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ABSTRACT

The study provides a detailed synthesis of aphidophagous predators and their tri-trophic associations with aphids and host plants in Jammu & Kashmir and Ladakh, enhancing understanding of predator–prey–plant dynamics in the western Himalaya. Diverse predator taxa from multiple arthropod orders were documented, reflecting high ecological richness and complexity. Eight spider species across five families preyed mainly on Aphis pomi and Brevicoryne brassicae, while Chlaenius panagaeoides (Carabidae) fed on Aphis craccivora. Two chrysomelid beetles showed facultative aphidophagy. Coccinellids were the most diverse group, comprising 37 species associated with 70 aphids and numerous host plants, forming 492 tri-trophic associations. Other key predators included Aphidoletes aphidimyza (Cecidomyiidae), Leucopis sp. (Chamaemyiidae), and 15 syrphid species forming 113 associations. Three anthocorid bugs, two chrysopid lacewings, and one hemerobiid lacewing also contributed to aphid control. In Ladakh, four predator species from Syrphidae, Anthocoridae, and Chrysopidae formed 16 associations with 13 aphids and nine host plants. Dipterans, especially Syrphidae, Chamaemyiidae, and Cecidomyiidae, dominated the predator guild, with Episyrphus balteatus, Eupeodes confrater, Leucopis sp., and Aphidoletes aphidimyza exhibiting broad prey ranges. Among Neuroptera, Chrysoperla zastrowi sillemi was highly polyphagous, associated with 24 aphid species and 32 host plants. Major aphid pests such as Aphis craccivora, Aphis gossypii, Aphis pomi, Aphis punicae, Brevicoryne brassicae, Chromaphis juglandicola, Eriosoma lanigerum, Lipaphis erysimi, and Myzus persicae supported the highest predator diversity. The study highlights the ecological importance of syrphids and lacewings in aphid suppression and their value in sustainable pest management. The compiled checklist provides a vital reference for biodiversity monitoring, trophic web analysis, and developing region-specific IPM strategies, while highlighting the need to conserve these beneficial predators under changing climatic and agricultural conditions. 
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1. INTRODUCTION

Tritrophic associations within aphid systems represent intricate ecological interactions among plants, aphids, and aphidophagous arthropods (predators and parasitoids). At the primary trophic level, plants function as both habitat and nutritional sources for aphids, with their morphological and phytochemical characteristics critically shaping aphid abundance, host preference, and spatial distribution. At the secondary level, aphids exploit these plant resources while concurrently modifying host physiology through persistent phloem feeding and vectoring numerous viral pathogens. At the tertiary level, predatory and parasitic arthropods, notably coccinellid beetles, lacewings, syrphid larvae, predatory bugs, spiders, and parasitoid wasps, impose top-down regulatory pressure on aphid populations, maintaining ecological equilibrium between pest incidence and crop productivity (Singh & Singh, 2016). Furthermore, these dynamics are influenced by plant-mediated indirect defenses, such as the release of herbivore-induced volatiles that attract natural enemies, thereby enhancing the efficiency of biological control (Singh, 2003; Kishore et al., 2024). Collectively, such tri-trophic interactions form the ecological foundation of natural pest regulation, sustaining diverse predator–parasitoid assemblages capable of maintaining aphid populations below economic thresholds without external intervention.

Aphids (Hemiptera: Aphididae) represent one of the most economically significant groups of phloem-feeding pests worldwide. In India, 794 species have been documented, of which about 250 species are considered major pests of agricultural and horticultural crops (Singh & Singh, 2019; Singh et al., 2023a). Their exceptional ecological success is largely attributed to their broad host range, high reproductive plasticity, flexible developmental pathways, and pronounced morphological polymorphism (Singh & Singh, 2022). Continuous sap extraction by aphids leads to reduced plant vigour, leaf curling, gall formation and, shoot malformation, ultimately impairing plant growth and productivity. Moreover, aphids are among the most efficient vectors of over 200 plant viruses, many of which cause serious yield losses across a variety of cropping systems (Singh & Singh, 2021).

Systematic cataloguing of tri-trophic interactions among aphidophagous arthropods, their aphid prey, and host plants is critical for both ecological understanding and practical pest management. Such databases elucidate the biodiversity and functional roles of natural enemies, the structural complexity of agroecosystems, and the ecological connectivity sustaining pest regulation. By mapping predator–prey–plant linkages, these catalogues help identify keystone species, trophic specialization patterns, and potential biological control agents suited for conservation and augmentative use. They also serve as baselines for monitoring invasions, range shifts, and climate-driven changes in trophic dynamics (Singh, 2025a). Furthermore, they provide essential guidance for habitat management that enhances natural enemy activity, while enabling comparative and biogeographical analyses across regions. Collectively, such catalogues offer a scientific foundation for advancing biodiversity-based, ecologically sustainable aphid management (Singh, 2025b).

While some catalogues report the distribution of spiders (Singh et al., 2023b) and Syrphidae (Brunetti, 1923; Dutta & Chakrabarti, 1983; Bhagat, 2011; Khan, 2017a; Wachkoo et al., 2020; Bhat et al., 2021) in Jammu & Kashmir and Ladakh, they generally omit ecological details such as prey–host plant relationships. This study addresses that gap by providing a regional checklist of tri-trophic associations (triplets), documenting aphidophagous spiders, flies, bugs, and lacewings, along with their aphid prey and corresponding host plants, across Jammu & Kashmir and Ladakh in the northwestern Himalaya, India. This inventory provides baseline data on species diversity, distribution, and host specificity, essential for ecological assessment and integrated pest management. By documenting natural predator–prey–plant linkages, it identifies the key ecological interactions governing aphid suppression and supports the selection of native, compatible natural enemies for biological control, reducing the risks associated with exotic introductions. The checklist also serves as a framework for developing region-specific IPM programs and for analysing food web architecture, trophic relationships, and biogeographical patterns. Importantly, it aids in tracking shifts in species interactions under changing climatic and agricultural conditions. Overall, this compilation represents a valuable scientific resource for researchers, policymakers, and practitioners, promoting ecosystem-based and sustainable pest management in the Himalayan agroecosystems.



2. MATERIALS & MEHTODS

Jammu & Kashmir (34°50′1.16″ N, 74°47′50.53″ E; area 42,241 km²) is a union territory of India bordered by Ladakh to the northeast, Himachal Pradesh and Punjab to the south, and Pakistan-occupied Kashmir (POK) to the west and north. The region comprises several valleys, including the Kashmir, Tawi, Chenab, Poonch, Sind, and Lidder Valleys. The northeastern border of the Kashmir Valley (avg. 6,070 m) is defined by the main Himalayan range, with the Jhelum as its principal river. The southern Jammu region is hilly, dominated by the Shivalik and Himalayan ranges, and includes fertile plains along its southwestern edge. Major rivers include the Chenab, Tawi, and Ravi. The climate varies with altitude, subtropical in the south and southwest, temperate in the north and east, with cold winters, frequent snowfall, and monsoonal rainfall. Administratively, Jammu and Kashmir comprise two divisions, Jammu and Kashmir, each with ten districts.

Ladakh (34°12′34.25″ N, 77°36′54.40″ E; area 59,146 km²) is also a separate union territory of India, bordered by Tibet (China) to the east, Himachal Pradesh to the south, Jammu and Kashmir and POK to the west, and the Karakoram Pass to the north. Ladakh comprises two districts, Leh and Kargil. Major rivers include the Indus, Shyok, and Nubra in Leh, and the Suru, Dras, and Zanskar in Kargil. Situated above 3,000 m (maximum 7,742 m), Ladakh is India’s highest plateau and a cold desert dependent on snowmelt for water. The region experiences extreme climatic conditions, with temperatures ranging from 3 to 35 °C in summer to −20 to −35 °C in winter, and short summers allowing limited crop cultivation.

This checklist of tri-trophic associations involving aphidophagous arthropods in Uttarakhand has been assembled from recently published books, peer-reviewed journals, verified theses, and reliable online databases up to 30 September, 2025. Earlier literature often contained taxonomic inconsistencies in the scientific names of predators, aphids, and host plants, including in some recent works. These discrepancies primarily arise from ongoing taxonomic revisions and the continued citation of outdated nomenclature. Furthermore, active research on predator–prey dynamics frequently yields new distributional records, taxonomic reclassifications, and updated species statuses, necessitating periodic data validation. In the present compilation, taxonomic inconsistencies were rigorously rectified by standardising species nomenclature across trophic levels: aphid taxonomy was aligned with the Aphid Species File (https://aphid.speciesfile.org), host plant names were verified against World Flora Online (https://www.worldfloraonline.org), and aphidophagous arthropod taxonomy was standardised following the Global Biodiversity Information Facility (https://www.gbif.org).

