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Abstract

Earthworms play an important role in soil processes and ecosystem services. Soil fauna responds quickly to any alteration in
the soil environment induced by land-use changes. Earthworm distribution is usually diverse, and their populations fluctu-
ate in relation to different soil variables and land use patterns of the soil. However, little is known about the impact of soil
organic carbon pools (abiotic factors) and land-use changes on earthworm communities in north western Himalaya. This
study examined distribution and diversity indices of earthworms and their relation to physico-chemical properties of soil.
Earthworms were sampled from three different land-use systems (mixed forest, agricultural land and tea garden) in every sea-
son (summer, rainy and winter) from two different depths (0—15 and 15-30 cm) from April 2019 to March 2021. We further
identified earthworms and investigated physico-chemical properties of soil along with different carbon pools. A total of 13
earthworm species belonging to three families (Megascolecidae, Lumbricidae, Octochaetidae) were identified, out of which
Amynthas corticis (Kinberg, 1867) was the most abundant species and found in all land-use systems. Mixed forest showed
the highest H index, Margalef index and also have good nutrient content. Principal Component Analysis (PCA) revealed a
significant positive impact of abiotic factors on the distribution of earthworms. Our results indicate that earthworm diversity
indices are strongly and positively correlated with the organic carbon pools of soil, which might become the potential factor
in influencing the earthworm community pattern in north western Himalaya.
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Introduction Earthworms are important ‘ecosystem engineers’ (Doran
and Zeiss 2000) as their bioturbation activity has a crucial
impact on physical, chemical and biological characteristics
of the soil (Bartlett et al. 2010; Tiwari et al. 2017). The
potential role of earthworms in soil formation and their con-
tribution in the functioning of soil ecosystems with vary-
ing species diversity was well explained (Lavelle and Spain

2001; Jouquet et al. 2006; Ngo et al. 2012). Earthworms

Climate change and land-use change threatened the eco-
logical communities (Tylianakis et al. 2008; Newbold et al.
2015), thus affecting the population structure of the organ-
isms (Bardgett et al. 2013). Soil biodiversity supports a wide
range of ecosystem services (Wall et al. 2013) thereafter
soil organisms are considered as indicators of the status and

‘health’ of the soil (Doube and Schmidt 1997; Capelle et al.
2012; Briones 2014). Among soil organisms, earthworms act
as a key agent in maintaining soil fertility and sustainability
(Jones et al. 1994).
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represent a great portion of soil biomass which can increase
to 80% (Yasmin and D’Souza 2010) in subtropical, tropical
and temperate regions (Nainawat and Nagendra 2001). Many
authors reported that earthworm diversity was severely
affected due to large-scale destruction of the natural ecosys-
tem (Lavelle et al. 1994; Bhaduria and Ramakrishnan 1991).

According to Darwin (1881), earthworms are nature’s
plough and always show a positive impact on soil charac-
teristics (Jones et al. 2006). Furthermore, earthworms also
increase crop yield upto 25-35% (Van Groenigen et al.
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2014). The fact that earthworms are essential for the entire
ecosystem because they perform numerous functions like
nutrient cycling, humus and aggregate formation. They have
spurred keen interest in scientists in gaining an insight of the
vast resource of soil worm diversity.

Overall, on the basis of physiology, feeding and burrow-
ing behavior, earthworms are categorized into three eco-
logical groups: endogeic, epigeic and anecic (Bouche 1972).
Their density and distribution pattern are heterogeneous
and totally depend on geographical and climatic factors of
the area (Debbarma and Chaudhuri 2019; Bhadauria et al.
2000). Furthermore, Bhadauria and Ramakrishnan (1989)
concluded that a variety of biotic and abiotic factors fluctu-
ate the dispersal pattern of regional earthworm species.

Many authors found that different land-use systems have
diverse vegetation cover, litter inputs and thereby affect
the physiochemical properties and microbial diversity of
the soil (Birkhofer et al. 2012; Xie et al. 2018; Marshall
and Lynch 2020; Singh et al. 2020a). The earthworm com-
munity is affected predominantly by land-use system, soil
organic carbon and soil moisture, thus being very sensitive
to these changes (Bini et al. 2013; Dempsey et al. 2013).
Ultimately, these changes directly influence the composition,
diversity and distribution of earthworm communities in dif-
ferent agro-climatic regions (Lalthanzara et al. 2011). Since
information related to earthworm diversity in Uttarakhand
is limited, hence the present study has been undertaken with
a view to ascertain species diversity of earthworms under
different land-use systems.

