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orrect identification of an insect is often the first step towards its successful management. 

In agricultural entomology, species identity influences decisions related to pest control, 

biological control, quarantine, invasive-pest surveillance and management of insect vectors. 

Misidentification can lead to inappropriate management practices, incorrect pest records and 

even mismatches between biological-control agents and their intended targets (Cock, 2015). 

Traditionally, insects are identified using morphological characters such as body structure, 

colour, wing venation, antennae, chaetotaxy, genitalia and features of immature stages. 

Morphological taxonomy remains fundamental to species recognition and classification; 

however, identification may become difficult when diagnostic characters are minute, 

specimens are immature or damaged, or closely related species are morphologically very 

similar (Schiff et al., 2012). The problem becomes particularly important in cryptic species, 

where biologically distinct species possess few obvious morphological differences. Such 

species may nevertheless differ in host preference, geographical distribution, insecticide 

susceptibility, invasive ability or capacity to transmit pathogens (Bickford et al., 2007). 

 A well-known agricultural example is the Bemisia tabaci species complex. Members 

of this complex are extremely difficult to distinguish morphologically, although molecular 

studies have revealed considerable genetic and biological differentiation among them (De 

Barro et al., 2011). Similar difficulties occur among economically important fruit flies, for 

which morphological, molecular, behavioural and ecological evidence has been combined to 

resolve Anastrepha fraterculus complex, Ceratitis FAR (C. fasciventris, C. anonae, C. rosa) 

complex and Bactrocera dorsalis complex (Schutze et al., 2017).  

 Molecular techniques therefore provide an important additional layer of evidence. DNA 

barcoding, PCR-based diagnostics and sequencing of mitochondrial and nuclear genes have 

become valuable tools for confirming species identity, detecting cryptic diversity and 

identifying specimens that cannot be reliably diagnosed by morphology alone. 

DNA barcoding: A molecular identity tag 
DNA barcoding uses a short, standardized DNA sequence to assist species identification. 

Hebert et al. (2003) proposed a portion of the mitochondrial cytochrome c oxidase subunit I 

(COI) gene as a standard barcode for animals. In a typical workflow, DNA is extracted from 

an insect, the target gene is amplified by PCR and the resulting sequence is compared with 

authenticated reference sequences. Databases such as the Barcode of Life Data System (BOLD) 

link barcode sequences with voucher specimens, taxonomy and collection information 

(Ratnasingham and Hebert, 2007). The approach is particularly useful for insects because very 

small quantities of tissue are often sufficient for obtaining DNA. For Indian entomology, 

Shashank et al. (2022) emphasized both the increasing usefulness of DNA barcoding and the 

need to expand well-curated reference libraries for the country's exceptionally rich insect fauna. 
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Molecular markers used in insect identification 
Although COI is the most familiar molecular marker, it is not the only gene useful for insect 

identification. 

1. Mitochondrial markers: COI is widely used for routine DNA barcoding because it often 

contains enough sequence variation to separate closely related species and has extensive 

representation in public databases. 

2. Nuclear ribosomal markers: Genes and regions such as 28S rRNA, 18S rRNA, ITS1, and 

ITS2 provide independent nuclear evidence. They are particularly useful when 

mitochondrial results are uncertain (Caterino et al., 2000; Jenkins et al., 2012). 

3. Multiple loci: Analysis of more than one independent gene can increase confidence in 

difficult species-delimitation problems. Dupuis et al. (2012) showed that additional loci 

generally improve the reliability of delimiting closely related species. 

Table 1. Comparison of morphological and molecular approaches for insect identification 

Aspect Morphological identification Molecular identification 

What is 

examined? 
Visible body characters DNA sequence 

Examples 
Wings, antennae, colour, 

genitalia, chaetotaxy 
COI, 28S rRNA, ITS, 18S rRNA 

Best suited for 
Well-described species with clear 

diagnostic characters 

Cryptic, immature, damaged or 

closely related species 

Immature 

stages 
Often difficult to identify 

Usually possible if good-quality 

DNA is obtained 

Damaged 

specimens 

Difficult if key structures are 

missing 
Often possible if DNA is preserved 

Cryptic 

species 
May remain unresolved Often gives better discrimination 

Expertise 

needed 
Trained taxonomist 

Molecular laboratory and 

sequence-analysis skills 

Main 

advantage 
Simple, direct and cost-effective 

High resolving power for difficult 

taxa 

Main 

limitation 

Similar-looking species may be 

confused 

Depends on correct reference 

sequences and suitable markers 

Most reliable 

use 

Together with molecular 

evidence 

Together with morphology and 

biological information 
 

  

Where molecular identification helps agriculture 
1. Cryptic pest species 

Molecular methods can reveal genetically distinct pests concealed under a single 

morphological name. This is important because closely related species may respond differently 

to pesticides, natural enemies and host plants. DNA barcoding has, for example, been 

successfully applied to discriminate members of the B. tabaci complex (Ashfaq et al., 2014). 

