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Review Article
Annotated Checklist of Tri-Trophic Associations of Arthropod Predators of Aphids (Hemiptera: Aphididae) in Chhattisgarh, India 
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ABSTRACT

A comprehensive assessment of tri-trophic associations involving aphidophagous arthropods in Chhattisgarh revealed a total of 43 predator–aphid–host plant interactions, representing four arthropod orders, five families and 20 species. Among these, Coleoptera (Coccinellidae) was the dominant group, contributing the majority of associations (33 triplets), followed by Araneae, Diptera, and Neuroptera. Key predator species included Cheilomenes sexmaculata, Coccinella septempunctata, and Coccinella transversalis, with C. sexmaculata emerging as the most widely distributed and polyphagous species, associated with multiple aphid taxa across diverse host plants. Seven aphid species were recorded, with Aphis gossypii being the most prevalent, followed by Lipaphis erysimi, Brevicoryne brassicae, Rhopalosiphum maidis, Uroleucon compositae, and Myzus persicae. The associations were observed across several economically important crops, particularly brassicas, which supported the highest number of interactions, followed by cucurbits and other field and horticultural crops. Spatial distribution of records was highly uneven, with associations documented from only four districts, predominantly Raipur, indicating strong sampling bias and limited survey coverage. Although other predator groups such as spiders, syrphids, and chrysopids were recorded, their representation was comparatively low. The restricted distribution of recorded associations reflects gaps in systematic exploration and taxonomic documentation rather than true ecological absence. The study highlights the need for extensive, region-wide surveys and standardised documentation to better understand the diversity and ecological significance of aphidophagous arthropods and their role in sustainable pest management.
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1. INTRODUCTION
Aphids (Hemiptera: Aphididae) are among the most destructive pests of cultivated crops, causing direct damage through sap-sucking and indirect damage by transmitting plant viruses (Singh & Singh, 2016, 2022). Their populations are naturally regulated by aphidophagous arthropod predators, including coccinellids (Singh, 2025a), syrphids (Singh, 2026a), chrysopids (Singh et al., 2024a), bugs (Singh & Srivastav, 2024), and spiders (Singh et al., 2024b), forming tri-trophic interactions with host plants. Understanding these predator–aphid–plant relationships is essential for predicting pest outbreaks and improving biological control strategies within sustainable agriculture.
The ecological significance of aphidophagous predators lies in their ability to suppress aphid populations through predation and density-dependent responses. Among these, coccinellid beetles are widely recognised as key biological control agents, capable of significantly reducing aphid densities within a cropping season and contributing to effective pest suppression in various agroecosystems (Dixon, 2000; Obrycki et al., 2009; Hodek et al., 2012; Kumar & Omkar, 2023). Similarly, syrphid larvae and chrysopid larvae exhibit strong numerical responses to aphid populations and play an important role in regulating aphid colonies, particularly under conditions where ecological interactions such as ant attendance are minimised (Rodriguez-Gasol et al., 2020; Devetak & Klokočovnik, 2016). In addition, the presence of a diverse predator guild increases functional redundancy and strengthens biological control services, reducing the risk of pest outbreaks (Singh, 2025b).
Chhattisgarh, in central India, exhibits diverse agroecosystems and extensive tropical forests, offering favorable habitats for aphids and their natural enemies. However, systematic documentation of predator–aphid–host plant associations remains limited, with most records restricted to a few districts and crop systems. Previous studies have reported multiple aphidophagous taxa across orders such as Coleoptera, Araneae, Diptera, and Neuroptera, in different states of India, e.g. Gujarat (Singh & Shukla, 2026a), Jammu & Kashmir and Ladakh (Singh & Bhagat, 2026; Singh et al., 2026), Uttarakhand (Singh, 2026b; Singh & Omkar, 2025; Singh & Srivastava, 2025), Uttar Pradesh (Singh, 2026c), and West Bengal (Shukla & Singh, 2026b), but a comprehensive, standardised compilation  in Chhattisgarh is lacking.
Preparation of a checklist of tri-trophic associations is crucial for consolidating scattered information, resolving taxonomic inconsistencies, and providing a reliable reference for researchers and practitioners (Abdala-Roberts et al., 2019). Such a checklist facilitates ecological studies, supports conservation of natural enemies, and informs integrated pest management programs by identifying key predator–prey–plant interactions in the region. This study aims to develop an updated, verified checklist of aphidophagous arthropods in Chhattisgarh state of India enhancing understanding of ecological dynamics and aiding sustainable crop protection.