3. RESULTS & DISCUSSION

3.1 Jammu & Kashmir 

A review of the literature indicates that Rao (1969) was likely the first to mention tri-trophic associations involving a single species of hover fly in Jammu & Kashmir followed by Zaka-Ur-Rab (1972). After a decade, Ahmad & Vaishnavi (1982) recorded an aphid midge. Thereafter, Bhagat & Lone (1984), Bhagat & Masoodi (1985, 1988), Ahmad & Bhat (1986), Bhagat et al. (1988) and Thompson & Ghorpadé (1988) documented various species of hover flies and lacewings feeding on different aphid species across the Kashmir valley. In the 21th century, several workers (Wani & Masoodi, 2001; Bhagat & Matta, 2000; Bhat, 2008; Khan, 2009, 2013, 2016; Bhagat, 2014; Khan et al., 2016; Bhat & Bhagat, 2017; Khan & Shah, 2017, 2018; Mohi-ud-din et al., 2019) recorded a number of aphidophagous arthropods in the Kashmir valley. More recently, Khursheed et al. (2021), Gull & Rasheed (2024) and Shah et al. (2025) recorded few more tri-trophic associations of aphidophagous arthropods from this region on several agricultural and horticultural crops and wild flora. 

The data demonstrate that aphidophagous predator communities in Jammu & Kashmir are highly diverse and taxonomically structured, encompassing Arachnida (spiders) and four insect orders (Coleoptera, Diptera, Hemiptera, and Neuroptera). Among these, Coccinellidae and Syrphidae, dominate both in species richness and the number of tri-trophic associations, highlighting their pivotal role in aphid regulation. Spiders, although less diverse, contribute consistently to predation. Hemipteran bugs and Neuropterans, while limited in species number, serve as important complementary predators, enhancing functional diversity. Overall, a relatively small set of generalist, polyphagous predators shapes the majority of predator–aphid–plant interactions, emphasizing their ecological significance and potential for integrated biological control in temperate and high-altitude agroecosystems of the region.

The data displayed in Table 1 revealed that a total of 71 species of predators are recorded to prey on 55 species of aphids infesting 80 species of host plants with 716 tri-trophic associations (predator-prey-plant, triplets) in Jammu & Kashmir. All the predators belong to the order Araneae (Arachnida) (5 families: Araneidae, Cheiracanthiidae, Lycosidae, Tetragnathidae, Theridiidae) and 5 orders of class Insecta: Coleoptera (3 families: Carabidae, Chrysomelidae, Coccinellidae), Diptera (3 families: Cecidomyiidae, Chamaemyiidae, Syrphidae); Hemiptera (family Anthocoridae); and Neuroptera (2 families: Chrysopidae, Hemerobiidae). Most the aphidophagous species in different parts of Jammu & Kashmir are predatory on Aphis craccivora, Aphis gossypii and Myzus persicae (mostly on vegetable crops), Aphis pomi and Eriosoma lanigerum (on apple, Malus domesitica), and Brevicoryne brassicae and Lipaphis erysimi on brassica oil seeds and vegetable crops.  

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 tri-trophic associations (triplets) in Jammu & Kashmir and Ladakh.

	Class/Order/Family of the aphidophagous predators
	Number of

	
	Predator species
	Aphid species
	Plant species
	Triplets 

	Class: Arachnida
	
	
	
	

	Araneae: 5 families
	8
	3
	3
	12

	Class: Insecta 
	
	
	
	

	Coleoptera: Carabidae
	1
	1
	1
	1

	Coleoptera: Chrysomelidae
	2
	2
	2
	2

	Coleoptera: Coccinellidae
	37
	70
	96
	492

	Total Coleoptera
	40
	71
	97
	495

	Diptera: Cecidomyiidae
	1
	12
	15
	15

	Diptera: Chamaemyiidae
	1
	15
	19
	20

	Diptera: Syrphidae
	15
	28
	50
	113

	Total Diptera
	17
	38
	64
	148

	Hemiptera: Anthocoridae
	3
	11
	16
	16

	Neuroptera: Chrysopidae
	2
	24
	32
	45

	Neuroptera: Hemerobiidae
	1
	1
	1
	1

	Total Neuroptera
	3
	24
	32
	46

	Total predators
	71
	55
	80
	716



3.1.1 Class: Arachnida

3.1.1.1 Order: Araneae

Spiders are key ecosystem predators that primarily feed on insects, playing an important role in regulating pest populations. Although less studied than insect predators in biological control, recent research in India has recorded 79 aphidophagous spider species, preying on 53 aphid species across 59 host plants (Singh et al., 2024), highlighting their ecological significance in pest management.

Earlier, Singh et al. (2023b) catalogued 284 species of spiders belonging to 34 families in Jammu & Kashmir and Ladakh without giving their tri-trophic associations. Recently, Singh et al. (2024a) enlisted a total of 79 species of aphidophagous spiders in India belonging to 16 families devouring 53 species of aphids infesting 59 species of plants. However, in Jammu & Kashmir, only nine spider species across six families have been recorded as aphid predators (Table 2). These spiders predominantly prey on Aphis pomi and Brevicoryne brassicae, mainly on apple and brassica crops, respectively. This pattern suggests that studies on aphidophagous spiders in the region are largely crop-specific, highlighting the need for comprehensive surveys to assess their diversity across broader regions and varied cropping systems. The following section details the tri-trophic associations of aphidophagous spiders in Jammu & Kashmir.


Table 2. Number of species of araneid arachnid (siders) predators belonging to different families preying on different number of aphid species infesting different number of host plant species and triplets in Jammu & Kashmir.

	Families
	Species of predators
	Number of

	
	
	Species of aphid
	Species of host plant
	Triplets

	Araneidae
	Araneus sp. 
	1
	1
	1

	
	Neoscona mukerjei 
	1
	1
	1

	
	Neoscona shillongensis
	1
	1
	1

	
	Neoscona vigilans
	1
	1
	1

	Cheiracanthiidae
	Cheiracanthium himalayense
	1
	1
	1

	Lycosidae
	Pardosa altitudis
	2
	2
	2

	Oxyopidae
	Oxyopes sp.
	1
	1
	1

	Tetragnathidae
	Leucauge celebesiana
	2
	2
	2

	Theridiidae
	Theridion manjithar
	2
	2
	2

	Total
	3
	3
	12


	
3.1.1.1 Family: Araneidae
3.1.1.1.1 Araneus sp.
• Aphis pomi de Geer, 1773 
- Malus domestica (Suckow) Borkh. (Bhagat et al., 1988)
3.1.1.1.2 Neoscona mukerjei Tikader, 1980 
• Aphis pomi de Geer, 1773 
- Malus domestica (Suckow) Borkh. (Khan, 2009)
3.1.1.1.3 Neoscona shillongensis Tikader & Bal, 1981
• Aphis pomi de Geer, 1773 
- Malus domestica (Suckow) Borkh. (Khan, 2009; Khan, 2016)
3.1.1.1.4 Neoscona vigilans (Blackwall, 1865)
• Brevicoryne brassicae (Linnaeus, 1758) 
- Brassica oleracea L. var. acephala (Khan, 2013)
3.1.1.2 Family: Cheiracanthiidae
3.1.1.2.1 Cheiracanthium himalayense Gravely, 1931
• Aphis pomi de Geer, 1773 
- Malus domestica (Suckow) Borkh. (Khan, 2009)
3.1.1.3 Family: Lycosidae
3.1.1.3.1 Pardosa altitudis Tikader & Malhotra, 1980
• Aphis pomi de Geer, 1773 
- Malus domestica (Suckow) Borkh. (Khan, 2009; Khan, 2016)
• Brevicoryne brassicae (Linnaeus, 1758) 
- Brassica oleracea L. var. acephala (Khan, 2013)
3.1.1.4 Family: Oxyopidae	
3.1.1.4.1 Oxyopes sp.
• Macrosiphum rosae (Linnaeus, 1758) 
- Rosa indica L. (Ahmad et al., 2017)
3.1.1.5  Family:Tetragnathidae
3.1.1.5.1 Leucauge celebesiana (Walckenaer, 1841) 
• Aphis pomi de Geer, 1773 
- Malus domestica (Suckow) Borkh. (Khan, 2009; Khan, 2016)
• Brevicoryne brassicae (Linnaeus, 1758) 
- Brassica oleracea L. var. acephala (Khan, 2013)
3.1.1.6  Family: Theridiidae
3.1.1.6.1 Theridion manjithar Tikader, 1970 
• Aphis pomi de Geer, 1773 
- Malus domestica (Suckow) Borkh. (Khan, 2009; Khan, 2016)
• Brevicoryne brassicae (Linnaeus, 1758) 
- Brassica oleracea L. var. acephala (Khan, 2013)
3.1.2 Class: Insecta, Order: Coleoptera
Several members of three families of Coleoptera, Carabidae, Chrysomelidae and Coccinellidae are recorded from Jammu & Kashmir feeding on aphids.
3.1.2 .1 Carabidae
A single species of Carabidae, Chlaenius panagaeoides (LaFerté-Sénectère, 1851) was recorded to prey on Aphis craccivora infesting Vigna unguiculata in Kashmir valley by Bhagat et al. (1988). Since then, no record is available.
3.1.2.2 Chrysomelidae
Although most members of the family Chrysomelidae (leaf beetles) are phytophagous, a few species exhibit aphidophagy, representing exceptional trophic adaptations within the group. Certain larvae and adults have been observed preying on soft-bodied insects such as aphids, likely as a supplementary protein source to support reproduction and development. Only two species of these beetles are recorded as mentioned below:

