and classified taxonomically at a much lower cost and processing time. This utility allows scalable high-speed biodiversity measurements to guide agricultural management and ecosystem service research [Gibson et al. 2014; Ji et al. 2013].

In addition to tracking presence and abundance, metabarcoding can also be used to understand trophic interactions and ecosystem services. DNA metabarcoding of guano has been used in dietary studies of insectivorous bats and has yielded strong evidence of their involvement in the control of agricultural pests. In a multi-species study, bats were observed to feed on a broad array of pest species-over 130 different crop pests were found in bat diets-and many of these crop pests are very destructive to crops. These results demonstrate why bats offer essential ecosystem services in agricultural landscapes, and why metabarcoding-based trophic network analyses can be valuable in sustainable pest management planning [Flanders et al. 2022].
4. Cybertaxonomy: Integrating Morphology and Molecules - Challenges, Limitations, and Transformative Potential 
Cypertaxonomy is a synthesizing framework that brings together classical morphology, molecular data, high-resolution imaging, georeferenced metadata and open-access databases to both speed up the process of species discovery and to refine the understanding of taxonomy. Cybertaxonomy allows reproducible identifications by matching voucher specimens with the DNA barcodes and digital databases Barcode of Life Data System (BOLD) and the Global Biodiversity Information Facility (GBIF), and allows monitoring of biodiversity at various levels (Hebert et al., 2003; Pyle, 2016). Such integrative techniques are especially disruptive in megadiverse regions such as India where conventional taxonomy has often been constrained by the parochialism of expertise and reference collections. The advantages and transformational power of molecular methods and especially DNA barcoding and metabarcoding have been well reported. These techniques offer scalable biodiversity profiling and allow detection of cryptic, immature, or fragmentary taxa that cannot be detected morphologically in other ways (Ji et al., 2013; Leray et al., 2013). They have applications not only in biodiversity surveys, but also in practice, e.g. in pest surveillance in agriculture, early detection of invasive species, or forensic entomology, where high quality species-level identifications may be needed [Meusnier et al., 2008].

However, there are still major constraints and issues. The reference sequence databases remain imperfect and are geographically biased particularly in tropical and subtropical regions where species richness is most concentrated and taxonomic assignment is inaccurate (Collins and Cruickshank, 2013). Diversity estimates can be biased by technical artifacts (e.g., primer-template mismatches, amplification of nuclear mitochondrial pseudogenes, contamination during library preparation (e.g., index hopping)) and may be difficult to interpret (Carlsen et al., 2012; Schnell et al., 2015). In addition, molecular biodiversity research also incorporates ethical considerations. The global conventions such as Nagoya Protocol are aimed at equal and fair allocation of benefits and thus, it is important to incorporate all the local researchers and stakeholders in the countries that have the abundance of biodiversity (Prathapan et al., 2018).

Best practices have been developed to overcome such challenges. Voucher specimens should be kept directly linked to the DNA records so that they can be taxonomically validated and reproducible (Mutanen et al., 2016). Standards such as Darwin Core can be used to provide interoperability and interconnect with international repositories such as GenBank, BOLD and GBIF (Wieczorek et al., 2012). Before use in large-scale monitoring projects, primer sets must be tested on mock communities to measure both amplification biases and taxonomic coverage (Elbrecht and Leese, 2017). Finally, there needs to be general capacity building through training and investment in molecular infrastructure, particularly in resource-constrained but biodiversity-rich regions, to ensure the competent and equitable application of molecular tools to advance the assessment of insect biodiversity (Wilson et al., 2017).
5. Conclusions
As a pioneering taxonomic institute, the Zoological Survey of India has been tirelessly contributing to the comprehensive assessment and documentation of faunal diversity in the Indian context. However, DNA based methods are transforming entomology because they are complementing the conventional morphology through fast, dependable and extensive biodiversity measurements in agricultural and forested ecosystems, their impact needs to be maximized by expanding reference libraries, following strict laboratory and bioinformatics standards, and continued emphasis on specimen-based documentation. Such measures will help operationalize the “Moving Beyond Traditional Nets” paradigm - an integrative, open, and collaborative framework critical for conservation, agriculture, public health, and forensic applications in an era of unprecedented environmental change. 
In this context, COI barcoding remains the standard of reference in animal identification, and mini-barcodes and refined sets of COI primers have become essential in the analysis of degraded DNA as is common with eDNA and bulk-sample metabarcoding. Combined with Illumina-based HTS and judicious choice of primers, they allow reproducible, scaleable survey of insect biodiversity in complex agricultural and other ecosystems. All these reflect the changing nature of insect diversity assessment with metabarcoding and eDNA practices in India that is no longer bound to the same paradigm of nets, but rather attempts to comprehend the diversity of insects more holistically and urgently.
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