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Abstract
Aim: To ihveSti_gate the community Strucmre (composition) | Earthworm diversity in subtropical forest ecosystem was studied. |
of eC(_)IOgK_;a”y |mp_ortant earthworm §peC|es an_d to a_sse§3 Eight species belonging to six genera and four families were recorded. Among the
the diversity, density and evenness in subtropical climatic four families megascolecidae was dominant at the study sites.
condition of Manipur, Northeast India.
D e ™ Sy S -
Methodology: Samp|es were Co”ected from two !‘II'\||1ﬂmllﬂlI%HII[IIlIJ‘IiIl}II!I[Hll‘lillllHllllH|IIIITHII|IIHI“II I HHI\l\lilllllllll'lll\l\l\l‘g
subtropical forest ecosystems of valley districts of Manipur, w12 54 5 8 7 4 s =

North-east India under Indo-Burma Biodiversity hotspot.
Tropical soil biology and fertility methodology was used in
sample collection at monthly interval for a period of one year
(January to December, 2018).

Results: Altogether eight earthworm species belonging to
six genera under four families were observed and identified
from the study sites. Five species (Metaphire birmanica, M.
houlleti, M. anomala, Kanchuria sumerianus, Perionyx sp.),
family Megascolecidae represented highest species
composition and remaining families viz., Glossoscolecidae
(Pontoscolex corethrurus), Moniligastridae (Drawida sp.),
Octochaetidae (Eutyphoeus sp.) were represented by one
species each. Diversity was high at Site-I compare to Site-|l.
Pontoscolex corethrurus and Drawida sp. were found
throughout all the seasons during the sampled period.

Prostomium Prostomium end

Interpretation: Itis concluded that forests with high canopy Saddle shape Clitellum
cover W'_th |e§3 human interference favour the presence of Figure : Metaphire birmanica : A) Mature earthworm, B) Prostomium Ventral View,
higher diversity of earthworm than forests with less canopy C) Prostomium Dorsal View and D) Clitellum (XIV-XVI)
coverin subtropical forest ecosystems of Manipur. Diversity was high in natural reserve mixed forest with high canopy cover and epigeic,
o ) anecic and endogeic earthworms were found among which endogeic species
Keywords: Biodiversity, Earthworm, Hotspot, Subtropical (Pontoscolex corethrurus, Drawida sp. and Kanchuria sumerianus) are more versatile
in spatial and temporal distribution in the study sites.
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Introduction

Soil takes various roles including fertility role, filter and
reservoir, structural role, climate regulation role, biodiversity
conservation role and resource role in providing ecosystem
services (Dominati et al., 2010). Soil host a number of organisms
among which earthworm is also one of them. Among terrestrial
habitat, soil ecosystem can be taken as one of the most species
rich habitat (Wolters, 2001) at 23% of the total biodiversity so far
described and represented as fauna of soil ecosystem (Lavelle,
2006). Millennium ecosystem assessment, (2005) defines
ecosystem services as benefits provided by ecosystem to
humankind as well as to other species. Ecosystem services
provided by soil are made possible by the activities of soil biota.
Soil invertebrate play a vital role in providing soil ecosystem
services in many ways, viz.,, water supply, nutrient cycling,
primary production, soil formation, climate regulation, as indicator
of soil function and quality (Lavelle, 2006). Earthworms have
significant positive effects on growth and biomass of plants
(Edwards, 2004). Earthworms belong to the Phylum Annelida,
Class Oligochaeta and Order Opisthophora. They are one of the
mostimportant groups of soil biota that help in the formation of soil
and also maintain soil structure and fertility, thereby assisting in
ecosystem health. This particular group is also used in waste
management, bioremediation and vermiculture. On the basis of
body width, soil organisms have been classified into microflora
(100 pm, e.g., bacteria, fungi), microfauna (5-120 pm, e.g.
protozoa, nematodes), mesofauna (80 pm-2mm, e.g.
collembolan, acari) and macrofauna (500 pm-50mm, e.g.
earthworms, termites) (Borrios, 2007).