2. Immature and damaged specimens 

Many insect keys depend on adult characters. Eggs, larvae, nymphs or broken specimens 

recovered from traps and consignments may therefore be difficult to identify. DNA-based 

methods can often provide identification from such material as long as adequate DNA remains. 

3. Quarantine and biosecurity 

International movement of agricultural commodities creates opportunities for exotic pests to 

enter new regions. Rapid identification of an intercepted insect may determine whether 

quarantine action is necessary. Armstrong and Ball (2005) highlighted DNA barcoding as a 

valuable tool for invasive-species identification in biosecurity. Similarly, Ashfaq and Hebert 

(2016) demonstrated the importance of reference DNA barcodes for regulated and 

economically important arthropod plant pests. 
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4. Identification of vectors 

Correct species identification is particularly important for insects transmitting plant viruses, 

phytoplasmas and other pathogens. Morphologically similar whiteflies, aphids, thrips or 

leafhoppers may vary in their vector competence. Molecular confirmation therefore 

strengthens studies of disease epidemiology (Bertin and Bosco, 2013). 

5. Biological control 

Parasitoids and predators may themselves contain cryptic species. Molecular identification can 

help confirm the identity of natural enemies and associate parasitoids with their correct hosts, 

supporting safer and more effective biological-control programmes. 

Limitations of molecular identification 
Molecular identification is powerful, but it is not automatically correct. 

1. Reference databases can contain errors 

Sequence comparison is only as reliable as the reference sequence against which an unknown 

specimen is compared. If the original voucher specimen was incorrectly identified, the 

incorrect name may enter the database. Collins and Cruickshank (2013) therefore emphasized 

the need for accurately identified voucher material when constructing barcode libraries. 

2. A single gene cannot resolve every species 

Although COI performs well in many insects, there is no universal percentage of sequence 

difference that separates all species. Intraspecific and interspecific variation can overlap. Meier 

et al. (2006), using a large dataset of Diptera, showed that COI-based identification can become 

difficult where within-species variation is high or closely related species have very similar 

sequences. Mitochondrial introgression, hybridization and incomplete lineage sorting may also 

result in closely related species sharing mitochondrial sequences. 

3. Molecular identification and species discovery are different 

Matching an unknown specimen to a reliable reference sequence is species identification. 

Finding a divergent DNA sequence, however, does not automatically mean that a new species 

has been discovered. Species delimitation requires broader evidence. Fixed genetic-distance 

thresholds should not be applied universally for species identification, because levels of 

sequence divergence can vary among taxa depending on factors such as population size, 

mutation rate and time since speciation (Collins and Cruickshank, 2013). 

Integrative taxonomy: Combining the evidence 

For morphologically similar or cryptic insects, integrative taxonomy provides a more reliable 

approach by combining morphology with molecular, ecological and biological information. 

Using multiple sources of evidence reduces the limitations of relying on a single method and 

improves species delimitation (Schlick-Steiner et al., 2010; Sheth and Thaker, 2017).  

A reliable diagnosis may therefore combine: 

Morphology + DNA sequences + host association + geographical distribution + ecology + 

behaviour 

Molecular techniques should consequently be viewed as partners of classical taxonomy rather 

than replacements for it. 

Field-collected specimen 

↓ 

Morphological examination using taxonomic keys 

↓ 

Identification clear? 

Yes → Confirm and preserve voucher specimen 

No / doubtful → DNA extraction 

↓ 

PCR amplification of appropriate marker 

COI / 28S / ITS / other suitable gene 

↓ 

DNA sequencing 
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↓ 

Comparison with authenticated BOLD/GenBank/reference sequences 

↓ 

Phylogenetic and sequence evaluation 

↓ 

Integrative assessment 

Morphology + molecular evidence + host + geography + ecology 

↓ 

Reliable species identification 

↓ 

Pest management • Quarantine • Vector surveillance • Biological control • Biodiversity 

studies 

Figure 1. Proposed integrative workflow for reliable identification of morphologically 

similar insect species. Molecular evidence is used to complement morphological 

diagnosis, particularly when conventional characters are insufficient. 

Future prospects 
The future of insect identification is moving beyond conventional sequencing. High-

throughput sequencing, metabarcoding, genome-wide markers and portable molecular 

platforms are increasingly expanding diagnostic possibilities. Bulk trap catches may eventually 

be screened simultaneously for multiple pest species, while rapid species-specific assays can 

support surveillance at quarantine stations or closer to production areas. For countries with 

high insect diversity, including India, the immediate priority remains development of well-

curated molecular reference libraries linked to properly identified voucher specimens. 

Conclusion 
Molecular identification has greatly improved our ability to recognize insects that are difficult 

to separate morphologically. DNA barcoding and related tools are particularly valuable for 

cryptic species, immature stages, damaged specimens, quarantine interceptions and insect 

vectors. However, molecular data are not free from error. Their reliability depends on the 

quality of reference specimens, appropriate marker selection and careful interpretation. For 

agricultural entomology, the strongest approach is therefore not morphology versus molecules, 

but morphology supported by molecules. Integrating conventional taxonomy with molecular, 

ecological and biological information provides a more dependable basis for pest identification, 

quarantine decisions and sustainable pest management. 
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