3.1.2.2.1 Aspidimorpha furcata (Thunberg, 1789)
• Acyrthosiphon rubi Narzikulov, 1957
- Rubus fruticosus L. (Bhagat & Lone, 1984) 
3.1.2.2.2 Bruchidius sp.
• Amphicercidus tuberculatus David, Narayanan & Rajasingh, 1971 
- Lonicera quinquelocularis Hardw. (Bhagat & Lone, 1984)
3.1.2.3  Coccinellidae

The family Coccinellidae (ladybird beetles) constitutes one of the most ecologically significant groups of predatory insects and plays a vital role in natural pest suppression within agroecosystems. Both larval and adult stages are highly voracious, preying upon a broad spectrum of soft-bodied arthropods, including aphids, mealybugs, scale insects, whiteflies, and mites. Many species have been successfully utilised in classical and augmentative biological control programs targeting aphid pests (Kumar & Omkar, 2023). In India, 148 aphidophagous coccinellid species are recorded, preying on 181 aphid species across 350 host plants, resulting in 3,102 tri-trophic associations documented from 31 states and union territories (Singh, 2025a). Recently, Singh & Bhagat (2026) catalogued tri-trophic associations of aphidophagous coccinellids in Jammu & Kashmir and Ladakh, and a total of 37 coccinellid predator species were documented engaging in tri-trophic associations with aphids and their host plants. Collectively, these predators, feeding on 70 species of aphids, were linked to 492 distinct tri-trophic associations, highlighting a rich and complex predator–prey network in the region. Among them, Adalia tetraspilota exhibited the broadest trophic range, preying on 52 aphid species across 72 host plants (96 triplets), followed closely by Hippodamia variegata (48 aphid species, 69 plants, 94 triplets), Coccinella septempunctata (27 aphid species, 43 plants, 56 triplets), Calvia punctata (28 aphid species, 25 plants, 30 triplets) and Propylea luteopustulata (18 aphid species, 26 plants, 39 triplets) (Singh & Bhagat, 2026). 
3.1.3  Class: Insecta, Order: Diptera

Members of three families of Diptera have been recorded as aphidophagous in Jammu & Kashmir: Cecidomyiidae, Chamaemyiidae and Syrphidae. A total of 17 species of aphidophagous flies are recorded preying on 38 species of aphids infesting 64 species of plants, mostly agricultural and horticultural crops, with 148 tri-trophic associations in the Kashmir Valley (Table 3). A detailed account of aphidophagy of its families is given below. 

Table 3. Number of species of aphidophagous Diptera belonging to different families preying on different numbers of aphid species infesting different numbers of host plant species and triplets in different numbers of districts in Jammu & Kashmir and Ladakh.

	Families
	Species of predators
	Number of

	
	
	Species of aphid
	Species of host plant
	Triplets

	Cecidomyiidae
	Aphidoletes aphidimyza
	12
	15
	15

	Chamaemyiidae
	Leucopis sp.
	15
	19
	20

	Syrphidae
	Betasyrphus serarius
	2
	3
	3

	
	Episyrphus balteatus
	22
	38
	45

	
	Eupeodes confrater
	12
	12
	15

	
	Eupeodes corollae
	4
	6
	6

	
	Eupeodes latifasciatus
	3
	2
	3

	
	Ischiodon scutellaris
	2
	2
	2

	
	Melanostoma univittatum
	3
	4
	6

	
	Paragus bicolor
	1
	1
	1

	
	Paragus serratus
	1
	1
	1

	
	Paragus tibialis
	1
	1
	1

	
	Scaeva pyrastri
	1
	1
	1

	
	Sphaerophoria bengalensis
	3
	2
	4

	
	Sphaerophoria indiana
	2
	2
	2

	
	Sphaerophoria scripta
	7
	17
	18

	
	Syrphus spp.
	5
	4
	5

	Total Syrphidae
	28
	50
	113

	Total 
	38
	64
	148




3.1.3.1   Family: Cecidomyiidae

The family Cecidomyiidae, commonly known as gall midges, encompasses a diverse group of small flies, many of which exhibit aphidophagous behaviour. Ahmad & Vaishnavi (1982), Bhagat & Matta (2002), and Bhagat (2014) recorded an aphidophagous midge, Aphidoletes aphidimyza, from the Kashmir valley. It is a well-known biological control agent utilised to manage aphid populations in various crops. Its larvae are voracious predators of aphids, contributing to the suppression of aphid infestations. The detailed account of the tri-trophic associations of the species is given below.
 3.1.3.1.1  Aphidoletes aphidimyza Rondani, 1848 
• Aphis craccivora Koch, 1854
- Robinia pseudoacacia L. (Ahmad & Vaishnavi, 1982; Bhagat & Matta, 2000)
• Aphis gossypii Glover, 1977
- Fagopyrum esculentum Moench (Bhagat, 2014)
• Aphis nerii Boyer de Fonsc., 1841 
- Verbascum thapsus L. (Bhagat & Matta, 2000)
• Aphis pomi de Geer, 1773  
- Malus domestica (Suckow) Borkh. (Ahmad & Vaishnavi, 1982; Bhagat, 2014)
• Aphis solanella Theobald, 1914
- Astragalus polyacanthus Benth. (Bhagat & Matta, 2000) 
- Rumex nepalensis Spreng. (Ahmad & Vaishnavi, 1982; Bhagat, 2014)
• Aphis sp.
- Inula racemosa Hook.fil. (Bhagat & Matta, 2000) 
• Aphis spiraecola Patch, 1914 
- Rubus antennifer Hook.fil.SR (Bhagat & Matta, 2000; Bhagat, 2014)
• Capitophorus hippophaes (Walker, 1852)
- Carduus edelbergii Rech.f. (Ahmad & Vaishnavi, 1982)
• Chaetosiphon sp.
- Rosa macrophylla Lindl. (Ahmad & Vaishnavi, 1982)
• Macrosiphum rosae (Linnaeus, 1758) 
- Rosa sp. (Ahmad & Vaishnavi, 1982)
• Rhopalosiphum sp.
- Prunus sp. (Ahmad & Vaishnavi, 1982; Bhagat & Matta, 2000)
• Uroleucon sp.
- Chaenomeles japonica (Thunb.) Lindl. ex Spach (Bhagat & Matta, 2000) 
• Unidentified aphid
- Artemisia moorcroftiana Wall. ex DC. (Bhagat & Matta, 2000) 
- Oonopsis multicaulis (Nutt.) Greene (Bhagat & Matta, 2000) 
3.1.3.2  Family: Chamaemyiidae

Members of the family Chamaemyiidae (silver flies) are small dipterans whose larvae are specialised predators of soft-bodied Hemiptera, particularly aphids, adelgids, and scale insects. Adults feed on nectar and honeydew, and several species are important biological control agents in orchards and field crops (Justesen et al., 2023). In Jammu & Kashmir, an unidentified Leucopis species has been recorded preying on 15 aphid species infesting 19 species of host plants.
3.1.3.2.1 Leucopis sp. 
• Acyrthsiphon rubi (Narzikulov, 1957)
- Rubus fruticosus Lour. (Bhagat & Matta, 2000)
• Aphis craccivora Koch, 1854
- Robinia pseudoacacia L. (Bhagat & Matta, 2000)
• Aphis nerii Boyer de Fonsc., 1841 
- Verbascum thapsus L. (Bhagat & Matta, 2000)
• Aphis solanella Theobald, 1914
- Astragalus polyacanthus Benth. (Bhagat & Matta, 2000)
- Rumex nepalensis Spreng. (Bhagat & Matta, 2000)
• Aphis sp.
- Inula racemosa Hook.fil. (Bhagat & Matta, 2000)
- Malus domestica (Suckow) Borkh. (Bhagat & Lone, 1984)
• Brevicoryne sp.
· Capsella bursa- pastoris (L.) Medik. (Bhagat & Matta, 2000)
• Chaitophorus nr. salijaponicus niger Mordvilko, 1929 
- Populus alba var. caspica Bornm. (Bhagat & Matta, 2000)
• Eriosoma lanigerum (Hausmann, 1802) 
- Artemisia sp. (Bhagat & Matta, 2000)
• Hyalopterus pruni (Geoffroy, 1762)
- Malus domestica (Suckow) Borkh. (Bhagat & Matta, 2000)
- Phragmites australis (Cav.) Trin. ex Steud. (Bhagat & Lone, 1984)
• Macrosiphoniella sanborni (Gillette, 1908)
- Chrysanthemum ×morifolium Ramat. ex Hemsl. (Bhagat & Lone, 1984)
• Macrosiphum rosae (Linnaeus, 1758) 
- Rosa indica L. (Bhagat & Matta, 2000)
• Prociphilus sp.
- Lonicera sp. (Bhagat & Lone, 1984)
• Shivaphis celti Das, 1918
- Celtis australis L. (Bhagat & Matta, 2000)
• Uroleucon kashmiricum (Verma, 1966)
- Urtica diocea L. (Bhagat & Matta, 2000)
• Uroleucon sp.
- Chaenomeles japonica (Thunb.) Lindl. ex Spach (Bhagat & Matta, 2000)
• Unidentified aphid
· Cirsium arvense (L.) Scop. (Bhagat & Matta, 2000)
- Oonopsis multicaulis (Nutt.) Greene (Bhagat & Matta, 2000)