Earthworms represent the most abundant animal
biomass in majority of terrestrial ecosystems (Blouin, 2013) and
contribute to more than 80% of soil invertebrate biomass
(Chaudhuri et al., 2012). Earthworms can be divided into three
primary ecological categories namely epigeic, anecic and
endogeic earthworms, (Fragoso and Lavelle, 1995), each of
which describes a different grouping of earthworm species based
on their ecology and may contribute to ecosystem processes and
services differently. Epigeic earthworm species live in and feed on
leaf litter on the soil surface and do not make burrows, their body
size is small (5-15 cm) and bright red in colour (Dewi and Sedge,
2015), but they are not stripy. They play vital role in decomposition
of organic matter at the soil surface. Anecic earthworms make
permanent vertical burrows and live in it. They feed on leaves on
the soil surface and drag it into the burrows (Fragoso et al., 1997),
their body size is large (15-20 cm) and coloured on the dorsal side
(Keith and Robinson, 2012). They can reach up to 1-2m depth
(Dewi and Senge, 2015) and increase aeration and water
infiltration through their burrows. Species, like Lumbricus
terrestris, make middens (piles of cast material) around the
entrance to their burrows. They also play a vital role in litter
comminution and nutrient cycling by combining leaf litter into the

soil profile. Endogeic species live in and feed on the soil. They
make network of horizontal burrows. Size of the body is
approximately 5-10 cm, usually unpigmented (often pale colour).
Most species of endogeic earthworms are found at the top layers
of soil, though some can burrow deep in the soil. The physico-
chemical and biological characteristics of soil ecosystem is
considered good when all the three primary ecological categories
of earthworms are inhabiting (Dewi and Senge, 2015).

Quantification of the belowground biodiversity in the
region is less although it is under biodiversity hotspot. It is likely
that species become extinct before they are described as a result
of changing habitat condition. A constituent of highly bio-diverse
Indo-Burma biodiversity hotspot, Manipur state in North-east
India has remained more or less unexplored for earthworm
diversity, except for the work conducted by Haokip and Singh
(2017). In the “Indian oligochaete,” Stephenson, (1921) had
recorded only five species of earthworm from the state.

Keeping in view the importance of earthworms and their
functions, it is essential to investigate the earthworm species of
Manipur. Further, it is necessary to study possible impacts on
ecosystems which is likely to be caused by changes in species
composition (among exotic, native, epigeic, anecic and endogeic
species) and reduce or loss of earthworm diversity in subtropical
forests. Necessary steps are needed to maintain stable
ecosystem for healthy ecosystem services which are vital for
existence of life.

In view of the above, the research work was conducted to
study the earthworm diversity in subtropical forest of Manipur
which plays a vital role in maintaining the stability of ecosystems
and conservation as the biodiversity of earthworms is a key
determinant of ecosystem stability. The present study aims at
finding the earthworm species occurrence at an old growth mixed
forest and young mixed forest. It was predicted that old growth
mixed forest will host higher number of species diversity than the
young forest. Investigations of species diversity in the forests of
this region are very much important as the state is represented by
a total forest coverage area of 78.01% and Conservation of
natural ecosystems is required since endemism of earthworm
species is very high in the region (about 71% of the genera and
89% of the species are endemic, Julka, 2014).

Materials and Methods

Site description: The study was conducted in two subtropical
forest ecosystems in east and west Imphal districts of Manipur,
Northeast India under Indo-Burma biodiversity hotspot. Manipur
is hilly state situated in the North-Eastern part of India covering
22,327 km’area. It shares international border with Myanmar and
lies between 23°50 and 25°42 N latitude and 92°59 and 94°59E
longitude. The study sites | and Il lies at 24°52'43.85"N,
93°54'26.87"E and 24°53'41.16"N, 93°58'20.59"E respectively.
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Site-lis a reserve mixed forest located in Imphal west district and
Site-Il is community protected mixed forest in Imphal east district
in the valley area of Manipur. The area is characterized by a
typical subtropical monsoon climate. The region receives an
average annual rainfall of 1325.7 mm.

Sampling and Identification of earthworms: Samples were
collected from two different subtropical mixed forest ecosystem of
Manipur, following Anderson and Ingram (1993) at monthly
interval for a period of one year (January to December, 2018). In
the present study, six plots of 1 m” were demarcated at each study
site. Further, in each plot, four 25x25x30 cm’ soil monoliths were
randomly sampled at study sites for sampling of earthworms. The
samples were collected by digging an area of 25x25x30 cm’,
Earthworms were hand sorted, straightened using 20-30%
preservative and preserved in 4% formalin for further
identification. The samples were identified under a Magnus zoom
stereo tri-nocular microscope (MODEL MSZ-TR) and Leica
stereo-zoom microscope S Apo.