There are approximately more than 7000 species of
earthworm widely dispersed all over the world (Grdisa
2013; Wetzel and Reynolds 2021) out of which 3000-3500
are considered as valid (Csuzdi 2012). India is one of the
major mega biodiversity country, accounting for 11.1% of
total earthworm diversity in the world. (Chaudhuri and Nath
2011; Suthar 2011). Additionally, 505 earthworm species
of 10 different families belonging to 69 genera have been
discovered from India (Bora et al. 2021). At present, few
studies have focused on taxonomic richness of earthworms
in the western Himalayan region due to inaccessibility of
some tough terrains. Hence, these regions have not yet been
explored totally. Moreover, proper scientific investigations
are required to explore the unique soil earthworm habitats of
different land-use systems of western Himalaya. On the other
hand, Kaushal and Bisht (1994) investigated the earthworm
population density in the pasture land of Kumaun Himalayas.
Later, Bhadauria et al. (2000) examined the effect of natu-
ral and regenerating ecosystems on the diversity and distri-
bution of earthworm populations of central Himalaya and
reported a significant population decline of endemic earth-
worm species. Rajwar et al. (2018) focused on earthworm
populations of Kumaun Himalaya, however, all these studies
were limited to a single land-use system. The gaps present
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in the information on comparative studies made in the past
on different land-use systems and their effects on earthworm
population density in Kumaun Himalayas has led to the pre-
sent investigation. In order to gain a better understanding on
the effect of soil organic carbon pools and abiotic factors on
the earthworm populations, we carried out a study in north
western Himalaya to understand (a) the population dynam-
ics of earthworms in three different land-use systems (mixed
forest, agricultural land and tea garden) along with their soil
depth and seasonal variation and (b) how soil organic carbon
pools and abiotic factors affect earthworm diversity.

Material and methods
Study area

Geographically, Champawat lies between 29°20°09.97” N
and 80°05°27.70” E at an altitude of about 1615 m above
mean sea level in the Himalayan region. The climate of the
study area is sub—temperate with distinct warm (May—June),
cold (December— January), and general dryness seasons in
a year. The geographical coverage of Champawat is about
1613 km? with 1085.62 mm mean annual rainfall. Deep,
well-drained, coarse, and fine loamy soil with a loamy sur-
face is found. Three different land-use systems (mixed forest,
agricultural land, and tea garden) were selected for the study
(Fig. 1). The complete description of the study sites is given
in Table 1. Different land-use systems have different vegeta-
tion and thereby each vegetation type provides a different
soil environment for the survival of earthworms. Soil and
earthworm sampling was done during two consecutive years
in pre-monsoon, monsoon, and post-monsoon seasons of the
year 2019 and 2020 in the district Champawat (Uttarakhand,
India). Monsoon and pre-monsoon periods have a maximum
and high maturity of earthworms.

Earthworms sampling

Earthworms were sampled by using the tropical soil biol-
ogy methodology from three different land-use systems. On
each site, random sampling (25 X 25 cm) of the earthworms
for three consecutive seasons was done. Earthworms were
extracted by the hand-sorting method, then washed and
properly stretched and fixed in 4% formalin (Anderson and
Ingram 1993).

The collected earthworm samples were placed in poly-
thene bags that were properly labelled with the place name,
date of collection, and other requisite details. Further taxo-
nomic identification upto species level was carried out at
Zoological Survey of India (ZSI), Dehradun.
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Fig. 1 Map of the study sites: a mixed forest, b agricultural land, ¢ tea garden

Table 1 Characteristics of different land-use systems

Land use system  Sites GPS coordinates Soil textural class Vegetation

Mixed forest Laluwapani 29°20’13.11"N and 80°05°20.88"E.  Fine loamy soil Oak (Quercus leucotrichophora,
Quercus floribunda), pine (Pinus rox-
burghii), deodar

(Cedrus deodar)

Wheat (Triticum aestivum), maize (Zea
mays), potatoes (Solanum tuberosum)
and cowpea.