3.1.3.3 Family: Syrphidae

Aphidophagous Syrphidae (hover flies) play a pivotal ecological role owing to their dual functions as predators and pollinators. The larvae are voracious predators of aphids, significantly contributing to natural pest suppression and minimising crop losses, while adults feed on nectar and pollen, facilitating pollination (Singh, 2026). Their activity supports integrated pest management by reducing dependence on chemical pesticides, and their diversity and abundance serve as reliable indicators of habitat quality and ecosystem health. Collectively, hover flies enhance biodiversity, ecosystem stability, and sustainable agricultural productivity. Earlier, Wachkoo et al. (2020) listed 88 species of Surphidae in Jammu & Kashmir and Ladakh without mentioning their tri-trophic associations. Recently, Singh (2026) enlisted 49 aphidophagous species of hover flies belonging to 17 genera, feeding on 94 aphid species associated with 149 host plants, forming 1,025 tri-trophic associations across 27 states and union territories of India. However, in Jammu & Kashmir, only 15 hover fly species are documented preying on 28 aphid species infesting 50 host plants, with 113 tri-trophic associations (Table 3). Detailed accounts of tri-trophic associations of these flies are given below.
3.1.3.3.1 Betasyrphus serarius (Wiedemann, 1830) 
• Lipaphis erysimi (Kaltenbach, 1843) 
- Brassica rapa L. (Bhat & Bhagat, 2017)
• Unidentified aphid 
- Cucurbita moschata (Duchesne) Duchesne ex Poir. (Bhat, 2008)
- Phaseolus vulgaris L. (Bhat, 2008)
3.1.3.3.2  Episyrphus balteatus (De Geer, 1776) 
• Acyrthosiphon pisum (Harris, 1776) 
- Pisum sativum L. ( Ahmad & Bhat, 1986; Bhat & Bhagat, 2017)
• Acyrthosiphon rubi (Narzikulov, 1957)
- Rubus fruticosus Lour. (Bhagat & Matta, 2000)
• Aphis craccivora Koch, 1854
- Robinia pseudoacacia L. (Bhagat & Lone, 1984)
• Aphis fabae Scopoli, 1763 
- Rumex nepalensis Spreng. (Bhagat & Matta, 2000; Bhat, 2008)
• Aphis gossypii Glover, 1977
- Capsicum annuum L. (Bhat & Bhagat, 2017)
- Cucumis sativus L. (Bhat & Bhagat, 2017)
- Cucurbita maxima Duchesne (Bhat, 2008; Bhat & Bhagat, 2017)
- Lagenaria siceraria (Molino) Standl. (Bhat & Bhagat, 2017)
- Solanum melongena L. (Bhat, 2008; Bhat & Bhagat, 2017)
- Solanum tuberosum L. (Bhat & Bhagat, 2017)
•  Aphis pomi De Geer, 1773 
- Malus domestica (Suckow) Borkh. (Bhagat et al., 1988; Khan & Shah, 2018)
• Aphis punicae Passerini, 1863
- Punica granatum L. (Mohi-ud-din et al., 2019)
• Aphis sp.
· Inula racemosa Hook.fil. (Bhagat & Matta, 2000)
• Brevicoryne brassicae (Linnaeus, 1758) 
- Brassica oleracea L. (Ahmad & Bhat, 1986; Bhagat & Matta, 2000)
- Brassica oleracea L. var. acephala (Bhat & Bhagat, 2017)
- Brassica oleracea L. var. botrytis (Bhat, 2008; Bhat & Bhagat, 2017)
- Brassica oleracea L. var. capitata (Bhat, 2008; Bhat & Bhagat, 2017)
- Brassica oleracea L. var. gongylodes (Bhat, 2008; Bhat & Bhagat, 2017)
- Brassica oleracea L. var. kashmiriana (Bhat & Bhagat, 2017)
• Cavariella aegopodii (Scopoli, 1763)
- Daucus carota L. (Bhat & Bhagat, 2017)
• Chaitophorus nr. salijaponicus niger Mordvilko, 1929 
- Populus alba var. caspica Bornm. (Bhagat & Matta, 2000)
· Prunus amygdalus Batsch (Bhagat & Matta, 2000)
• Chaitophorus pakistanicus Hille Ris Lambers, 1966
- Salix alba L. (Bhagat & Matta, 2000)
• Eriosoma lanigerum (Hausmann, 1802) 
- Malus domestica (Suckow) Borkh. (Wani & Masoodi, 2001)
• Hyalopterus gracilis (Walker, 1852)
- Prunus sp. (Bhagat & Masoodi, 1988)
• Hyalopterus pruni (Geoffroy, 1762)
- Malus domestica (Suckow) Borkh. (Bhagat & Matta, 2000)
• Indiochaitophorus furcatus Verma, 1970
- Ulmus wallichiana Planch. (Bhagat & Lone, 1984; Bhagat & Matta, 2000)
• Liosomaphis himalayensis Basu, 1964
- Berberis sp. (Bhagat & Matta, 2000)
• Lipaphis erysimi (Kaltenbach, 1843) 
- Brassica rapa L. (Bhagat & Matta, 2000; Bhat & Bhagat, 2017)
• Macrosiphoniella sanborni (Gillette, 1908) 
- Chrysanthemum ×morifolium Ramat. ex Hemsl. (Bhagat & Matta, 2000)
• Macrosiphum rosae (Linnaeus, 1758) 
- Rosa indica L. (Bhagat & Matta, 2000)
• Myzus persicae (Sulzer, 1776) 
- Capsicum annuum L. (Bhat & Bhagat, 2017)
- Cucurbita maxima Duchesne (Bhat & Bhagat, 2017)
- Solanum lycopersicum L. (Bhat & Bhagat, 2017)
- Solanum tuberosum L. (Bhat & Bhagat, 2017)
• Panaphis juglandis (Goeze, 1778)
- Juglans regia L. (Bhagat & Matta, 2000)
• Schizoneurella indica Hille Ris Lambers, 1973
- Ulmus sp. (Bhagat & Lone, 1984)
• Unidentified aphid 
- Atriplex hortensis L. (Bhat, 2008)
- Cucurbita moschata (Duchesne) Duchesne ex Poir. (Bhat, 2008)
- Malus sylvestris (L.) Mill. (Bhat, 2008)
- Raphanus sativus L. (Bhat, 2008)
- Solanum lycopersicum L. (Bhat, 2008)
- Solanum tuberosum L. (Bhat, 2008)
- Sonchus sp. (Bhagat & Matta, 2000)
- Trigonella foenum- graecum L. (Bhat, 2008)
3.1.3.3.3 Eupeodes confrater (Wiedemann, 1830) 
• Acyrthosiphon rubi (Narzikulov, 1957)
- Rubus fruticosus Lour. (Bhagat & Matta, 2000)
• Aphis craccivora Koch, 1854
- Phaseolus vulgaris L. (Bhat & Bhagat, 2017)
- Robinia pseudoacacia L. (Bhagat & Matta, 2000)
- Rumex acetosella L. (Bhat & Bhagat, 2017)
- Solanum lycopersicum L.  (Bhat & Bhagat, 2017)
• Aphis pomi De Geer, 1773 
- Malus domestica (Suckow) Borkh. (Bhagat et al., 1988)
• Brevicoryne brassicae (Linnaeus, 1758) 
- Brassica oleracea L. var. botrytis (Bhat, 2008)
• Chaitophorus nr. salijaponicus niger Mordvilko, 1929 
- Populus alba var. caspica Bornm. (Bhagat & Matta, 2000)
• Eriosoma lanigerum (Hausmann, 1802) 
- Malus domestica (Suckow) Borkh. (Zaka-Ur-Rab, 1972; Wani & Masoodi, 2001)
• Hyalopterus pruni (Geoffroy, 1762)
- Malus domestica (Suckow) Borkh. (Bhagat & Matta, 2000)
• Indiochaitophorus furcatus Verma, 1970
- Ulmus villosa Brandis ex Gamble (Bhagat & Matta, 2000)
• Lipaphis erysimi (Kaltenbach, 1843) 
- Brassica rapa L. (Bhat, 2008; Bhat & Bhagat, 2017)
• Myzus persicae (Sulzer, 1776)
- Not mentioned (Rao, 1969)
• Shivaphis celti Das, 1918
- Celtis australis L. (Bhagat & Matta, 2000)
• Unidentified aphid
- Cucurbita moschata (Duchesne) Duchesne ex Poir. (Bhat, 2008)
3.1.3.3.4 Eupeodes corollae (Fabricius, 1794) 
• Aphis pomi De Geer, 1773 
