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First Report of the Earthworms Eudrilus eugeniae (Kinberg, 1867) And Perionyx ceylanesis Michaelsen, 1903 from the Himachal Pradesh State in the Western Himalayan Region of India


Abstract
The present study reports the occurrence of two earthworm species, Eudrilus eugeniae (Kinberg, 1867) and Perionyx ceylanensis Michaelsen, 1903, from Hamirpur District, Himachal Pradesh, India. Earthworms were collected from agricultural and forest habitats using digging and hand-sorting methods and were preserved in 10% formalin for taxonomic examination. Specimens were identified using standard taxonomic keys, and selected material was deposited at the earthworm museum of the Advanced Centre of Environmental Studies and Sustainable Development, Mahatma Gandhi University, Kottayam, Kerala, India. The survey recorded E. eugeniae from six of the seven sampling sites, namely Bir Baghera, Amroh, Badarn, Galore, Ladraur, and Dho. This species was represented by 510 clitellate and 167 juvenile individuals, indicating a well-established population in the sampled habitats. Perionyx ceylanensis showed a more restricted distribution and was recorded from Amroh and Dagwar, with 21 clitellate and 5 juvenile individuals. Both species were collected from agricultural as well as forest land-use systems. The presence of clitellate and juvenile stages suggests local reproduction under the prevailing habitat conditions. The present records extend the known distribution of these species to Himachal Pradesh in the Western Himalayan region. The findings add to the existing knowledge of earthworm diversity in the region and indicate the need for further systematic surveys to document native, peregrine, and exotic earthworm species in different habitats of the Western Himalaya.
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INTRODUCTION	Comment by ACER: 1.








Earthworms are integral part of belowground ecosystem. According to Blakemore (2025), there are total 7,000 species and subspecies of earthworms belonging to 23 families and roughly 3000–3500 of which are recognized as valid species as per Csuzdi (2012). India is one among the mega earthworm biodiversity countries of the world (Narayanan et al. 2023). High diversity of earthworms in India is mainly due to its varied geological history, complex topography, wide altitudinal range, climate and vegetation types. The number of earthworm species in different agro-climatic regions of the country varies considerably (Narayanan et al. 2023). The Western Himalaya is one among the important 15 agro-climatic regions of India. Studies on the earthworm fauna of this region started with the work of Bourne (1889), later many workers have contributed to it. But the first comprehensive checklist of the earthworm of this region is made by Paliwal and Julka (2005). This list has brought out the presence of 51 species belonging to 23 genera from this region. Narayanan et al. (2023) stated that in the Western Himalaya, exotic and native peregrine species are the most common ones and native endemic species are confined to the remaining portions of natural ecosystems. As indicated by Wadia (1973), endemic species of this region might have been exterminated during the last Quaternary glaciation. Recently many exotic peregrine earthworm species have been reported from various regions of this area (Ahmed and Julka, 2017; Kumari et al. 2017; Mandal et al. 2021; Narayanan et al. 2024).

Since then the earthworm fauna of Hamirpur district, a part of Western Himalaya hotspot, have not been explored nor been sampled extensively for earthworm’s diversity. A study was carried out to investigate the earthworm diversity in agricultural and forest land of Hamirpur district of Himachal Pradesh, India. This survey reveals the existence and well established population of one invasive exotic peregrine earthworm Eudrilus eugeniae (Kinberg, 1867) and a native peregrine species Perionyx ceylanesis Michaelsen, 1903. A perusal of the literature revealed that these species have neither been listed in the Himachal Pradesh state (Paliwal and Julka, 2005) nor reported in preceding two decade publications. Details of the species are discussed herewith. 

MATERIALS AND METHODS	Comment by ACER: 2.
Earthworm species were collected from forest and agricultural land located at Hamirpur District of Himachal Pradesh, India. Earthworms were collected by digging and hand-sorting method and were preserved in 10% formalin after washing with distilled water to remove adhered soil. Specimens were identified to the lowest possible taxonomic level using the identification keys of Stephenson (1923), Gates (1972), Julka (2008) and Blakemore (2012). A few of the collected specimens are housed in the earthworm museum of the Advanced Centre of Environmental Studies and Sustainable Development (ACESSD), Mahatma Gandhi University, Kottayam District, Kerala, India. 

RESULTS	Comment by ACER: 3.