Tea

Agricultural land Madli 29°20’40.64"N and 80°06°16.19"E.  Coarse and fine loamy soil

Tea garden Dudh pokhara 29°18°36.66"N and 80°08’04.15"E.  Fine loamy soil
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Soil sampling

Soil samples were collected from two incremental depths
of 0—15 cm and 15-30 cm. The samples taken from the cor-
responding depths were thoroughly mixed and bulked to
form one composite sample. Then, it was brought to the
laboratory and was air-dried, crushed, and sieved through
a 2 mm sieve. Thereafter, it was kept in polythene bags for
subsequent analysis. Soil pH (H,O) and electrical conductiv-
ity were measured using a digital pH meter and conductivity
meter. Organic carbon was determined by the wet digestion
method (Walkey and Black 1934). Nitrogen was analyzed
by acid digestion Kjeldahl procedure as given by Ander-
son and Ingram (1993). Soil moisture was determined by a
gravimetric wet weight method. The content of K in soil was
analyzed by a systronics flame photometer. Phosphorus was
determined by using a spectrophotometer. The analysis of
bulk density was done as per the protocols of Anderson and
Ingram (1993). Particulate organic carbon was determined
by using chemical dispersion technique of Cambardella
(1992). An oxidation method by Blair et al. (1995) was used
to analyze the value of labile organic carbon in the soil.

Statistical analysis

The data for physico-chemical, POC and LOC properties of
the soil at successive depths of three consecutive seasons
was represented as mean + S.E. The results obtained were
analyzed using Past, SPSS 20, and the significance level was
set at a=0.05. Pearson’s correlation analysis was performed
to determine a correlation between the biological attributes
of earthworms and soil parameters. The diversity indices
such as Shannon-Weiner diversity index, species evenness,
and Margalef’s index were used to compare the richness and
diversity of earthworms among different land-use systems.
All these indices were calculated by using the standard cal-
culations by Shannon and Wiener (1949), Margalef (1958),
and Pielou (1966), respectively. Principal Component Anal-
ysis (PCA) was used to characterize the major component of
the soil with one or more variables that affects the diversity
and distribution of earthworms at a particular site by using
Varimax rotation with Kaiser Normalization.

Results

A total of 13 species belonging to three families viz. Megas-
colecidae, Lumbricidae, and Octochaetidae were identified
from all three different land-use systems by following stand-
ard protocols by Julka and Senapati (1987). All the species
were abundantly found in the rainy season and minimum in
the winter season across all the sites due to extreme cold and
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dry weather conditions. Most of the species were present at
a depth of 0-30 cm and thus possess different ecological
categories (Table 2). Out of these, eight species belong to
the family Megascolecidae (Amynthas corticis, Metaphire
posthuma, Metaphire houlleti, Metaphire birmanica, Peri-
onyx excavatus, Perionyx bainii, Perionyx nainianus and
Lampito mauritii) and three species belong to family Lum-
bricidae (Eisenia fetida, Bimastos parvus and Aporrectodea
trapezoides). The rest of the two species belong to the family
Octochaetidae (Eutyphoeus waltoni, Eutyphoeus nainianus).
Mixed forest recorded the highest earthworm diversity with
13 species, followed by agricultural land with ten spe-
cies. On the other hand, tea garden had only eight species.
Amynthas corticis was dominant earthworm species and was
present in all land-use systems. The Shannon-Wiener diver-
sity (H) index ranged from 0.85 to 2.40, Margalef species
richness (DMg) index ranged from 0.89 to 2.19, and spe-
cies evenness ranged from 0.91 to 1.99 across different sites
(Table 3). Due to the presence of numerous earthworm spe-
cies, mixed forest registered high Shannon-Weiner diversity
index and species richness values (Fig. 2).