- Malus domestica (Suckow) Borkh. (Bhagat et al., 1988)
• Brevicoryne brassicae (Linnaeus, 1758) 
- Brassica oleracea L. var. gongylodes (Bhat, 2008)
• Lipaphis erysimi (Kaltenbach, 1843) 
- Brassica napus L. (Bhat & Bhagat, 2017)
- Brassica rapa L. (Bhat, 2008; Bhat & Bhagat, 2017)
• Unidentified aphid
- Malus sylvestris (L.) Mill. (Bhat, 2008)
- Trigonella foenum- graecum L. (Bhat, 2008)
3.1.3.3.5 Eupeodes latifasciatus (Macquart, 1829) 
• Chromaphis juglandicola (Kaltenbach, 1843) 
- Juglans regia L. (Gull & Rasheed, 2024)
• Panaphis juglandis (Foose) 
- Juglans regia L. (Gull & Rasheed, 2024)
• Unidentified aphid
- Trigonella foenum- graecum L. (Bhat, 2008)
3.1.3.3.6. Ischiodon scutellaris (Fabricius, 1805) 
• Aphis craccivora Koch, 1854
- Rumex acetosella L. (Bhat & Bhagat, 2017)
• Lipaphis erysimi (Kaltenbach, 1843) 
- Brassica rapa L. (Bhat & Bhagat, 2017)
3.1.3.3.7. Melanostoma univittatum (Wiedemann, 1824)
• Acyrthosiphon pisum (Harris, 1776) 
- Pisum sativum L. (Ahmad & Bhat, 1986)
• Aphis craccivora Koch, 1854
- Phaseolus vulgaris L. (Bhat & Bhagat, 2017)
- Rumex nepalensis Spreng. (Bhat & Bhagat, 2017)
• Lipaphis erysimi (Kaltenbach, 1843) 
- Brassica rapa L. (Ahmad & Bhat, 1986; Bhat & Bhagat, 2017)
3.1.3.3.8 Palpada interrupta (Fabricius, 1805) 
• Aphis pomi de Geer, 1773 
- Malus domestica (Suckow) Borkh. (Khan et al., 2016)
• Brevicoryne brassicae (Linnaeus, 1758) 
- Brassica oleracea L. (Khan, 2017b)
3.1.3.3.9 Paragus bicolor (Fabricius, 1794)
• Aphis craccivora Koch, 1854
- Solanum nigrum L. (Thompson & Ghorpadé, 1988)
3.1.3.3.10 Paragus serratus (Fabricius, 1805)
• Lipaphis erysimi (Kaltenbach, 1843) 
- Brassica rapa L. (Bhat & Bhagat, 2017)
3.1.3.3.11 Paragus tibialis  (Fallén, 1817)
• Aphis craccivora Koch, 1854
- Phaseolus vulgaris L. (Bhat & Bhagat, 2017)
3.1.3.3.12 Scaeva pyrastri (Linnaeus, 1758)?
• Aphis pomi De Geer, 1773 
- Malus domestica (Suckow) Borkh. (Bhagat et al., 1988)
3.1.3.3.13 Sphaerophoria bengalensis Macqaurt
• Aphis pomi De Geer, 1773 
- Malus domestica (Suckow) Borkh. (Bhagat et al., 1988)
• Aphis punicae Passerini, 1863
- Punica granatum L. (Mohi-ud-din et al., 2019)
3.1.3.3.14 Sphaerophoria indiana Bigot, 1884
• Hyalopterus gracilis (Walker, 1852)
- Prunus sp. (Bhagat & Masoodi, 1988)
• Hyalopterus pruni (Geoffroy, 1762)
- Prunus domestica L. (Bhagat & Lone, 1984)
3.1.3.3.15 Sphaerophoria scripta (Linnaeus, 1758)
• Aphis craccivora Koch, 1854
- Phaseolus vulgaris L. (Bhat & Bhagat, 2017)
- Rumex acetosella L. (Bhat & Bhagat, 2017)
- Solanum lycopersicum L.  (Bhat & Bhagat, 2017)
- Solanum tuberosum L. (Bhat & Bhagat, 2017)
• Aphis gossypii Glover, 1977
- Cucurbita maxima Duchesne (Bhat, 2008)
- Solanum melongena L. (Bhat, 2008)
• Aphis pomi De Geer, 1773 
- Malus domestica (Suckow) Borkh. (Khan et al., 2016; Khan & Shah, 2018)
• Brevicoryne brassicae (Linnaeus, 1758) 
- Brassica oleracea L. var. acephala (Bhat & Bhagat, 2017)
- Brassica oleracea L. var. botrytis (Bhat, 2008; Bhat & Bhagat, 2017)
- Brassica oleracea L. var. capitata (Bhat, 2008)
- Brassica oleracea L. var. gongylodes (Bhat, 2008; Bhat & Bhagat, 2017
- Brassica sp. (Ahmad & Bhat, 1986)
• Cavariella sp.
- Hieracium schmidtii winkleri (Celak.) Zahn (Bhagat & Matta, 2000)
• Lipaphis erysimi (Kaltenbach, 1843) 
- Brassica rapa L. (Ahmad & Bhat, 1986; Bhat & Bhagat, 2017)
- Brassica napus L. (Bhat & Bhagat, 2017)
• Unidentified aphid 
- Artemisia moorcroftiana Wall. ex DC. (Bhagat & Matta, 2000)
- Cucurbita moschata (Duchesne) Duchesne ex Poir. (Bhat, 2008)
- Malus sylvestris (L.) Mill. (Bhat, 2008)
- Solanum lycopersicum L. (Bhat, 2008)
3.1.3.3.16 Syrphus sp.
• Aphis pomi De Geer, 1773 
- Malus domestica (Suckow) Borkh. (Khan & Shah, 2018)
• Chaetosiphon chaetosiphon (Nevsky, 1928)
- Rosa sp. (Bhagat & Lone, 1984)
• Eriosoma lanigerum (Hausmann, 1802) 
- Malus domestica (Suckow) Borkh. (Bhagat & Lone, 1984; Rasool et al., 2019)
• Hyalopterus gracilis (Walker, 1852)
- Prunus sp. (Bhagat & Masoodi, 1988)
• Lipaphis erysimi (Kaltenbach, 1843) 
- Brassica rapa L. (Bhagat & Lone, 1984)
Records of the following species of Subfamily Eristalinae (genera Eristalinus, Eristalis and Eumerus) recorded as aphid predators in Jammu & Kashmir by some scholars are considered unreliable, since larvae of these flies are aquatic saprophagous filter-feeders, and not aphidophagous; thus, these records were excluded from the present checklist.
1. Eristalinus aeneus (Scopoli, 1763)
• Aphis pomi De Geer, 1773 
- Malus domestica (Suckow) Borkh. (Khan & Shah, 2018)
2. Eristalis cerealis Fabricius, 1805
• Aphis pomi De Geer, 1773 
- Malus domestica (Suckow) Borkh. (Khan et al., 2016; Khan & Shah, 2018)
• Brevicoryne brassicae (Linnaeus, 1758) 
- Brassica oleracea L. (Khan, 2017b)
• Aphis pomi De Geer, 1773 
- Malus domestica (Suckow) Borkh. (Khan et al., 2016)
3. Eristalis tenax (Linnaeus, 1758)
• Aphis pomi De Geer, 1773 
- Malus domestica (Suckow) Borkh. (Khan & Shah, 2018)
4. Eristalis sp.
• Aphis pomi De Geer, 1773 
- Malus domestica (Suckow) Borkh. (Khursheed et al., 2021)
5. Eumerus nepalensis Brunetti, 1908
• Hyalopterus gracilis (Walker, 1852)
- Prunus sp. (Bhagat & Masoodi, 1988)
3.1.3.4 Ordera: Hemiptera, Family: Anthocoridae
Hemipteran predators, collectively referred to as true bugs, include several aphidophagous families such as Anthocoridae, Geocoridae, Miridae, Pentatomidae, Reduviidae, and Nabidae, all of which play a crucial role in the natural regulation of aphid populations. Both nymphs and adults actively attack aphids using piercing-sucking mouthparts, thereby suppressing infestations in cereal, vegetable, leguminous, and fruit crops (Singh & Srivastav, 2024). In India, 29 species of aphidophagous bugs belonging to six families have been recorded preying on 15 species of aphids infesting 37 species of food plants. However, in Jammu & Kashmir, only 3 aphidophagous species of bugs belonging to a single family Anthocoridae, have been recorded preying on 11 aphid species associated with 16 host plants, primarily agricultural and horticultural crops, forming 16 tri-trophic associations (Table 4). A detailed account of their aphidophagy is presented below.

