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Population Ecology of Earthworms from Lateritic Semi-Evergreen Forest of Kolli Hill, a Part of Eastern Ghats, Tamil Nadu, India



ABSTRACT

This article provides a detailed account of the population of five species of earthworms, namely Drawida gracilis, Drawida bullata, Hoplochaetella stuarti, Megascolex cochinensis, and Pontoscolex corethrurus, in terms of numbers, biomass, abundance, density, and relative density. This article also deals with the ecology of earthworms in detail, in general, and abiotic factors in particular. The results of the present study show that all five species of earthworms enumerated during the first year of study (June 2009 to May 2010) were comparatively lower than those in the second year (June 2010 and May 2011). The change in earthworm populations might be attributed to comparatively low rainfall (893 mm) during the first year than during the second year (1865 mm). Seasonal fluctuations in soil moisture in relation to rainfall may affect the size of earthworm populations, biomass, and other analysed parameters. The observed earthworm populations were in the following order: D. bullata > D. gracilis > H. stuarti > M. cochinensis > P. corethrurus. The mean wet biomass of the observed earthworms was in the following order: H. stuarti > D. gracilis > M. cochinensis > D. bullata > P. corethrurus.
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INTRODUCTION

Earthworms are macroscopic oligochaetes belonging to the phylum Annelida that live in the soil. These invertebrates represent the largest animals in terms of numbers and biomass in most temperate and tropical terrestrial ecosystems. They significantly influence the physical, chemical, and biological properties of soil. In addition, they play a crucial role in modifying soil structure, accelerating the decomposition of organic matter, and nutrient recycling (Edwards and Bohlen, 1996; Lavelle and Spain, 2001; Domínguez et al., 2004). More than 8,300 earthworm species have been documented worldwide, encompassing 38 families and 811 genera (Reynolds and Wetzel, 2025). India is endowed with an impressive diversity of earthworms, with 469 species and subspecies spread across nine families and 72 genera (Ahmad et al., 2025; Naik et al., 2024; Narayanan et al., 2024a, 2024b, 2025a, 2025b; Tiwari et al., 2024, 2025a, 2025b).
Most of these species are known only by their names and morphology; however, their biology and ecology remain unknown. Earthworm species have different life strategies and occupy different ecological niches. Furthermore, they have been classified into three ecological categories based on their food and the zone in which they live: epigeic, anecic, and endogeic (Bouche, 1977).
Earthworm excreta contain large amounts of bacteria, organic matter, nitrogen compounds, and available nutrients, which are highly favourable for plant growth (De Vleeschauwer and Lal, 1981). Generally, the effect of earthworms on the medium takes three forms: (i) the biological stimulation of microbial populations and their activities (Daniel and Anderson, 1992; Parthasarathi and Ranganathan, 1999); (ii) the chemical nutrient enhancement of the available organic and mineral matter through decomposition (Norgrove and Hauser, 2000; Tiunov and Scheu, 2000); and (iii) the physical enhancement of ventilation and mineral movement across soil horizons through aggregation (Haynes and Fraser, 1998; Shuster et al., 2000; Willoughby and Kladivko, 2002).
The distribution of worms within the soil profile is determined by abiotic factors (such as pH, humidity, and temperature) and biotic factors (animal behaviour) (Martin and Lavelle, 1992). The vertical distribution of worms has been studied less frequently in tropical ecosystems than at temperate latitudes. In tropical ecosystems with strong seasonality, worms migrate to the lower layers of soil to begin states such as quiescence or diapause (Lavelle, 1978; Fragoso, 1985, 1993; Jiménez et al., 1998).
It is apparent from the review of literature that there is no published information on the population ecology of earthworms in the lateritic semi-evergreen forest of Kolli Hill, a part of Eastern Ghats, Tamil Nadu, India. Hence, the present investigation was undertaken. The objectives of the present study are 
· To study the population in terms of number and biomass of earthworms in their natural microhabitat and their relationship with abiotic environment and  
· Earthworms’  abundance, density, and relative density were computed at the selected sampling sites. 

MATERIALS AND METHODS

STUDY AREA

The Eastern Ghats are isolated hill ranges in Peninsular India that lie between 110 30' and 210 0' N and 770 22' and 850 20' E. According to Gurugnanam et al. (2014), the Eastern Ghats in Tamil Nadu start from the Jawadi Hill and extend up to the Alagar Hill. Jawadi, Elagiri, Shevaroy, Chitteri, Kalrayan, Bodamalai, Kolli hill, Pachaimalai, Semmalai, Aiyalur range, Karandamali, Sirumalai and Alagar hills are the major hills of Eastern Ghats in Tamil Nadu.
The total area of the Kolli hill is 503 km2 (Fig. 1) and is geographically situated between 11010’00’’ to 11030’00’’N and 78015’00’to 78030’00’E. The entire Kolli hill has five different forest types namely 1. Tropical Dry Evergreen Forest; 2. Lateritic semi-evergreen forest; 3. Tropical Dry Deciduous Forest; 4. Southern Thorn Forest; and 5. Euphorbia Scrub Forest, which is spread across 11 Reserved Forests (Gurugnanam et al., 2014). 
Scanning and survey of earthworms in Kolli hill
The five different forest types of Kolli Hill were scanned and surveyed for earthworm presence/absence from October 2008 to May 2009. Litter was the only microhabitat of earthworms observed in all five forest types. During the survey, we observed earthworms in all the reserved forests of the Tropical Dry Evergreen, Lateritic Semi Evergreen, Southern Dry Mixed Deciduous, and Southern Thorn forests. In contrast, the forest type, Southern euphorbia scrub forest, did not support the life of earthworms (as most of the surface areas were covered with huge rocks). Based on the scanning and survey results of earthworms, the Lateritic Semi Evergreen forest was selected as our study area for studying the diversity of earthworms and their population ecology. Of these two aspects, the diversity of earthworms in the Lateritic Semi Evergreen Forest of Kolli hill has been documented by Sathis Kumar et al. (2025). The present study was conducted between June 2009 and May 2011. The total area of this forest is around 8% (2058 ha) in the entire Kolli hill and this type of forest is observed (along with other forest types) in the following nine reserved forests namely Adukkanpudukombai, Bailnadu, Gundur, Jambuttu, Karavallikombai,  Nayakkankombai,  Perumalmalai,  Puliyansholai  and Selur. 


Fig. 1. Location map of Kolli hill in a portion of Eastern Ghats of 
Tamil Nadu, South India
[image: ]
B M- Bodamalai,  S H- Shevaroy  Hill, C H-  Chitteri  Hill,  K A- Kalrayan Hill and P M-Pachaimalai
Method of earthworms’ sampling and their population estimation
Four sampling sites were selected near Kattankattupatti located in the Puliyansholai Reserved Forest to study the population of earthworms in the Lateritic Semi Evergreen Forest. The randomly selected sampling sites were visited monthly from June 2009 to May 2011 for data collection. Similarly, three more sampling sites were chosen near Kattankattupatti in the Puliyansholai reserved forest. The distance between the two sampling sites was more than 1 km in all directions. In the chosen sampling sites, quadrats of 25 cm × 25 cm × 40 cm depth were dug out as suggested by Senapathi and Sahu (1993) once a month to estimate the populations of earthworms and study their ecology. In total, 480 quadrats (20 quadrats, i.e. five quadrats per sampling site for four sampling sites per month for 24 months) were randomly dug out in the Lateritic Semi Evergreen Forest to study the population of earthworms. Litter was the only earthworm microhabitat observed in this study. 
The populations of earthworms were estimated by following a method viz., digging, hand sorting and wet sieving as suggested and described in detail by Senapati and Sahu (1993) and Julka and Paliwal (1993). The dug-out soil from each quadrat was placed on a plastic sheet, and different species and their developmental stages of earthworms were separated from the heap of soil. The collected earthworms of different age classes were distinguished as Juveniles, Non-Clitellates and Clitellates based on the following traits: juveniles, which lack genital markings, tumescences, tubercula pubertatis, or clitellum; non-clitellates, which are without clitellum but have genital markings, tumescences, or  tubercula pubertatis; and Clitellates: Worms with a Clitellum and are referred to as  adults/clitellate worms (Julka, 1988). The numbers were enumerated and recorded. They were weighed individually using a portable and battery-operated digital electronic weighing balance with 0.01 g accuracy (Shimadzu), and the same was recorded. 
The data analysed on the population and biomass of earthworms are presented monthly in the tables. However, they were pooled and analysed seasonally (rainy, winter, and summer), and the results are presented in the form of graphs. 
The collected and identified five species of earthworm population data were subjected to the following analyses to derive useful information on their Abundance, Population Density and Relative Density. Earthworm’ abundance was estimated using the formula suggested by Magurran (1998). The population Density and Relative Density of identified earthworms were calculated using the following formulae suggested by Narendran and Balakrishnan (2008). All three computations on abundance, and densities of earthworms were extrapolated to individuals/m2, and the respective values are given in tables.
The computed data on earthworm abundance, density, and relative density are presented monthly in the tables. However, they were pooled and analysed by season (rainy, winter, and summer), and the results are presented in the form of graphs. 
Abiotic Factors  
In all the chosen quadrats from the Lateritic Semi Evergreen Forest, the following parameters were quantified and recorded. The abiotic factors included soil type/texture, pH, temperature, and moisture (up to 10 cm depth). They were estimated on all sampling occasions using a soil pH meter, thermometer, and moisture meter (Deepvision make, India), and the results were recorded. Besides, ambient temperature and humidity were also recorded by using digital Thermometer and Hygrometer, respectively and the results were recorded. Data on all abiotic factors were recorded monthly for two consecutive years. 
Rainfall data were obtained from the Horticulture Research Station, Semmedu, Kolli Hill. During the present study period, that is, June 2009 to May 2010 and June 2010 to May 2011, the study area received annual rainfall of 893 mm and 1865 mm, respectively. The minimum rainfall (4 mm) was recorded in June 2009, and the maximum amount of rainfall (429 mm) was recorded in November 2010 during the two-year study period. No precipitation was observed between February and March 2010 and 2011. The study period from June 2010 to May 2011 had comparatively higher precipitation than the corresponding previous year (Fig. 2).
The general climatic condition of this area in plateau can be broadly classified into
· Summer season    -March –May 
· Rainy Season      - June- December 
· Winter                 - January- February ( John Britto and Arockiasamy, 1997) 












Fig. 2. Extent of rain fall (mm) recorded in Lateritic Semi Evergreen Forest, Kolli hill during June 2009 to May 2011


Statistical Analysis
One-way ANOVA was used to determine the monthly and yearly differences between the population and biomass of earthworms and environmental factors. Pearson’s correlation was employed to determine the relationship between environmental factors and earthworm populations and biomass. All analyses were performed using SPSS version 16.0 for Windows.