The present study recorded E. eugeniae and P. ceylanensis for first time from Western Himalaya. The distribution pattern of these two species varied across seven sampling sites. Earthworm species E. eugeniae and P. ceylanesis were collected from many sampling sites (Table 1). These species were present in both forest and agricultural land use system. E. eugeniae exhibited widest distribution and was collected from six sites (Bir Baghera, Amroh, Badarn, Galore, Ladraur, and Dho). This species was absent in both forest and agricultural land at Dagwar and only in forest land of Galore. In contrast, P. ceylanensis showed limited distribution and was collected only at Amroh and Dagwar.

Family Eudrilidae Claus, 1880	Comment by ACER: 3.1
Eudrilus eugeniae (Kinberg, 1867)

Brief description: Length 95-185 mm, diameter 4-8 mm, segments 161-203. Dorsal pores absent. Clitellum saddle shaped (Fig. 1B); 13, 14-18. Setae lumbricine. Male pores paired, in 17 on tips of longitudinally grooved, tapering, eversible penes (Fig. 1A) in large ventral chambers retracted as lateral slits with wrinkled lips reaching 17/18, just anterior to 17/18 in line with b setae. Female pores paired, presetal. Pair lateral, presetal in segment 14 as raised ventral apertures intrasegmental and just anterior to c setae. Genital markings present as a raised pad in segment 17, sometimes extending to 18. Septa 4/5–8/9 thickened. Gizzards 1, in segment 5. Hearts lateral in segments 7-11. Testes holandric, enclosed in paired sacs in segments 10 and 11; seminal vesicles in 11 and 12. Prostates paired, large tubular to elongated with enlarged central duct. Excretory system holoic. Penial setae absent. Spermathecae fused functionally with female reproductive system forming characteristic eudrilid arrangement.	Comment by ACER: 3.1.1

Material examined: Total 510 clitellates and 167 juveniles were examined and some of them were deposited at Advanced Centre of Environmental Studies and Sustainable Development (ACESSD), Mahatma Gandhi University, Kottayam District, Kerala, India. Details of deposited samples are as:  1 clitellate (ACESSD/EW/1951), Galore, Hamirpur District, Himachal Pradesh, India, 791 m a.s.l., agriculture field, 27 March 2024, leg. Divyam Negi; 1 clitellate (ACESSD/EW/1954), Nadaun, Hamirpur District, Himachal Pradesh, India, 584 m a.s.l., agriculture field, 10 March 2024, leg. Divyam Negi; 1 clitellate (ACESSD/EW/1956), Amroh, Hamirpur District, Himachal Pradesh, India, 791 m a.s.l., forest, 20 September 2023, leg. Divyam Negi; 2 clitellates (ACESSD/EW/1958), Bir Baghera, Hamirpur District, Himachal Pradesh, India, 630 m a.s.l., agriculture field, 20 September 2023, leg. Divyam Negi; 1 clitellate (ACESSD/EW/1959), Ladraur, Hamirpur District, Himachal Pradesh, India, 630 m a.s.l., forest, 20 September 2023, leg. Divyam Negi; 2 clitellates (ACESSD/EW/1960), Bir Baghera, Hamirpur District, Himachal Pradesh, India, 791 m a.s.l., forest, 10 September 2024, leg. Divyam Negi; 2 clitellates (ACESSD/EW/1962), Galore, Hamirpur District, Himachal Pradesh, India, 791 m a.s.l., agriculture field, 27 March 2024, leg. Divyam Negi; 1 clitellate (ACESSD/EW/1966), Nadaun, Hamirpur District, Himachal Pradesh, India, 630 m a.s.l., forest, 29 September 2023, leg. Divyam Negi; 1 clitellate (ACESSD/EW/1967), Amroh, Hamirpur District, Himachal Pradesh, India, 791 m a.s.l., forst, 10 March 2024, leg. Divyam Negi; 1 clitellate (ACESSD/EW/1969), Dho, Hamirpur District, Himachal Pradesh, India, 584 m a.s.l., forest, 29 September 2023, leg. Divyam Negi; 2 clitellates (ACESSD/EW/1972), Galore, Hamirpur District, Himachal Pradesh, India, 791 m a.s.l., agriculture field, 27 September 2023, leg. Divyam Negi; 2 clitellates (ACESSD/EW/1974), Bir Baghera, Hamirpur District, Himachal Pradesh, India, 950 m a.s.l., forest, 10 March 2024, leg. Divyam Negi.	Comment by ACER: 3.1.2

Distribution: India: Himachal Pradesh (Galore, Nadaun, Amroh, Bir Baghera, Ladraur, Dho)); Arunachal Pradesh, Chandigarh, Karnataka, Kerala, Madhya Pradesh, Maharashtra, Odisha, Puducherry, Tamil Nadu, Uttarakhand (Narayanan et al., 2023). Elsewhere: Widespread in the tropical regions (see Gates, 1972; Blakemore, 2012; Narayanan et al., 2023). 	Comment by ACER: 3.1.3	Comment by ACER: slanted

