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Abstract: An altitude based study was undertaken in the present investigation to find out the status of ecological indices of 

earthworms in turn to assess the fertility of the soil. Evidences are ample to prove that the physico chemical factors of the 

environment /soil are responsible for greater ecological indices of earthworms. In the present investigation also it was proved 

that the earthworm abundance is responsible for the soil fertility for which supportive studies were made on 1. the population 

dynamics of earthworms, 2. Size of body pores on the skin of earthworms and the secretion of coelomic fluid and the 3. 

Physico chemical factors of the soil in the area surveyed. It was also found that the earthworm abundance was found to be 

greater in Meghamalai hills of Theni district compared to that of Sirumalai hills of Dindigul district but when the plains and 

hills of both the district were compared the earthworm population was found to be more in the plains. Atomic force 

microscopic studies were also made to measure the size of the body pores of the skin of earthworms of plains and hills. It was 

found that the number of body pores is more and their size is also larger in the earthworms of plain lands. As a result ceolomic 

fluid secretion was more. The coelomic fluid contains more than forty proteins and exhibits several biological activities and it 

supplements the soil with nutrients. Moreover, physical parameters of the soil samples of hills and plains such as rainfall and 

temperature and chemical parameters such as Ec, p
H
, Nitrogen, Phosphorous, Potassium, Calcium, Magnesium, Iron, Zinc, 

Copper, Boron, were found to be conducive for the growth and multiplication of earthworms in the soil of the plain lands than 

the hills. Hence, it can be concluded that the earthworm population has got its influence on soil fertility; the more the number 

of earthworms, more availability of coelomic fluid, which indirectly influences the fertility of the soil, enhances the economy 

of the nation and the world at large. In total the global worming suppresses global warming. 
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1. Introduction 

Earthworm density and biomass are fluctuated seasonally 

with both physical and organic factors of soil. Earthworms 

are an important integral of the invertebrate community in 

most soils, both in terms of their contribution to overall 

below ground biomass on soil biogeochemical cycles [1, 2, 

and 3]. The distribution of earthworms in soil depends on 

components like soil moisture, availability of organic matter 

and pH of the soil. They appear in disparate terrain mainly 

those which are unilluminated and moist. Earthworms are 

generally absent or rare in soil with a very coarse texture, in 

soil with high clay content, or soil with pH < 4 [4]. 

Earthworm density and biomass alternated periodically with 

both physical and organic factor of soil have been known to 

influence the abundance and distribution of earthworms [5]. 

The coelomic fluid cells have been analyzed and were 

contrasted with the population abundance of the worms. The 

earthworm coelomic fluid cells (coelomocytes) have been 

analyzed by measuring its cell size micrometrically. 

Earthworms are obvious target organisms for environmental 

studies. In recent years, earthworms have been used 

extensively in ecotoxicology to evaluate the consequent of 

spread contaminants present in soils [6]. In this aspect, 

coelomocytes and immunological end points such as 

phagocytosis have been demonstrated as sensitive biomarkers 

for trace metal monitoring [7]. To this termination, numerous 

techniques have been evolved to procure the coelomocytes 

from the earthworms. The protein component of earthworm 
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cuticle is related with an immensely much huge amount of 

polysaccharide material than is found in the vertebrate 

collagens. Earthworm’s cuticle also belongs to a growing 

number of collagens [8]. 

The work on the population density (number/m
2
) of 

earthworms based on the distribution in different localities 

and different ecosystem and their role in soil fertility tested 

on plant growth was plenty in the past; but work on coelomic 

fluid and their role in the replenishment of nutrients to the 

soil and their sustainability are meager. Moreover, the study 

on earthworm population and the nature of body pores on the 

skin of the earthworm based on altitude is scarce. Hence, the 

present study aims at comparing the population dynamics of 

earthworm at two different altitudes (plains and hills). 

Supportive studies were made such as population density in 

different altitudes, physico chemical nature of the soil of the 

area of study, size of the body pores and skin of the 

earthworms, and nature of the body pores based on the 

altitude by comparing a plain land, and a hill of 1500 meters 

height from the sea level. The earthworm population of two 

hill stations of two districts (Meghamalai hills of Theni 

district and Sirumalai hills of Dindigul district) was also 

surveyed and compared. Meghamalai hill latitude – 9°39’and 

10°30’ N and 78°30’ E, Sirumalai hill latitude 10°05’ and 

10°09’ N longitude 77°30’ and 78°20 E. 