RESULTS AND DISCUSSION
Population of Earthworms
The total number of earthworms (irrespective of developmental stages) enumerated from 20 quadrats of Puliyansholai Reserved Forest near Kattankattupatti from June 2009 to May 2011 were 305 (Drawida gracilis), 521 (Drawiida bullata), 231 (Hoplochaetella stuarti), 184 (Megascolex cochinensis), and 118 (Pontoscolex corethrurus). The observed earthworms were in the following order: D. bullata > D. gracilis > H. stuarti > M. cochinensis > P. corethrurus (Table 1). 
The mean population of different developmental stages of D. gracilis recorded in 20 quadrats of litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) during June 2009 and May 2011 is given month-wise in Table 2 and depicted season-wise in Fig. 3. The results clearly indicated that the mean population of all three developmental stages of D. gracilis was high (3.35 ± 6.73) in November 2010, whereas it was low (0.05 ± 0.22) in October 2009. No D. gracilis was observed in July 2009, January to May, July, August 2010, and January to March 2011. The population of D. gracilis was observed to be high during the rainy season,followed by the summer and winter seasons during the study period (Fig. 3).  
The mean population of different developmental stages of D. bullata enumerated from 20 quadrats of litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) during June 2009 to May 2011 is provided month-wise in Table 3 and illustrated season-wise in Fig. 4. It is obvious from the results that the mean population of all the three developmental stages of D. bullata was observed to be high i.e., 4.55±5.14 (October 2010), while the population of D. bullata was found to be low i.e., 0.25±0.44 (October 2009). D. bullata was not observed in July 2009, January 2010, March to May 2010, and January to March 2011. Of the two-year study period, it is understood from the graph that the rainy seasons had the highest population of D. bullata when compared to other seasons (Fig. 4)
The mean population of different developmental stages of H. stuarti observed in 20 quadrats of litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) from June 2009 to May 2011 is presented month-wise in Table 4 and portrayed season-wise in Fig. 5. It is evident from the results that October 2010 had the highest mean population of all three developmental stages of H. stuarti, that is, 3.25±4.44. In contrast, October 2009 had the lowest population of H. stuarti, that is, 0.05±0.22.  H. stuarti was not found in June to September 2009, February to May 2010, and January to May 2011. The 2010 rainy season had the highest population of H. stuarti (Fig. 5).
The mean population of different developmental stages of M. cochinensis observed in 20 quadrats of litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) from June 2009 to May 2011 is presented monthly in Table 5 and portrayed seasonally in Fig. 6. It is evident from the results that September 2010 had the highest mean population of all three developmental stages of M. cochinensis, that is, 1.70±4.25. In contrast, October 2009 and July 2010 had the lowest population of M. cochinensis, that is, 0.05 ± 0.22. M. cochinensis was not found in June to September 2009, January to May 2010, and January to March 2011. Of the three seasons, the 2010 rainy season had the highest population of M. cochinensis (Fig. 6.).

The mean population of different developmental stages of P. corethrurus recorded in 20 quadrats of litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) from June 2009 to May 2011 is presented month-wise in Table 6 and season-wise in Fig. 7. It is apparent from the results that July 2010 had the highest mean population of all three developmental stages of P. corethrurus, that is, 1.75±2.69. In contrast, August 2009 had the lowest population of P. corethrurus, that is, 0.10±0.30. P. corethrurus was only found in August and November in 2009, January, July, August, October to December in 2010, and April and May in 2011. The rainy season in 2010 had the highest population of P. corethrurus (Fig. 7). 
The results of the present study show that all five species of earthworms enumerated during the first year of study (June 2009 to May 2010) were comparatively lower than those in the second year (June 2010 and May 2011) (vide Tables 2-6 and illustrated in Figs. 3-7). The change in earthworm populations might be attributed to comparatively low rainfall (777 mm) during the first year than the second year (1266 mm). Seasonal fluctuations in soil moisture in response to rainfall events may affect the size of earthworm populations (Bhadauria et al., 2000). When soil moisture levels decrease during the summer season, most earthworms burrow deeper into the soil profile and enter a state of quiescence, during which they curl themselves into a tight ball to reduce water loss and metabolic rates until environmental conditions become favourable (Edwards and Bohlen, 1996). The results of the present study corroborate these previous observations.
Various other studies carried out by different workers from time to time in different parts of the world also support the present observations that a higher density of earthworms was found during the rainy season (Lavelle, 1973; Rozen, 1982; Valle et al., 1997). In India, Dash and Senapati (1980), Julka (1986a, b), Bhadauria and Ramakrishnan (1989, 1991), and Blanchart and Julka (1997) also recorded a higher number of earthworms during wet periods. The low number of species at higher elevations is possibly due to extreme cold and unfavourable soil conditions.  Many previous studies have provided useful insights into the site factors that control earthworm abundance. For example, perennial crops and conservation tillage systems in arable agriculture favour anecic earthworm populations, which improve the food supply of fresh litter at the soil surface (Ehlers, 1975; Barnes and Ellis, 1979; Edwards and Lofty, 1982; Lee, 1985; Edwards et al., 1992; Jordan et al., 2004). Fundamental soil properties, such as pH, organic matter content, texture, and moisture status, also influence earthworm population densities (Lee, 1985; Hendrix et al., 1992; Poier and Richter, 1992; Cannavacciuolo et al., 1998; Joschko et al., 2006; Ouellet et al., 2008). 
Mean wet Biomass of Earthworms
The mean wet biomass (g) of different developmental stages of D. gracilis observed from 20 quadrats in the litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) from June 2009 to May 2011 is given month-wise in Table 7 and depicted season-wise in Fig. 8. The mean wet body weight of Juvenile, Non-Clitellate and Clitellate of D. gracilis ranged between 0.04 g (August 2009) and 0.26 g (September 2010), 0.31 g (December 2009 and September 2010), and 1.46 g (December 2010), 0.91 g (January 2010), and 2.49 g (November 2009), respectively. The rainy seasons of 2009 and 2010 had the maximum body weight among all three developmental stages (Fig. 8)
The mean wet biomass (g) of different developmental stages of D. bullata recorded in 20 quadrats of litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) from June 2009 to May 2011 is presented month-wise in Table 8 and illustrated season-wise in Fig. 9. The mean wet body weight of a Juvenile of D. bullata ranged between 0.06 g in December 2010 and 0.24 g in September 2010. The mean wet body weight of non-clitellate ranged between 0.34 g in October 2009 and 1.13 g in July 2010, and clitellate ranged between 0.66 g (September 2010) and 1.87 g (October 2009). It is evident from the graph that the clitellate earthworms had maximum body weight during the rainy season of 2010 when compared to all other seasons (Fig. 9).  
The mean wet biomass (g) of different developmental stages of H. stuarti quantified from 20 quadrats in the litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) from June 2009 to May 2011 is presented monthly in Table 9 and illustrated in Fig. 10. The mean wet body weight of a Juvenile of H. stuarti ranged between 0,05g (September 2010) and 0.34 g (November 2010). The mean wet body weight of non-clitellate ranged between 0.47 g (September 2010) and 1.34 g (October 2009), and the mean wet body weight of clitellate ranged between 0.99 g (June 2010) and 3.45 g (December 2009). The different developmental stages of H. stuarti were observed during the rainy season (Fig. 10). 
The mean wet biomass (g) of different developmental stages of M. cochinensis quantified from 20 quadrats in the litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) from June 2009 to May 2011 is given month-wise in Table 10 and illustrated in Fig. 11.  The maximum and minimum mean wet body weights of Juvenile, Non-Clitellate and Clitellate of M. cochinensis were 0.03 g (December 2009) and 0.17 6 g (September 2010), 0.29 g (May 2011) and 1.52 g (July 2010), and 0.76 g (April 2011) and 2.36 g (December 2010), respectively. The maximum body weights of all three developmental stages of M. cochinensis were observed during the rainy seasons of both years of the study (Fig. 11).
The mean wet biomass (g) of different developmental stages of P. corethrurus recorded in 20 quadrats of litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) from June 2009 to May 2011 is presented monthly in Table 11 and illustrated seasonally in Fig. 12. The mean wet body weight of a Juvenile of P. corethrurus ranged between 0.04 g in July 2010 and April 2011 and 0.2 g in November 2010. The mean wet body weight of non-Clitellate ranged between 0.21 g in May 2011 and 0.84 g in April 2011 and Clitellate ranged between 0.95 g (August 2009) and 1.72 g (October 2010). It is evident from the graph that the clitellate earthworms had maximum body weight during the rainy seasons of both years of study compared to the other seasons (Fig. 12).  The biomass of the observed earthworms was in the following order: H. stuarti > D. gracilis > M. cochinensis > D. bullata > P. corethrurus.
Moreover, earthworms constitute the highest biomass among tro Annexal soil macrofauna (Fragoso and Lavelle, 1992). Therefore, their role in soil structure and function is likely to be significant. Furthermore, they stated that epigeic and anecic earthworms are the functional groups mostly affected by litter quality and are more likely to be directly influenced by the interspecific differences in plant residues; however, endogeic earthworms have also shown preferences for some plant residues over others.
Although many researchers have estimated earthworm biomass in different habitats and soil types in some parts of the globe (Lee, 1985), few studies have reported on the earthworm biomass of tropical agro-ecosystems and their response to modern soil management practices. These farm management practices disturb the soil environment and, in turn, affect earthworm biomass in arable land, drastically reducing it in farmers' fields.
Abundance of Earthworms 
The abundance of different developmental stages of D. gracilis quantified from 20 quadrats of litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) during June 2009 to May 2011 is presented monthly in Table 12 and seasonally in Fig. 13. It is obvious from the results that the abundance of all three developmental stages of D. gracilis was high in November 2010, that is, 7.62 (Individuals/m2); whereas the abundance of D. gracilis was low, that is, 1 (Individual/m2) in October 2009. The abundance of D. gracilis was observed to be high during the rainy seasons during the two-year study period, followed by summer and winter seasons (Fig. 13). 
The computed abundance of different developmental stages of D. bullata from 20 quadrats of litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) from June 2009 to May 2011 is given month-wise in Table 13 and depicted season-wise in Fig. 14. The maximum abundance of all three developmental stages of D. bullata was observed in November 2010 (5.76 individuals/m2), and the minimum was found in October 2009 (1 individual/m2). Of the two-year study period, it is understood from the graph that the 2010 rainy season had the highest abundance of D. bullata when compared to all other seasons (Fig. 14).
The abundance of different developmental stages of H. stuarti observed in 20 quadrats of litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) from June 2009 to May 2011 is presented monthly in Table 14 and seasonally in Fig. 15. It is evident from the results that October 2010 had the highest abundance of all three developmental stages of H. stuarti, that is, 4.33 (Individuals/m2). In contrast, October 2009 had the lowest abundance, that is, 1 (Individual/m2). It is apparent from the graph that the 2010 rainy season supported the highest abundance of H. stuarti (Fig. 15).
The abundance of different developmental stages of M. cochinensis was quantified from 20 quadrats of litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) from June 2009 to May 2011. The results are presented on a monthly basis in Table 15 and illustrated on a seasonal basis in Fig. 16. The abundance of all three developmental stages of M. cochinensis was high (3.85 Individuals/m2) in November 2010 and low (1 individual/m2) in October, December 2009, and January and July, August 2010. However, the rainy season of 2010 and summer of 2011 showed maximum abundance compared to the other seasons (Fig. 16). 
The abundance of different developmental stages of P. corethrurus encountered in 20 quadrats of litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) from June 2009 to May 2011 is provided on a monthly basis in Table 16 and represented on a seasonal basis in Fig. 17. The maximum total abundance of all three developmental stages of P. corethrurus was observed in November 2010 (6 individuals/m2), and the minimum total abundance of P. corethrurus was found in August 2009 and January 2010 (1 individual/m2). Of the three seasons of Kolli Hill, the 2010 rainy season and the 2011 summer season had the highest abundance of P. corethrurus than the other seasons (Fig. 17).
Density of Earthworms
The density (m-2) of different developmental stages of D. gracilis observed in 20 quadrats of litter microhabitat of Lateritic Semi Evergreen Forest (Kattankattupatti) from June 2009 to May 2011 is presented month-wise in Table 17 and shown season-wise in Fig. 18. The results revealed that the density (m-2) of D. gracilis was high, that is, 0.48 (m-2) in November 2010, while the same was found to be low, that is, 0.008 (m-2) in October 2009.  The density of D. gracilis was observed to be high during the rainy season, followed by the summer and winter seasons (Fig. 18). 
The computed density (m-2) of different developmental stages of D. bullata recorded in 20 quadrats of litter microhabitat of Lateritic Evergreen Forest (Kattankattupatti) from June 2009 to May 2011 is given month-wise in Table 18 and depicted season-wise in Fig. 19. The results showed that the density (m-2) of D. bullata ranged between 0. 0.04 (m-2) in February 2010 and 0.72 (m-2) in October 2010. It is evident from the graph that the 2010 rainy season supported the highest density of D. bullata (Fig. 19).
The density (m-2) of different developmental stages of H. stuarti recorded in 20 quadrats of litter microhabitat of Lateritic Semi Evergreen Forest (Kattankattupatti) from June 2009 to May 2011 is provided month-wise in Table 19 and represented season-wise in Fig. 20. The results indicated that The density (m-2) of all developmental stages of H. stuarti was high in October 2010 (0.52 m-2), whereas the density (m-2) of H. stuarti was low in October 2009 (0.008 m-2). Of the two-year study period, it is understood from the graph that the rainy seasons of 2010 had the highest density of H. stuarti than the other seasons (Fig. 20). 
The density (m-2) of different developmental stages of M. cochinensis observed in 20 quadrats of litter microhabitat of the Lateritic Semi Evergreen Forest (Kattankattupatti) from June 2009 to May 2011 is presented month-wise in Table 20 and shown season-wise in Fig. 21. The results revealed that the density (m-2) of M. cochinensis was high, that is, 0.29 (m-2) in October 2010, while the density of M. cochinensis was found to be low, that is, 0.008 (m-2) in October 2009 and July 2010. The 2010 rainy season and summer season 2011 only had the maximum density of M. cochinensis (Fig. 21).