Soil temperature was measured on monthly basis using
digital soil thermometer and pH was measured in 1:2 ratio soil
water solution using digital pH meter. Soil moisture content was
determined by gravimetric method and expressed as percentage
of the sampled weight. Soil temperature of the study sites ranged
from 15-25°C, pH value 5 to 6 while the soil moisture content
ranged from 19-36% at site-1 and 18-39% at site-Il, respectively.

Data analyses: Species richness, Diversity and Evenness
indices were calculated by using Margalef's Index
(Margalef,1968), Shannon's Wiener Diversity Index (Shannon
and Weaver, 1949), Simpson's Index (Simpson, 1949), Pielou's
Evenness Index (Pielou, 1975). Sorensen's Coefficient of
Community Index and Percent Similarity (PS) index were used to
measure the similarity between two study sites based on the
species composition and Density of earthworms (ind.m?) was
also calculated.

Results and Discussion

In the present study, a total of eight species were
recorded from two subtropical forest ecosystems of valley district
of Manipur (Table 1). The recorded species belonged to six
genera and four families of the Class Oligochaeta. Majority of the
species belonged to Megascolecidae with five species viz.
Metaphire birmanica (Rosa, 1888), M. houlleti (Perrier, 1872), M.
anomala (Michaelsen, 1907), Kanchuria sumerianus (Julka,
1988), and Perionyx sp. and the remaining families
Glossoscolecidae, Octochaetidae and Moniligastridae were
represented by Pontoscolex corethrurus (Muller, 1856),
Eutyphoeus sp. and Drawida sp. respectively. Three species of
the family Megascolecidae (M. birmanica, M. houletti and M.
anomala) and Perionyx sp. of the family (Megascolecidae) were
found at Site-l, whereas, Eutyphoeus sp. (Octochaetidae) was

found only at Site-Il. Species P. corethrurus, K. sumerianus and
Drawida sp. were present at both the sites. Out of the recorded
earthworm species, species of the family Megascolecidae (M.
birmanica, M. houlleti and M. anomala) and one species of the
family Octochaetidae (P. corethrurus) were exotic. Among the
recorded families, species belonging to the family
Megascolecidae was dominant over other families viz.,
Glossoscolecidae, Moniligastridae, Octochaetidae at the study
sites. The dominant occurrence of the species belong to the
family Megascolecidae may be due to their diverse adaptability in
the Indian subcontinent (Julka et al., 2009; Zodinpuii et al., 2019).

Natural reserved mixed forest (Site-1) had higher species
richness and species diversity index value and lower evenness
index value than Site-Il (Table 2). All the ecological categories of
earthworm viz., epigeic, anecic and endogeic were recorded from
Site-l on the other hand only two categories (epigeic and
endogeic) were found at Site-ll. This may be because of the
higher canopy cover and higher litter fall in Site-I than Site-ll
(Ruan et al., 2005). Endogeic species such as P, corethrurus and
Drawida sp. (Table 1) were more versatile in both spatial and
temporal distribution as they were occurring during all the
seasons upto 30cm deep soil, while others mostly occurred at 0-
10cm deep soil. This may be because of the ability of the species
to thrive well in different environmental situations such as
draught, heat and cold winter (Bhattacharjee and Chaudhuri,
2002).

In the present study, the similarity index analysis between
the two study sites showed similarity in species composition
(Sorensen's co-efficient of community: 0.66 and Percent similarity:
59.9) despite differences in the tree canopy cover (table 2). The
strong similarity observed in species composition between the two
sites may be due to similar microclimate and mixed forest type
(Haokip and Singh, 2012).