2. MATERIAL & METHODS
Site Description
Chhattisgarh (Latitude: 17°46′N to 24°5′N; Longitude: 80°15’E to 84°20’E) is located in central India, bordered by Madhya Pradesh, Maharashtra, Odisha, Jharkhand, Telangana, and Uttar Pradesh. It covers an area of approximately 135,000 km² and has a predominantly plateau terrain interspersed with hills, forests, and river valleys. Administratively, Chhattisgarh is divided into 33 districts (Figure 1). Major rivers include the Mahanadi, Indravati, and Shivnath, which support extensive irrigation and agriculture. Ecologically, Chhattisgarh is rich in tropical moist and dry deciduous forests, covering over 40% of the state, and supports high biodiversity including mammals, birds, reptiles, and insects. The climate is tropical with hot summers, a monsoon season, and mild winters, which favors diverse agroecosystems. Important crops include rice, maize, pulses, oilseeds, and horticultural crops. From a biogeographical perspective, Chhattisgarh falls within the Deccan Peninsula biogeographic zone and harbors species from both Indo-Malayan and Gondwanan lineages, making it a transition zone with rich insect and arthropod diversity. Its forests, riverine systems, and agricultural mosaics create habitats for predatory arthropods, including aphidophagous beetles, spiders, syrphids, and lacewings, which play crucial roles in natural pest regulation.
The present checklist of tri-trophic associations of aphidophagous arthropods in Chhattisgarh was compiled through a systematic review of literature and records up to 25 March 2026, including monographs, peer-reviewed articles, faunistic surveys, theses, institutional reports, and curated online databases. Literature evaluation revealed frequent taxonomic ambiguities and nomenclatural inconsistencies due to ongoing revisions in entomology and plant taxonomy. To ensure accuracy, all aphid species were verified against the Aphid Species File (https://Aphid.Speciesfile.org), host plants standardised using World Flora Online (https://www.worldfloraonline.org), and aphidophagous arthropod taxonomy validated via the Global Biodiversity Information Facility (GBIF) (https://www.gbif.org). This rigorous verification enabled the creation of a reliable and standardised dataset of predator–aphid–host plant associations.

3. RESULTS & DISCUSSION
No documented evidence of tri-trophic associations involving aphidophagous arthropods was available from Chhattisgarh prior to 2013, indicating a lack of systematic ecological investigations in the region during the early period. The first substantial contribution in this context appears to have been made by Singh (2014), who reported the occurrence of important aphid predators, including coccinellids (Coccinella repanda, Coccinella septempunctata, Micraspis discolor), syrphids (Syrphus sp.), and chrysopids (Chrysoperla zastrowi sillemi) in brassica-based cropping systems. This study laid the foundation for understanding predator–aphid interactions in the state. Thereafter, Bisen et al. (2017) documented the role of spider predators such as Araneus sp., Neoscona theisi, and Oxyopes sp. in association with Aphis gossypii, thereby expanding the scope beyond coleopteran predators. Later, Bhagat et al. (2018) and Kashyap et al. (2018) reported additional associations involving syrphids and coccinellids with aphid species such as Myzus persicae and Lipaphis erysimi across different cultivated crops. More recent studies (Deole et al., 2019; Kumar et al., 2020; Gauraha et al., 2021; Khandekar et al., 2023; Chaturvedani et al., 2023; Pratibha et al., 2025) have considerably broadened the documented diversity of aphidophagous predators and their host associations. These works reported several additional predator species, including Adalia bipunctata, Angeiles cardoni, Micraspis vincta, and Olla v-nigrum, across a variety of economically important crops such as Zea mays, Carthamus tinctorius, Capsicum annuum, and Abelmoschus esculentus. Collectively, these studies demonstrate a progressive expansion in both the taxonomic diversity of predators and the range of aphid–host plant systems documented from the region.
A total of 43 tri-trophic associations (triplets) involving aphidophagous arthropods were recorded in the study area, encompassing four arthropod orders, five families, and 20 predator species (Table 1). The recorded orders included Araneae (3 triplets), Coleoptera (33 triplets), Diptera (4 triplets), and Neuroptera (3 triplets), among which Coleoptera (family Coccinellidae) was the most dominant group in terms of species richness and number of associations. The family Coccinellidae constituted the major component of aphidophagous predators, contributing the highest number of species and interactions. Prominent species included Cheilomenes sexmaculata (8 triplets), Coccinella septempunctata (7 triplets), Coccinella transversalis (5 triplets), Micraspis discolor and Adalia bipunctata (each 2 triplets). Among these, Cheilomenes sexmaculata emerged as the most widely distributed (4 districts) and polyphagous predator, being associated with multiple aphid species (8 host species) such as Aphis gossypii, Aphis craccivora, Brevicoryne brassicae, Lipaphis erysimi, Myzus persicae, Rhopalosiphum maidis, and Uroleucon compositae across different host plants.
Aphid species recorded in the study included seven major taxa, with Aphis gossypii being the most common and widely associated species (14 triplets), occurring on five host plants such as Abelmoschus esculentus, Benincasa hispida, Capsicum annuum. Other aphid species such as Lipaphis erysimi (8 triplets), Brevicoryne brassicae, Rhopalosiphum maidis and Uroleucon compositae (each 5 triplets) and Myzus persicae (4 triplets) were also frequently observed in association with a variety of predators, particularly coccinellids (Table 2).
The host plants represented a range of economically important agricultural and horticultural crops, including Brassica oleracea var. capitata, Brassica juncea, Zea mays, Carthamus tinctorius, Capsicum annuum, Solanum melongena, and Abelmoschus esculentus. Among these, brassica crops (17 triplets) and cucurbits (5 triplets) supported a high diversity of aphid–predator interactions, indicating their importance as hotspots for tri-trophic associations.