Family Megascolecidae Rosa, 1891	Comment by ACER: 3.2
Perionyx ceylanensis Michaelsen, 1903

Brief description: Length 40-75 mm, diameter 2 mm, segments 120-140. Dorsal pores present. Setae perichaetine. Clitellum annular in segments 13-17 (Fig 2B). Spermathecal pores three pairs in intersegmental furrows 6/7/8/9 Fig 2A), close to mid-ventral line median to a lines. Male pores paired, on 18 (Fig 2B), at a. Female pores paired, presetal. Gizzard one in segment 5. Hearts lateral in segments 10–13. Testes holandric, in segments 10 and 11; seminal vesicles in segments 11 and 12. Prostates paired, small tubular, in segment 18; prostatic ducts short and straight. Excretory system holoic, nephridia numerous in each segment. Penial setae present in paired groups medial to the male pores on segment 18.  	Comment by ACER: 3.2.1

Material examined: Total 21 clitellates and 5 juveniles were examined and some of them were deposited at Advanced Centre of Environmental Studies and Sustainable Development (ACESSD), Mahatma Gandhi University, Kottayam District, Kerala, India. Detaled of deposited samples are as:  4 clitellates (ACESSD/EW/1951), Amroh, Hamirpur District, Himachal Pradesh, India, 791 m a.s.l., forest, 20 September 2023, leg. Divyam Negi; 1 clitellate (ACESSD/EW/1968), Nadaun, Hamirpur District, Himachal Pradesh, India, 630 m a.s.l., agriculture field, 10 March 2024, leg. Divyam Negi.	Comment by ACER: 3.2.2

Distribution: India: Himachal Pradesh (Amroh, Nadun) (present records); Jharkhand, Kerala, Tamil Nadu (Narayanan et al., 2023). Elsewhere: Sri Lanka (Narayanan et al., 2023).	Comment by ACER: 3.2.3	Comment by ACER: slanted
Table 1. Earthworm species distribution in Agricultural and Forest land at Hamirpur district of Himachal Pradesh, India
	Sr.No
	Species name
	Land use type
	Sampling Sites

	
	
	
	Bir-Baghera
	Amroh
	Badarn
	Dagwar
	Galore
	Ladraur
	Dho

	1
	Eudrilus eugeniae
	Agricultural land
	✓
	✓
	✓
	–
	✓
	✓
	✓

	
	
	Forest land
	✓
	✓
	✓
	–
	–
	✓
	✓

	2
	Perionyx ceylanensis
	Agricultural land
	–
	✓
	–
	✓
	–
	–
	–

	
	
	Forest land
	–
	✓
	–
	✓
	–
	–
	–
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Fig. 1.  Eudrilus eugeniae, ventral view, A = with penes, B = without penes. Cl – clitellum, Ma – male aperture, Pe -  penes, Spp – Spermathecal pore.
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Fig. 2.  Perionyx ceylanensis, ventral view, A = Spermathecal pores, B = Clitellum and male pore position. Cl – clitellum, Mf – male field, Spp – Spermathecal pores. 

DISCUSSION	Comment by ACER: 4.