The density (m-2) of different developmental stages of P. corethrurus recorded in 20 quadrats of litter microhabitat of the Lateritic Semi Evergreen Forest (Kattankattupatti) from June 2009 to May 2011 is furnished month-wise in Table 21 and illustrated season-wise in Fig. 22. The results suggested that the density (m-2) of P. corethrurus ranged between 0.008 (m-2) in January 2010 and 0.28 (m-2) in July 2010. The graph shows that the rainy and winter seasons only supported the density of P. corethrurus (Fig. 22).
Earthworm population density at a specific site is the result of the interaction of several factors, of which moisture is of greater importance (Valle et al., 1997). Population density depends on a wide range of factors, including soil type, pH, chemical status, moisture-holding capacity of the soil, rainfall, and ambient temperature. However, most importantly, it depends on the ready availability of organic matter, which is the major food resource for earthworms (Lee, 1985; Curry, 1998; Lavelle et al., 1999). The descending order of earthworm density in the present study was D. bullata > D. gracilis > H. stuarti >M. cochinensis >P. corethrurus. 
Relative Density
The Relative density (%) of different developmental stages of D. gracilis, D. bullata, H. stuarti, M. cochinensis, and P. corethrurus observed in 20 quadrats of litter microhabitat of the Lateritic Semi Evergreen Forest near Kattankattupatti from June 2009 to May 2011 is presented month-wise in Table 22. The results revealed that the relative density (%) of D. gracilis ranged between 6.14 (September 2010) and 66.66 (December 2009). The Relative Density of D. bullata was found to be high (100 %) in February 2010, whereas the relative density of D. bullata was found to be low (16.66 %) in December 2009. The earthworm species H. stuarti showed maximum Relative Density in September 2010 (42.1%) and minimum Relative Density in November 2010 (8.85%). The computed results reflected 41.66% as the highest Relative Density (April 2011) and 2.17 % as the lowest Relative Density (July 2010) for M. cochinensis. P. corethrurus had a maximum Relative Density of 76.08% in July 2010 and a minimum Relative Density 1.1 of% in January 2010.
Soil texture and Porosity
Our results on the analysis of soil type of the Lateritic Evergreen Forest revealed that it was sandy clay soil. Our results on the analysis of soil porosity of the Lateritic Semi Evergreen Forest indicated that it had 52.94% pore space, 1.17 g/cc bulk density, and 0.14 g/cc particle density. The (abiotic factors) soil and ambient parameters were recorded from 20 quadrats of litter microhabitat in Lateritic Semi Evergreen Forest between June 2009 and May 2011. 
Soil Parameters (in situ)
Soil pH
The soil pH was slightly acidic, ranging from 5.51 ±0.29 (June 2009) to 6.91±0.48 (February 2011) (Table 23). Forest surface soil is always covered by vegetation and leaf litter throughout the year. The pH of the soil is affected by the organic matter supplied by the vegetation. This led to soil acidification by the decomposition of organic residues by microorganisms in the soil (Wachrinrat, 2000).
Soil Moisture
This forest had a maximum soil moisture of 64.70±0.92 (%) in November 2010 and a minimum soil moisture of 11.05±1.79 (%) in February 2011 (Table 23). The forest soil had a higher moisture content during the winter and rainy seasons than during the summer during both years of the study. The higher soil moisture content in this forest could be attributed to the lower rate of evaporation of moisture from the soil. The reported earthworm population density at a specific site is the result of the interaction of several factors, of which moisture is of greater importance (Valle et al., 1997).
Soil temperature 
The soil temperature of this forest ranged between 23.15±0.58 (0C) (October 2009) and 27.00±0.45 (0C) (April 2010) (Table 23). In general, forest soil had a low temperature during the winter and rainy seasons compared to the summer season of the study period. This may have been caused by plant cover. The high density of plants and moisture content may reduce light and radiation from the sun. The shaded ground was cooler during the day than the open areas. Vegetation interrupts the flow of air, impeding heat exchange via convection (Kimmims, 1997; Dajoz, 2000).
Ambient Parameters
Ambient temperature
The minimum and maximum ambient temperatures of this forest were found to be 22±0.00 (0C) (November 2009) and 27±0.00 (0C) (April and May 2011), respectively (Table 23). The summer season in this study area had a comparatively higher temperature than the other two seasons, that is, winter and rainy seasons. The high density of plants and moisture content might reduce light and radiation from the sun during the winter and rainy seasons. The shaded ground was cooler during the day than the open area, and hence, a low temperature was recorded.
Ambient humidity 
The maximum ambient humidity (75±0.00 %) was recorded in October 2009, and minimum humidity (30±0.00%) was observed in the month of May 2010 and April 2011(Table 23). The rainy seasons of the first and second years of study had maximum ambient humidity compared to the other two seasons. Humidity refers to the water vapour content in the air, which enters the air by evaporation from moist surfaces of soil and from transpiration by plants (Kimmins, 1997). This may have resulted in high ambient humidity during the rainy season. The results of the present study are consistent with those of earlier observations.
Correlation analysis between soil and ambient parameters; and population and biomass of earthworms
A significant positive correlation was observed between soil moisture and rainfall (r= .743, p<0.01), ambient temperature and soil temperature (r= .322, p<0.01), and ambient humidity and soil moisture (r=.232, p<0.01). In contrast, a significant negative correlation was observed between soil moisture and soil temperature (r= -.481, p<0.01), ambient humidity and soil temperature (r= -.415, p<0.01), and ambient humidity and ambient temperature (r= -.556, p<0.01) (Table 24).  
 	A significant positive correlation was observed between the population of D. gracilis and soil moisture (r=.299, p<0.01) and ambient humidity (r=.194, p<0.01). However, a significant negative correlation was observed between the population of D. gracilis and soil temperature (r= -.215, p<0.01) and ambient temperature (r= -.263, p<0.01) (Table 24). 
A significant positive correlation was observed between the population of D. bullata and soil moisture (r= .316, p<0.01) and ambient humidity (r= .096, p<0.05). In contrast, a significant negative correlation was observed between the population of D. bullata and soil temperature (r= -.200, p<0.01) and ambient temperature (r= -.209, p<0.01) (Table 24). 
The correlation observed between the population of M. cochinensis and soil pH (r= .090, p<0.05) and soil moisture (r= .173, p<0.01) was positive and significant. A significant negative correlation was observed between the population of M. cochinensi and soil temperature (r= -.179, p<0.01) (Table 24). 