Table 1. Number of species of predators belonging to different taxa preying on different number of aphid species infesting different number of host plant species and triplets in Chhattisgarh.

	Order/Family of the aphidophagous predators
	Number of

	
	Predator species
	Aphid species
	Plant species
	Triplets
	Districts

	Araneae: Araneidae

	1. Araneus sp.
	1
	1
	1
	1

	
	2. Neoscona theisi
	1
	1
	1
	1

	Araneae: Oxyopidae
	3. Oxyopes sp.
	1
	1
	1
	1

	Coleoptera: Coccinellidae
	4. Adalia bipunctata
	2
	2
	2
	1

	
	5. Angeiles cardoni
	1
	1
	1
	1

	
	6. Brumus sp.
	1
	1
	1
	1

	
	7. Cheilomenes sexmaculata
	6
	8
	8
	4

	
	8. Coccinella repanda
	2
	1
	2
	1

	
	9. Coccinella septempunctata
	4
	7
	7
	3

	
	10. Coccinella transversalis
	4
	5
	5
	2

	
	11. Harmonia octomaculata
	1
	1
	1
	1

	
	12. Micraspis discolor
	2
	1
	2
	1

	
	13. Micraspis vincta
	1
	1
	1
	1

	
	14. Micraspis sp.
	2
	2
	2
	1

	
	15. Olla v-nigrum
	1
	1
	1
	1

	Diptera: Syrphidae
	16. Eristalis tenax
	1
	1
	1
	1

	
	17. Eupeodes confrater
	1
	1
	1
	1

	
	18. Syrphus sp.
	2
	1
	2
	1

	Neuroptera: Chrysopidae
	19. Chrysoperla zastrowi sillemi
	2
	1
	2
	1

	
	20. Chrysoperla sp.
	1
	1
	1
	1

	
	Total
	8
	12
	43
	5



Spatially, the distribution of recorded associations was uneven, recorded only in 5 districts out of 33 districts in Chhattisgarh (Figure 1). The majority of records were concentrated in Raipur district, which accounted for the highest number of predator–aphid–plant interactions (33 triplets). Other districts such as Bilaspur, Durg, Surguja, and Surajpur showed comparatively fewer records. This pattern indicates a strong sampling bias and suggests that Raipur is more intensively surveyed.
In addition to coccinellids, other predator groups such as spiders (Araneidae and Oxyopidae), hover flies (Syrphidae), and lacewings (Chrysopidae) also contributed to the tri-trophic associations, though with relatively lower representation (2-4 triplets). Species such as Araneus sp., Oxyopes sp., Eristalis tenax, Eupeodes confrater, and Chrysoperla zastrowi sillemi were recorded preying on different aphid species across selected host plants.

Table 2. Species of aphids infesting varying numbers of host plant species, along with the corresponding parasitoid species and tritrophic associations in Manipur.
	Aphid species
	Number of

	
	Plant species
	Predator species
	Triplets
	Districts

	1. Aphis craccivora
	1
	1
	1
	1

	2. Aphis gossypii
	9
	5
	14
	2

	3. Brevicoryne brassicae
	1
	5
	5
	1

	4. Hysteroneura sp.
	1
	1
	1
	1

	5. Lipaphis erysimi
	2
	7
	8
	3

	6. Myzus persicae
	2
	4
	4
	2

	7. Rhopalosiphum maidis
	1
	5
	5
	1

	8. Uroleucon compositae
	1
	5
	5
	1

	Total
	12
	20
	43
	5










































Figure 1: Map of Chhattisgarh showing number of tri-trophic associations of aphidophagous predators in different districts (yellow shaded).  