2. Materials and Methods 

2.1. Study Area 

An extensive survey of earthworm was carried out in area 

located in the nearby Sirumalai hill station at Dindigul Taluk 

of Dindigul District and Meghamalai hill station at 

Aundipatti Taluk of Theni District. The earthworm survey 

was carried out during September 2013 to Aug 2014. 

 

Figure 1. Map showing the study area. 
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2.2. Field Sampling 

Four different sampling sites were chosen for the survey of 

earthworms. The sampling sites include two different 

ecosystems namely coffee plantation in Sirumalai hills, 

grapes plantation in Kamalapuram (Dindigul District) and 

Tea plantation in Meghamalai hills, grapes plantation in 

Odaipatti (Theni District). The sites are surrounded by stone 

hills and experience a distinct dry season from March to July. 

The average annual temperature was 21ºC - 30ºC. 

2.3. Meghamalai 

Generally called High Wavy Mountains, is a cool and misty 

mountain range situated in the Western Ghats in Theni district, 

Tamil Nadu, in South India. The place is situated at an 

elevation of 1,500 m above sea level and it is rich in flora and 

fauna. Mass of the rainfall is received during the North East 

monsoon in the months of October, November and December. 

2.4. Sirumalai 

It is a region situated 25 km (16 mi) from Dindigul is 

located at 10.35°N 77.95°E longitude and 40 km (25 mi) 

from Madurai, Tamil Nadu, India., There are many high hills 

in the area.
 
Sirumalai is a dense forest region with a moderate 

climate throughout the year. The altitude of the hill is 1600 

meters above sea level, and it contains diversified flora and 

fauna and a variety of animals. The survey and collection 

was done for one year starting from September 2013 to 

August 2014. The annual temperature is 22-32ºC. Dindigul 

receives rainfall with an average of 812 mm (32.0 in) 

annually. The South west monsoon, with an onset in June and 

lasting up to August, brings scanty rainfall. 

2.5. Collection of Earthworms 

Earthworms were collected from different habitats by 

digging the soil and hand sorting method. The grasses and leaf 

litter were cleared from the surface of the sampling site per 

sampling occasion was marked. The soil was dug and organic 

matter was analyzed deliberately and was transported to the 

laboratory along with their native soil in wet cloth bags. The 

number of each earthworm species indicated per square meter 

was classified as abundant. The ecological categories of 

earthworm species were also recorded. The physicochemical 

properties of soil from each sampling site were also analyzed 

to establish the possible species habitat relationship. 

2.6. Preservation 

Collected worms were sacrificed using 70% ethyl alcohol 

Earthworms were identified to the species level with the help 

of monographs of many researchers. [9, 10, 11] 

2.7. Harvesting of Coelomicfluid 

Cold shock method 

Earthworms were collected from different habitats by 

digging the soil and hand sorting method. The grasses and 

leaf litter were cleared from the surface of the sampling site 

per sampling occasion was marked. In the present study 

earthworms (Eudrilus euginea) were subjected to cold shock 

method for the collection of coelomic fluid. Earthworms 

were using of cold-shock method of ice packing and the fluid 

was collected in a clean dry test tube. The earthworm 

coelomocytes were analyzed with the help of Trinocular 

Microscope to observe the cells and are identified and 

photographed. 

2.8. AFM Study 

This AFM work was conducted in the Department of 

physics, UGC-DAE consortium, Devi Ahilya Vishwa 

Vidyalaya University, Indore, Madhya pradesh. North India. 

The skin pieces of earthworms of the size of approximately 

0.5 cm × 0.5 cm were cut from dorsal skin and fixed over a 

magnetic holder by using double side adhesive tape. Nano 

scope E of AFM from Digital instruments, USA for imaging 

in contact mode, Triangular cantilevers of Si3N4, ˜100 

micron, wide leg, with a force constant of 0.58N/M was used 

in the present investigation. Scan made on areas of 5 micron 

×1 micron were selected on the earthworm skin surface for 

analysis. The body pores and roughness parameters of the 

sample (Earthworm skin) were determined by AFM. 

2.9. Calculation of Ecological Indices 

During random survey some habitats were selected and 

ecological indices were calculated. Diversity index (H’=∑ 

pi ln pi) where pi= relative abundance of the species which 

is estimated by pi=n1/N, species dominance (C=∑(pi)
2
), 

species richness (d=S-1 /ln N where S is the total number of 

species) and evenness (e=H’ /ln S) were calculated for 

some selected ecosystem during random survey by standard 

methods [12, 13]. 

2.10. Soil Analysis 

Soil samples were taken from each site for analysis. 

Temperature at 10 cm depth was measured by soil 

thermometer and pH, Electrical conductivity, carbon, Total 

nitrogen, and potassium, phosphorous were analyzed. 