A significant positive correlation was observed between the population of P. corethrurus and soil pH (r= .101, p<0.05) and soil moisture (r= .210, p<0.01). In contrast, a significant negative correlation was observed between the population of P. corethrurus and soil temperature (r= -.104, p<0.05) (Table 24). 
A significant positive correlation was observed between the population of H. stuarti and rainfall (r= .411, p<0.05), soil pH (r= .137, p<0.01), soil moisture (r= .241, p<0.01), and ambient humidity (r= .118, p<0.01), whereas a negative correlation was observed between the population of H. stuarti and soil temperature (r= -.230, p<0.01) and ambient temperature (r= -.226, p<0.01) (Table 24).
A significant positive correlation was observed between the population of D. gracilis and soil pH (r=.127, p<0.01), soil moisture (r=.212, p<0.01), and ambient humidity (r= 1.48, p<0.01). However, a significant negative correlation was observed between the population of D. gracilis and soil temperature (r= -.182, p<0.01) and ambient temperature (r= -.174, p<0.01) (Table 24). 
A significant positive correlation was observed between the population of D. bullata and soil moisture (r= .243, p<0.01) and ambient humidity (r= .101, p<0.05). In contrast, a significant negative correlation was observed between the population of D. bullata and soil temperature (r= -.205, p<0.01) and ambient temperature (r= -.158, p<0.01) (Table 24), respectively.
A significant negative correlation was observed between the biomass of M. cochinensis and soil temperature (r= -.128, p<0.01), and no positive correlation was observed. However, the total biomass of M. cochinensis was not correlated with any other abiotic factors (Table 24). 
A significant positive correlation was observed between the population of P. corethrurus and soil pH (r= .121, p<0.01), soil moisture (r= .158, p<0.01), and ambient humidity (r= .103, p<0.05). In contrast, a significant negative correlation was observed between the population of P. corethrurus and soil temperature (r= -.126, p<0.01) and ambient temperature (r= -.125, p<0.01) (Table 24).
A significant positive correlation was observed between the population of H. stuarti and soil pH (r= .092, p<0.05) and soil moisture (r= .186, p<0.01). A negative correlation was observed between the population of H. stuarti and soil temperature (r= -.188, p<0.01) and ambient temperature (r= -.185, p<0.01) (Table 24).

Soil moisture content is a major factor affecting earthworm activity. Water constitutes 75-90% of the body of earthworms; therefore, the prevention of water loss is critical for earthworm survival (Edwards and Bolhen, 1996). Temperature significantly affects the activity of earthworms in temperate regions. Tropical species can withstand higher temperatures than temperate species. In tropical regions, temperature fluctuations are minimal compared to those in temperate regions (Kale and Karmegam, 2010). Curry (1998) opined that on a global scale, temperature is the climatic variable of greatest significance, because it determines metabolic rates and the diversity of food resources, but on a more local scale, moisture restriction often determines patterns of distribution and activity. These observations are consistent with the results of the present study. 
Analysis of variance of environmental factors 
The analysis of variance for two years of environmental factors, viz., rainfall, soil pH, soil temperature, soil moisture, ambient temperature, and ambient humidity, were observed in and around 20 quadrats of litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) from June 2009 to May 2011 (Table 25). The results indicated that the analysis variance for two years of all environmental factors was significant (p<0.05), except for rainfall and soil pH.
Analysis of variance of total number of earthworms and their total biomass
The analysis of variance of D. gracilis, D. bullata, M. cochinensis, P. corethrurus, and H. stuarti on the total population and biomass observed in 20 quadrats of litter microhabitat near Kattankattupatti (Lateritic Semi Evergreen Forest) from June 2009 to May 2011 is provided in Tables 26 and 27. The results suggested that the analysis of variance for two years for the population and biomass of all these species was insignificant (p˃0.05), except for H. stuarti (p<0.05).
CONCLUSION
This research offers an in-depth analysis of the populations of five earthworm species: Drawida gracilis, Drawida bullata, Hoplochaetella stuarti, Megascolex cochinensis, and Pontoscolex corethrurus, focusing on their numbers, biomass, abundance, density, and relative density. The findings revealed that the populations of these earthworm species were generally lower in the first year of the study (June 2009 to May 2010) compared to the second year (June 2010 to May 2011). This variation in earthworm populations could be linked to the lower rainfall of 893 mm in the first year compared to 1865 mm in the second year. Seasonal changes in soil moisture, influenced by rainfall, may impact the size of earthworm populations, their biomass, and other parameters analyzed. An analysis of variance for environmental factors over two years across 20 litter microhabitat quadrats near Kattankattupatti (Lateritic Semi Evergreen Forest) showed significant differences (p<0.05) for all factors except rainfall and soil pH. For the earthworm species D. gracilis, D. bullata, M. cochinensis, P. corethrurus, and H. stuarti, the variance in population and biomass was mostly insignificant (p>0.05), except for H. stuarti, which exhibited significant variation (p<0.05).
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Table: 1. Total population of earthworms observed in Lateritic Semi Evergreen Forest (irrespective of developmental stages) in twenty quadrats/month i.e., 
litter microhabitat from June 2009 to May 2011
	S. No.
	Earthworm species
	Total number of earthworms enumerated
	Proportion of population of Earthworms

	1
	Drawida gracilis
	305
	22

	2
	Drawida bullata
	521
	38

	3
	Hoplochaetella stuarti
	231
	17

	4
	Megascolex cochinensis
	184
	14

	5
	Pontoscolex corethrurus
	118
	9

	Total
	1359
	100



































Table: 2. Mean population of D. gracilis recorded from selected sampling site
 (Lateritic Semi Evergreen Forest) of Kolli hill during June 2009 to May 2011
	Year
	Month
	Different developmental stages of 
D. gracilis
	Mean total noumber of             D. gracilis

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	


2009
	Jun
	0.00±0.00
	0.30±0.57
	0.05±0.22
	0.35±0.58

	
	Jul.
	No D. gracilis was found in this month

	
	Aug.
	0.15±0.36
	0.25±0.55
	0.05±0.22
	0.45±0.68

	
	Sep.
	0.45±0.68
	0.95±1.27
	0.60±0.99
	2.00±2.07

	
	Oct.
	0.00±0.00
	0.05±0.22
	0.00±0.00
	0.05±0.22

	
	Nov.
	0.20±0.52
	0.90±1.07
	0.50±0.88
	1.60±1.46

	
	Dec.
	0.25±0.55
	1.30±1.55
	0.45±0.88
	1.95±1.76

	




2010
	Jan.
	0.30±0.47
	0.85±1.42
	0.20±0.41
	1.35±1.46

	
	Feb. to
May
	D. gracilis was not found in these months

	
	Jun.
	0.15±0.48
	0.35±0.67
	0.15±0.48
	0.65±1.26

	
	Jul. to
Aug.
	D. gracilis was not found in these months

	
	Sep.
	0.20±0.89
	0.15±0.48
	0.00±0.00
	0.35±1.34

	
	Oct.
	0.20±0.69
	0.55±1.87
	0.40±1.04
	1.15±2.71

	
	Nov.
	0.65±2.47
	0.80±2.11
	1.90±4.22
	3.35±6.73

	
	Dec.
	0.65±1.56
	0.50±1.10
	0.5±1.19
	1.50±2.41

	

2011
	Jan. to
Mar.
	D. gracilis was not found in these months

	
	Apr.
	0.10±0.44
	0.20±0.52
	0.00±0.00
	0.30±0.80

	
	May 
	0.05±0.22
	0.15±0.48
	0.30±0.80
	0.50±1.00


           Mean ± S.D. were obtained from twenty individual observations / Quadrats







Table: 3. Mean population of D. bullata encountered from selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill during June 2009 to May 2011
	Year
	Month
	Different developmental stages of 
D. bullata
	Mean total number of                    D. bullata

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	


2009
	Jun
	0.25±0.55
	0.85±1.18
	0.30±0.57
	1.40±1.42

	
	Jul.
	No D. bullata was found in this month

	
	Aug.
	0.60±1.87
	0.20±0.52
	0.05±0.22
	0.85±1.42

	
	Sep.
	0.60±1.04
	0.70±1.12
	1.00±1.07
	3.20±1.55

	
	Oct.
	0.00±0.00
	0.05±0.22
	0.20±0.41
	0.25±0.44

	
	Nov.
	0.65±0.93
	1.55±1.84
	0.70±1.03
	2.75±2.46

	
	Dec.
	0.00±0.00
	0.10±0.30
	0.40±0.59
	0.50±0.60

	




2010
	Jan.
	No D. bullata was found in this month

	
	Feb.
	0.00±0.00
	0.25±0.55
	0.00±0.00
	0.25±0.55

	
	Mar. to
May 
	D. bullata was not found in these months

	
	Jun
	0.10±0.30
	0.15±0.48
	0.25±0.71
	0.50±1.23

	
	Jul.
	0.00±0.00
	0.25±0.55
	0.30±0.80
	0.55±1.05

	
	Aug.
	1.85±2.51
	1.40±2.28
	0.65±1.59
	3.90±4.80

	
	Sep.
	0.25±0.78
	0.95±1.39
	0.20±0.69
	1.40±2.00

	
	Oct.
	1.10±1.83
	0.85±2.08
	2.60±3.54
	4.55±5.14

	
	Nov.
	0.40±0.99
	1.30±3.40
	2.10±5.00
	3.80±7.56

	
	Dec.
	0.30±0.80
	0.50±1.31
	0.60±1.27
	1.40±2.34

	

2011
	Jan. to
Mar.
	D. bullata was not found in these months

	
	Apr.
	0.10±0.30
	0.25±0.63
	0.35±0.93
	0.70±1.49

	
	May 
	0.30±0.97
	0.2±0.89
	0.50±1.46
	1.00±2.61


Mean ± S.D. were obtained from twenty individual observations / Quadrats







Table: 4. Mean population of H. stuarti enumerated from selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill during June 2009 to May 2011
	Year
	Month
	Different developmental stages of 
H. stuarti
	Mean total number of                    H. stuarti

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	

2009
	Jun. to
Sep.
	H. stuarti was not found in these months

	
	Oct.
	0.00±0.00
	0.05±0.22
	0.00±0.00
	0.05±0.22

	
	Nov.
	0.01±0.30
	0.40±0.82
	0.25±0.55
	0.75±0.91

	
	Dec.
	0.05±0.22
	0.25±0.55
	0.05±0.22
	0.35±0.58

	





2010
	Jan.
	0.00±0.00
	0.10±0.30
	0.70±1.12
	0.80±1.18

	
	Feb. to
May 
	H. stuarti was not found in these months

	
	Jun
	0.05±0.22
	0.15±0.48
	0.05±0.22
	0.20±0.61

	
	Jul.
	H. stuarti was not found in this month

	
	Aug.
	0.15±0.48
	0.25±0.91
	0.00±0.00
	0.45±0.99

	
	Sep.
	0.65±1.56
	1.20±2.21
	0.50±1.05
	2.35±2.94

	
	Oct.
	0.40±1.09
	1.50±3.18
	1.35±2.23
	3.25±4.44

	
	Nov.
	0.05±0.22
	0.40±0.99
	0.5±1.27
	0.95±2.01

	
	Dec.
	0.50±0.94
	0.60±1.14
	1.30±1.59
	2.40±2.30

	2011
	Jan. to
May 
	H. stuarti was not found in these months


Mean ± S.D. were obtained from twenty individual observations / Quadrats











Table: 5. Mean population of M. cochinensis counted from selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill during June 2009 to May 2011
	Year
	Month
	Different developmental stages of 
M. cochinensis
	Mean total number of 
M. cochinensis