Present record of Eudrilus eugeniae (Kinberg, 1867), Perionyx ceylanensis Michaelsen, 1903 from the Himachal Pradesh of Western Himalaya is of interest as their range is now extended to this region. This is a case recent introduction and as juveniles and aclitellates were also collected indicates that these species are also adapting to the forest and agricultural ecosystem. E. eugeniae was recorded from six of the seven sampling sites and was represented by 510 clitellate and 167 juvenile individuals, whereas P. ceylanensis was encountered at only two sites with 21 clitellates and 5 juveniles. The presence of both clitellate and juvenile stages in these species confirms active reproduction and successful local recruitment, suggesting the establishment of self-sustaining populations within the region (Edwards and Bohlen, 1996; Sharma et al., 2022). The wider distribution and substantially higher abundance of E. eugeniae compared with P. ceylanensis indicate its greater degree of ecological adaptation and naturalization within the study area. This region is having high number of exotic species, hence the establishment of exotic species may further pose threat to the native species thriving in the region.	Comment by ACER: slanted
Peregrine earthworm species are characterized by broad ecological tolerance, high reproductive potential, and an enhanced ability to colonize disturbed and human-modified habitats (Blakemore, 2012; Mathieu et al., 2024). The spread of such species is often facilitated through agricultural activities, vermicomposting practices, transport of organic manure, nursery materials, and soil movement associated with anthropogenic disturbances (Hendrix et al., 2008; Mathieu et al., 2024). E. eugeniae is an exotic peregrine earthworm species originally native to West Africa, has been introduced into several parts of India for vermiculture and organic waste management (Julka, 1988; Blakemore, 2012). Previously it was reported from 10 states and union territories of India (Narayanan et al., 2023). First record of the African E. eugeniae from India is reported by Fedarb (1898), even though; only recently it has established its colonies in different parts of South Asia (Narayanan et al. 2026). The widespread occurrence of E. eugeniae across most sampling sites in the present study suggests that the species has successfully established and expanded beyond its point of introduction. Whereas, P. ceylanensis is a widespread native peregrine species and so far recorded from three states within India (Narayanan et al., 2023). The occurrence of P. ceylanensis in the present study extends its known distribution to the Western Himalaya and suggests its ability to colonize suitable habitats beyond its previously documented range (Julka, 1988; Blakemore, 2012). The spread of P. ceylanensis may be facilitated by its close association with organically enriched substrates, agricultural systems, and vermicomposting activities, which can promote its dispersal across landscapes (Suthar and Singh, 2008; Ananthavalli et al., 2019).	Comment by ACER: slanted	Comment by ACER: slanted	Comment by ACER: slanted
Recent studies from the northwestern and mid-Himalayan regions have similarly reported the predominance of exotic and peregrine earthworm species in managed ecosystems, agricultural lands, and other disturbed habitats (Sharma et al., 2022; Gudeta et al., 2022). Sharma et al. (2022) documented that a majority of the earthworm fauna recorded from Mandi district of Himachal Pradesh comprised exotic species, highlighting the increasing dominance of introduced earthworms in Himalayan landscapes. Such observations support the present findings and indicate that anthropogenic habitats may facilitate the establishment and spread of non-native earthworm species in the region.	Comment by ACER: slanted	Comment by ACER: slanted	Comment by ACER: slanted
The continued expansion of exotic earthworms may have important ecological consequences because introduced species can significantly influence soil structure, organic matter dynamics, litter decomposition rates, nutrient cycling processes, and interactions with native soil fauna (Bohlen et al., 2004; Hendrix et al., 2008; Mathieu et al., 2024). The increasing occurrence of peregrine earthworms across regions further highlights their capacity for dispersal and establishment beyond their native ranges (Blakemore, 2012; Csuzdi, 2012). Therefore, the presence of actively reproducing populations of E. eugeniae and P. ceylanensis in the study area warrants continued monitoring to assess their future spread and potential impacts on native earthworm communities and ecosystem functioning in the Western Himalaya.	Comment by ACER: slanted	Comment by ACER: slanted

Conclusion	Comment by ACER: 5.
The present survey recorded Eudrilus eugeniae and Perionyx ceylanensis from Hamirpur District, Himachal Pradesh, India. These records extend the known distribution of both species to the state and contribute to the documentation of earthworm fauna in the Western Himalayan region. Eudrilus eugeniae was more widely distributed and abundant, being collected from six of the seven sampling sites, whereas P. ceylanensis was recorded only from Amroh and Dagwar. The occurrence of both clitellate and juvenile individuals indicates that these species are reproducing in the sampled habitats. Their presence in agricultural and forest land-use systems suggests their ability to persist under local environmental conditions. As E. eugeniae is an exotic peregrine species and P. ceylanensis is a peregrine species with restricted previous records in India, their occurrence in Himachal Pradesh requires continued monitoring. Further surveys across additional districts, habitat types, and seasons are necessary to assess their distribution, population status, and possible ecological interactions with native earthworm fauna.
Limitations	Comment by ACER: 6.
The study was limited to selected agricultural and forest habitats in Hamirpur District, Himachal Pradesh. Although the survey recorded two earthworm species of distributional interest, it did not include all habitat types, seasons, or districts of the state. Detailed ecological parameters such as soil moisture, organic matter, pH, temperature, land-use intensity, and disturbance level were not measured. Therefore, conclusions regarding habitat preference, introduction pathway, and ecological impact should be considered preliminary. Molecular confirmation was not included, and species identification was based on morphological characters and available taxonomic keys. The study also did not compare the recorded species with native earthworm communities in detail. Wider sampling, molecular support, and long-term monitoring would strengthen future assessments of distribution, establishment, and possible ecological effects.
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