The pedological characteristics and carbon pools of dif-
ferent land-use varied depth wise and seasonally (Table 4).
Moisture content at all sites was in the range of 45— 15%
with the highest value (45%) during the rainy season and
the lowest (15%) in winter. The pH was found acidic in
mixed forest irrespective to the seasons and depth whereas
agricultural land and tea garden had basic to moderately
acidic pH. Electrical conductivity and organic carbon
were recorded highest at the surface layer of mixed for-
ests. Also, their value increased during the rainy season
due to the accumulation of a thick humus layer. The NPK
content also varied significantly, with the highest value in
a mixed forest in its surface layer. Moreover, the values of
all variables significantly declined along with the vertical
soil profile. But, bulk density gradually increased depth-
wise and was recorded maximum in mixed forest. The
labile and particulate organic carbon of all three land-use
systems provides a unique insight (Table 5). All the land-
use systems showed higher values of particulate organic
carbon during the rainy season at a depth of 0-15 cm.
Indeed, its higher value reflects the superiority to micro-
bial activity and nutrient cycling. Labile organic carbon
was maximum in the mixed forest because of the constant
supply of decomposable leaf litter throughout the year.
The values of soil characteristics were found significantly
higher in the mixed forest in comparison with agricultural
land and tea garden. It was evident that physico chemical
attributes regulate the distribution of earthworm species,
therefore the preferred range of physico-chemical soil
characteristics of earthworms under different land-use
systems are given in Table 6.
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Table 2 Ecological category and depth wise distribution of earthworm species at different land-use systems

No. Earthworm species Family Land-use system Depth (cm) Ecological category Zoogeographical
- - distribution type
Mixed forest Agri- Tea garden
cultural
land

1 Amynthas corticis Megascolecidae v/ v v 0-30 Epi- endogeic Exotic peregrine
(Kinberg, 1867)

2 Metaphire posthuma Megascolecidae v/ v v 0-30 Endogeic Exotic peregrine
(Vaillant, 1868)

3 Metaphire houlleti (Per- ~ Megascolecidae v/ v v 0-30 Endogeic/ Epianecic Exotic peregrine

rier, 1872)

4 Metaphire birmanica Megascolecidae v/ - - 15-30 Endogeic Exotic peregrine
(Rosa, 1888)

5 Perionyx excavatus Megascolecidae v/ v v 0-30 Epigeic Native peregrine
Perrier, 1872

6 Perionyx bainii Megascolecidae v/ - v 0-15 Epigeic Native peregrine
Stephenson, 1915

7 Perionyx nainianus Megascolecidae v/ v - 0-30 Epigeic Native peregrine

(Michaelsen, 1907)

8 Lampito mauritii Megascolecidae v/ v v 0-30 Endogeic Native peregrine
Kinberg, 1867

9 Eisenia fetida Lumbricidae v v v 0-30 Epigeic Exotic peregrine
(Savigny, 1826)

10 Bimastos parvus Lumbricidae v v - 0-30 Epigeic Exotic peregrine
(Eisen, 1874)

11 Aporrectodea trapezoides Lumbricidae v v v 0-30 Endogeic Exotic peregrine
(Duges, 1828)

12 Eutyphoeus waltoni Octochaetidae v/ v - 0-30 Anecic Native peregrine
Michaelsen, 1907

13 Eutyphoeus nainianus Octochaetidae v/ - - 0-30 Anecic Native peregrine
Michaelsen, 1907

Fig.2 Earthworm species diver-
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Table 3 Values of diversity indices of earthworms at selected sites

No. Sites Individual Dominance Simpson Evenness Margalef Equitability Shannon
(DMg) Weiner Index
(H)
Mixed forest 5066 0.106 0.894 0.853 1.407 0.938 2.406
Agricultural land 3204 0.123 0.877 0.899 1.115 0.954 2.197
Tea garden 2134 0.1453 0.854 0.918 0.912 0.959 1.994

Pearson correlation analysis showed an association
of earthworm diversity and indices with soil physico-
chemical properties across the three land-use systems
(Table 7). A highly positive significant correlation was
observed between density and diversity with organic
carbon, nitrogen, potassium, bulk density, moisture con-
tent, particulate and labile organic carbon. However,
pH showed a negative correlation with the earthworm
density.

The Principal component analysis (PCA) was applied
to 13 different biotic and abiotic parameters for three
different land-use systems to identify the most important
soil factors affecting the distribution and diversity indi-
ces of earthworm species. PCA resulted into two major
principal components, viz. PC1 and PC2 contributed a
total variance of 58.47% and 41.52%, respectively. The
different factors, their loading values, respective eigen-
values, and total variance (%) for each component are
given in Table 8. The variance in PC1 was due to EC, N,
BD, MC, and LOC while in PC2, it was due to P and K.
However, PC2 showed strong negative loading with pH.
Earthworm diversity indices and soil properties have a
significant direct relation. The biplot of PCA of 13 dif-
ferent variables using varimax rotation with the Kaiser
Normalization method is given in Fig. 3.