High species diversity (Shannon's diversity index: 1.29;
Simpsons index of dominance: 0.42) observed at Site-l may be
due to more canopy cover, high litter fall, which may provide more
suitable habitat for existence of earthworm community and
leading to the presence of anecic earthworms (M. birmanica, M.
houlleti, M. anomala) which are absent in Site-ll having less
canopy cover and litter fall (Gonzalez and Zou, 1999). Forests
with high litter fall and accumulation on ground favour higher soil
macro-faunal diversity due to territorial space, food and shelter
availability and also protection from predators (Ruan et al., 2005).
Less species diversity and richness observed in Site-Il may be
due to less canopy cover, litter fall and little flexibility to biotic
interference like collection of dry wood materials, edible plant
materials which may disturb their habitat such as forest floor and
upper soil layers (Eisenhauer and Schadler, 2011). Site-I has
lesser evenness index value (0.66) than Site-Il (0.72) (Table 2)
which may be due to the presence of more number of species
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Table 1: Distribution of earthworm species in two study sites of subtropical forest ecosystemin Manipur

Family/Species Sitel Sitell Vertical distribution Ecological category
Megascolecidae Metaphire birmanica + 0-10cm Anecic
M. houlleti + 0-10cm Anecic
M. anomala + - 0-10cm Anecic
Kanchuria sumerianus + + 0-20cm Endogeic
Perionyx sp. + + 0-10cm Epigeic
Glossoscolecidae Pontoscolex corethrurus ++ ++ 0-30cm Endogeic
Moniligastridae Drawida sp. ++ ++ 0-30cm Endogeic
Octochaetidae Eutyphoeus sp. + 0-10cm Endogeic
+=present; - = absent; ++ = high density
Table 2 : Earthworm diversity indices in sites land Il
Indices Site-| Site-ll
Margalef'sindex 0.81 0.52
Shannon’s diversity index 1.29 1147
Simpsons index of dominance 0.42 0.37
Pielou’s eveness index 0.66 0.72
Similarity indices: 1. Sorensen’s co-efficient of community: 0.66; 2. Percent similarity: 59.9
Table 3 : Seasonal variation in the population density (m ?) of earthworm species at Sites | and Il
Earthworms Sites Summer Rainy Winter
Metaphire birmanica | A 14.5£3.4 A
I A A A
M. houlleti | A 23.254+2.5 A
I A A A
M. anomala | A 13.25+1.5 A
I A A A
Kanchuria sumerianus | A 23.00+1.8 6.00+1.4
I A 19.242.59 3.00+
Perionyx sp. | A 27.00£2.94 A
I A 26.00+2,94 A
Pontoscolex corethrurus | 100£10.58 102.4+6.06 54.00+13.56
I 41.33+5.50 97.6+11.7 66.00+12.90
Drawidasp. | 18.4+2.17 20.33+1.52 12.00+1.63
I 56.00+7.00 135.2+£11.17 49.00+15.81
Eutyphoeus sp. | A A A
I A 26.00+4.06 7.00+1.41
A=absent

which were very less and even absent during summer and winter.
It may also be due to the presence of exotic species which affect
the population of native species (Winsome et al., 2006).

In the present study, most of the earthworm species and
populations were found in the uppermost surface layer (0-10 ¢cm)
and very less in remaining soil layers (10-20 cm and 20-30 ¢m)
irrespective of the forest type and soil at both the study sites.
Earthworm distribution in soil layers are influenced by both abiotic
and biotic factors (Lavelle and Martin, 1992). High species
population in the uppermost layer may be due to presence of
favourable temperature, moisture content and availability of leaf
litter, which are necessary for the survival of earthworms (Baker,

1998; Whalen et al., 1998; Aroujo and Hernandez, 1999; Tian .,
2000; Peterson., 2001; Kale and Karmegam, 2010). The Presence
of less number of earthworms in deeper layer may be due to
compact texture of the soil resulting from various factors such as
reduced volume of pore in soil, less oxygen and temporary water
logging in soils (Bostrom, 1986) which do not favour the activities
of earthworm efficiently. The present finding of spatial distribution
of species corroborates the findings of Irannejad and Rahmani
(2009) and Zodinpuii et al. (2019) where more diversity and
density was observed in the uppermost soil layer (0-10cm).

Seasonal variation in the population density of earthworm
was observed in the present study. Earthworm population density
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was highest during rainy season as compared to summer and
winter seasons for all recorded species at both the study sites.
High population density observed during rainy season may be
due to suitable moisture content which is essential for earthworm
survival (Edwards and Bohlen,1996). Favourable soil moisture
content along with other factors like temperature and availability
of litter provide suitable conditions for earthworm breeding and
thus increasing their population density during rainy season
(Najar and Khan, 2011; Lalthanzara and Ramanujam,
2014).Thus, it can be concluded that forests with high canopy
cover with less human interference favour high diversity of
earthworm than forests with less canopy cover in subtropical
forests ecosystems of Manipur.
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