The apparent restriction of tri-trophic associations of aphidophagous arthropods to only five districts of Chhattisgarh primarily reflects limitations in survey effort and documentation, rather than their true ecological distribution. Existing literature indicates that large areas of the state remain inadequately explored, and systematic investigations of such interactions have been conducted only in a few localised regions. Consequently, published records are confined to districts where focused studies have been undertaken. Moreover, most documented associations originate from crop-based or pest management research, leading to a strong sampling bias toward agriculturally important areas. Districts lacking such targeted studies remain underrepresented in the literature. The study of tri-trophic interactions is inherently complex, requiring the concurrent identification of host plants, aphid species, and their associated predators, which demands significant taxonomic expertise and methodological rigour. This complexity makes such investigations time - intensive and restricts their spatial coverage. Therefore, the limited number of recorded districts is better interpreted as an artefact of insufficient and uneven research effort, rather than an accurate reflection of the actual distribution of these ecological associations. It is highly probable that such interactions are more widespread across the region but remain undocumented due to the paucity of comprehensive surveys.
Following is the detailed tri-trophic associations of aphidophagous predators belonging to different taxa.
3.1. Order: Araneae
3.1.1 Family: Araneidae
3.1.1.1. Araneus sp.
• Aphis gossypii Glover, 1877
 - Benincasa hispida Cogn. - Raipur (Bisen et al., 2017)
3.1.1.2. Neoscona theisi (Walckenaer, 1841) 
• Aphis gossypii Glover, 1877
 - Benincasa hispida Cogn. - Raipur (Bisen et al., 2017)

3.1.2. Family: Oxyopidae 
3.1.2.1. Oxyopes sp. 
• Aphis gossypii Glover, 1877
 - Benincasa hispida Cogn. - Raipur (Bisen et al., 2017)

3.2. Order: Coleoptera, Family: Coccinellidae 
3.2.1. Adalia bipunctata (Linnaeus, 1758)
• Rhopalosiphum maidis (Fitch, 1856)
 - Zea mays L. - Raipur (Deole et al., 2019)
• Uroleucon compositae (Theobald, 1915) 
 - Carthamus tinctorius L. - Raipur (Khandekar et al., 2023)
3.2.2. Angeiles cardoni (Weise, 1900)
• Rhopalosiphum maidis (Fitch, 1856)
 - Zea mays L. - Raipur (Deole et al., 2019)
3.2.3. Brumus sp.
• Aphis gossypii Glover, 1877
 - Abelmoschus esculentus (L.) Moench - Raipur (Chaturvedani et al., 2023)
3.2.4. Cheilomenes sexmaculata (Fabricius, 1781) 
• Aphis craccivora Koch, 1854
 - Vigna unguiculata (L.) Walp. - Raipur (Nagdev et al., 2022)
• Aphis gossypii Glover, 1877
 - Abelmoschus esculentus (L.) Moench - Raipur (Chaturvedani et al., 2023)
 - Benincasa hispida Cogn. - Raipur (Bisen et al., 2017)
 - Capsicum annuum L. - Bilaspur (Kumar et al., 2020)
• Lipaphis erysimi (Kaltenbach, 1843) 
 - Brassica juncea (L.) Czern – Durg (Yadav et al., 2021); Raipur (Kolhekar et al., 2019)
• Myzus persicae (Sulzer, 1776) 
 - Tagetes erecta L. - Surajpur (Bhagat et al., 2018)
• Rhopalosiphum maidis (Fitch, 1856)
 - Zea mays L. - Raipur (Deole et al., 2019)
• Uroleucon compositae (Theobald, 1915) 
 - Carthamus tinctorius L. - Raipur (Khandekar et al., 2023)
3.2.5. Coccinella repanda Thunberg, 1781
• Brevicoryne brassicae (Linnaeus, 1758) 
 - Brassica oleracea L. var. capitata - Raipur (Singh, 2014)
• Lipaphis erysimi (Kaltenbach, 1843) 
 - Brassica oleracea L. var. capitata - Raipur (Singh, 2014)
3.2.6. Coccinella septempunctata Linnaeus, 1758
• Aphis gossypii Glover, 1877
 - Abelmoschus esculentus (L.) Moench - Raipur (Chaturvedani et al., 2023)
 - Benincasa hispida Cogn. - Raipur (Bisen et al., 2017)
 - Capsicum annuum L. - Bilaspur (Kumar et al., 2020)
• Brevicoryne brassicae (Linnaeus, 1758) 
 - Brassica oleracea L. var. capitata - Raipur (Singh, 2014)
• Lipaphis erysimi (Kaltenbach, 1843) 
 - Brassica juncea (L.) Czern - Surguja (Kashyap et al., 2018)
 - Brassica oleracea L. var. capitata - Raipur (Singh, 2014)
• Uroleucon compositae (Theobald, 1915) 
 - Carthamus tinctorius L. - Raipur (Khandekar et al., 2023)
3.2.7. Coccinella transversalis Fabricus, 1781
• Aphis gossypii Glover, 1877
 - Capsicum annuum L. - Bilaspur (Kumar et al., 2020)
 - Solanum melongena L. - Bilaspur (Chandan, 2018)
• Brevicoryne brassicae (Linnaeus, 1758)
 - Brassica oleracea L. var. capitata - Raipur (Gauraha et al., 2021)
• Hysteroneura sp.
 - Panicum sumatrense Roth. - Bilaspur (Pratibha et al., 2025)
• Rhopalosiphum maidis (Fitch, 1856)
 - Zea mays L. - Raipur (Deole et al., 2019)
3.2.8. Harmonia octomaculata (Fabricius, 1787) 
• Myzus persicae (Sulzer, 1776)
 - Brassica oleracea L. var. capitata - Raipur (Gauraha et al., 2021)
3.2.9. Micraspis discolor (Fabricius, 1798) 
• Brevicoryne brassicae (Linnaeus, 1758) 
 - Brassica oleracea L. var. capitata - Raipur (Singh, 2014)
• Lipaphis erysimi (Kaltenbach, 1843) 
 - Brassica oleracea L. var. capitata - Raipur (Singh, 2014)
3.2.10. Micraspis vincta (Gorham, 1895)
• Uroleucon compositae (Theobald, 1915) 
 - Carthamus tinctorius L. - Raipur (Khandekar et al., 2023)
3.2.11. Micraspis sp.
• Aphis gossypii Glover, 1877
 - Abelmoschus esculentus (L.) Moench - Raipur (Chaturvedani et al., 2023)
• Rhopalosiphum maidis (Fitch, 1856)
 - Zea mays L. - Raipur (Deole et al., 2019)
3.2.12. Olla v-nigrum (Mulsant, 1866)
• Uroleucon compositae (Theobald, 1915) 
 - Carthamus tinctorius L. - Raipur (Khandekar et al., 2023)

