


Vertical distribution of Vermifauna and their population ecology in Tropical Dry Evergreen Forest of Kolli hill, a part of Eastern Ghats, Tamil Nadu, India

ABSTRACT 
The study conducted between June 2009 and May 2011 focused on the vertical distribution and population ecology of earthworms in the Tropical Dry Evergreen Forest of Kolli Hill. The earthworms identified were classified ecologically as epigeics, including Drawid gracilis Gates, 1925, Drawida bullata Gates, 1933, and Hoplochaetella stuarti Bourne, 1886, and were found only within the top 10 cm of soil. Findings showed that the population of all three earthworm species was lower in the first year (June 2009 to May 2010) compared to the second year (June 2010 to May 2011). This variation in population size could be linked to the lower rainfall of 893mm in the first year compared to 1865mm in the second year. Seasonal changes in soil moisture, influenced by rainfall, may impact earthworm population size, biomass, density, and abundance. The chemical nutrient analysis of soil and vermicast hills revealed that nutrient levels were consistently higher in the cast hills than in the soil across all four seasons throughout the study. There was a significant positive correlation between the total number and biomass of the three earthworm species. Additionally, the total population and biomass of all three species showed a significant positive correlation with rainfall, soil pH (specifically for H. stuarti), soil temperature, soil moisture, ambient temperature, and humidity. The analysis of variance over the two years indicated significant (p<0.05) differences in environmental factors by month and year, except for soil moisture. The results suggested significant (p<0.05) variations in the populations and biomass of these earthworm species over the two years, both monthly and annually, except for the total biomass of D. gracilis.
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INTRODUCTION 
The diversity of life forms within the soil, from countless unseen microbes like bacteria and fungi to the more recognizable earthworms, is what constitutes soil biodiversity. These varied organisms engage with each other and with the plants and animals in their environment, creating a complex network of biological interactions. They are essential to agricultural and forestry ecosystems, playing a vital role in sustaining soil health, ecosystem functions, and productivity. It is widely acknowledged that the extent of biodiversity below the ground, including earthworms, surpasses that above ground (Giller, 1966). Earthworms are found in nearly all land-based ecosystems and are a crucial part of the soil's invertebrate macro fauna. Globally, over 8,300 species of earthworms have been identified, spanning 38 families and 811 genera (Reynolds and Wetzel, 2025). India boasts a remarkable variety of earthworms, with 469 species and subspecies distributed across nine families and 72 genera (Ahmad et al., 2025; Naik et al., 2024; Tiwari et al., 2024, 2025a, 2025b). Earthworm casts often have higher concentrations of nutrients available to plants (Puh, 1941; Aldag and Graff, 1975) than the surrounding soil, potentially serving as nutrient-rich micro sites for plant exploitation. These casts may even contain substances that promote plant growth (Gavrilov, 1963; Nielson, 1965; Tomati et al., 1988).
            Populations of earthworms vary greatly in terms of numbers or biomass and diversity. The earthworm population (number) range from 42 individuals per square meter to more than 2000 per square meter (Edwards and Bohlen, 1996). The size of population depends on a wide range of factors, including soil type, pH, chemical status, moisture-holding capacity of the soil, rainfall and ambient temperatures, but most importantly, on the ready availability of organic matter that is the major food resource for earthworms (Lee, 1985; Curry, 1998; Lavelle et al., 1999). The diversity of earthworm species varies greatly by site and habitats. Baker et al. (1997) surveyed the earthworm fauna of urban and agricultural soils in Australia. They found that abundance varied between habitats with highest numbers was found in pastures and orchards and least in cereal crops. Species richness was least in soils used for cereal cropping and great in urban gardens. Similarity indices showed that earthworm populations of similar vegetative cover had similar earthworm density. Populations of most soil-inhabiting invertebrates tend to have pyramidal age structure, with many more young individuals than mature ones at most time of the year; for instance, Raw (1962) reported that the proportions of L. terrestris individuals of different ages in his sample from an orchard, were in the ratio of 8 mature worms to 13 large immatures  and  31 small immatures (Edwards and Bohlen, 1996).
Earthworms are by no means distributed randomly in soil. Gulid (1952) and Murchie (1958) classified the possible factors that were likely to be responsible for variability in  horizontal and vertical distribution, physico-chemical (soil temperature, moisture, pH, inorganic salts, aeration and texture), availability of food (herbage, leaf litter, dung, consolidated organic matter, reproductive potential and dispersive powers of the species)  and historical factors (including disturbance and colonization of new habitats). Gerard (1967) stated that the vertical distribution of each species changed considerably with the time of a year. The two factors influencing movement to deeper soil seemed to be very cold or very dry surface soil. The two soil conditions that affected earthworm activity are temperature and moisture (Edwards, 2004). Tiwari et al. (1992) also found a significant correlation between earthworm populations and temperature and moisture in a pineapple field. Earthworm activity in the tropics is also limited to certain seasons. Earthworms are active mainly during 4-6 months of rainy season between May and October. 
According to the literature review, Murali et al. (2025) have documented the species composition of earthworms in the Tropical Evergreen and Southern Thorn forests of Kolli Hill, part of the Eastern Ghats in Tamil Nadu, India. However, there is a lack of information on the vertical distribution and ecology of earthworms in the Tropical Evergreen Forest of Kolli Hill. Therefore, this study aims to:     
i. Investigate the vertical distribution of three earthworm species in the selected forest area, focusing on their numbers, biomass, density, and abundance, as well as their interaction with the abiotic environment, and      
ii. Examine and compare the chemical nutrient composition of the soil and earthworm cast hill.
MATERIALS AND METHODS
Study area
The Eastern Ghats are a series of isolated hill ranges located in Peninsular India, stretching between 110 30' and 210 0' N latitude and 770 22' and 850 20' E longitude. As noted by Gurugnanam et al. (2014), these hills in Tamil Nadu begin at the Jawadi Hill and continue to the Alagar Hill. The prominent hills in this region include Jawadi, Elagiri, Shevaroy, Chitteri, Kalrayan, Bodamalai, Kolli hill, Pachaimalai, Semmalai, Aiyalur range, Karandamali, Sirumalai, and Alagar hills. Kolli hill covers a total area of 503 km2 (Fig. 1) and is geographically positioned between 11010’00’’ to 11030’00’’N latitude and 78015’00’to 78030’00’E longitude. This entire hill is characterized by five distinct forest types: 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 are distributed across 11 Reserved Forests (Gurugnanam et al., 2014).

Fig. 1. Location map of Kolli hill in a portion of Eastern Ghats of Tamil Nadu, India 
[image: ]
B M- Bodamalai, S H- Shevaroy Hill, C H- Chitteri Hill, K A- Kalrayan Hill and P M-Pachaimalai
Scanning and survey of earthworms in Kolli hill
From October 2008 to May 2009, a survey was conducted to assess the presence or absence of earthworms across five distinct forest types in Kolli Hill. It was found that earthworms inhabited the litter layer in all forest types. Earthworms were detected in the reserved forests of the Tropical Dry Evergreen, Lateritic Semi Evergreen, Southern Dry Mixed Deciduous, and Southern Thorn forests. However, the Southern euphorbia scrub forest did not support earthworm life due to extensive rock coverage on the surface. Based on the survey findings, the Tropical Evergreen forest was chosen for further study on earthworm diversity and population ecology. Murali et al. (2025) have documented the diversity of earthworms in the Tropical Dry Evergreen Forest of Kolli Hill. Although Murali et al. (2025) reported seven species of earthworms form Tropical Evergreen Forest, in the present study only three species of earthworms were studied because of their presence across various months of study period. The current study took place from June 2009 to May 2011, covering an area of approximately 2,032 hectares across six Reserved Forests: Ariyursholai, Bailnadu, Jambuttu, Karavallikombai, Nayakkankombai, and Selur. The altitude of the Tropical Dry Evergreen Forest ranges from 1,000 meters to 1,400 meters above mean sea level.
Rainfall
The data on rainfall were obtained from the Meteorology Centre, Government Horticulture Department, Padasholai, Kolli hill. During the present study period i.e., June 2009 to May 2010 and June 2010 to May 2011, received an annual rainfall of 893mm and 1865mm, respectively. The minimum rainfall (4mm) was recorded in the month of June 2009, and the maximum amount of rainfall (429mm) was recorded in the month of 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 high precipitation than the corresponding previous year (Fig. 2).
In the selected forest type (Tropical Dry Evergreen Forest) twenty quadrats were laid randomly in and around Solaikkadu (Karavallikombai Reserved Forest). This RF was chosen for our present study because of its high litter falling, moisture conditions, dense vegetation and rich fertility of soil when compared to other reserved forests of Tropical Dry Evergreen Forest as described by John Britto and Arockiasamy (1997). The quadrats in the sampling site were dug out once in a month for estimating the populations of earthworms and to study their ecology. In the sampling site, a quadrat of 25 cm x 25 cm x 40 cm depth was dug out as suggested by Senapati and Sahu (1993) in order to study the vertical distribution and collect the earthworms. 
Fig. 2: Magnitude of Rainfall (mm) in the study area during the study period June 2009 to May 2011.