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	


2009
	Jun. to
Sep.
	M. cochinensis was not found in these months

	
	Oct.
	0.00±0.00
	0.05±0.22
	0.00±0.00
	0.05±0.22

	
	Nov.
	No M. cochinensis was found in this month

	
	Dec.
	0.05±0.22
	0.10±0.30
	0.00±0.00
	0.15±0.36

	




2010
	Jan.
	0.10±0.30
	0.20±0.41
	0.20±0.41
	0.50±0.60

	
	Feb. to
May 
	M. cochinensis was not  found in these months

	
	Jun
	0.05±0.22
	0.25±0.63
	0.05±0.22
	0.40±0.88

	
	Jul.
	0.00±0.00
	0.05±0.22
	0.00±0.00
	0.05±0.22

	
	Aug.
	0.00±0.00
	0.10±0.30
	0.00±0.00
	0.10±0.30

	
	Sep.
	0.55±1.39
	1.15±3.01
	0.00±0.00
	1.70±4.25

	
	Oct.
	0.35±0.87
	0.45±1.14
	0.55±1.43
	1.35±2.45

	
	Nov.
	0.70±2.15
	0.00±0.00
	0.65±1.69
	1.35±3.16

	
	Dec.
	0.00±.00
	0.65±1.38
	0.35±1.34
	1.00±2.40

	

2011
	Jan. to
Mar.
	M. cochinensis was not found in these months

	
	Apr.
	0.15±0.67
	0.55±1.27
	0.30±0.65
	1.00±2.12

	
	May 
	0.20±0.52
	0.20±0.61
	0.70±1.59
	1.10±2.10


Mean ± S.D. were obtained from twenty individual observations / Quadrats








Table: 6. Mean population of P. corethrurus quantified from selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill during June 2009 to May 2011
	Year
	Month
	Different developmental stages of 
P. corethrurus
	Mean total number  of
 P. corethrurus

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	


2009
	Jun. to
Jul.
	P. corethrurus was not found in these months

	
	Aug.
	0.00±0.00
	0.00±0.00
	0.10±0.30
	0.10±0.30

	
	Sep. to
Oct.
	P. corethrurus was not found in these months

	
	Nov.
	0.02±0.41
	0.35±0.81
	0.45±0.88
	1.00±1.16

	
	Dec.
	P. corethrurus was not found in this month

	




2010
	Jan.
	0.00±0.00
	0.00±0.00
	0.05±0.22
	0.05±0.22

	
	Feb. to
May 
	P. corethrurus was not found in these months

	
	Jun
	0.00±0.00
	0.15±0.48
	0.05±0.22
	0.20±0.69

	
	Jul.
	0.04±0.88
	1.35±2.10
	0.00±0.00
	1.75±2.69

	
	Aug.to
Sep.
	P. corethrurus was not found in these months

	
	Oct.
	0.50±1.57
	0.10±0.30
	0.55±0.99
	1.15±2.43

	
	Nov.
	0.20±0.89
	0.00±0.00
	0.40±1.78
	0.60±2.68

	
	Dec.
	0.00±0.00
	0.10±0.44
	0.40±0.75
	0.50±0.94

	

2011
	Jan. to
Mar.
	P. corethrurus was not found in these months

	
	Apr.
	0.05±0.22
	0.30±0.92
	0.05±0.22
	0.40±1.27

	
	May 
	0.05±0.22
	0.15±0.67
	0.05±0.22
	0.25±1.11


Mean ± S.D. were obtained from twenty individual observations / Quadrats







Fig. 3. Mean population of D. gracilis recorded from twenty quadrats near Kattankattupatti 


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons

Fig. 4. Mean population of D. bullata observed from twenty quadrats near Kattankattupatti 


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons
Fig. 5. Mean population of H. stuarti observed from twenty quadrats near Kattankattupatti 


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons

Fig. 6. Mean population of M. cochinensis observed from twenty quadrats near Kattankattupatti (Lateritic Semi Evergreen Forest)


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons
Fig. 7. Mean population of P. corethrurus recorded from twenty quadrats near Kattankattupatti 


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons













Table: 7. Mean wet biomass (g) of D. gracilis recorded in twenty quadrats from selected sampling site 
	Year
	Month
	Developmental stages of D. gracilis and their mean wet biomass (g)

	
	
	Juveniles
	Non-Clitellates
	Clitellates

	

2009
	Jun
	0
	0.37
	0.98

	
	Jul.
	D. gracilis was not found in this month

	
	Aug.
	0.04
	0.35
	1.06

	
	Sep.
	0.11
	0.55
	1.35

	
	Oct.
	0
	0.39
	0

	
	Nov.
	0.13
	0.51
	2.49

	
	Dec.
	0.2
	0.31
	1.15

	




2010
	Jan.
	0.14
	0.43
	0.91

	
	Feb. to
May 
	D. gracilis was not found in these months

	
	Jun
	0.14
	0.72
	1.13

	
	Jul. to
Aug.
	D. gracilis was not found in these months

	
	Sep.
	0.26
	0.31
	0

	
	Oct.
	0.06
	0.82
	1.58

	
	Nov.
	0.11
	0.62
	1.63

	
	Dec.
	0.07
	1.46
	1.08

	
2011
	Jan. to
Mar.
	D. gracilis was not found in these months

	
	Apr.
	0.11
	0.41
	0

	
	May 
	0
	0.33
	1.18










Table: 8. Mean wet biomass (g) of D. bullata recorded in twenty quadrats from selected sampling site 
	Year
	Month
	Developmental stages of D. bullata  and their mean wet biomass (g)

	
	
	Juveniles
	Non-Clitellates
	Clitellates

	

2009
	Jun
	0.16
	0.43
	1.28

	
	Jul.
	D. bullata was not found in this month

	
	Aug.
	0.08
	0.45
	1.46

	
	Sep.
	0.12
	0.55
	1.61

	
	Oct.
	0
	0.34
	1.87

	
	Nov.
	0.18
	0.44
	1.31

	
	Dec.
	0
	0.53
	1.13

	




2010
	Jan.
	D. bullata was not found in this month

	
	Feb.
	0
	0.39
	0

	
	Mar.to
May 
	No D. bullata was found in these months

	
	Jun
	0.1
	0.57
	1.26

	
	Jul.
	0
	1.13
	0.93

	
	Aug.
	0.09
	0.34
	1.27

	
	Sep.
	0.24
	0.6
	0.66

	
	Oct.
	0.13
	0.58
	1.28

	
	Nov.
	0.08
	0.85
	1.37

	
	Dec.
	0.06
	0.32
	1.33

	
2011
	Jan. to
Mar.
	D. bullata was not found in these months

	
	Apr.
	0.09
	0.48
	0.92

	
	May 
	0.14
	0.49
	0.96










Table: 9. Mean wet biomass (g) of H. stuarti recorded in twenty quadrats
 from selected sampling site 
	Year
	Month
	Developmental stages of H. stuarti and their mean wet biomass (g)

	
	
	Juveniles
	Non-Clitellates
	Clitellates

	


2009
	Jun. to
Sep.
	H. stuarti was not found in these months

	
	Oct.
	0
	1.34
	0

	
	Nov.
	0.26
	0.79
	2.66

	
	Dec.
	0.25
	0.71
	3.45

	




2010
	Jan.
	0
	0.57
	1.00

	
	Feb. to
May 
	H. stuarti was not found in these months

	
	Jun
	0.16
	0.52
	0.99

	
	Jul.
	0
	0
	0

	
	Aug.
	0.08
	1.07
	0

	
	Sep.
	0.05
	0.47
	1.3

	
	Oct.
	0.13
	0.89
	1.43

	
	Nov.
	0.34
	0.56
	1.97

	
	Dec.
	0.11
	1.07
	1.66

	2011
	Jan. to
May 
	H. stuarti was not found in these months













Table: 10. Mean wet biomass (g) of M. cochinensis recorded in twenty quadrats 
from selected sampling site 
	Year
	Month
	Developmental stages of M. cochinensis and their mean wet biomass (g)

	
	
	Juveniles
	Non-Clitellates
	Clitellates

	

2009
	Jun. to
Sep.
	M. cochinensis was not found in these months

	
	Oct.
	0
	0.43
	0

	
	Nov.
	M. cochinensis was not found in this month

	
	Dec.
	0.03
	0.53
	0

	



2010
	Jan.
	0.13
	0.3
	1.24

	
	Feb. to
May 
	M. cochinensis was not found in these months

	
	Jun.
	0.12
	0.54
	1.65

	
	Jul.
	0
	1.52
	0

	
	Aug.
	0
	1.5
	0

	
	Sep.
	0.17
	0.48
	0

	
	Oct.
	0.11
	0.88
	1.51

	
	Nov.
	0.1
	0
	0.74

	
	Dec.
	0
	1.15
	2.36

	

2011
	Jan. to
Mar.
	M. cochinensis was not found in these months

	
	Apr.
	0.15
	0.31
	0.76

	
	May 
	0.1
	0.29
	0.92












Table: 11. Mean wet biomass (g) of P. corethrurus recorded in twenty quadrats from selected sampling site 
	Year
	Month
	Developmental stages of P. corethrurus and their mean wet biomass (g)

	
	
	Juveniles
	Non-Clitellates
	Clitellates

	


2009
	Jun. to
Jul.
	P. corethrurus was not found in these months

	
	Aug.
	0
	0
	0.95

	
	Sep. to
Oct.
	P. corethrurus was not found in these months

	
	Nov.
	0.13
	0.5
	1.21

	
	Dec.
	P. corethrurus was not found in this month

	


2010
	Jan.
	0
	0
	1.67

	
	Feb. to
May 
	P. corethrurus was not found in these months

	
	Jun
	0
	0.54
	1.03

	
	Jul.
	0.04
	0.53
	0

	
	Aug.
	P. corethrurus was not found in these months

	
	Sep.
	