Discussion

A total of 13 earthworm species belonging to three fami-
lies were identified from different land-use systems of
north-western Himalaya. Kandpal (2018) also reported
Amynthas corticis, Metaphire houlleti, Metaphire post-
huma, Perionyx excavatus, Aporrectodea trapezoides,
Eisenia fetida from Kathgodam, Terai region of north-
western Himalaya. Earthworm populations are very
sensitive to land use practices. It was observed during
the study that earthworm community composition was
largely dominated by endogeic species in all land-use
systems, particularly in mixed forest. According to
Decaens et al. (2003) forest provides abundant trophic
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resources such as litter, and organic matter to support
earthworm population. The findings of our study go in
line with this statement. Vegetation type, abiotic fac-
tors, physical, chemical and organic carbon pools of soil
directly influence the distribution and diversity of earth-
worms (Ramanujam et al. 2000).

In agricultural land, the diversity of earthworm spe-
cies was low due to the physical disturbance of the soil.
Various agricultural management practices like plough-
ing, and heavy soil cultivation damage the burrows of
endogeic species. Our results corroborated with the find-
ings of Amador et al. (2013) and Lagerlof et al. (2002)
who documented that ploughing decreased the earthworm
population. In the tea garden, eight endogeic species (out
of 13) predominated, with no anecic and epi-anecic in
sight. Our results are consistent with the conclusions of
Harbowy et al. (1997), Senapati et al. (1999) and Jamatia
and Chaudhuri (2017) who concluded that tea leaf litter
consists of high content of polyphenols, making it less
palatable for earthworms.

Temporal variations (temperature, rainfall) alter
functional categories of earthworms, leading to spatial
and temporal heterogeneity in earthworm population
(Chaudhuri and Paliwal 2008; Suthar 2012). Altitude
shapes environmental factors (Jacquier et al. 2020) and
the environmental conditions of Kumaun Himalayas are
altitude-dependent. Furthermore, our results showed that
the earthworm diversity of all land-use systems tends to
decrease seasonally (rainy > summer > winter). Indeed,
the rainy season has high precipitation, humidity, and
appropriate temperature that successfully sustain the
lives of earthworms and support their reproductive cycle.
Similar observations are also made by Joshi and Aga
(2009) and Walsh and Johnson-Maynard (2016).

During the study, many earthworm species were
absent in the winter season. This could be related to the
presence of frost in the study area, as even moderate frost
in the soil was considered lethal for earthworms by Hopp
and Linder (1947).

The value of the Shannon—Wiener index usually
ranges from O to 4. In the present study, the earthworm
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Table 5 Soil organic carbon pools at successive depths under differ-
ent land-use systems

Site Depth (cm) Season POC LOC

Mixed forest 0-15 Summer 104 2.60
Rainy 2.5 312

Winter 123 1.82

15-30 Summer 8.5 1.32

Rainy 1.7 234

Winter 9.1 132

Agricultural land 0-15 Summer 5.2 2.19
Rainy 1.9 2.89

Winter 57 1.34

15-30 Summer 3.0 1.16

Rainy 1.2 221

Winter 24 1.09

Tea garden 0-15 Summer 22 2.10
Rainy 0.8 2.25

Winter 24 132

15-30 Summer 2.2 1.14

Rainy 1.0 2.07
Winter 2.7 1.06

POC, particulate organic carbon; LOC, labile organic carbon

diversity indices, i.e. H index, Margalef, and species
evenness were recorded as highest in the mixed forest
due to good canopy cover with maximum litter accu-
mulation and less involvement of anthropic factors. Our
results were in agreement with Haokip and Singh (2012).
Similar to our findings, Sharma and Bharadwaj (2014)
observed a higher H index value in agricultural fields
due to the use of organic manure. Furthermore, the lower
H index value of tea garden in our present study sup-
ports the findings of Jamatia and Chaudhuri (2017) who
reported the same because of an absence of a canopy
with unpalatable leaf litter and extreme anthropogenic
interferences.

The physico-chemical characteristics of soil, different
organic carbon pools, and organic matter at a particular
site helped in determining the earthworm distribution
and diversity of that area. During the present investiga-
tion, a variety of environmental factors such as moisture
content, bulk density, conductivity, pH, organic car-
bon, nitrogen, potassium, particulate, and labile organic
carbon directly affected the earthworm abundance and
hence diversity indices.