Population estimation of earthworms
The populations of earthworms were estimated by following digging, hand sorting and wet sieving method as suggested and described in detail by Senapati and Sahu (1993) and Julka and Paliwal (1993). Although it was suggested to dig the soil up to a depth of 0-40 cm in vertical soil strata wise (0-10, 10-20, 20-30 and 30-40 cm), in each quadrat, we could dig only up to 20 cm depth. Thereafter, we could not dig because of the presence of rocky layers.  In the dugout quadrats the earthworms were collected carefully without causing any damage to the worms and they were washed in clean surface water and placed on a filter paper in order to absorb the excess water. The collected earthworms were classified based on their developmental stages i.e., juveniles, non-clitellates and clitellates and species level. The earthworms were enumerated and recorded developmental stage and species wise. The criteria followed for the identification of three developmental stages of Earthworms are Juveniles: Juveniles lack genital markings, tumescences, tubercula pubertatis or Clitellum; Non-clitellates: Non-clitellate worms are without Clitellum but have genital markings, tumescences or tubercula pubertatis; Clitellates: Worms with a Clitellum are referred to as the adults / Clitellate worms (Julka, 1988). The biomass of these worms based on their developmental stage wise were determined by using an electronic balance (Shimadzu, Japan) with 0.01 mg accuracy and the values were given on a fresh (wet) weight basis. Density (D) and Abundance (Ab) of earthworms were calculated by using the formula suggested by Magurran (1998)
Vertical Distribution of Earthworms in the soil
	The vertical distribution of earthworms was studied and quantified in the chosen dug out twenty quadrats.  Simultaneously along with the population and biomass estimation of earthworms and the results thereof were recorded. The same results were recorded and presented Species wise, and their respective developmental stage wise in tables.

Abiotic factors  
In all the chosen dug out twenty quadrats, the soil type, soil temperature, soil moisture and soil pH (up to 10 cm depth) were estimated on all the sampling occasions by using thermometer, soil pH meter and moisture meter (Deepvision make, India) and the results thereof were recorded. Besides, ambient temperature and humidity were also recorded by using a digital Thermometer and Hygrometer, respectively and the results were recorded. 
Analysis of Chemical Parameters of Soil and Cast hill

	The soil and cast hill samples were collected from the study area month-wise, and they were pooled into four seasons viz., Pre-monsoon (July-September), Monsoon (October – December), Post-monsoon (January – March) and Summer (April – June) and the same were subjected to the following chemical nutrient analysis.
The pH was assessed using a digital pH meter (Elico make Model No. 120), while electrical conductivity was gauged with a digital conductivity meter (Systronics make Model No. 304), as recommended by Tandon (2005). Moisture content was evaluated following the method proposed by Tandon (2005). Organic carbon content was measured using the partial oxidation method developed by Walkley and Black (1934). Total nitrogen, phosphorus, and potassium were quantified using the micro Kjeldahl, spectrophotometric, and flame photometric methods, respectively, as suggested by Tandon (2005). Total calcium and magnesium were determined through the versenate method, as suggested by Trivedy and Goel (1986). Tandon's (2005) flame photometric and spectrophotometric methods were employed to estimate total sodium and sulfur, respectively. The C:N ratio was calculated by dividing the percentage of organic carbon by the percentage of total nitrogen (Anon, 2006).


Data analysis

Two-way ANOVA analysis was used to find out the month and year wise differences between population and biomass of earthworms and environmental factors. The Pearson’s correlation was employed to find out the relationship between environmental factors and earthworm populations and biomass. All analyses were calculated by using SPSS program version 14.0 for windows.
RESULTS AND DISCUSSION
Vertical distribution of Earthworms 
Three different species of earthworms were collected from Tropical Dry Evergreen Forest (Karavallikomai Reserved Forest), Kolli hill, Eastern Ghats, Tamil Nadu and their ecology was recorded. Ecologically the identified earthworms were categorised as epigeics such as D. gracilis, D. bullata, and H. stuarti. Further, these epigeic earthworms were observed only up to 10 cm depth from the surface (vide Tables 1 to 3).
Population of Earthworms
The total number of earthworms (irrespective of developmental stages) enumerated from twenty quadrats of Karavallikombai Reserved Forest near Solakkadu during June 2009 to May 2011 were to the tune of 801 for D. gracilis, 794 for D. bullata and 990 for H. stuarti (Table 4). The results clearly indicated that the mean population of all the three developmental stages of D. gracilis was found to be high i.e., 4.5 ± 1.23 (Juveniles 0.80±1.28; Non-Clitellates 0.30 ± 0.57 and Clitellates 3.40 ± 1.39) in the month of December 2009, whereas, the mean population of   D. gracilis was found to be low i.e., 0.20 ± 0.41 (Juveniles 0.00 ± 0.00; Non-Clitellates 0.15 ± 0.36 and Clitellates 0.05 ± 0.22) in the month of February 2010. No D. gracilis was observed in the months of March and April 2010 and January to March 2011 (Table 5). It is obvious from the results that the mean population of all the three developmental stage of D. bullata was observed to be high i.e., 6.10 ± 3.59 (Juveniles 0.15 ± 0.67; Non-Clitellates 4.15 ± 2.79 and Clitellates 1.80 ± 2.04) in the month of August 2010, while, the population of D. bullata was found to be low i.e., 0.65 ± 0.74 (Juveniles 0.20 ± 0.52; Non-Clitellates 0.30 ± 0.57 and Clitellates 0.15 ± 0.48) in the month of June 2009. D. bullata could not be observed in the months of March and April 2010 and January to March 2011 (Table 6). It is evident from the results that the month October 2010 had a highest mean population of all the three developmental stages of H. stuarti i.e., 7.55 ± 1.73 (Juveniles 0.15 ± 0.36; non-Clitellates 2.55 ± 1.23 and Clitellates 4.85 ± 1.13). On the other hand, June 2009 had the lowest population of H. stuarti (Total 0.70 ± 1.55; Juveniles 0.10 ± 0.30; non-Clitellates 0.45 ± 1.39 and Clitellates 0.15 ± 0.36).  H. stuarti was not found in the months of February to April 2010 and January to May 2011 (Table 7). It is apparent from the results that all the three species earthworms enumerated during the first year of study (June 2009 to May 2010) were comparatively lower than the second year (June 2010 and May 2011) of study (vide Tables 5-7). The change in the earthworms’ populations might be attributed to comparatively low rainfall (893mm) during the first year than the second year (1865mm) (vide Fig. 2). The seasonal fluctuations in soil moisture corresponding to rainfall events may affect the size of earthworm populations (Bhadauria et al. 2000). When the soil moisture levels decrease during summer season most earthworms burrow deeper into the soil profile and enter into a state of quiescence during which they curl themselves into a tight ball to reduce water loss and reduce their metabolic rates until environmental conditions become favourable (Edwards and Bohlen, 1996). The results of the present study corroborate these earlier observations.
The various other studies carried out by different workers from time to time in different parts of the world also support the present observations that the higher density of worms is found during 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) have also recorded higher number of earthworms during wet periods. 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 site factors that control earthworm abundance. 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). 
Wet Biomass of Earthworms
The mean wet biomass of all the three developmental stages of D. gracilis was found to be high i.e., 4.42 ± 1.50g (Juveniles 0.20 ± 0.32g; Non-Clitellates 0.13 ± 0.25g and Clitellates 4.08 ± 1.67g) in the month of December 2009, whereas, the mean wet biomass  of D. gracilis  was found to be low i.e., 0.08±0.19 (Juveniles 0.00 ± 0.00g; Non-Clitellates 0.04 ± 0.13g and Clitellates 0.03 ± 0.25g) in the month of February 2010 (Table 8).  A maximum mean wet biomass of all the three developmental stages of D. bullata was observed during August 2010 (6.05 ± 3.57g) and December 2010 (6.05 ± 1.83g) and a minimum mean wet biomass  of D. bullata was found during June 2009 (Total 0.28 ± 0.51g; Juveniles 0.3 ± 0.08g; Non-Clitellates 0.10 ± 0.19g and Clitellates 0.15 ± 0.51g) (Table 9). Maximum and minimum mean wet biomass of all the three developmental stages of H. stuarti  was observed during December 2010 i.e., 25.36 ± 6.11g (Juveniles 0.07 ± 0.10g; Non-Clitellates 6.80 ± 2.48g and Clitellates 18.48 ± 4.74g); and May 2010 i.e., 0.11 ± 0.38g (Juveniles 0.00 ± 0.00g; Non-Clitellates 0.04 ± 0.18g and Clitellates 0.07 ± 0.34g), respectively (Table 10). 
The magnitude of earthworm species and density of earthworms determine the biomass. In the present study Earthworms’ wet biomass increased during rainy seasons. The sudden fall of biomass during non-rainy seasons might be due to depletion in availability of food. Similar observations have been made by Bisht et al. (2003). It might also be due to lesser surface cover as a result of weeding and leaching. A sudden increase in biomass of all species of earthworms especially clitellates was observed between September and December when the monsoon was set in and the same might be attributed to the increased availability of food materials and higher moisture content of the soil. Growth rates of earthworms might have been enhanced by the higher food intake. It has been suggested that earthworms with more food availability gain weight is faster than those with little or no supplementary food (Muldowney et al., 2003). Eriksen-Hamel and Whalen (2006) pointed out that increased soil moisture, temperature and microbial activity result in significant increase in growth rate of earthworms. 
Density of Earthworms 
It is obvious from the results that  total density (m-2)  of developmental stage of D. gracilis  was found to be high in December 2009 i.e., 0.72 (m-2) (Juveniles 0.12 (m-2); Non-Clitellates 0.04 (m-2) and Clitellates 0.54 (m-2), whereas, the total density (m-2)  of   D. gracilis was found to be low i.e., 0.03 (Juveniles 0.00 (m-2); Non-Clitellates 0.02 (m-2) and Clitellates 0.01 (m-2) in the month of February  2010 (Table 11). A maximum computed total density of all the three developmental stages of D. bullata was observed during August 2010 (0.97 m-2) and a minimum total density of D. bullata was found during June 2009 (0.10 m-2) (Table 12). A maximum total density of all the three developmental stages of H. stuarti was observed during October 2010 (1.20 m-2) and a minimum total density of H. stuarti was found during May 2010 (0.02 m-2) (Table 13). Earthworm population density at a specific site is the result of the interaction of a number of 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 temperatures, but most importantly, on the ready availability of organic matter that is the major food resource for earthworms (Lee, 1985; Curry, 1998; Lavelle et al., 1999).
Abundance of Earthworms 
A maximum total abundance of all the three developmental stages of D. gracilis was observed during December 2009 (4.50 (individuals /m2); Juveniles 2.28 (individuals /m2); Non-Clitellates 2.00 (individuals /m2) and Clitellates 3.40 (individuals /m2)) and a minimum total abundance of D. gracilis was found during February 2010 (1.00 (individuals /m2)) (Table 14). Total abundance (individuals /m2) of all the three developmental stages of D. bullata was found to be high in August 2010 i.e., 6.77 (individuals /m2) and low 1.30 (individuals /m2) in the month of June 2009 (Table 15). A maximum total abundance of all the three developmental stages of H. stuarti was observed during October 2010 (7.55 (individuals /m2); Juveniles 1.00 (individuals /m2); non-Clitellates 2.55 (individuals /m2) and Clitellates 4.85 (individuals /m2)) and   a minimum total abundance of H. stuarti was found during May 2010 (1.00 (individuals /m2)) (Table 16). Earlier, Phillipson et al. (1976) and Baker et al. (1993) reported that differences in various chemical properties of soil viz., pH, organic matter, nitrogen, phosphorus, potassium, and calcium are the factors which are highly responsible for influencing the distribution and abundance of earthworms in the soil of an area. 
Abiotic factors 
The soil pH was slightly acidic, and it ranged from 5.76 ± 0.04 (May 2011) to 6.65 ± 0.08 (January 2010) (Fig. 3).   Forest surface soils were always covered by vegetation and leaf litter all through the year. The pH of soil would be affected by the organic matter supplied from the vegetation. This led to the soil acidification by decomposition of organic residues of microorganisms in soil (Wachrinrat, 2000). This forest had a maximum soil moisture of 76.65 ± 0.22 (%) (November 2009) and a minimum soil moisture of 19.55±0.51% (May 2011) (Fig. 4).  The higher soil moisture of this forest could be attributed to lower rate of evaporation of moisture from soil. The soil temperature of this forest ranged between 16.85±0.74 (0C) (January 2010) and 25.55±0.51(0C) (March 2010) (Fig. 5). The high density of plant and moisture content might reduce light and radiation from the sun. The shaded ground is cooler during the day than open area. Vegetation interrupts the laminar flow of air, impeding heat exchange by convection (Kimmims, 1997; Dajoz, 2000). The ambient temperature of this forest ranged from 18.05 ± 0.22 (0C) (April 2011) to 27.10±0.30 (0C ) (August 2009 and March to April 2010) (Fig, 6).  The high density of plant and moisture content might reduce light and radiation from the sun. The shaded ground is cooler during the day than the open areas.  The maximum ambient humidity (76.15±0.36 %) was recorded in November 2010 and minimum humidity (40.05 ± 0.68%) in the month of April 2010 (Fig. 7). Humidity refers to water vapour content in the air, the water vapour gets into the air by evaporation from moist surfaces of soil and from transpiration by plants (Kimmins, 1997).
Soil type and Analysis of Chemical Parameters of Soil and Cast hill