	
	Oct.
	0.15
	0.48
	1.72

	
	Nov.
	0.2
	0
	1.29

	
	Dec.
	0
	0.53
	1.71

	

2011
	Jan. to
Mar.
	P. corethrurus was not found in these months

	
	Apr.
	0.04
	0.84
	1.08

	
	May 
	0.15
	0.21
	1.03










Fig. 8. Mean wet biomass (g) of D. gracilis observed from twenty quadrats in litter microhabitat of Lateritic Semi Evergreen Forest


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and 
SS ’10 & ’11 = Summer Seasons



Fig. 9. Mean wet biomass (g) of D. bullata observed from twenty quadrats in litter microhabitat of Lateritic Semi Evergreen Forest


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and 
SS ’10 & ’11 = Summer Seasons

Fig. 10. Mean wet biomass (g) of H. stuarti observed from twenty quadrats in litter microhabitat of Lateritic Semi Evergreen Forest


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and 
SS ’10 & ’11 = Summer Seasons

Fig. 11. Mean wet biomass (g) of M. cochinensis observed from twenty quadrats in litter microhabitat of Lateritic Semi Evergreen Forest


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and 
SS ’10 & ’11 = Summer Seasons


Fig. 12. Mean wet biomass (g) of P. corethrurus observed from twenty quadrats in litter microhabitat of Lateritic Semi Evergreen Forest


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and 
SS ’10 & ’11 = Summer Seasons













Table: 12. Abundance (Individuals/m2) of D. gracilis recorded in Lateritic Semi Evergreen Forest of Kolli hill during June 2009 to May 2011
	Year
	Month
	Different developmental stages of 
D. gracilis
	Total 

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	

2009
	Jun
	0
	1.2
	1
	1.16

	
	Jul.
	D. gracilis was not found in these months

	
	Aug.
	1
	1.25
	1
	1.12

	
	Sep.
	1.33
	2
	1.75
	2

	
	Oct.
	0
	1
	0
	1

	
	Nov.
	1.33
	1.8
	1.25
	1.58

	
	Dec.
	1.25
	2.36
	1.8
	2

	




2010
	Jan.
	1
	2.28
	1
	1.52

	
	Feb. to
May 
	D. gracilis was not found in these months

	
	Jun
	1.5
	1.4
	1.5
	1.44

	
	Jul. to
Aug.
	D. gracilis was not found in these months

	
	Sep.
	4
	2
	1
	2.33

	
	Oct.
	2
	5.5
	4
	3.37

	
	Nov.
	6.5
	5.33
	10.66
	7.62

	
	Dec.
	3.25
	2.66
	2
	2.58

	

2011
	Jan. to
Mar.
	D. gracilis was not found in these months

	
	Apr.
	2
	1.33
	0
	1.5

	
	May 
	0
	1.33
	2
	1.66










Table: 13. Abundance (Individuals/m2) of D. bullata computed in Lateritic Semi Evergreen Forest of Kolli hill during June 2009 to May 2011
	Year
	Month
	Different developmental stages of 
D. bullata
	Total 

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	


2009
	Jun
	1.25
	2
	1.2
	1.58

	
	Jul.
	D. bullata was not found in this month

	
	Aug.
	2.4
	1.33
	1
	1.88

	
	Sep.
	1.71
	1.75
	1.81
	2.3

	
	Oct.
	0
	1
	1
	1

	
	Nov.
	1.62
	3.09
	1.75
	3.05

	
	Dec.
	0
	1
	1.14
	1.11

	




2010
	Jan.
	D. bullata was not found in this month

	
	Feb.
	0
	1.25
	0
	1.25

	
	Mar.to
May 
	D. bullata was not found in these months

	
	Jun
	1
	2
	1.66
	1.5

	
	Jul.
	0
	1.25
	5
	1.66

	
	Aug.
	4.62
	3.11
	2.16
	3.9

	
	Sep.
	2
	2.28
	1.75
	2.08

	
	Oct.
	3.14
	4.25
	5.2
	4.55

	
	Nov.
	2.66
	5.2
	8.2
	5.76

	
	Dec.
	2
	3.33
	3
	2.8

	
2011
	Jan. to
Mar.
	D. bullata was not found in these months

	
	Apr.
	1
	1.66
	2.33
	1.75

	
	May 
	3
	4
	3.33
	3.33









Table: 14. Abundance (Individuals/m2) of H. stuarti calculated in Lateritic Semi Evergreen Forest of Kolli hill during June 2009 to May 2011
	Year
	Month
	Different developmental stages 
H. stuarti
	Total 

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	

2009
	Jun. to
Sep.
	H. stuarti was not found in these months

	
	Oct.
	0
	1
	0
	1

	
	Nov.
	1
	1.6
	1.25
	1.36

	
	Dec.
	1
	1.25
	1
	1.16

	




2010
	Jan.
	1
	1
	1.75
	1.6

	
	Feb. to
May 
	H. stuarti was not found in these months

	
	Jun.
	1
	1.33
	1
	1.2

	
	Jul.
	H. stuarti was not found in this month

	
	Aug.
	1.5
	2.5
	0
	2

	
	Sep.
	1.85
	2.66
	2.2
	2.4

	
	Oct.
	2.66
	6
	3.85
	4.33

	
	Nov.
	1
	2.66
	4
	2.83

	
	Dec.
	2
	2
	2.6
	2.4

	2011
	Jan. to
May 
	H. stuarti was not found in these months













Table: 15. Abundance (Individuals/m2) of M. cochinensis recorded in Lateritic Semi Evergreen Forest of Kolli hill during June 2009 to May 2011
	Year
	
Month
	Different developmental stages 
M. cochinensis
	Total 

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	
2009
	Jun. to
Sep.
	M. cochinensis was not found in these months

	
	Oct.
	0
	1
	0
	1

	
	Nov.
	M. cochinensis was not found in these months

	
	Dec.
	1
	1
	0
	1

	


2010
	Jan.
	1
	1
	1
	1

	
	Feb. to
May 
	M. cochinensis was not found in these months

	
	Jun
	1
	1.66
	1
	1.33

	
	Jul.
	0
	1
	0
	1

	
	Aug.
	0
	1
	0
	1

	
	Sep.
	2.2
	4.6
	0
	3.4

	
	Oct.
	2.5
	2.5
	4.25
	3.08

	
	Nov.
	4.6
	0
	3.25
	3.85

	
	Dec.
	0
	3.25
	3.5
	3.33

	

2011
	Jan. to 
Mar.
	M. cochinensis was not found in these months

	
	Apr.
	3
	2.75
	1.5
	2.22

	
	May 
	1.33
	2
	3.25
	2.33












Table: 16. Abundance (Individuals/m2) of P. corethrurus computed in Lateritic Semi Evergreen Forest of Kolli hill during June 2009 to May 2011
	
Year
	Month
	Different developmental stages 
P. corethrurus
	Total 

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	


2009
	Jun. to
Jul.
	
P. corethrurus was not found in these months

	
	Aug.
	0
	0
	1
	1

	
	Sep. to
Oct.
	P. corethrurus was not found in these months

	
	Nov.
	1
	1.75
	1.75
	1.5

	
	Dec.
	P. corethrurus was not found in these months

	




2010
	Jan.
	0
	0
	1
	1

	
	Feb. to
May 
	P. corethrurus was not found in these months

	
	Jun
	0
	1.5
	1
	1.33

	
	Jul.
	2
	3.85
	0
	3.18

	
	Aug.to
Sep.
	P. corethrurus was not found in these months

	
	Oct.
	5
	1
	2.2
	2.55

	
	Nov.
	4
	0
	8
	6

	
	Dec.
	0
	2
	1.6
	1.66

	

2011
	Jan. to
Mar.
	P. corethrurus was not found in these months

	
	Apr.
	1
	1.5
	1
	2

	
	May 
	1
	3
	1
	1.66













Fig. 13. Abundance of D. gracilis recorded in selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill 


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons

Fig. 14. Abundance of D. bullata recorded in selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons

Fig. 15. Abundance of H. stuarti recorded in selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons

Fig. 16. Abundance of M. cochinensis recorded in selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons

Fig. 17. Abundance of P. corethrurus recorded in selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill
 

RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons














Table: 17. Population density (m-2) of D. gracilis recorded in selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill during June 2009 to May 2011
	Year
	Month
	Different developmental stages of 
D. gracilis
	Total 

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	


2009
	Jun
	0
	0.04
	0.008
	0.05

	
	Jul.
	D. gracilis was not found in this month

	
	Aug.
	0.02
	0.04
	0.008
	0.07

	
	Sep.
	0.06
	0.14
	0.11
	0.32

	
	Oct.
	0
	0.008
	0
	0.008

	
	Nov.
	0.03
	0.14
	0.04
	0.21

	
	Dec.
	0.04
	0.2
	0.07
	0.32

	




2010
	Jan.
	0.04
	0.12
	0.03
	0.2

	
	Feb. to
May 
	D. gracilis was not found in these months

	
	Jun
	0.02
	0.05
	0.02
	0.1

	
	Jul. to
Aug.
	D. gracilis was not found in these months

	
	Sep.
	0.03
	0.001
	0.008
	0.05

	
	Oct.
	0.03
	0.08
	0.09
	0.21

	
	Nov.
	0.1
	0.12
	0.25
	0.48

	
	Dec.
	0.1
	0.06
	0.08
	0.24

	

2011
	Jan. to
Mar.
	D. gracilis was not found in these months

	
	Apr.
	0.01
	0.03
	0
	0.04

	
	May 
	0
	0.03
	0.04
	0.08










Table: 18. Population density (m2) of D. bullata computed in Lateritic Semi Evergreen Forest of Kolli hill during June 2009 to May 2011
	Year
	Month
	Different developmental stages of 
D. bullata
	Total 

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	


2009
	Jun
	0.04
	0.12
	0.04
	0.21

	
	Jul.
	D. bullata was not found in this month

	
	Aug.
	0.09
	0.03
	0.008
	0.13

	
	Sep.
	0.09
	0.11
	0.16
	0.36

	
	Oct.
	0
	0.01
	0.02
	0.04

	
	Nov.
	0.01
	0.27
	0.11
	0.48

	
	Dec.
	0
	0.01
	0.06
	0.08

	





2010
	Jan.
	D. bullata was not found in this month

	
	Feb.
	0
	0.04
	0
	0.04

	
	Mar.to
May 
	D. bullata was not found in these months

	
	Jun
	0.01
	0.01
	0.04
	0.07

	
	Jul.
	0
	0.04
	0.08
	0.08

	
	Aug.
	0.29
	0.22
	0.1
	0.62

	
	Sep.
	0.01
	0.12
	0.05
	0.2

	
	Oct.
	0.17
	0.13
	0.41
	0.72

	
	Nov.
	0.06
	0.2
	0.32
	0.6

	
	Dec.
	0.04
	0.08
	0.09
	0.22

	
2011
	Jan. to
Mar.
	D. bullata was not found in these months

	
	Apr.
	0.01
	0.04
	0.05
	0.11

	
	May 
	0.04
	0.03
	0.08
	0.16










Table: 19. Population density (m2) of H. stuarti calculated in Lateritic Semi Evergreen Forest of Kolli hill during June 2009 to May 2011
	Year
	Month
	Different developmental stages of 
H. stuarti
	Total 

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	


2009
	Jun. to
Sep.
	H. stuarti was not found in these months

	
	Oct.
	0
	0.008
	0
	0.008

	
	Nov.
	0.01
	0.06
	0.04
	0.12

	
	Dec.
	0.008
	0.04
	0.008
	0.05

	