We have observed that moisture content plays an
important role due to the cutaneous mode of respira-
tion, thus acting as a critical factor for earthworm dis-
tribution. Earthworm biomass contains 70-90% water.
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Soil temperature and moisture are inversely proportional
thereafter affecting earthworm population through modes
of metabolism, respiration, growth, reproduction, and
osmoregulation. Similar to this, Debbarma and Chaud-
huri (2019) documented a significant and positive cor-
relation between the moisture of pasture soil and density
and biomass of earthworms.

pH regulates acidity and alkalinity in the soil, there-
fore, did not directly influence earthworm dynamics in a
particular site, but indirectly alters other chemical pro-
cesses in earthworm ultimately leading to affect nutrient
availability. In the present study, pH varied from 4.9 to
7.8 across sites and seasons. Earthworms can tolerate a
pH range of 5.0 to 8.0. Bisht et al. (2003) support our
study by recording a pH ranging from 5.6 to 8.0 in the
terai region of central Himalaya.

Both organic carbon pools of soil (labile and particu-
late) are significantly and positively correlated with the
biological attributes of earthworms. Hence, these carbon
pools are also regarded as a critical edaphic factor influ-
encing the earthworm population in any land-use system
of north-western Himalaya. Also, according to Bayran-
vand et al. (2017) total organic carbon has a stronger
impact on soil biological activity. While on the other
hand, organic carbon determines the type and nature of
food for an earthworm. Li et al. (2018) and Rajkhowa
et al. (2014) observed high earthworm abundance in the
sites having high organic carbon content and vice versa,
which is clearly observed in our findings.

Two principal components were identified PC1 and
PC2. Liu et al. (2003) classified factor loadings as weak,
moderate, and strong when absolute loading values were
<0.50, 0.50-0.75, and > 0.75, respectively. Although
PC1 was due to EC, N, BD, MC, and LOC. EC maintains
the salt concentration and earthworms can survive only at
a moderate salt level. Singh et al. (2020b) described that
the growth and development of earthworms are directly
affected by soil bulk density, which is clearly represented
in our study. PC2 represents chemical factors and had a
strong positive loading of K and P. This validates the
outcomes of Singh et al. (2016a), who confirms that
Metaphire posthuma increases nitrogen and phosphorus
content in the soil, thereafter making it easily available
for the plants. Thus, PCA proved that earthworm commu-
nities along with their diversity indices are directly and
positively correlated with the physico-chemical proper-
ties of soil. The present observations are in agreement
with the findings of other previous studies of Sankar and
Patnaik (2018) and Singh et al. (2020c). Also, according
to Singh et al. (2016b) earthworm distribution varied
according to soil habitat, vegetation type, soil tillage,
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Table 6 Range of physico-chemical properties of soil for various earthworm species