Table 4. Number of aphidophagous bugs belonging to different families preying on different numbers of aphid species infesting different numbers of host plant species and triplets in Jammu & Kashmir and Ladakh.

	Families
	Species of predators
	Number of

	
	
	Species of aphid
	Species of host plant
	Triplets

	Anthocoridae
	Anthocoris sp.
	5
	10
	10

	
	Orius lindbergi
	4
	4
	4

	
	Orius minutus
	2
	2
	2

	Total
	11
	16
	16



3.1.3.4.1 Anthocoris sp.
• Aphis gossypii Glover, 1977
- Solanum melongena L. (Bhat, 2008)
• Hyalopterus gracilis (Walker, 1852)
- Prunus sp. (Bhagat & Masoodi, 1988)
• Indiochaitophorus furcatus Verma, 1970
- Ulmus villosa Brandis ex Gamble (Bhagat & Matta, 2000)
• Pemphigus immunis Buckton, 1896
- Populus ciliata Wall. ex Royle (Bhagat & Lone, 1984)
• Unidentified aphid 
- Atriplex hortensis L. (Bhat, 2008)
- Cucurbita moschata (Duchesne) Duchesne ex Poir. (Bhat, 2008)
- Lactuca sativa L. (Bhat, 2008)
- Malus sylvestris (L.) Mill. (Bhat, 2008)
- Phaseolus vulgaris L. (Bhat, 2008)
- Solanum lycopersicum L. (Bhat, 2008)
3.1.3.4.2 Orius lindbergi Wagner, 1952
• Aphis craccivora Koch, 1854
- Medicago sativa L. (Bhagat & Lone, 1984)
• Brachycaudus persicae (Passerini, 1860)
- Prunus amygdalus Batsch (Bhagat & Lone, 1984)
• Macrosiphoniella artemisiae artemisiae (Boyer de Fonscolombe, 1841)
- Artemisia sp. (Bhagat & Lone, 1984)
• Pemphigus mordvilkovi Bozhko, 1979
- Populus alba var. caspica Bornm (Bhagat & Lone, 1984)
3.1.3.4.3 Orius minutus (Linnaeus, 1758)
• Amphicercidus tuberculatus David, Narayanan & Rajasingh, 1971 
- Lonicera quinquelocularis Hardw. (Bhagat & Lone, 1984)
• Brachycaudus cardui (Linnaeus, 1758)
- Carduus edelbergii Rech.fil. (Bhagat & Lone, 1984)
									
3.1.3.5 Order: Neuroptera

The order Neuroptera, encompassing lacewings, mantidflies, and antlions, is globally distributed and predominantly predatory, with many species feeding on soft-bodied insects such as aphids. In India, aphidophagy has been documented in the four families, Chrysopidae, Coniopterygidae, Dilaridae, and Hemerobiidae. Among these, green lacewings (Chrysopidae) and brown lacewings (Hemerobiidae) comprising 32 species of lacewings are aphidophagous in India belonging to 4 families, Chrysopidae being the largest one comprising 24 species under 11 genera followed by Hemerobiidae (6 species in 2 genera) and Dilaridae and Coniopterygidae (one species each) preying on 68 species of aphids associated with 107 species of plants (Singh et al., 2024b). In Jammu & Kashmir, 2 species of green lacewings preying on 24 species of aphids and a single species of brown lacewings feeding on a single aphid species are recorded (Table 5).

Table 5. Number of species of aphidophagous Neuroptera belonging to different families preying on different numbers of aphid species infesting different numbers of host plant species and triplets in different numbers of districts in Jammu & Kashmir and Ladakh.

	Families
	Species of predators
	Number of

	
	
	Species of aphid
	Species of host plant
	Triplets

	Chrysopidae
	Chrysoperla orestes
	2
	2
	2

	
	Chrysoperla zastrowi sillemi
	25
	33
	44

	Sub total
	25
	32
	46

	Hemerobiidae
	Hemerobius sp.
	1
	1
	1

	
	Total
	25
	33
	47


0
3.1.3.5.1 Family: Chrysopidae								
The family Chrysopidae (green lacewings) constitutes one of the most effective groups of aphid predators in agroecosystems. Their larvae, commonly known as “aphid-lions,” are voracious feeders capable of consuming large numbers of aphids across a wide range of crops. Adult chrysopids feed on nectar, pollen, and honeydew, thereby contributing indirectly to pollination and sustaining their populations while serving as prey for higher trophic levels, thus maintaining ecological balance (Singh & Omkar, 2025). In India, 24 aphidophagous species of Chrysopidae have been recorded preying upon 55 aphid species infesting 84 host plants (Singh et al., 2024b). In Jammu & Kashmir, only two species, Chrysoperla orestes and Chrysoperla zastrowi sillemi have been documented feeding on 25 identified aphid species associated with 33 host plants, forming 47 tri-trophic associations. Among them, Chrysoperla zastrowi sillemi is distinctly highly polyphagous, preying on 25 aphid species across 32 host plants (Table 5). A detailed account of the tri-trophic associations of Chrysopidae in different districts of Uttarakhand is presented below.
3.1.3.5.1.1  Chrysoperla orestes (Banks, 1911) 
• Aphis gossypii Glover, 1977
- Solanum melongena L. (Bhagat & Masoodi, 1985)
• Aphis pomi De Geer, 1773 
- Malus domestica (Suckow) Borkh (Bhagat & Masoodi, 1985)
3.1.3.5.1.2  Chrysoperla zastrowi sillemi (Esben- Petersen, 1935) 
• Acyrthosiphon pisum (Harris, 1776) 
- Pisum sativum L. (Bhat, 2008)
• Acyrthosiphon rubi (Narzikulov, 1957) 
- Rubus fruticosus Lour. (Khan & Shah, 2017)
• Aphis craccivora Koch, 1854
- Vigna unguiculata (L.) Walp. (Mushtaq & Khan, 2010a)
• Aphis gossypii Glover, 1977
- Cucurbita maxima Duchesne (Bhat, 2008)
- Solanum melongena L. (Bhat, 2008; Shah et al., 2025)
• Aphis pomi De Geer, 1773 
- Cissampelos glaberrima A.St.- Hil. (Khan & Shah, 2017)
- Lablab purpureus (L.) Sweet  (Khan & Shah, 2017)
- Malus domestica (Suckow) Borkh. (Bhagat et al., 1988; Mushtaq & Khan, 2010a)
• Aphis solanella Theobald, 1914
- Euonymus fortunei (Turcz.) Hand.- Mazz. (Khan & Zaki, 2008)
• Aphis spiraecola Patch, 1914 
- Cucumis sativus L. (Khan & Shah, 2017)
- Malus domestica (Suckow) Borkh. (Khan & Shah, 2017)
• Brachycaudus helichrysi (Kaltenbach, 1843)
- Brassica oleracea L. var. capitata (Khan & Shah, 2017)
- Kleinia grandiflora (Wall. ex DC.) N.Rani (Khan & Shah, 2017)
• Brachycaudus rumexicolens (Patch, 1917)
- Rumex sp. (Khan & Shah, 2017)
• Brevicoryne brassicae (Linnaeus, 1758) 
- Brassica oleracea L. var. botrytis (Bhat, 2008; Mushtaq & Khan, 2010b)
- Brassica oleracea L. var. capitata (Bhat, 2008)
- Descurainia sp. (Khan & Shah, 2017)
- Malus domestica (Suckow) Borkh. (Khan & Shah, 2017)
• Capitophorus formosartemisiae (Takahashi, 1921) 
- Artemisia sp. (Khan & Shah, 2017)
• Chromaphis juglandicola (Kaltenbach, 1843) 
- Juglans regia L. (Khan & Shah, 2017)
• Eriosoma lanigerum (Hausmann, 1802) 
- Malus domestica (Suckow) Borkh. (Wani & Masoodi, 2001; Rasool et al., 2019)
• Hyalopterus gracilis (Walker, 1852)
- Prunus sp. (Bhagat & Masoodi, 1988)
• Lipaphis pseudobrassicae (Davis, 1914)
- Brassica juncea (L.) Czern (Khan & Shah, 2017)
• Macrosiphoniella yomogifoliae (Shinji, 1924) 
- Artemisia sp. (Khan & Shah, 2017)
• Macrosiphum euphorbiae
- Solanum melongena L. (Shah et al., 2025)
• Macrosiphum rosae (Linnaeus, 1758) 
- Rosa indica L. (Ahmad et al., 2017; Khan & Shah, 2017)
• Myzus persicae (Sulzer, 1776) 
- Abelmoschus esculentus (L.) Moench (Khan & Shah, 2017)
- Capsella bursa (Khan & Shah, 2017)
- Capsicum annuum L. (Khan & Shah, 2017)
- Solanum lycopersicum L. (Khan & Shah, 2017)
- Solanum melongena L. (Shah et al., 2025)
- Solanum nigrum L. (Khan & Shah, 2017)
- Solanum tuberosum L. (Khan & Shah, 2017)
• Panaphis juglandis (Goeze, 1778) 
- Juglans regia L. (Khan & Shah, 2017)
• Pterochloroides persicae (Cholodkovsky
- Prunus persica L. (Khan & Shah, 2017)
• Pyrolachnus pyri (Buckton, 1899) 
- Malus domestica (Suckow) Borkh. (Khan & Shah, 2017)
- Prunus armeniaca L. (Khan & Shah, 2017)
• Tinocallis sp.
- Ulmus sp. (Khan & Shah, 2017)
• Trama penecaeca (Stroyan, 1964) 
- Helianthus tuberosus L. (Khan & Shah, 2017)
• Unidentified aphid
- Cucurbita moschata (Duchesne) Duchesne ex Poir. (Bhat, 2008)
- Malus sylvestris (L.) Mill. (Bhat, 2008)
- Solanum lycopersicum L. (Bhat, 2008)
- Solanum tuberosum L. (Bhat, 2008)
									
3.1.3.5.2 Family: Hemerobiidae

The family Hemerobiidae (brown lacewings) represents an ecologically significant group of neuropterans, with both larvae and adults functioning as active predators of aphids and various other soft-bodied arthropods. In India, six species of Hemerobiidae, belonging to the genera Hemerobius and Micromus, have been documented preying on 29 aphid species infesting 48 host plants (Singh et al., 2024b). Unlike green lacewings, brown lacewings exhibit greater cold tolerance, remaining active at lower temperatures and thereby contributing to early-season aphid regulation (New, 1975). Despite this, only one unidentified species of Hemerobius was recorded to feed apple aphid, Aphis  pomi on apple, Malus domestica (Bhagat et al., 1988). 