	This forest has mixed clay with high litter and high organic matter. The topsoil was blackish brown with sandy loam, and the lower soil was the reddish brown with sandy loam. The chemical nutrient composition of Tropical Dry Evergreen Forest’s soil and vermicast hill was studied and quantified on all the four seasons (Pre-monsoon; Monsoon; Post-monsoon; and Summer). The results of these analyses are summarized in Tables 17 and 18. The results of chemical nutrient composition of soil and vermicast hill revealed that the values were observed to be comparatively higher in the cast hills than the soil in all the four seasons during June 2009 through May 2011.
The moisture content of soil and cast hills had the highest values i.e., 52.93 ± 0.41(%) (Monsoon-2010-2011) and 66.73 ± 0.23(%) (post-monsoon: 2009-2010), respectively. Similarly, the lowest values were observed as 19.80 ± 0.72 (%) and 26.86± 0.90 (%), respectively (Tables 17 & 18).  The reported earthworm population density at a specific site is the result of the interaction of a number of factors of which moisture is of greater importance (Valle et al., 1997). The soil and cast hills pH had a maximum pH during pre-monsoon season (6.56±0.30) and summer season (6.78 ± 0.02), respectively. The minimum pH values recorded was 6.10 ± 0.01 for soil and 6.20±0.10 for cast hill during post monsoon season of entire study period (Tables 17 & 18). The pH of casts of earthworms from the acidic soil of this forest may result from the excretion of ammonia from the intestine and /or the production of calcium carbonate in calciferous glands and its release into the intestine (Lee, 1985). Edwards and Bohlen (1996) cited soil pH as a limiting factor on earthworm distribution. Most of the earthworms are neutrophilic, preferring a pH of 6.0-7.0 and the species diversity is drastically reduced at pH >7.0 except for tolerant species, which may be due to the fact that soil with pH considerably higher than 7.0 are mostly semi-arid or arid and are unfavourable for earthworms (Sathianarayanan and Khan, 2006). The results of the present study are in accordance with the observations of these earlier studies. The soil and cast hill had a maximum EC 0.04±0.00 (dSm-1) (post monsoon season; second year) and 0.02 ± 0.00 (dSm-1) (summer season) during the study period, respectively. The lowest EC values i.e., 0.01 ± 0.00 (dSm-1) could be observed during most seasons of two year study period (Tables 17 & 18). The maximum organic carbon content of soil could be observed during monsoon period (16.14 ± 0.41 %) in the year of 2010 to 2011 and minimum 10.11 ± 0.72(%) (pre monsoon season) in the year of 2010 to 2011. The cast hill had maximum organic carbon during monsoon season (21.44 ± 0.41%) in the year 2010 to 2011 and minimum during post monsoon (12.86 ± 0.34%) in the year 2010 from 2011 (Tables 17 & 18). In natural vegetation community there was always an accumulation of plant materials at the soil surface which undergo decomposition. The results obtained in this study confirmed the above statement. Because plant residues are the principal materials which undergo decomposition in soils and are the primary source of soil organic matter (Wongseenin, 1971).

The soil had maximum total nitrogen content during monsoon season (1.16±0.20 %) and minimum during summer season (0.58 ± 0.20 %) in second year of study. The post-monsoon (1.98 ± 0.53%) and summer seasons (1.98 ± 0.20%) the highest total nitrogen content (first year) while the lowest content was observed during summer season (0.93 ± 0.20%) in the second year (Tables 17 & 18). Several workers have compared the chemical decomposition of worm casts with soil. It has been claimed that nitrification is enhanced in casts (Joshi and Kelkar, 1952; Day, 1950) and that casts contain more nitrate, amino acid and total nitrogen than soil (Lunt and Jacobson, 1944; Wittich, 1953; Shrinkhande and Pathak, 1951). The results of the present study are in accordance with these earlier observations. The soil phosphorus content was found to be high i.e., 0.24 ±0.01% (summer season) and low 0.10 ± 0.01% (pre monsoon season) during 2009 to 2010. The maximum and minimum phosphorus content of cast hill was recorded as 0.31 ±0.01% (post-monsoon season; during 2010 to 2011) and 0.16 ± 0.01% (pre monsoon season; during 2009 to 2010) and (post- monsoon season; 2010 to 2011), respectively (Tables 17 & 18). The highest Potassium in soil was observed during monsoon season (0.85 ±0.01%) and lowest during summer season (0.40 ± 0.20%) in the year 2009 to 2010. The monsoon and summer seasons had the highest (1.16 ± 0. 02%) and lowest (0.51± 0.01%) Potassium content in cast hill during first year and second year, respectively (Tables 17 & 18). Potassium content of forest differs due to the quantity and quality of litter, soil moisture and the rate of decomposition of litter (Gajaseni, 1967). 
The soil had the highest values of total sodium i.e., 0.27 ± 0.01(%) (monsoon season; in 2010 to 2011) and lowest was 0.10 ± 0. 01 (%) (summer season; in 2009 to 2010). The post-monsoon season in the year 2010 to 2011 had high quantity (0.38 ± 0.01 %) of sodium in cast hill and summer season in the year of 2009 to 2010 had low quantity (0.14 ± 0. 01%) (Tables 17 & 18). The soil Calcium content was observed to be maximum during summer season (0.45 ±0.02 %) in the first year; and a minimum during summer season (0.19 ± 0. 01%) in the second year. The pre-monsoon season had high calcium content in cast hill (0.53 ±0.02%) in the first year and the summer season had low calcium content in cast hill (0.19 ± 0. 01%) in the second year (Tables 17 & 18). The soil Magnesium content was ranged from 1.36 ±0.05 (%) (monsoon season; 2009 to 2010) to 0.54 ± 0.02 (%) (summer season; 2010 to 2011). The Magnesium of cast hill ranged between 1.94 ±0.04 (%) (summer season; 2009 to 2010) and 0.71 ± 0.02(%) (summer season; 2010 to 2011) (Tables 17 & 18). The maximum and minimum sulphur content was recorded during summer season (0.33 ±0.00 %) and pre- monsoon season (0.06 ±0.01%) of 2009 to 2010, respectively. The sulphur content of cast hill ranged from 0.40 ±0.00% (summer season) to 0.11 ±0.01(%) (pre- monsoon season) during 2009 to 2010 (Tables 17 & 18). The soil C:N ratio was found to be highest i.e., 16:1 (monsoon season) in the first year and lowest was 10:1 (monsoon season) in the first year and (post – monsoon) in the second year. The C:N ration of cast hill ratio was recorded as high as 21:1 (monsoon season) in the second year and as low as 12:1 (post-monsoon season) of the same year (Tables 17 & 18). Earlier, studies obviously stated that the high earthworm density is associated with high C:N ratio (Sathianarayanan and Khan, 2006). 