2010
	Jan.
	0
	0.01
	0.11
	0.12

	
	Feb. to
May
	H. stuarti was not found in these months

	
	Jun
	0.008
	0.03
	0.008
	0.04

	
	Jul.
	H. stuarti was not found in this month

	
	Aug.
	0.02
	0.04
	0
	0.06

	
	Sep.
	0.1
	0.19
	0.08
	0.38

	
	Oct.
	0.06
	0.24
	0.21
	0.52

	
	Nov.
	0.008
	0.06
	0.06
	0.13

	
	Dec.
	0.08
	0.09
	0.2
	0.38

	2011
	Jan. to
May 
	H. stuarti was not found in these months













Table: 20. Population density (m2) of M. cochinensis enumerated in Lateritic Semi Evergreen Forest of Kolli hill during June 2009 to May 2011
	Year
	Month
	Different developmental stages of 
M. cochinensis
	Total 

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	

2009
	Jun. to
Sep.
	M. cochinensis was not found in these months

	
	Oct.
	0
	0.008
	0
	0.008

	
	Nov.
	M. cochinensis was not found in this month

	
	Dec.
	0.008
	0.01
	0
	0.02

	




2010
	Jan.
	0.01
	0.03
	0.03
	0.08

	
	Feb. to
May 
	M. cochinensis was not found in these months

	
	Jun
	0.008
	0.04
	0.01
	0.08

	
	Jul.
	0
	0.008
	0
	0.008

	
	Aug.
	0
	0.01
	0
	0.01

	
	Sep.
	0.08
	0.18
	0
	0.27

	
	Oct.
	0.08
	0.08
	0.13
	0.29

	
	Nov.
	0.11
	0
	0.1
	0.21

	
	Dec.
	0
	0.1
	0.05
	0.16

	

2011
	Jan. to
Mar.
	M. cochinensis was not found in these months

	
	Apr.
	0.02
	0.08
	0.04
	0.16

	
	May 
	0.03
	0.03
	0.1
	0.16











Table: 21. Population density (m2) of P. corethrurus computed in Lateritic Semi Evergreen Forest of Kolli hill during June 2009 to May 2011
	Year
	Month
	Different developmental stages of  
P. corethrurus
	Total 

	
	
	Juveniles
	Non-Clitellates
	Clitellates
	

	


2009
	Jun. to
Jul.
	P. corethrurus was not found in these months

	
	Aug.
	0
	0
	0.01
	0.01

	
	Sep. to
Oct.
	P. corethrurus was not found in these months

	
	Nov.
	0.03
	0.05
	0.05
	0.14

	
	Dec.
	P. corethrurus was not found in this month

	





2010
	Jan.
	0
	0
	0.008
	0.008

	
	Feb. to
May 
	No P. corethrurus was found in these months

	
	Jun
	0
	0.02
	0.008
	0.03

	
	Jul.
	0.06
	0.21
	0
	0.28

	
	Aug.to
Sep.
	P. corethrurus was not found in these months

	
	Oct.
	0.08
	0.01
	0.08
	0.18

	
	Nov.
	0.03
	0
	0.06
	0.09

	
	Dec.
	0
	0.01
	0.06
	0.08

	

2011
	Jan. to
Mar.
	P. corethrurus was not found in these months

	
	Apr.
	0.008
	0.02
	0.008
	0.06

	
	May 
	0.008
	0.02
	0.008
	0.04











Fig. 18. Population density (m2) of D. gracilis recorded in selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill 

RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons

Fig. 19. Population density (m2) of D. bullata computed in selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons

Fig. 20. Population density (m2) of H. stuarti calculated in selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons

Fig. 21. Population density (m2) of M. cochinensis enumerated in selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill


RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons

Fig. 22. Population density (m2) of P. corethrurus computed in selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill

RS ’09 & ’10 = Rainy Seasons; WS ’10 & ’11 = Winter Seasons and SS ’10 & ’11 = Summer Seasons














Table: 22. Relative Density (%) of irrespective developmental stages of earthworms enumerated in selected sampling site (Lateritic Semi Evergreen Forest) of Kolli hill during June 2009 to May 2011
	Year
	Month 
	D. gracilis
	D. bullata
	H. stuarti
	M. cochinensis
	P. corethrurus

	


2009
	Jun.
	20.58
	79.41
	0
	0
	0

	
	Jul.
	earthworms were not found in this month

	
	Aug.
	32.14
	60.71
	0
	0
	7.14

	
	Sep.
	46.51
	53.48
	0
	0
	0

	
	Oct.
	12.5
	62.5
	12.5
	12.5
	0

	
	Nov.
	22.31
	50.41
	12.39
	0
	14.87

	
	Dec.
	66.66
	16.66
	11.66
	5
	0

	





2010
	Jan.
	49.05
	0
	30.18
	18.86
	1.88

	
	Feb.
	0
	100
	0
	0
	0

	
	Mar. to
May 
	earthworms were not found in these months

	
	Jun
	32.5
	22.5
	15
	20
	10

	
	Jul.
	0
	21.73
	0
	2.17
	76.08

	
	Aug.
	0
	88.63
	9.09
	2.27
	0

	
	Sep.
	6.14
	21.92
	42.1
	29.82
	0

	
	Oct.
	11.11
	37.44
	26.74
	15.22
	9.46

	
	Nov.
	31.77
	39.06
	8.85
	14.06
	6.25

	
	Dec.
	22.62
	20.43
	35.03
	14.59
	7.29

	
2011
	Jan. to
Mar.
	earthworms were not found in these months

	
	Apr.
	12.5
	29.16
	0
	41.66
	16.66

	
	May 
	17.85
	35.71
	0
	37.5
	8.92










Table: 23. Quantity of Soil and ambient physical parameters observed in Litter microhabitat of earthworms near Kattankattupatti (Lateritic Semi Evergreen Forest) during June 2009 to May 2011
	
Year
	
Month 
	Soil Parameters
	Ambient Parameters

	
	
	pH
Mean ± S.D
	Moist. (%)
Mean ± S.D
	Tem. (oC )
Mean ± S.D
	Tem.(oC)
Mean ± S.D
	Humidity (%)
Mean ± S.D

	


2009
	Jun. 
	5.51 ±0.29
	20.85±1.75
	24.05±0.39
	25±0.00
	50±0.00

	
	Jul.
	5.97 ±0.13
	21.35±1.72
	26.00±0.32
	25±0.00
	45±0.00

	
	Aug.
	6.06 ±0.36
	48.30±4.57
	24.10±0.44
	24±0.00
	47±0.00

	
	Sep.
	5.78 ±0.34
	46.30±1.59
	24.20±0.52
	23±0.00
	40±0.00

	
	Oct.
	6.26 ±0.22
	35.45±1.53
	23.15±0.58
	25±0.00
	75±0.00

	
	Nov.
	6.37 ±0.31
	63.90±2.38
	24.95±0.51
	22±0.00
	60±0.00

	
	Dec.
	6.19 ±0.17
	54.35±0.93
	25.00±0.56
	23±0.00
	70±0.00

	




2010
	Jan. 
	6.19± 0.20
	44.15±1.81
	24.15±0.58
	25±0.00
	47±0.00

	
	Feb.
	6.24±0.21
	23.90±5.47
	25.65±0.48
	24±0.00
	47±0.00

	
	Mar.
	6.23±0.26
	21.25±1.61
	26.55±0.51
	26±0.00
	44±0.00

	
	Apr.
	6.13±0.38
	24.30±1.65
	27.00±0.45
	24±0.00
	46±0.00

	
	May 
	6.24±0.31
	34.3±1.08
	26.30±0.47
	26±0.00
	30±0.00

	
	Jun
	6.35±0.40
	33.65±1.56
	26.10±0.71
	25±0.00
	45±0.00

	
	Jul.
	6.41±0.39
	47.00±2.63
	23.75±0.44
	26±0.00
	40±0.00

	
	Aug.
	6.92±0.42
	48.45±4.04
	25.60±0.59
	25±0.00
	47±0.00

	
	Sep.
	6.54±0.20
	51.45±1.90
	23.50±0.51
	23±0.00
	45±0.00

	
	Oct.
	6.33±1.30
	53.65±2.00
	23.65±0.67
	24±0.00
	50±0.00

	
	Nov.
	6.81±0.33
	64.70±0.92
	22.60±0.50
	23±0.00
	65±0.00

	
	Dec.
	6.68±0.35
	32.05±2.58
	24.25±0.55
	24±0.00
	58±0.00

	

2011
	Jan. 
	6.66±0.28
	20.55±0.75
	25.70±0.47
	25±0.00
	55±0.00

	
	Feb.
	6.91±0.48
	11.05±1.79
	25.00±0.45
	24±0.00
	50±0.00

	
	Mar.
	6.58±0.25
	14.65±0.74
	26.05±0.68
	26±0.00
	45±0.00

	
	Apr.
	6.48±0.30
	42.05±1.93
	26.60±0.50
	27±0.00
	30±0.00

	
	May 
	6.52±0.29
	36.00±2.55
	24.00±0.64
	27±0.00
	39±0.00


Mean and standard deviations were obtained from 20 quadrats





Table 24: Correlation analysis of rainfall, soil pH, Soil temperature, Soil Moisture, Ambient temperature, Ambient humidity, Total number and Total biomass of 
D. gracilis,  D. bullata, M. cochinensis and P. corethrurus.
	
	Rain Fall
	Soil pH
	Soil Temperature
	Soil Moisture
	Ambient Temperature
	Ambient Humidity

	
	0.130*
	
	
	
	
	

	Soil pH
	.150
	
	
	
	
	

	Soil Temperature
	-.265
	.007
	
	
	
	

	Soil Moisture
	.743**
	.064
	-.481**
	
	
	

	Anbient Temperature
	-.202
	.030
	.322**
	-.460**
	
	

	Ambient Humidity
	.012
	.077
	-.415**
	.232**
	-.556**
	

	Population 

	D.gracilis
	.256
	.074
	-.215**
	.299**
	-.263**
	.194**

	D.bullata
	.280
	.047
	-.200**
	.316**
	-.209**
	.096*

	M.cochinensis
	.122
	.090*
	-.179**
	.173**
	-.026
	-.004

	P.corethrurus
	.243
	.101*
	-.104*
	.210**
	-.019
	.003

	H.stuarti
	.411*
	.137**
	-.230**
	.241**
	-.226**
	.118**

	Biomass

	D.gracilis
	.016
	.127**
	-.182**
	.212**
	-.174**
	.148**

	D.bullata
	.224
	-.036
	-.205**
	.243**
	-.158**
	.101*

	M.cochinensis
	.a
	.061
	-.128**
	.087
	.023
	.011

	P.corethrurus
	.242
	.121**
	-.126**
	.158**
	-.125**
	.103*

	H.stuarti
	.272
	.092*
	-.188**
	.186**
	-.185**
	.136**



**. Pearson correlation is significant at the 0.01 level.
*. Pearson correlation is significant at the 0.05 level. 
a. Pearson correlation cannot be computed because at least one of the variables is constant.