3.2 Ladakh

In Ladakh, three major groups of aphidophagous predators, hover flies (Diptera: Syrphidae), true bugs (Hemiptera: Anthocoridae), and lacewings (Neuroptera: Chrysopidae), have been recorded preying upon diverse aphid species associated with multiple host plants. A total of 4 predator species belonging to three families were documented forming 16 tri-trophic associations involving 13 aphid species and 9 host plants (Table 6).

Table 6. Number of aphidophagous arthropods belonging to different families preying on different numbers of aphid species infesting different numbers of host plant species and triplets in Ladakh.
		
	Order/Families
	Species of predators
	Number of

	
	
	Species of aphid
	Species of host plant
	Triplets

	Diptera: Syrphidae
	Episyrphus balteatus
	1
	1
	1

	Hemiptera:Anthocoridae
	Temnostethus paradoxus
	6
	6
	6

	
	Xylocoris flavipes
	7
	7
	7

	Neuroptera:Chrysopidae
	Chrysoperla zastrowi sillemi
	2
	2
	2

	
	Total
	13
	9
	16



3.2.1 Order: Diptera, Family: Syrphidae

The hover fly Episyrphus balteatus preying on Dysaphis sp. infesting apple (Malus domestica), representing the only syrphid record from the region (Pawar & Parry, 1989).

3.2.2 Order: Hemiptera, Family: Anthocoridae

The minute pirate bugs (Temnostethus paradoxus and Xylocoris flavipes) were the most dominant predators, together feeding on 9 aphid species, infesting 7 hosts as given below.
3.2.2.1 Temnostethus paradoxus  (Hutchinson, 1934)
• Amphicercidus tuberculatus David, Narayanan & Rajasingh, 1971 
-  Lonicera quinquelocularis Hardw. (Bhagat, 2015)
• Aphis craccivora Koch, 1854 
-  Medicago sativa L. (Bhagat, 2015)
• Brachycaudus cardui (Linnaeus, 1758)
-  Carduus edelbergii Rech.fil. (Bhagat, 2015)
• Brachycaudus persicae (Passerini, 1860)
-  Prunus amygdalus Batsch (Bhagat, 2015)
• Macrosiphoniella artemisiae artemisiae (Boyer de Fonscolombe, 1841)
-  Artemisia sp. (Bhagat, 2015)
• Pemphigus mordvilkovi Bozhko, 1979
-  Populus alba var. caspica Bornm.   (Bhagat, 2015)
3.2.2.2 Xylocoris flavipes (Reuter, 1875 )  
• Amphicercidus tuberculatus David, Narayanan & Rajasingh, 1971 
-  Lonicera quinquelocularis Hardw. (Bhagat, 2015)
• Aphis craccivora Koch, 1854 
-  Medicago sativa L. (Bhagat, 2015)
• Brachycaudus cardui (Linnaeus, 1758)
-  Carduus edelbergii Rech.fil. (Bhagat, 2015)
• Brachycaudus persicae (Passerini, 1860)
-  Prunus amygdalus Batsch (Bhagat, 2015)
• Macrosiphoniella artemisiae artemisiae (Boyer de Fonscolombe, 1841)
-  Artemisia sp. (Bhagat, 2015)
• Pemphigus dorocola Matsumura, 1917 
-  Populus ciliata Wall. ex Royle (Bhagat, 2015)
• Pemphigus mordvilkovi Bozhko, 1979
-  Populus alba var. caspica Bornm. (Bhagat, 2015)

3.2.3 Order: Neuroptera, Family: Chrysopidae

The green lacewing Chrysoperla zastrowi sillemi was the only species recorded preying on Aphis solanella infesting Euonymus fortunei (Bhagat, 2013) and Dysaphis sp. infesting Malus domestica (Pawar & Parry, 1989).

This evidence indicates that Anthocoridae currently represents the most diverse and ecologically significant aphidophagous group in Ladakh, while syrphids and chrysopids contribute additional but limited predatory associations in high-altitude agroecosystems.

CONCLUSION

The checklist establishes a comprehensive account of aphidophagous predators and their tri-trophic associations in Jammu & Kashmir and Ladakh, highlighting the rich biodiversity and ecological complexity of these regions. Syrphids, coccinellids, and lacewings emerged as dominant and functionally significant groups in aphid regulation, contributing substantially to natural pest control. The findings provide a critical baseline for biodiversity assessment, food web analysis, and integrated pest management planning in the western Himalaya. Furthermore, the study emphasises the necessity of conserving these beneficial predators to sustain ecosystem stability amid climate change and agricultural intensification.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Authors hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

COMPETING INTERESTS

Authors have declared that they have no known competing financial interests or non-financial interests or personal relationships that could have appeared to influence the work reported in this paper.