Correlation analysis between soil and ambient parameters; and earthworms and soil parameters
	A significant positive correlation was observed between soil pH and rainfall (r=0.130, p<0.05); soil moisture and rainfall (r=0.400, p<0.05); ambient temperature and soil temperature (r=0.841, p<0.05); ambient humidity and rainfall (r= 0.579, p<0.05); ambient humidity and soil moisture (r=0.607, p<0.05) (Table 19). A significant positive correlation was observed between Total number and biomass of D. gracilis with rainfall (r=0.426, p<0.05), (r=0.306, p<0.05); soil moisture (r=0.351, p<0.05), (r=0.361, p<0.05); ambient humidity (r= 0.604, p<0.05), (r= 0.578, p<0.05). Further, a significant positive correlation was also observed between total number of population and total biomass of earthworms (r= 0.898, p<0.05) (Table 19). Total population and biomass of D. bullata showed a significant positive correlation with rainfall (r=0.329, p<0.05), (r=0.313, p<0.05); soil moisture (r=0.278, p<0.05), (r=0. 236, p<0.05); ambient humidity (r= 0.486, p<0.05), (r= 0.454, p<0.05). In addition, a significant positive correlation was also observed between total population and total biomass of D. bullata (r=0.907, p<0.05). Positive significant correlation was observed between total population and total biomass of H. stuarti and rainfall (r=0.497, p<0.05), (r=0.504, p<0.05); soil pH (r=0.117, p<0.05), (r=0.170, p<0.05);  soil moisture (r=0.407, p<0.05), (r=0.395, p<0.05); ambient humidity (r= 0.516, p<0.05), (r= 0.454, p<0.05).  In addition, a significant positive correlation was also observed between total population and total biomass of H. stuarti (r= 0.873, p<0.05) (Table 19). In the present study it was observed that the total number and total biomass of all the three species of earthworms were significantly positively correlated (p< 0.05). The results of the present study corroborate the results of Haynes et al. (2003). Soil moisture content was a major factor affecting earthworm activities (Minnich, 1977). Water constitutes 75-90% of the earthworms’ body so the prevention of water loss was critical for earthworm survival (Edwards and Bolhen, 1996). Temperature largely affects activity of earthworms in temperate regions. Tropical species can withstand higher temperatures. In tropical regions the temperature fluctuations are minimal when compared to 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.    
Analysis of variance of environmental factors and total number of earthworms and their total biomass
	The analysis of variance for two years of environmental factors viz., rainfall, pH, soil temperature, soil moisture, ambient temperature and ambient humidity results indicated that the analysis variance for two years of environmental factors were found to be significant (p<0.05) both months and year (except soil moisture) wise (Table 20). The analysis variance of D. gracilis, D. bullata, and H. stuarti total population and total biomass results apparently suggested that it significant variations for two years (p<0.05) on all these species of populations of earthworms and their biomass, both month and year (except D. gracilis total number) wise (Tables 21 & 22). 
CONCLUSIONS
The vertical distribution and population ecology of earthworms study made in the Tropical Dry Evergreen Forest of Kolli Hill revealed the identification of three epigeic earthworms such as Drawid gracilis, Drawida bullata, and Hoplochaetella stuarti. They were located exclusively within the top 10 cm of soil. The study revealed that the population of these three earthworm species was comparatively lower in the first year (June 2009 to May 2010) than in the second year (June 2010 to May 2011). This fluctuation in population size might be attributed to the lower rainfall in the first year compared to the second year. Seasonal variations in soil moisture, driven by rainfall, could affect the size, biomass, density, and abundance of the earthworm population. Chemical nutrient analysis of soil and vermicast hills showed that nutrient levels were consistently higher in the cast hills than in the soil throughout all four seasons of the study. There was a significant positive correlation between the total number and biomass of the three earthworm species. Furthermore, the total population and biomass of all three species were significantly positively correlated with rainfall, soil pH (specifically for H. stuarti), soil temperature, soil moisture, ambient temperature, and humidity. The results indicated significant (p<0.05) variations in the populations and biomass of these earthworm species over the two years, both monthly and annually, except for the total biomass of D. gracilis.
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Table 1: Distribution of D. gracilis in four vertical soil strata observed in twenty quadrats of litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during June 2009 to May 2011.

	Month & Year
	
Vertical soil strata# (cm)
	Developmental Stages of D. gracilis

	
	
	Juveniles
	 Non-Clitellates
	Clitellates

	Jun. ’09
	0 - 10
	3
	7
	9

	Jul. ’09
	0 - 10
	2
	5
	13

	Aug. ’09
	0 - 10
	7
	11
	16

	Sep. ’09
	0 - 10
	9
	9
	23

	Oct. ’09
	0 - 10
	4
	15
	10

	Nov. ’09
	0 - 10
	4
	27
	41

	Dec. ’09
	0 - 10
	16
	6
	68

	Jan. ’10
	0 - 10
	1
	6
	1

	Feb. ’10
	0 - 10
	0
	3
	1

	Mar. ’10
&Apr. 10
	0-10 ;10- 20; 20-30; 30-40
	D. gracilis was NOT found in these vertical soil strata

	May. ’10
	10- 20
	7
	12
	23

	Jun. ’10
	0 - 10
	11
	37
	33

	Jul. ’10
	0 - 10
	10
	29
	15

	Aug. ’10
	0 - 10
	6
	37
	13

	Sep. ’10
	0 - 10
	14
	19
	11

	Oct. ’10
	0 - 10
	10
	23
	9

	Nov. ’10
	0 - 10
	19
	19
	10

	Dec. ’10
	0 - 10
	13 
	41
	23

	Jan. ’11 to Mar.’11
	0 – 10;
10- 20; 
20-30; 
30-40
	D. gracilis was NOT found in these vertical soil strata

	Apr.’11
	10- 20
	 9
	5
	1

	May ’11
	10- 20
	 5
	19
	1


#10- 20; 20-30; 30-40 cm strata - D. gracilis was NOT found in these vertical soil strata











Table 2: Distribution of D. bullata in four vertical soil strata observed in twenty quadrats of litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during June 2009 to May 2011.
	Month & Year
	
Vertical soil strata# (cm)
	Developmental Stages of D. bullata

	
	
	Juveniles
	 Non-Clitellates
	Clitellates

	Jun. ’09
	0 - 10
	4
	6
	3

	Jul. ’09
	0 - 10
	2
	7
	11

	Aug. ’09
	0 - 10
	5
	3
	15

	Sep. ’09
	0 - 10
	9
	13
	10

	Oct. ’09
	0 - 10
	5
	2
	25

	Nov. ’09
	0 - 10
	3
	6
	18

	Dec. ’09
	0 - 10
	8
	3
	6

	Jan. ’10
	0 - 10
	5
	7
	7

	Feb. ’10
	0 - 10
	20
	9
	7

	Mar. ’10 &
Apr. ’10
	0-10 ;10- 20; 
20-30; 30-40
	
D. bullata was NOT found in these vertical soil strata

	May. ’10
	10- 20
	1
	5
	17

	Jun. ’10
	0 - 10
	3
	52
	22

	Jul. ’10
	0 - 10
	6
	15
	29

	Aug. ’10
	0 - 10
	3
	84
	35

	Sep. ’10
	0 - 10
	13
	12
	15

	Oct. ’10
	0 - 10
	16
	19
	25

	Nov. ’10
	0 - 10
	14
	32
	18

	Dec. ’10
	0 - 10
	21
	49
	34

	Jan. ’11 to Mar.’11
	0 – 10;10- 20; 
20-30; 30-40
	D. bullata was NOT found in these vertical soil strata

	Apr.’11
	10- 20
	7
	8
	3

	May ’11
	10- 20
	3
	13
	1




#10- 20; 20-30; 30-40 cm strata - D. bullata was NOT found in these vertical soil strata


















Table 3:  Distribution of H. stuarti in four vertical soil strata observed in twenty quadrats of litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during June 2009 to May 2011.


	Month & Year
	
Vertical soil strata# (cm)
	Developmental Stages of   H. stuarti  

	
	
	Juveniles
	 Non-Clitellates
	Clitellates

	Jun. ’09
	0 - 10
	2
	9
	3

	Jul. ’09
	0 - 10
	1
	5
	18

	Aug. ’09
	0 - 10
	8
	13
	21

	Sep. ’09
	0 - 10
	11
	8
	16

	Oct. ’09
	0 - 10
	5
	2
	20

	Nov. ’09
	0 - 10
	3
	11
	25

	Dec. ’09
	0 - 10
	7
	2
	12

	Jan. ’10
	0 - 10
	5
	8
	2

	Feb. ’10 to
Apr. ’10
	0 – 10; 10- 20; 
20-30; 30-40

	
H. stuarti was NOT found in these vertical soil strata

	May ’10
	0 - 10
	0
	1
	1

	Jun. ’10
	0 - 10
	4
	32
	11

	Jul. ’10
	0 - 10
	15
	87
	15

	Aug. ’10
	0 - 10
	3
	31
	46

	Sep. ’10
	0 - 10
	7
	28
	78

	Oct. ’10
	0 - 10
	3
	51
	97

	Nov. ’10
	0 - 10
	0
	38
	75

	Dec. ’10
	0 - 10
	7
	56
	87

	Jan. ’11 to May’11
	0 – 10;10- 20; 
20-30; 30-40
	H. stuarti was NOT found in these vertical soil strata


#10- 20; 20-30; 30-40 cm strata – H. stuarti was NOT found in these vertical soil strata

Table 4: Total population of Earthworms observed in Tropical Dry Evergreen Forest D. gracilis, D. bullata, and  H. Stuarti, (irrespective of developmental stages) in Twenty Quadrats i.e., Litter microhabitat From June 2009 to May 2011.
	S. No.
	Earthworm species
	Total Number of animals enumerated

	1
	D. gracilis
	801

	2
	D. bullata
	794

	3
	H. stuarti
	990




Table 5:  Mean population of D. gracilis observed in twenty quadrats from litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during June 2009 to May 2011.