Table 25: The analysis variance of environmental factors viz., rainfall, pH, soil temperature, soil moisture, ambient temperature and ambient humidity were observed in year and month wise (Lateritic Semi Evergreen Forest) during June 2009 to May 2011.
	
	Source
	DF
	SS
	MS
	F
	P

	Rain Fall
	Between Groups
	31445.595
	2
	15722.798
	
2.645
	.072>0.05
Not Significant

	
	Within Groups
	2835006.905
	477
	5943.411
	
	

	Soil pH
	Between Groups
	39.091
	2
	19.545
	
2.833

	.060>0.05
Not Significant

	
	Within Groups
	3290.481
	477
	6.898
	
	

	Soil Temperature
	Between Groups
	55.772
	2
	27.886
	
17.398
	.000<0.05
Significant

	
	Within Groups
	764.553
	477
	1.603
	
	

	Soil Moisture
	Between Groups
	18114.012
	2
	9057.006
	
48.562
	.000<0.05
Significant

	
	Within Groups
	88962.636
	477
	186.504
	
	

	Ambient Temperature
	Between Groups
	221.024
	2
	110.512
	
92.242

	.000<0.05
Significant

	
	Within Groups
	571.476
	477
	1.198
	
	

	Ambient Humidity
	Between Groups
	9165.429
	2
	4582.714
	
48.529

	.000<0.05
Significant

	
	Within Groups
	45044.571
	477
	94.433
	
	







Table 26: The analysis variance of D. gracilis, D. bullata, M. cochinensis, 
P. corethrurus and H. stuarti total number of earthworms observed in Lateritic Semi Evergreen Forest during June 2009 to May 2011
	
	Source
	DF
	SS
	MS
	F
	P

	D. gracilis
	Between Groups
	3.001
	2
	1.501
	
1.342

	.262>0.05
Not Significant

	
	Within Groups
	533.324
	477
	1.118
	
	

	D. bullata
	Between Groups
	11.071
	2
	5.535
	
2.336

	.098>0.05
Not Significant

	
	Within Groups
	1130.229
	477
	2.369
	
	

	M. cochinensis
	Between Groups
	2.867
	2
	1.433
	
3.278

	.039>0.05
Not Significant

	
	Within Groups
	208.600
	477
	.437
	
	

	P.corethrurus
	Between Groups
	.733
	2
	.367
	
1.415

	.244>0.05
Not Significant

	
	Within Groups
	123.592
	477
	.259
	
	

	H. stuarti
	Between Groups
	14.115
	2
	7.058
	
11.793
	.000<0.05
Significant

	
	Within Groups
	285.476
	477
	.598
	
	









Table 27: The Analysis Variance of D. gracilis, D. bullata, M. cochinensis, 
P. corethrurus and H. stuarti, biomass of earthworms observed in Lateritic Semi Evergreen Forest during June 2009 to May 2011.
	
	Source
	DF
	SS
	MS
	F
	P

	D. gracilis
	Between Groups
	
	2
	5.888
	
1.354
	.259>0.05
Not Significant

	
	Within Groups
	1037.389
	477
	2.175
	
	

	D. bullata
	Between Groups
	21.824
	2
	10.912
	
2.639

	.072>0.05
Not Significant

	
	Within Groups
	1972.228
	477
	4.135
	
	

	M. cochinensis
	Between Groups
	4.179
	2
	2.089
	2.468
	.086>0.05
Not Significant

	
	Within Groups
	403.900
	477
	.847
	
	

	P.corethrurus
	Between Groups
	2.432
	2
	1.216
	
2.417

	.090>0.05
Not Significant

	
	Within Groups
	239.978
	477
	.503
	
	

	H.stuarti
	Between Groups
	27.368
	2
	13.684
	
9.725

	.000<0.05
Significant

	
	Within Groups
	671.196
	477
	1.407
	
	








Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.30000000000000032	0	0	0.55000000000000004	0	0.13	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.51	0.12000000000000002	0	0.74000000000000365	0	0.15000000000000024	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.37000000000000038	0	0	1	0	0.28000000000000008	Total	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	1.1800000000000141	0.12000000000000002	0	0.25	0	0.56000000000000005	Different seasons

Mean population (in number)


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	2.0000000000000011E-2	0	0	0.25	0	0	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.1	0.05	0	0.59	0	0	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	4.0000000000000022E-2	0.35000000000000031	0	0.52	0	0	Total	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.16	0.4	0	1.37	0	0	Different seasons

Mean population (in number)


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	1.0000000000000005E-2	0.05	0	0.25	0	0.11	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	2.0000000000000011E-2	0.1	0	0.38000000000000567	0	0.25	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0	0.1	0	0.27	0	0.31000000000000238	Total	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	2.0000000000000011E-2	0.25	0	0.92	0	0.68	Different  Seasons

Mean population (in number) 


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	2.0000000000000011E-2	0	0	0.15000000000000024	0	3.0000000000000002E-2	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.05	0	0	0.24000000000000021	0	0.1	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	6.0000000000000032E-2	2.0000000000000011E-2	0	0.2	0	3.0000000000000002E-2	Total	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.14000000000000001	2.0000000000000011E-2	0	0.60000000000000064	0	0.21000000000000021	Different Seasons

Mean Population (in number) 


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.12000000000000002	7.0000000000000021E-2	0	9.0000000000000024E-2	0	3.0000000000000002E-2	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.35000000000000031	0.36000000000000032	0	0.56000000000000005	0	0.24000000000000021	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	1.1299999999999755	0.56000000000000005	0	0.77000000000001223	0	0.39000000000000612	Different seasons

Mean wet biomass (g)


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	7.0000000000000021E-2	0	0	0.1	0	7.0000000000000021E-2	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.39000000000000612	0.19	0	0.62000000000000965	0	0.320000000000006	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	1.23	0	0	1.1499999999999759	0	0.62000000000000965	Different seasons

Mean wet biomass (g)


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	7.0000000000000021E-2	0	0	0.12000000000000002	0	0	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.48000000000000032	0.28000000000000008	0	0.65000000000001235	0	0	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	1.01	0.5	0	1.05	0	0	Different seasons

Mean wet biomass (g)


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	1.0000000000000005E-2	6.0000000000000032E-2	0	7.0000000000000021E-2	0	8.0000000000000043E-2	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.13	0.15000000000000024	0	0.86000000000000065	0	0.2	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0	0.62000000000000965	0	0.89	0	0.56000000000000005	Different seasons

Mean wet biomass (g)


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	1.0000000000000005E-2	0	0	0.05	0	0	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	7.0000000000000021E-2	0	0	0.29000000000000031	0	0.35000000000000031	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.30000000000000032	0.83000000000000063	0	0.82000000000000062	0	0.70000000000000062	Different Seasons

Mean wet biomass (g)


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.70000000000000062	0.5	0	2.46	0	0.66000000000001346	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	1.37	1.1399999999999761	0	2.4099999999999997	0.88	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.97000000000000064	0.5	0	2.73	0	0.66000000000001346	Different seasons

Individuals/m2


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.99	0	0	2.2000000000000002	0	1.33	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	1.45	0.62000000000000965	0	3.06	0	1.8800000000000001	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	1.1200000000000001	0	0	3.8499999999999988	0	1.8800000000000001	Different seasons

Individuals /m2


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.28000000000000008	1	1	1.57	0	0	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.55000000000000004	0.5	0	2.4499999999999997	0	0	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.32000000000000589	0.87000000000000965	0	1.9500000000000213	0	0	Different seasons

Individuals/m2


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.14000000000000001	0.5	0	1.47	0	1.44	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.28000000000000008	0.5	0	2	0	1.58	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0	0.5	0	1.71	0	1.58	Different seasons

Individuals/m2


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.14000000000000001	0	0	1.57	0	0.66000000000001346	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.25	0	0	1.1900000000000213	0	1.5	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.25	0.5	0	1.82	0	0.66000000000001346	Different seasons

Individuals/m2



Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	2.0000000000000011E-2	2.0000000000000011E-2	0	4.0000000000000022E-2	0	3.0000000000000092E-3	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	8.0000000000000043E-2	6.0000000000000032E-2	0	4.0000000000000022E-2	0	2.0000000000000011E-2	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	3.0000000000000002E-2	1.0000000000000005E-2	0	6.0000000000000032E-2	0	1.0000000000000005E-2	Different seasons

Population density (m2)


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	3.0000000000000002E-2	0	0	8.0000000000000043E-2	0	1.0000000000000005E-2	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	7.0000000000000021E-2	2.0000000000000011E-2	0	0.11	0	2.0000000000000011E-2	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.05	0	0	0.15000000000000024	0	4.0000000000000022E-2	DIfferent seasons

Population density (m2)


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	2.0000000000000052E-3	0	0	3.0000000000000002E-2	0	0	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	1.0000000000000005E-2	5.0000000000000114E-3	0	9.0000000000000024E-2	0	0	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	6.0000000000000114E-3	0.05	0	7.0000000000000021E-2	0	0	Different seasons

Population density (m2)


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	1.0000000000000041E-3	5.0000000000000114E-3	0	3.0000000000000002E-2	0	1.0000000000000005E-2	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	2.0000000000000052E-3	1.0000000000000005E-2	0	0.05	0	3.0000000000000002E-2	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0	1.0000000000000005E-2	0	4.0000000000000022E-2	0	4.0000000000000022E-2	Different seasons

Population density (m2)


Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	4.0000000000000114E-3	0	0	2.0000000000000052E-3	0	5.0000000000000114E-3	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	7.0000000000000114E-3	0	0	3.0000000000000002E-2	0	1.0000000000000005E-2	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	8.0000000000000227E-3	4.0000000000000114E-3	0	2.0000000000000052E-3	0	5.0000000000000114E-3	Different seasons

Population density (m2)


Rainfall (mm)	Jun	Jul.	Aug.	Sep.	Oct.	Nov.	Dec.	Jan.	Feb.	Mar.	Apr.	May 	Jun	Jul.	Aug.	Sep.	Oct.	Nov.	Dec.	Jan.	Feb.	Mar.	Apr.	May 	4	31	72	75	49	223	146	7	0	0	25	145	92	138	87	160	133	249	57	7	0	0	234	109	2009                                   2010                                         2011

Rainfall (mm)

Juveniles	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.14000000000000001	0.15000000000000024	0	0.26	0	3.0000000000000002E-2	Non-Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.52	4.0000000000000022E-2	0	0.31000000000000238	0	0.13	Clitellates	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.21000000000000021	0.1	0	0.41000000000000031	0	0.1	Total	RS '09	WS '10	SS '10	RS '10	WS '11	SS '11	0.88	0.65000000000001268	0	0.99	0	0.26	Different seasons

Mean population (in number)
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