REFERENCES
Ahmad, D., & Bhat, M. R. (1986). Distribution and host range of some aphidophagous syrphid flies in Kashmir. Geobios New Reports, 5, 165-166. 
Ahmad, H., Norboo, T., Shankar, U., Gahai, S. A., Kumar, M., Sharma, S., & Mondal, A. (2017). Seasonal activity and abundance of natural enemies and performance of Coccinella septempunctata on rose aphid, Macrosiphum rosae (Linn.). International Journal of Current Microbiology and Applied Sciences,  6(10), 2923-2927. 
	https://doi.org/10.20546/ijcmas.2017.610.345
Bhagat, K. C., & Masoodi, M. A. (1985). Record of green lacewing fly, Chrysopa orestes Banks (Chrysopidae: Neuroptera) as a predator of brinjal aphid, Aphis gossypii Glover (Aphididae: Homoptera). Indian Journal of Plant Protection, 13(2), 132. 
Bhagat, K. C., & Masoodi, M. A. (1988). Natural enemies of mealy plum aphid Hyalopterus arundinis Fabricius (Aphididae: Homoptera) in Kashmir, India. Journal of Advanced Zoology, 9(2), 145-147.
Bhagat, K. C., Masoodi, M. A., & Koul, V. K. (1988). Some observations on the incidence of arthropod natural enemies of Aphis pomi de Geer (Homoptera: Aphididae) occurring in apple orchard ecosystem. Journal of Aphidology, 2(1-2), 80-89.
Bhagat, R. C. (2011). Species richness and host diversity of syrphid flies (Syrphidae: Diptera) of Jammu & Kashmir state (India). Uttar Pradesh Journal of Zoology, 31(1), 25-30.
Bhagat, R. C. (2013). Biodiversity and systematic checklist of Neuroptera (Insecta: Neuropterida) of Jammu & Kashmir state (India). Indian Journal of Fundamental and Applied Life Sciences, 3(4), 14-16.
Bhagat, R. C. (2014). Diversity and distribution of midge-fauna (Insecta: Diptera) of Jammu, Kashmir and Ladakh Himalaya (India). Research & Reviews in BioSciences, 9(6), 199-206.
Bhagat, R. C.  (2015). Diversity and updated systematic checklist of Cimicomorpha bugs (Heteroptera: Hemiptera) of Jammu, Kashmir and Ladakh Himalaya (India). Indian Journal of Fundamental and Applied Life Sciences, 5(1), 275–279.
Bhat, D. M., & Bhagat, R. C. (2017). Host range and diversity of syrphid predators (Insecta: Diptera) of aphids on vegetable crops of Kashmir, with new host aphid/ plant records. Trends in Biosciences 10(6), 1446-1448. 
Bhagat, R. C., & Lone, M. A. (1984). New records and host range of predators of aphids (Aphididae: Homoptera) in Kashmir Valley, India. Science & Culture, 50, 364-366. 
Bhagat, R. C., & Matta, T. A. (2000). Host range and diversity of aphidophagous insect (predators) of Kashmir Himalaya, with new host aphid/plant records. In: Khan, M.A. (Ed.), Environment Biodiversity and Conservation (pp. 269-282). A.P.H. Publishing Corporation New Delhi.
Bhat, D. M. (2008). Studies on insect parasites and predators of some insect pests of vegetable crops of the Kashmir Valley. PhD thesis, P.G. Department of Zoology, University of Kashmir, Srinagar, J&K (India), pp. 193. http://hdl.handle.net/10603/72857
Bhat, D. M., Ahanger, F. A., & Sheikh, M. A. (2020). A review of aphids (Homoptera: Aphididae) and their natural enemies in vegetable crop ecosystems in Jammu and Kashmir, India. Uttar Pradesh Journal of Zoology, 41(24), 84-95.
Brunetti, E. (1923). The Fauna of British India, including Ceylon and Burma. Diptera, Vol. III. Pipunculidae, Syrphidae, Conopidae, Estridae. Taylor & Francis, London, pp. 424. doi.org/10.5962/bhl.title.48423
Datta, M., & Chakraborti, M. (1983). On a collection of flower flies (Diptera: Syrphidae) with new records from Jammu and Kashmir. Records of the Zoological Survey of India, 5, 237-235.
Gull, S., & Rasheed, R. (2024). Predatory insects as biological control agents against walnut aphids in Kashmir, India. Acta Agriculturae Slovenica, 120(1), 1–8. https://doi.org/10.14720/aas.2024.120.1.13569
Justesen, M. J., Seehausen, M. L., Havill, N. P., Kenis, M., Gaimari, S. D., Matchutadze, I., Zembrzuski, D., & Ravn, H. P. (2023). Evaluation of Leucopis hennigrata (Diptera: Chamaemyiidae) as a classical biological control agent of Adelges nordmannianae (Hemiptera: Adelgidae) in northern Europe. Biological Control, 13, 105264. https://doi.org/10.1016/j.biocontrol.2023.105264.
Khan, A. A. (2009). Biodiversity of spider fauna (Arachnida: Araneae) in horticultural ecosystem of Kashmir. Indian Journal of Ecology, 36, 59-64.
Khan, A. A. (2013). Evaluation of the biological control efficiency of four spiders using functional response experiments. The Bioscan, 8(4), 1123-1128.
Khan, A. A. (2016). Assessment of predation capability of four species of spiders (Arachnida: Araneae) to green apple aphid, Aphis pomi De Geer (Homoptera: Aphididae). International Journal of Ecology and Environmental Sciences, 42(1), 9-16. 
Khan, A. A. (2017a). Distribution, relative abundance, species diversity and richness of syrphid flies in floricultural ecosystem of Kashmir, India. International Journal of Current Microbiology and Applied Sciences, 6(9), 1539-1552.  https://doi.org/10.20546/ijcmas.2017.609.189
Khan, A. A. (2017b). Functional response of four syrphid predators associated with mealy cabbage aphid, Brevicoryne brassicae L. on cruciferous vegetables. International Journal of Current Microbiology and Applied Sciences, 6(7), 2806-2816.
Khan, A. A., & Shah, M.A. (2017). Records of aphid and their natural enemies in agro-ecosystem with special reference to horticultural ecosystem of Kashmir. Journal of Entomology and Zoology Studies, 5(4), 189-203.
Khan, A. A., & Shah, M. A. (2018). Population dynamics of green apple aphid Aphis pomi de Geer (Homoptera: Aphididae) and its natural enemies in apple orchard of Kashmir. Indian Journal of Entomology, 80(2): 320-329. https://doi.org/10.5958/0974-8172.2018.00050.0 
Khan, A. A., Shah, M. A., & Majid, S. (2016). Functional response of four syrphid predators associated with green apple aphid (Hemiptera: Aphididae) in laboratory. Journal of Economic Entomology, 109(1), 78-83. https://doi.org/10.1093/jee/tov264
Khursheed, S., Bhat, Z. A., Rather, G. H., Itoo, H., Malik, A. R., & Pandit, B. A. (2021). Occurrence of insect and mite pests and their natural enemies under high density apple agroecosystems in Kashmir. Journal of Entomology and Zoology Studies, 9(1), 993-998.
Kishore, S. M., Khajuria, M., Supraja, K. V. L., Srija, P., Manideep, K. S. N., Harideep, G., & Morabad, P. B. (2024). The role of herbivore-induced plant volatiles in tri-trophic interactions and pest management. Journal of Advances in Biology & Biotechnology, 27(11), 763-770. https://doi.org/10.9734/jabb/2024/v27i111659.
Kumar, B., & Omkar (2023). Ladybird beetles. In Omkar (Ed.), Insect Predators in Pest Management, pp. 187-228. CRC Press, Taylor and Francis Group, LLC. doi: 10.1201/9781003370864-8
Mohi-ud-din, S., Anjum, N., Wani, A. R., Ahmad, M. J., Khan, A. A., Mir, S. A., & Hassan, G. (2019). Seasonal incidence and natural enemy complex of aphid, Aphis punicae Passerini (Hemiptera: Aphididae) infesting pomegranate in Kashmir. Journal of Biological Control, 33(2), 122–126. https://doi.org/10.18311/jbc/2019/22717
Mushtaq, T., & Khan, A. A. (2010a). Functional response of Chrysoperla carnea (Stephens) (Neuroptera: Chrysopidae) to different densities of Aphis craccivora Koch and Aphis pomi De Geer (Homoptera: Aphididae). Indian Journal of Agriculture Sciences, 80, 93-95. 
Mushtaq, T., & Khan, A. A. (2010b). Functional and aggregation response of Chrysoperla carnea (Stephens) (Neuroptera: Chrysopidae) to different densities of Bravicoryne brassicae (Homoptera: Aphididae). Journal of Biological Control, 24(1), 28-34. 
Pawar, A. D., & Parry, M. (1989). Record of natural enemies of fruit pests in Ladakh (J&K). Indian Journal of Plant Protection, 17, 291-293.
Rasool, I., Lone, G. M., Wani, A. R., Pathania, S. S., Sharma, M. K., Khan, N. A., Nazir, N., & Hussain, S. (2019). Natural enemies fauna associated with the woolly apple aphid Eriosoma lanigerum Hausmann in Kashmir. Journal of Entomology and Zoology Studies, 7(4), 798-803.
Shah, I. M., Wani, A. R., Farook, U. B., Bhat, M. S., & Fayaz, P. T. (2025). Insect pest complex of brinjal (Solanum melongena L.) and their associated natural enemies across north-Kashmir, India. Journal of Entomological Research, 49(2), 459-462. https://doi.org/10.5958/0974-4576.2025.00076.7
Singh, R. (2003). Tritrophic interactions with reference to biological control of insect pests: A review. Biological Memoirs, 29(2), 55-70.
Singh, R. (2025a). Species diversity and tri-trophic associations of aphidophagous Coccinellidae (Coleoptera: Insecta) in India. Uttar Pradesh Journal of Zoology, 46(18), 225–241. https://doi.org/10.56557/upjoz/2025/v46i185253.
Singh, R. (2025b). A catalogue of tri-trophic associations of aphidophagous arthropods in Uttar Pradesh, India. Uttar Pradesh Journal of Zoology, 46(19), 158-179.
Singh, R. (2026). Tri-trophic associations of aphidophagous hover flies (Syrphidae: Diptera) in different states and union territories of India. Munis Entomology & Zoology,  21(1), 373-403.
Singh, R., & Bhagat, R. C. (2026). An updated checklist of tri-trophic associations of aphidophagous ladybirds (Coccinellidae: Coleoptera) in Jammu & Kashmir and Ladakh territories of India. Munis Entomology & Zoology, 21(1), 795-833.  
Singh, R., & Singh, G. (2016). Aphids and their biocontrol. In: Omkar (Ed.), Ecofriendly Pest Management for Food Security, pp. 63–108. Academic Press. https://doi.org/10.1016/B978-0-12-803265-7.00003-8
Singh, R., & Singh, G. (2019). Species diversity of Indian aphids (Hemiptera: Aphididae). International Journal of Biological Innovations, 1(1), 23-29.  https://doi.org/10.46505/IJBI.2019.1105
Singh, R., & Singh, G. (2021). Aphids. In: Omkar (Ed.), Polyphagous Pests of Crops, pp. 105-182. Springer Nature Singapore. doi: 10.1007/978-981-15-8075-8_3
Singh, R., & Singh, G. (2022). Reproductive Strategies in Aphids. In: Omkar & Mishra, G. (Eds.), Reproductive strategies in insects, pp. 259-282. Taylor, & Francis Group, LLC. https://doi.org/10.1201/9781003043195-13
Singh, R., & Srivastav, A.K. (2024). Checklist of aphidophagous predatory bugs (Heteroptera: Hemiptera: Insecta) in India. Intern. Journal of Biological & Environmental Investigations, 4(2), 1-11. https://doi.org/10.33745/ijbei.2024.v04i02.001
Singh, R., Verma, A. K., & Singh, G. (2023a). Food Plant Catalogue of Indian Aphids (Homoptera: Aphididae). Asian Biological Research Foundation, Prayagraj, India; Nature Light Publications, Pune, pp. 350. 
Singh, R., Verma, A. K., Singh, B. B., & Singh, G. (2023b).  Spider Fauna of India. Asian Biological Research Foundation, Prayagraj, India, Nature Light Publications, Pune, pp. 567.
Singh, R, Singh, B.B., & Sharma, A.K. (2024a). Checklist of aphidophagous spiders (Araneae: Arachnida: Arthropoda) in India. Serket, 20(3), 288-310.
Singh, R., Tiwari, A. K., & Tiwari, K. M. (2024b). Checklist of aphidophagous Neuroptera (Insecta: Arthoptera) in India. International Journal of Biological Innovations, 6(2), 99-127. https://doi.org/10.46505/IJBI.2024.6204
Thompson, F. C., & Ghorpadé, K. (1988). A new coffee aphid predator, with notes on other Oriental species of Paragus (Diptera: Syrphidae). Colemania, 5, 1–24.
Wachkoo, A. A., Akbar, S. A., Shah, G. M., Jan, U. (2020). Select Brachycera Families (Diptera) in Jammu and Kashmir State. In: Dar, G., Khuroo, A. (Eds), Biodiversity of the Himalaya: Jammu and Kashmir State. Topics in Biodiversity and Conservation, Vol 18, pp. 789–799. Springer, Singapore. https://doi.org/10.1007/978-981-32-9174-4_29
Wani, N. A., & Masoodi, M. A. (2001). Sequential association of natural enemy complex with woolly aphid Eriosoma lanigerum (Hausman) (Homoptera: Aphididae) on apple in Kashmir. Journal of Aphidology, 15, 63-66. 
Zaka-Ur-Rab, M. (1972). Record of Syrphus confrater Wiedmann as predacious on woolly aphid, Eriosoma lanigerum (Hausm.). Indian Journal of Entomology, 34, 348-349.