	
Month& year
	Developmental Stages of  D. gracilis
	
Total mean Number of
D. gracilis

	
	
Juveniles
	Non-Clitellates
	
Clitellates 
	

	Jun.’09
	0.15±0.48
	0.35±0.67
	0.45±0.68
	0.95±0.94

	Jul.’09
	0.10±0.44
	0.25±0.55
	0.65±0.74
	1.00±0.91

	Aug.’09
	0.35±0.58
	0.55±0.68
	0.80±0.61
	1.70±1.03

	Sep.’09
	0.45±0.68
	0.45±0.51
	1.15±0.48
	2.05±0.75

	Oct.’09
	0.20±0.52
	0.75±0.85
	0.50±0.88
	1.45±1.23

	Nov.’09
	0.20±0.61
	1.35±1.30
	2.05±1.09
	3.6±1.56

	Dec.’09
	0.80±1.28
	0.30±0.57
	3.40±1.39
	4.5±1.23

	Jan.’10
	0.05±0.22
	0.30±0.57
	0.05±0.22
	0.40±0.59

	Feb.’10
	0.00±0.00
	0.15±0.36
	0.05±0.22
	0.20±0.41

	Mar.’10
	Earthworms were NOT recorded in these months

	Apr.’10
	

	May’10
	0.35±0.81
	0.60±0.82
	1.05±1.46
	2.10±1.55

	Jun.’10
	0.55±0.88
	1.85±1.81
	1.65±1.53
	4.05±1.98

	Jul.’10
	0.50±0.76
	1.45±1.09
	0.75±1.25
	2.70±2.13

	Aug.’10
	0.30±0.57
	1.85±1.56
	0.65±0.81
	2.80±1.36

	Sep.’10
	0.70±0.57
	0.95±0.60
	0.55±0.60
	2.20±1.15

	Oct.’10
	0.50±0.88
	1.15±1.53
	0.45±0.75
	2.10±1.58

	Nov.’10
	0.95±1.23
	0.95±1.53
	0.50±1.14
	2.40±2.41

	Dec.’10
	0.65±0.93
	2.05±0.94
	1.15±1.08
	3.85±1.26

	Jan.’11
	Earthworms were NOT recorded in these months

	Feb.’11
	

	Mar.’11
	

	Apr.’11
	0.45±0.82
	0.25±0.63
	0.05±0.22
	0.75±1.01

	May’11
	0.25±0.55
	0.95±0.39
	0.05±0.22
	1.25±0.85


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









Table 6: Mean population of D. bullata observed in twenty quadrats from litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during June 2009 to May 2011.

	
Month& year
	       Developmental Stages of D. bullata
	Total mean Number of 
D. bullata

	
	Juveniles
	Non-Clitellates
	Clitellates 
	

	Jun.’09
	0.20±0.52
	0.30±0.57
	0.15±0.48
	0.65±0.74

	Jul.’09
	0.10±0.30
	0.35±0.67
	0.55±0.88
	1.00±1.02

	Aug.’09
	0.25±0.44
	0.15±0.36
	0.75±0.78
	1.15±1.04

	Sep.’09
	0.45±0.82
	0.65±0.74
	0.50±0.82
	1.60±1.23

	Oct.’09
	0.25±0.71
	0.10±0.30
	1.25±0.96
	1.60±1.27

	Nov.’09
	0.15±0.36
	0.30±0.57
	0.90±0.91
	1.35±1.18

	Dec.’09
	0.40±0.68
	0.15±0.48
	0.30±0.80
	0.85±1.08

	Jan.’10
	0.25±0.55
	0.35±0.58
	0.35±0.58
	0.95±0.82

	Feb.’10
	1.00±1.25
	0.45±0.99
	0.35±0.81
	1.80±1.50

	Mar.’10
	Earthworms were NOT recorded in these months

	Apr.’10
	

	May’10
	0.50±0.22
	0.25±0.55
	0.85±0.87
	1.15±0.98

	Jun.’10
	0.15±0.36
	2.60±1.18
	1.10±1.02
	3.85±1.08

	Jul.’10
	0.30±0.57
	0.78±1.71
	1.45±1.66
	2.50±1.90

	Aug.’10
	0.15±0.67
	4.15±2.79
	1.80±2.04
	6.10±3.59

	Sep.’10
	0.65±0.98
	0.60±0.75
	0.75±1.01
	2.00±1.58

	Oct.’10
	0.80±0.89
	0.95±1.14
	1.25±1.58
	3.00±2.02

	Nov.’10
	0.70±1.26
	1.60±1.95
	0.90±1.25
	3.20±2.23

	Dec.’10
	1.05±1.05
	2.45±1.31
	1.70±0.73
	5.20±1.83

	Jan.’11
	Earthworms were NOT recorded in these months

	Feb.’11
	

	Mar.’11
	

	Apr.’11
	0.35±0.74
	0.40±0.68
	0.15±0.48
	0.90±1.29

	May’11
	0.15±0.36
	0.65±0.87
	0.05±0.22
	0.85±0.98


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








Table 7: Mean and total population of H. stuarti observed in twenty quadrats from litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during June 2009 to May 2011.

	
Month
& year
	Developmental Stages of  H. stuarti
	Mean total Number of 
H. stuarti

	
	
Juveniles
	Non-Clitellates
	
Clitellates 
	

	Jun.’09
	0.10±0.30
	0.45±1.39
	0.15±0.36
	0.70±1.55

	Jul.’09
	0.05 ±0.22
	0.25±0.55
	0.90±0.78
	1.20±1.05

	Aug.’09
	0.40±0.82
	0.65±0.81
	1.05±0.51
	2.10±1.25

	Sep.’09
	0.55±0.68
	0.40±0.68
	0.80±0.76
	1.75±0.91

	Oct.’09
	0.25±0.55
	0.10±0.44
	1.00±1.25
	1.35±1.59

	Nov.’09
	0.15±0.48
	0.55±0.88
	1.25±1.29
	1.95±1.82

	Dec.’09
	0.35±0.81
	0.10±0.30
	0.60±0.99
	1.05±1.35

	Jan.’10
	0.25±0.44
	0.40±0.68
	0.10±0.30
	0.75±0.85

	Feb.’10
	Earthworms were NOT recorded in these months

	Mar.’10
	

	Apr.’10
	

	May’10
	0.00±0.00
	0.50±0.22
	0.05±0.22
	0.10±0.30

	Jun.’10
	0.20±0.61
	1.60±1.56
	0.55±0.68
	2.35±1.69

	Jul.’10
	0.75±1.06
	4.35±2.92
	0.75±1.61
	5.85±3.06

	Aug.’10
	0.15±0.36
	1.55±1.35
	2.30±2.49
	4.00±0.96

	Sep.’10
	0.35±0.74
	1.40±1.35
	3.90±1.91
	5.65±2.10

	Oct.’10
	0.15±0.36
	2.55±1.23
	4.85±1.13
	7.55±1.73

	Nov.’10
	0.00±0.00
	1.90±0.00
	3.75±1.29
	5.65±3.73

	Dec.’10
	0.35±0.48
	2.80±1.00
	4.35±1.08
	7.50±1.90

	Jan.’11 to May’11
	Earthworms were NOT recorded in these months
            


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









Table 8: Mean wet biomass (g) of D. gracilis observed in twenty quadrats from litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during June 2009 to May 2011. 

	
Month& year
	        Developmental Stages of  D. gracilis
	Total mean biomass (g) of
D. gracilis

	
	Juveniles
	Non-Clitellates
	Clitellates 
	

	Jun.’09
	0.27± 0.09
	0.10±0.21
	0.49±0.75
	0.62±0.74

	Jul.’09
	0.02±0.09
	0.09±0.19
	0.76±0.8
	0.87±0.85

	Aug.’09
	0.05±0.09
	0.18±0.23
	0.95±0.72
	1.19±0.70

	Sep.’09
	0.07±0.11
	0.19±0.22
	1.33±0.58
	1.60±0.53

	Oct.’09
	0.03±0.09
	0.30±0.34
	0.50±0.86
	0.84±0.93

	Nov.’09
	0.05±0.16
	0.66±0.64
	2.25±1.22
	2.97±1.29

	Dec.’09
	0.20±0.32
	0.13±0.25
	4.08±1.67
	4.42±1.50

	Jan.’10
	0.00±0.02
	0.10±0.20
	0.04±0.21
	0.16±0.27

	Feb.’10
	0.00±0.00
	0.04±0.13
	0.03±0.21
	0.08±0.19

	Mar.’10
	Earthworms were NOT recorded in these months

	Apr.’10
	

	May’10
	0.09±0.21
	0.21±0.28
	0.92±1.09
	1.23±1.07

	Jun.’10
	0.11±0.18
	0.79±0.73
	1.89±1.78
	2.81±1.82

	Jul.’10
	0.08±0.12
	0.57±0.42
	0.77±1.24
	1.42±1.39

	Aug.’10
	0.04±0.09
	0.90±0.74
	0.78±0.96
	1.73±0.91

	Sep.’10
	0.14±0.11
	0.38±0.24
	0.63±0.69
	1.16±0.79

	Oct.’10
	0.11±0.20
	0.42±0.57
	0.44±0.75
	0.98±0.78

	Nov.’10
	0.18±0.26
	0.47±0.77
	0.55±1.25
	1.20±1.70

	Dec.’10
	0.14±0.20
	1.12±0.51
	1.29±1.23
	2.57±1.20

	Jan.’11
	Earthworms were NOT recorded in these months

	Feb.’11
	

	Mar.’11
	

	Apr.’11
	0.06±0.12
	0.92±0.23
	0.05±0.23
	0.20±0.32

	May’11
	0.02±0.06
	0.29±0.14
	0.05±0.22
	0.37±0.31


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













Table 9: Mean wet biomass (g) of D. bullata observed in twenty quadrats from litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during June 2009 to 
May 2011.
	