3.3. Order: Diptera, Family: Syrphidae 
3.3.1. Eristalis tenax (Linnaeus, 1758)
• Lipaphis erysimi (Kaltenbach, 1843) 
 - Brassica juncea (L.) Czern - Surguja (Kashyap et al., 2018)
3.3.2. Eupeodes confrater (Wiedemann, 1830) 
• Myzus persicae (Sulzer, 1776) 
 - Tagetes erecta L. - Surajpur (Bhagat et al., 2018)
3.3.3. Syrphus sp.
• Brevicoryne brassicae (Linnaeus, 1758) 
 - Brassica oleracea L. var. capitata - Raipur (Singh, 2014)
• Lipaphis erysimi (Kaltenbach, 1843) 
 - Brassica oleracea L. var. capitata - Raipur (Singh, 2014)
3.4. Order: Neuroptera, Family: Chrysopidae
3.4.1. Chrysoperla zastrowi sillemi (Esben - Petersen, 1935) 
• Lipaphis erysimi (Kaltenbach, 1843) 
 - Brassica oleracea L. var. capitata - Raipur (Singh, 2014)
• Myzus persicae (Sulzer, 1776) 
 - Brassica oleracea L. var. capitata - Raipur (Singh, 2014)
3.4.2. Chrysoperla sp.
• Aphis gossypii Glover, 1877
 - Tectona grandis L.f. - Raipur (Harinkhere et al., 2013)

CONCLUSION

This study documents tri-trophic associations of aphidophagous arthropods in Chhattisgarh, highlighting their ecological role in regulating aphid populations. Coccinellids, especially Cheilomenes sexmaculata and Coccinella septempunctata, emerged as dominant predators, with syrphids, chrysopids, and spiders also contributing to biocontrol. Key aphids, including Aphis gossypii and Lipaphis erysimi, were associated with multiple predators across important crops like brassicas and vegetables, emphasizing the role of these systems as predator hotspots. Records were concentrated in a few districts, notably Raipur, reflecting sampling bias rather than true absence, with large areas of the state remaining unexplored. The compiled checklist provides a standardised reference for predator–aphid–plant interactions, supporting conservation biological control and integrated pest management. Expanded surveys are needed to capture the full diversity and distribution of these interactions for sustainable crop protection.
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