3. Result and Discussion 

The occurrence and density of earthworms, analysis of soil 

sample, temperature, moisture, EC, organic carbon, organic 

matter, total nitrogen, phosphate, potassium and magnesium 

are presented in along with rain fall, temperature and 

humidity (Table 1). The maximum rainfall (mm) and 

Humidity (%) was recorded in theni district compared with 

dindigul district (Figure 2). The maximum earthworm 

abundance in meghamalai hills, and plain lands of Theni 

district. showing species composition of earthworms in 

various altitude and ecosystem. From Shannon abundance, 

diversity index and evenness index, it is apparent that the 

number of species of earthworm was high in meghamalai hill 
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and lower in Sirumalai hills (figure 3, 4 and figure 5). The 

results of the present study also revealed that the evenness 

was recorded as high in meghamalai hills and was lower in 

Sirumalai hills (figure 6 and figure 7). Earthworms are very 

sensitive to soil p
H
 [14]. Acidic soils are characterized by 

higher opportunity of metal ions [15] that cause unfriendly 

conditions for earthworms. In the present study the clay soil 

with an electrical conductivity of 0.20, p
H
 6.5 - 7.50 along 

with high moisture holding capacity appears to be 

favouarable for high earthworm abundance and diversity. 

This may be associated with the ability of clay soil to retain 

more moisture for a prolonged time due to its fine particles. 

The finding is in accordance with [16] various studies which 

have indicated a decrease in earthworm population in 

response to dry seasons [3, 17, 18]. However, in Sirumalai, 

low species diversity index was attributed to the peaty soil 

with dry soil which has low water holding capacity. Moisture 

is one of the key factors affecting the survival of all 

earthworm species [3, 19] Earthworm diversity was low in 

the plain land; only two to three earthworm species were 

found. The finding was in consonance with authors [20] who 

reported that urban and agricultural lands are generally 

characterized with low earthworm diversity. Human activities 

may disrupt and limit the development of the earthworm 

community in agricultural land. A significant decline in 

number of individual earthworms in summer can be 

attributed to changes in soil temperature and moisture [21]. 

The result of present study revealed that the diversity of 

earthworm species in plain lands of two districts was found 

to be high in Theni and Dindigul districts during NorthWest 

monsoon and lower in summer (figure 8 and figure 9). 

Similar results were shown by [22] who reported higher 

diversity indices and evenness in cultivated soil whereas [19] 

reported the same from vegetable soil. The results revealed 

that the evenness value was recorded high during northwest 

monsoon and lower in summer (figure 10 and figure 11). 

Table 1. Physico-chemical parameters of soil samples of Meghamalai hills (Theni district) and Sirumalai hills (Dindigul). Period of survey: September 2013 to 

Aug 2014. 

Parameters Habitats 
Sirumalai (Hill) Meghamalai (Hill) Dindigul (Plain) Theni (Plain) 

Coffee Tea Vineyard Vineyard 

Type of soil Coastral with peaty soil Clay soil Clay soil Red soil 

Colour Black Brown Brown Red  

Ec 0.28 0.20 0.40 0.28 

pH 6.69 7.50 7.8 6.9 

Temperature 17°-21°C 15-17°C 30-32 29-30 

Nitrogen 7.3 8.3 74 65 

Potassium 3.3 4.3 4 23 

Phosphorous 1.95 3.0 50 182 

Iron 11.8 12.1 5.2 4.7 

Manganese 9.2 11.3 2.7 2.2 

Zinc 1.62 - 0.81 0.81 

Copper 3.5 2.56 0.79 0.71 

Boron 0 0 0 0 

 

 

Figure 2. Weather Condition in Theni and Dindigul District. 

 

Figure 3. Abundance of earthworm population in hills and plains (Theni and 

Dindigul Districts). 
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Figure 4. Diversity of earthworm species in Meghamalai hills (Theni 

district). 

 

Figure 5. Diversity of earthworm species in the Sirumalai hill of Dindigul 

district. 

 

Figure 6. Evenness of earthworm species of Meghamalai in Theni District. 

 

Figure 7. Evenness of earthworm species from sirumalai in dindigul district. 

 

Figure 8. Diversity of earthworm species of plain in Theni District. 

 

Figure 9. Diversity of earthworm species from plain in dindigul district. 

Ample of evidences have been reported that the abundance 

of earthworm population in terms of ecological indices of 

earthworms are mainly due to ecological factors. But in the 

present investigation earthworm abundance or the ecological 

indices of the earthworms are responsible for the soil fertility. 