Month& year
	Developmental Stages of  D. bullata
	
Total mean biomass (g) of
  D. bullata

	
	
Juveniles
	Non-Clitellates
	
Clitellates 
	

	Jun.’09
	0.3±0.08
	0.10±0.19
	0.15±0.51
	0.28±0.51

	Jul.’09
	0.01±0.05
	0.13±0.26
	0.50±0.81
	0.66±0.80

	Aug.’09
	0.06±0.11
	0.09±0.22
	0.82±0.86
	0.98±0.97

	Sep.’09
	0.09±0.16
	0.33±0.38
	0.56±0.92
	0.98±0.96

	Oct.’09
	0.05±0.15
	0.04±0.14
	1.60±1.26
	1.76±1.27

	Nov.’09
	0.04±0.36
	0.09±0.57
	0.81±0.91
	0.95±0.86

	Dec.’09
	0.08±0.15
	0.07±0.22
	0.41±1.01
	0.57±1.11

	Jan.’10
	0.06±0.13
	0.12±0.21
	0.35±0.57
	0.53±0.54

	Feb.’10
	0.19±0.24
	0.15±0.33
	0.31±0.72
	0.65±0.72

	Mar.’10
	Earthworms were NOT recorded in these months

	Apr.’10
	

	May’10
	0.00±0.03
	0.08±0.17
	0.86±0.87
	0.95±0.87

	Jun.’10
	0.01±0.04
	2.36±1.01
	2.23±2.03
	4.62±1.87

	Jul.’10
	0.06±0.12
	0.61±1.32
	2.38±2.64
	3.06±2.44

	Aug.’10
	0.01±0.06
	3.48±2.32
	2.55±2.86
	6.05±3.57

	Sep.’10
	0.09±0.14
	0.58±0.80
	1.48±2.07
	2.16±2.36

	Oct.’10
	0.21±0.23
	0.63±0.71
	1.77±2.27
	2.58±2.33

	Nov.’10
	0.14±0.25
	1.14±1.40
	1.55±2.16
	2.83±2.00

	Dec.’10
	0.28±0.29
	2.18±1.16
	3.58±1.52
	6.05±1.83

	Jan.’11
	Earthworms were NOT recorded in these months

	Feb.’11
	

	Mar.’11
	

	Apr.’11
	0.05±0.12
	0.16±0.28
	0.19±0.62
	0.41±0.71

	May’11
	0.01±0.02
	0.31±0.42
	0.05±0.25
	0.37±0.45


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










Table 10: Mean wet biomass (g) of H. stuarti observed in twenty quadrats from litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during June 2009 to May 2011.

	

Month & year
	
Developmental Stages of  H. stuarti
	
Total mean wet biomass (g) of  
H. stuarti

	
	
Juveniles
	Non-Clitellates
	
Clitellates 
	

	Jun.’09
	0.19±0.05
	0.16±0.51
	0.13±0.33
	0.32±0.79

	Jul.’09
	0.01±0.06
	0.10±0.21
	1.00±0.84
	1.12±0.91

	Aug.’09
	0.11±0.23
	0.36±0.46
	1.82±0.92
	2.30±0.93

	Sep.’09
	0.13±0.18
	0.32±0.53
	1.50±1.40
	1.96±1.30

	Oct.’09
	0.05±0.11
	0.04±0.18
	1.76±2.28
	1.85±2.32

	Nov.’09
	0.04±0.14
	0.45±0.73
	2.42±2.56
	2.95±2.74

	Dec.’09
	0.11±0.25
	0.07±0.24
	1.23±2.04
	1.42±2.06

	Jan.’10
	0.03±0.07
	0.15±0.27
	0.15±0.15
	0.24±0.31

	Feb.’10 
	Earthworms were NOT recorded in these months

	Mar.’10
	

	Apr.’10
	

	May’10
	0.00±0.00
	0.04±0.18
	0.07±0.34
	0.11±0.38

	Jun.’10
	0.03±0.09
	1.36±1.32
	0.68±0.86
	2.08±1.52

	Jul.’10
	0.25±0.36
	5.13±3.61
	1.53±3.09
	6.91±3.783

	Aug.’10
	0.02±0.07
	1.14±0.96
	5.26±5.46
	6.44±5.39

	Sep.’10
	0.11±0.23
	3.68±3.54
	17.83±8.77
	21.63±8.28

	Oct.’10
	0.04±0.11
	2.70±1.33
	9.79±2.24
	12.54±2.65

	Nov.’10
	0.00±0.00
	4.00±2.72
	14.78±12.44
	18.79±13.47

	Dec.’10
	0.07±0.10
	6.80±2.48
	18.48±4.74
	25.36±6.11

	Jan.’11 to May’11
	                            
No worms were recorded in these months 


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








Table 11: Density (m-2) of D. gracilis quantified from twenty quadrats i.e., litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during June 2009 to May 2011.
	
Month
& year
	Developmental Stages of D. gracilis
	
Total density
D. gracilis (m-2)

	
	Juveniles
	Non-Clitellates
	Clitellates 
	

	Jun.’09
	0.02
	0.05
	0.07
	0.15

	Jul.’09
	0.01
	0.04
	0.10
	0.16

	Aug.’09
	0.05
	0.08
	0.12
	 0.27

	Sep.’09
	0.07
	0.07
	0.18
	0.32

	Oct.’09
	0.03
	0.21
	0.08
	0.23

	Nov.’09
	0.03
	0.21
	0.32
	0.57

	Dec.’09
	0.12
	0.04
	0.54
	0.72

	Jan.’10
	0.008
	0.04
	0.008
	0.06

	Feb.’10
	0.00
	0.02
	0.008
	0.03

	Mar.’10
	             
             No worms were found in these months

	Apr.’10
	

	May’10
	0.05
	0.09
	0.18
	0.33

	Jun.’10
	0.08
	0.29
	0.26
	0.64

	Jul.’10
	0.08
	0.23
	0.12
		  0.43

	Aug.’10
	0.04
	0.29
	0.12
	0.04

	Sep.’10
	0.11
	0.15
	0.08
	0.35

	Oct.’10
	0.08
	0.18
	0.07
	0.33

	Nov.’10
	0.15
	0.15
	0.08
	0.38

	Dec.’10
	0.10
	0.32
	0.18
	0.61

	Jan.’11
	
                 No worms were found in these months

	Feb.’11
	

	Mar.’11
	

	Apr.’11
	0.07
	0.04
	0.008
	0.12

	May’11
	0.04
	0.15
	0.008
	0.20


	







Table 12: Density (m-2) of D. bullata quantified from twenty quadrats i.e., litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during June 2009 to May 2011.
	
Month& year
	Developmental Stages of D. bullata
	Total density
D. bullata      (m-2)

	
	Juveniles
	Non-Clitellates
	Clitellates 
	

	Jun.’09
	0.03
	0.04
	0.02
	0.10

	Jul.’09
	0.01
	0.05
	0.08
	0.16

	Aug.’09
	0.04
	0.02
	0.12
	0.18

	Sep.’09
	0.07
	0.10
	0.08
	0.25

	Oct.’09
	0.04
	0.01
	0.20
	0.25

	Nov.’09
	0.02
	0.04
	0.14
	0.21

	Dec.’09
	0.06
	0.02
	0.04
	0.13

	Jan.’10
	0.04
	0.05
	0.05
	0.15

	Feb.’10
	0.16
	0.07
	0.05
	0.28

	Mar.’10
	               No worms were found in these months

	Apr.’10
	

	May’10
	0.01
	0.04
	0.13
	0.18

	Jun.’10
	0.02
	0.41
	0.17
	0.61

	Jul.’10
	0.04
	0.12
	0.23
	0.40

	Aug.’10
	0.02
	0.67
	0.28
	0.97

	Sep.’10
	0.10
	0.09
	0.12
	0.32

	Oct.’10
	0.12
	0.15
	0.20
	0.48

	Nov.’10
	0.11
	0.25
	0.14
	0.51

	Dec.’10
	0.16
	0.39
	0.27
	0.85

	Jan.’11
	
             No worms were found in these months


	Feb.’11
	

	Mar.’11
	

	Apr.’11
	0.05
	0.06
	0.02
	0.14

	May’11
	0.02
	0.10
	0.01
	0.13


















Table 13: Density (m-2) of H. stuarti observed in twenty quadrats of litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during June 2009 to May 2011.

	Month& year
	Developmental Stages of H. stuarti
	Total density
H. stuarti  (m-2)

	
	Juveniles
	Non-Clitellates
	Clitellates 
	

	Jun.’09
	0.01
	0.07
	0.02
	0.11

	Jul.’09
	0.01
	0.04
	0.14
	0.19

	Aug.’09
	0.06
	0.10
	0.16
	0.33

	Sep.’09
	0.09
	0.06
	0.12
	0.28

	Oct.’09
	0.04
	0.01
	0.16
	0.21

	Nov.’09
	0.02
	0.09
	0.20
	0.31

	Dec.’09
	0.05
	0.01
	0.09
	0.16

	Jan.’10
	0.04
	0.06
	0.01
	0.12

	Feb.’10
	               
                  No worms were found in these months

	Mar.’10
	

	Apr.’10
	

	May’10
	0
	0.01
	0.01
	0.02

	Jun.’10
	0.03
	0.25
	0.08
	0.37

	Jul.’10
	0.12
	0.69
	0.12
	0.93

	Aug.’10
	0.02
	0.24
	0.36
	0.64

	Sep.’10
	0.05
	0.22
	0.62
	0.90

	Oct.’10
	0.02
	0.40
	0.77
	1.20

	Nov.’10
	0
	0.30
	0.60
	0.90

	Dec.’10
	0.05
	0.49
	0.69
	1.20

	Jan.’11 to May’11
	
                  No worms were found in these months






















Table 14: Abundance (Individuals/ m2) of D. gracilis quantified from twenty quadrats i.e., litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during June 2009 to May 2011.
	Month
&                                       Year
	Developmental stages of  D. gracilis
 (individuals / m2)
	Total Abundance of D. gracilis
(Individuals/ m2)

	
	Juveniles
	Non-Clitellates
	Clitellates
	

	Jun.’09
	1.50
	1.40
	1.28
	1.58

	Jul.’09
	2.00
	1.25
	1.18
	1.42

	Aug.’09
	1.16
	1.22
	1.14
	1.88

	Sep.’09
	1.28
	1.00
	1.21
	2.05

	Oct.’09
	1.33
	1.36
	1.66
	1.93

	Nov.’09
	2.00
	1.92
	2.05
	3.60

	Dec.’09
	2.28
	2.00
	3.40
	4.50

	Jan.’10
	1.00
	1.20
	1.00
	1.14

	Feb.’10
	1.00
	1.00
	1.00
	1.00

	Mar.’10
	
No worms were found in these months

	Apr.’10
	

	May’10
	1.75
	1.50
	1.76
	2.47

	Jun.’10
	1.57
	2.64
	          2.35
	4.05

	Jul.’10
	1.42
	1.81
	1.87
	4.42

	Aug.’10
	1.20
	2.31
	1.44
	2.80

	Sep.’10
	1.07
	1.18
	1.10
	2.20

	Oct.’10
	1.66
	2.30
	1.50
	2.62

	Nov.’10
	1.90
	1.28
	2.50
	3.20

	Dec.’10
	1.62
	2.05
	1.76
	3.85

	Jan.’11
	
No worms were found in these months

	Feb.’11
	

	Mar.’11
	

	Apr.’11
	1.50
	1.66
	1.00
	1.66

	May’11
	1.25
	1.11
	1.00
	1.38

















Table 15: Abundance (individuals / m2) of D. bullata observed in twenty quadrats of litter microhabitat near Solaikkadu (Tropical Dry Evergreen Forest) during June 2009 to May 2011.

	Month 
&                 Year
	Developmental stages of D. bullata
(individuals /m2)
	Total Abundance of D. bullata
(Individuals/ m2)

	
	Juveniles
	Non-Clitellates
	Clitellates
	

	Jun.’09
	1.33
	1.20
	1.50
	1.30

	Jul.’09
	1.00
	1.40
	1.57
	1.66

	Aug.’09
	1.00
	1.00
	1.36
	3.28

	Sep.’09
	1.50
	1.30
	1.42
	2.13

	Oct.’09
	1.66
	1.00
	1.66
	2.00

	Nov.’09
	1.00
	1.20
	1.50
	1.68

	Dec.’09
	1.33
	1.50
	2.00
	1.88

	Jan.’10
	1.25
	1.16
	1.16
	1.46

	Feb.’10
	2.00
	2.25
	1.75
	2.40

	Mar.’10
	
                        No worms were found in these months

	Apr.’10
	

	May’10
	1.00
	1.25
	1.41
	1.64

	Jun.’10
	1.00
	2.73
	1.57
	3.85

	Jul.’10
	1.20
	2.50
	2.41
	2.77

	Aug.’10
	3.00
	5.25
	3.00
	6.77

	Sep.’10
	1.85
	1.71
	1.87
	2.50

	Oct.’10
	1.45
	1.72
	2.50
	3.15

	Nov.’10
	2.33
	3.20
	1.80
	3.55

	Dec.’10
	1.75
	2.45
	1.70
	5.20

	Jan.’11
	
                               No worms were found in these months

	Feb.’11
	

	Mar.’11
	

	Apr.’11
	1.75
	1.33
	1.50
	2.00

	May.’11
	1.00
	1.44
	1.00
	1.70
















Table 16: Abundance (individuals / m2) of H. stuarti observed in twenty quadrats of litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during June 2009 to May 2011.

	Month 
&                 Year
	            Developmental stages of H. stuarti (individuals /m2)

	
	
Juveniles
	
Non-Clitellates
	
Clitellates
	Total Abundance of H. stuarti
(Individuals/ m2)

	Jun.’09
	1.00 
	4.50
	1.00
	2.33

	Jul.’09
	1.00
	1.25
	4.50
	1.60

	Aug.’09
	2.00
	1.44
	1.05
	2.10

	Sep.’09
	1.22
	1.33
	1.23
	1.84

	Oct.’09
	1.25
	2.00
	1.81
	2.07

	Nov.’09
	1.50
	1.57
	2.27
	3.00

	Dec.’09
	1.75
	1.00
	1.71
	2.10

	Jan.’10
	1.00
	1.33
	1.00
	1.36

	Feb.’10
	
No worms were found in these months

	Mar.’10
	

	Apr.’10
	

	May’10
	0.00
	1.00
	1.00
	1.00

	Jun.’10
	2.00
	2.66
	1.22
	2.76

	Jul.’10
	1.87
	5.11
	3.00
	6.50

	Aug.’10
	1.00
	2.85
	4.18
	5.33

	Sep.’10
	1.75
	2.15
	4.33
	5.65

	Oct.’10
	1.00
	2.55
	4.85
	7.55

	Nov.’10
	0.00
	2.37
	4.41
	5.94

	Dec.’10
	1.00
	2.80
	4.35
	7.50

	Jan.’11 to May’11
	               
                        No worms were found in these months












Table 17: Magnitude of Chemical nutrients of Soil and Cast hills from Tropical Dry Evergreen Forest during four different seasons of Kolli hills (June 2009 to May 2010).

	
Parameters
	Pre monsoon
July - September

	Monsoon
October - December

	Post monsoon
January - March

	Summer
April - June


	
	 Soil
	  Cast hills
	Soil
	Cast hills
	Soil
	Cast hills
	Soil
	Cast hills

	Moisture (%)
	31.13±0.61
	32.66±0.30
	34.54±0.22
	47.26±0.70
	52.40±0.60
	66.73±0.23
	19.80±0.72
	26.86±0.90

	pH
	6.10±0.01
	6.73±0.05
	6.2±0.1
	6.66±0.11
	6.33±0.03
	6.58±0.02
	6.2±0.02
	6.76±0.05

	EC (dSm-1)
	0.02±0.00
	0.01±0.00
	0.02±0.00
	0.01±0.00
	0.02±0.00
	0.01±0.00
	0.01±0.00
	0.02±0.00

	OC (%)
	11.87±0.6
	15.84±0.34
	10.29±0.90
	19.79±0.91
	13.65±0.59
	16.05±0.57
	12.04±0.41
	14.03±0.70

	 N (%)
	0.81±0.20
	1.51±0.40
	0.93±0.00
	1.75±0.35
	0.95±0.17
	1.98±0.53
	0.81±0.40
	1.98±0.20

	P (%)
	0.10±0.01
	0.16±0.01
	0.14±0.01
	0.22±0.01
	0.20±0.01
	0.28±0.01
	0.24±0.01
	0.26±0.00

	K (%)
	0.76±0.00
	1.13±0.03
	0.78±0.01
	1.16±0.02
	0.67±0.01
	0.95±0.01
	0.42±0.02
	0.53±0.03

	Na (%)
	0.12±0.01
	0.18 ±0.01
	0.19±0.01
	0.24±0.01
	0.16±0.01
	0.20±0.01
	0.10±0.01
	0.14±0.01

	Ca (%)
	0.38±0.01
	0.53±0.02
	0.25±0.02
	0.45±0.02
	0.30±0.01
	0.49±0.01
	0.45±0.02
	0.52±0.02

	Mg (%)
	1.21±0.04
	1.44±0.02
	1.36±0.05
	1.68±0.02
	1.05±0.02
	1.23±0.07
	 1.24±0.02
	1.94±0.04

	S (%)
	0.07±0.00
	0.11±0.01
	0.12±0.01
	0.14±0.01
	0.06±0.01
	0.19±0.00
	0.33±0.00
	0.40±0.00

	C:N Ratio
	11:1
	15:1
	10:1
	19:1
	13:1
	16:1
	12:1
	14:1


Mean ± SD values were obtained from three replicates. 






Table: 18 Magnitude of Chemical nutrients of Soil and Cast hills from Tropical Dry Evergreen Forest during four different seasons of Kolli hill (June 2010 to May 2011).