It was supported by the recent workers that [23, 24] soil 

structure, gas dynamics, water flow, and C & N departure 

and stabilization may be altered by the presence and 

community structure of earthworms. Earthworms are very 

sensitive to touch, light and dryness. Water-logging in the 

soil can origin them to come to the surface. Worms can 

tolerate a temperature range between 5ºC to 29ºC. A 

temperature of 20ºC to 25ºC and moisture of 50–60 percent 

is optimum for earthworm function [25]. Earthworm 

diversity is influenced largely by soil nutrients and rainfall 

patterns [26]. It was also supported by the contributors [1] 

that earthworm ecological groups have variable effects on the 

soil physical, chemical and biological properties. 

 

Figure 10. Evenness of earthworm species in plain (Theni District). 

 

Figure 11. Evenness of earthworm species in plains (Dindigul District). 
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In the present investigation, Coelomocytes from the body 

fluid of the earthworm Eudrillus euginea were studied using 

Trinocular microscopy and were photographed. Cells were 

coinciding with the immune cells. Different size of cells of 

amobeocytes were found to be 6 µ m and 10 µ m and 

granulocytes of 5 µ m and 8 µ m respectively in the 

earthworms collected from hills and plain lands of Dindigul 

and Theni District Figure 12. AFM studies were also made 

on the earthworm skin and the size of the body pores were 

measured. The pore size was found to be 1.000 µ m, 1.500 µ 

m and 5.66 µ m in the earthworms collected from hills and 

plain lands of Dindigul and Theni District Figure 13. This is 

in concordance with the authors [27] who reported that all 

these coelomic cells are involved in various aspects of 

cellular and humoral immunity, the former by phagocytosis. 

Chlorocytes/ eleocytes resemble the invertebrate live cells in 

certain function. For example, they are involved in the 

metabolism and storage of glycogen and lipids. They also 

transport nutrient via the circulation into the coelomic fluids 

as well as various cells and organ [28]. Cold shock method of 

fluid collection was found to be the safest method of 

coelomic fluid. Cold shock method produced 1.5 ml of fluid 

collection in 30 minutes. [29, 30]. The phenomenon has been 

exploited as noninvasive methods of sampling coelomic 

fluids and coelomocytes using electric current [31]. 

The coelomic fluid cells have been analyzed and were 

compared with the body pores and globular proteins in the 

skin of the earthworms. Coelomocytes are considered as the 

immune cells of coelomate animals (Annelids, Mollusca, 

Arthopoda). These cells are of the types of leukocytes that 

have long been considered to constitute the major innate 

immune defense system of these animals. It has been found 

that coelomic fluid of the earthworms contains more than 40 

proteins and exhibits several biological accomplishments as 

follows: cytolytic, proteolytic, antimicrobial, hemolytic, 

heam agglutinating, tumorolytic, mitogenic activities [32, 33, 

34, and 35]. It was also reported [36] that the coelomic fluid 

gains the production of Rhidium by 20-25% due to an 

increase in soil organic matter. furthermore, the inclusion of 

coelomic fluid to soil used in growth of 1) Seasamum 

indicum, Vinga radiate, Vinga mungo increased plant growth 

rates [37, 38] 2) rice, bean, corn, tobacco, oats and peanuts 

lead to increase their manufacture and length of roots[39, 

40]. This is in support to the present investigation that the 

more the number of earthworms the more will be the 

excretion of coelomic fluid which in turn improves soil 

fertility which was assessed by physico-chemical analysis of 

the soil. 

 

Figure 12. Types of coelomocytes in coelomic fluid of earthworms. 
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Figure 13. AFM studies on body pores of earthworms of two districts (Plain lands & hills). 
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The high accessibility of feed and moisture content kept in 

this man made environment appear to be the positive 

constituents. [41] Fragoso et al., (1999) reported that the 

structural composition of earthworm communities varies 

depending on the type of agro ecosystem. 

4. Conclusion 

The altitude plays a major role in the population density of 

earthworms along with the climatic factors. It doesn’t mean 

that the population density increases not only with the 

increase in altitude but also the physico chemical factors of 

the soil in the ecosystem plays their role. At the same time, it 

was proved in the present investigation that there is 

sustainability in the soil fertility in the region where there is 

earthworm abundance, and was supported by the biophysical 

studies on coelomiic fluid and the body pores of earthworms 

with the help of Trinocular microscopy and Atomic Force 

Microscopy. In nutshell greater the earthworm abundance in 

a particular area, greater will be the soil fertility of that area. 

Which indirectly enhances the economy of the nation and the 

world at large. In total the global worming suppresses global 

warming. 
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