	
Parameters
	Pre monsoon
July - September

	Monsoon
October - December

	Post monsoon
January - March

	Summer
April - June


	
	 Soil
	  Cast hills
	Soil
	Cast hills
	Soil
	Cast hills
	Soil
	Cast hills

	Moisture (%)
	20.66 ± 0.50
	32.33 ± 0.30
	 52.93 ±0.41
	62.46±0.70
	43.06±0.98
	52.00 ±0.72
	23.53±0.75
	30.66±0.41

	pH
	6.56±0.30
	6.30±0.34
	6.23±0.11
	6.56±0.05
	 6.03±0.05
	6.2±0.10
	6.55±0.01
	6.78±0.02

	EC (dSm-1)
	0.01±0.00
	0.02±0.00
	0.01±0.00
	0.02±0.00
	0.4±0.00
	0.01±0.00
	0.01±0.00
	0.02±0.00

	OC (%)
	10.11±0.72
	13.87±0.75
	16.14±0.41
	21.44±0.41
	10.78±0.16
	12.86±0.34
	12.27±0.34
	14.45±0.34

	 N (%)
	0.81±0.20
	1.86±0.20
	1.16±0.20
	1.63±0.20
	0.93±0.20
	1.28±0.20
	0.58±0.20
	0.93±0.20

	P (%)
	0.15±0.01
	0.29±0.00
	0.17±0.00
	0.31±0.01
	0.13±0.01
	0.16±0.00
	0.15±0.01
	0.24±0.01

	K (%)
	0.76±0.01
	0.90±0.02
	0.85±0.01
	0.99±0.02
	0.43  ±0.05
	0.77±0.07
	0.40±0.20
	0.51±0.01

	Na (%)
	0.15±0.01
	0.19±0.01
	0.27 ±0.01
	0.34±0.20
	0.20  ±0.01
	0.38±0.01
	0.12±0.01
	0.16 ±0.01

	Ca (%)
	0.31±0.01
	0.37±0.01
	0.37±0.01
	0.42±0.01
	0.36±0.01
	0.44±0.01
	0.19±0.01
	0.26±0.00

	Mg (%)
	0.71±0.02
	1.02±0.05
	0.82±0.05
	1.08±0.02
	1.00±0.02
	1.08±0.05
	0.54±0.02
	0.71±0.02

	S (%)
	0.08±0.01
	0.23±0.00
	0.29±0.02
	0.32±0.01
	0.15±0.00
	0.26±0.01
	0.12±0.00
	0.15±0.00

	C:N Ratio
	10:1
	13:1
	16:1
	21:1
	10:1
	12:1
	12:1
	14:1


    Mean ± SD values were obtained from three replicates. 




Table 19. Correlation analysis of rainfall, soil pH, Soil temperature, Soil Moisture, Ambient temperature, Ambient humidity, Total number and Total biomass of D. gracilis,  D. bullata,  and H. stuarti.
	
Soil pH
	Rainfall

	Soil pH
	Soil Temperature
(0C)
	Soil 
Moisture
(%)
	Ambient.
Tem.
(0C)
	Ambient Humi.
(%)
	Total number of  species

	
	0.130*
	
	
	
	
	
	

	Soil temp.
	-0.346*
	0.011
	
	
	
	
	

	Soil Moi.
	0.400*
	0.029
	-0.673*
	
	
	
	

	Ambi.tem.
	-0.426*
	-0.001
	0.841*
	-0.639*
	
	
	

	Abm.Humi.
	0.579*
	0.052
	-0.440*
	0.607 *
	-0.461*
	
	

	Total number of D. gracilis
	
0.426*    
	
0.033   
	
-0.160*    
	
0.351*   
	
-0.286*    
	
0.604*
	

	Total biomass of D.gracilis
	
0.306*
	
0.022  
	
-0.133*    
	
0.361*   
	
-0.250*   
	
0.578*    
	
0.898*

	Total number of D.bullata
	
0.329*    
	
0.011   
	
-0.245*    
	
0.278*   
	
-0.256*    
	
0.486*
	

	Total biomass of D.bullata
	
0.313*   
	
0.006  
	
-0.184*    
	
0.236*   
	
-0.220*   
	
0.454*    
	
0.907*

	Total number of H.stuarti
	0.494*
	0.117*
	-0.235*
	0.407*
	-0.335*
	0.516*
	

	Total biomass of H. stuarti
	
0.504*
	
0.170*
	
-0.191*
	
0.395*
	
-0.268*
	
0.454*
	
0.873*


Pearson correlation * significant at p < 0.05









Table 20: The analysis of variance of environmental factors viz., rainfall, soil pH, soil temperature, soil moisture, ambient temperature and ambient humidity were observed in year and month wise (Tropical Dry Evergreen Forest) during June 2009 to May 2011.
	Factors
	Source
	DF
	Seq SS
	Adj SS
	Adj MS
	F
	P

	
Rain fall
(mm)
	Year
	2
	62787534
	1202534
	6012627
	263.75
	0.000*

	
	Month
	11
	4334656
	4334656
	394060
	172.85
	0.000*

	
	Error
	466
	1062346
	1062346
	2280
	
	

	
	Total 
	479
	6024877
	
	
	
	

	
 Soil pH
	Year
	2
	149.17
	205.94
	102.97
	4.04
	0.018*

	
	Month
	11
	1276.34
	1276.34
	116.03
	4.55
	0.000*

	
	Error
	466
	11872.75
	11872.75
	25.48
	
	

	
	Total 
	479
	13298.26
	
	
	
	

	
Soil temperature (0C)
	Year
	2
	69.10
	144.31
	72.16
	20.35
	0.000*

	
	Month
	11
	1408.57
	1408.57
	128.05
	36.11
	0.000*

	
	Error
	466
	1652.66
	19366
	3.55
	
	

	
	Total 
	479
	3130.33
	
	
	
	

	 
Soil Moisture (%)
	Year
	2
	16535
	78
	39
	0.94
	0.390**

	
	Month
	11
	140757
	140757
	12796
	307.90
	0.000*

	
	Error
	466
	19366
	19366
	42
	
	

	
	Total 
	479
	176658
	
	
	
	

	
Ambient Temperature (0C)
	Year
	2
	5.11
	315.39
	157.69
	65.45
	0.000*

	
	Month
	11
	1884.19
	1884.19
	171.29
	71.09
	0.000*

	
	Error
	466
	1122.79
	1122.79
	2.41
	
	

	
	Total 
	479
	3012.08
	
	
	
	

	
Ambient Humidity (%)
	Year
	2
	21608.6
	4555.1
	2277.6
	107.16
	0.000*

	
	Month
	11
	23580.3
	23580.3
	2143.7
	100.86
	0.000*

	
	Error
	466
	9904.4
	9904.4
	21.3
	
	

	
	Total 
	479
	55093.3
	
	
	
	


* Significant at p < 0.05, ** Not significant at p > 0.05







Table 21: The analysis of variance of D. gracilis, D. bullata, and H. stuarti total number of earthworms observed in Tropical Dry Evergreen Forest during June 2009 to May 2011 (year and months wise analysis).
	Earthworm species
	Source
	DF
	Seq SS
	Adj SS
	Adj MS
	F
	P

	
 D. grcilis 
	Year
	2
	210.196
	34.584
	17.292
	9.96
	0.000*

	
	Month
	11
	560.844
	560.844
	50.986
	29.36
	0.000*

	
	Error
	466
	809.291
	809.291
	1.737
	
	

	
	Total 
	479
	1580.331
	
	
	
	

	
     D. bullata
	Year
	2
	366.060
	454.277
	227.139
	94.73
	0.000*

	
	Month
	11
	629.209
	629.209
	57.201
	23.86
	0.000*

	
	Error
	466
	1117.323
	1117.323
	2.398
	
	

	
	Total 
	479
	2112.592
	
	
	
	

	
 H. stuarti
	Year
	2
	836.85
	1157.73
	578.87
	202.20
	0.000*

	
	Month
	11
	1895.21
	1895.21
	172.29
	60.18
	0.000*

	
	Error
	466
	1334.07
	1334.07
	2.86
	
	

	
	Total 
	479
	4066.12
	
	
	
	


 * Significant at p < 0.05

Table 22: The analysis of variance of D. gracilis, D. bullata, and H. stuarti, total biomass of earthworms observed in Tropical Dry Evergreen Forest during June 2009 to May 2011 (year and months wise analysis).
	Earthworm species
	Source
	DF
	Seq SS
	Adj SS
	Adj MS
	F
	P

	
 D. grcilis 
	Year
	2
	163.594
	2.153
	1.076
	0.99
	0.374**

	
	Month
	11
	310.817
	310.817
	28.256
	25.87
	0.000*

	
	Error
	466
	509.060
	509.060
	1.092
	
	

	
	Total 
	479
	983.471
	
	
	
	

	
D. bullata
	Year
	2
	454.05
	644.42
	322.21
	128.58
	0.000*

	
	Month
	11
	851.38
	851.38
	77.40
	30.89
	0.000*

	
	Error
	466
	1167.80
	1167.80
	2.51
	
	

	
	Total 
	479
	2473.24
	
	
	
	

	
  H. stuarti
	Year
	2
	5800.4
	9567.1
	4783.6
	200.81
	0.000*

	
	Month
	11
	15406.0
	15406.0
	1400.5
	58.79
	0.000*

	
	Error
	466
	11100.8
	11100.8
	23.8
	
	

	
	Total 
	479
	32307.2
	
	
	
	


* Significant at p < 0.05, ** Not significant at p > 0.05



Fig. 3: Soil pH (Mean values were obtained from twenty individual observations) observed in Litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during the study period- June 2009 to May 2011.	
Fig. 4: Soil moisture (%) (Mean values were obtained from twenty individual observations) observed in Litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during the study periodJune 2009 to May 2011

Fig. 5: Soil temperature (0C) (Mean values were obtained from twenty individual observations) observed in Litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during the study period June 2009 to May 2011.

Fig. 6 Ambient temperature (0C) (Mean values were obtained from twenty individual observations) observed in Litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during the study period June 2009 to May2011.



Fig. 7: Ambient Humidity (%) (Mean values were obtained from twenty individual observations) observed in Litter microhabitat near Solakkadu (Tropical Dry Evergreen Forest) during the study period- June-2009 to May-2011.
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