No. Earthworm species pH EC OC (%) N (%) P (%) K (%) BD Moisture (%)
(Scm™) (gem™)
1. Amynthas corticis 4.9-7.8 0.03-0.24 0.93-3.07 0.17-0.69 0.006-0.134 0.008-0.056 0.42-0.98  15.0-41.2
(Kinberg, 1867)
2. Perionyx 4.9-6.5 0.03-0.21 0.93-3.07 0.17-0.69 0.006-0.134 0.011-0.056 0.42-0.98  15.0-41.2
bainii
Stephenson, 1915
3. Metaphire houlleti 4.9-7.8 0.03-0.24 0.93-3.07 0.17-0.69 0.006-0.134 0.008-0.056 0.42-0.98  15.0-41.2
(Perrier, 1872)
4. Perionyx 4.9-7.8 0.05-0.24 1.53-3.07 0.28-0.69 0.101-0.134 0.008-0.056 0.53-0.98  19.0-41.2
nainianus
(Michaelsen,1907)
5. Perionyx excavatus 4.9-7.8 0.03-0.24 0.93-3.07 0.17-0.69 0.006-0.134 0.008-0.056 0.42-0.98  15.0-41.2
Perrier, 1872
6. Bimastos 4.9-7.8 0.05-0.24 1.53-3.07 0.28-0.69 0.101-0.134 0.008-0.056 0.53-0.98  19.0-41.2
parvus
(Eisen, 1874)
7. Metaphire posthuma 4.9-7.8 0.03-0.24 0.93-3.07 0.17-0.69 0.006-0.134 0.008-0.056 0.42-0.98  15.0-41.2
(Vaillant,1868)
8. Eutyphoeus waltoni 4.9-7.8 0.05-0.24 1.53-3.07 0.28-0.69 0.101-0.134 0.008-0.056 0.53-0.98  19.0-41.2
Michaelsen, 1907
9. Lampito 49-7.8 0.03-0.24 0.93-3.07 0.17-0.69 0.006-0.134 0.008-0.056 0.42-0.98  15.0-41.2
mauritii
Kinberg, 1867
10. Eisenia 4.9-7.8 0.03-0.24 0.93-3.07 0.17-0.69 0.006-0.134 0.008-0.056 0.42-0.98 15.0-41.2
fetida
(Savigny, 1826)
11. Aporrectodea trapezoides ~ 4.9-7.8 0.03-0.24 0.93-3.07 0.17-0.69 0.006-0.134 0.008-0.056 0.42-0.98  15.0-41.2
(Duges, 1828)
EC, electrical conductivity; OC, organic carbon; N, nitrogen; P, phosphorus; K, potassium; BD, bulk density
Table 7 Correlation matrix of soil characteristics and biological attributes of earthworms
Parameters pH EC ocC N P K B.D. M.C. POC LOC Density H’ Simpson
EC 0.708 1 0.580 -0.637 -0.130  0.026 0.468 0.275 0.238 0.040 0.358 0.376 0.462
pH 0.708 -0.166 -0.094 -0.792 -0.688 -0.294 -0.485 -0.518 -0.678 -0.406 -0.389  -0.300
ocC 0.997* 0.733 -0.830 0.991* 0.943* 0.929* 0.837 0.969*%  0.973*  0.990*
N 0.682  0.787 0.979*% 0.916* 0.900* 0.796 0.948*%  0.954* 0.978*
P 0.988* 0.816 0.918* 0.932* 0.986* 0.879 0.870 0.820
K 0.896 0.968% 0.977% 1.00™  0.943*  0.936% 0.899
B.D. 0.978*  0.970* 0.902* 0.993*  0.995* 1.00™
M.C. 0.999*%  0.972* 0.996*  0.994*  0.980*
POC 0.980*  0.992*  0.989* 0.971*
LOC 0.947*%  0.941*  0.905%*
Density 1.00™  0.994%*
H 0.996*

Levels of significance: *p <0.05; **p <0.01

@ Springer
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Table 8 Principal components and Eigenvalues of different variables

No. Variables PC1 PC2

1. pH 0.165 -0.986
2. EC 0.996 -0.086
3. oC 0.616 0.788
4., N 0.911 0.412
5. P 0.461 0.887
6. K 0.565 0.825
7. B.D. 0.844 0.536
8. M.C. 0.958 0.288
9 POC 0.693 0.721
10. LOC 0.940 0.342
11. Density 0.663 0.748
12. Shannon Weiner Index 0.812 0.584
13. Simpson 0.864 0.504
14. Eigenvalue 11.07 1.92

15. Variance (%) 58.47 41.52

Extraction method: principal component analysis. Rotation method:
varimax with Kaiser Normalization

and land-use pattern. Overall, the findings of the study
clearly indicate that changes in the land-use system along
with the altitude have a plethora of effects on earthworm
community structure. These statements are corroborated
by the findings of Rajwar et al. (2022), who documented

higher earthworm population density in forest systems
as compared to agro-forest and cultivated systems in the
Kumaun Himalayas.

Conclusion

Our study observed a pronounced effect of abiotic factors
on the composition and diversity of the earthworm commu-
nities under three different land-use systems. In this study,
13 earthworm species have been documented. In particular,
mixed forest supports the abundant and maximum earth-
worm population density as compared to the agricultural
land and tea garden. To our knowledge, this is the first
report on the distribution pattern of earthworms from
Champawat district of north-western Himalaya. Amynthas
corticis was the most dominant species that has found in all
land-use systems. It was also noticed that the rainy season
provides sufficient moisture to earthworms to sustain their
life irrespective of land use. PCA showed that soil vari-
ables have a significant positive effect on the distribution
and diversity indices of earthworm across three land-use
patterns. Indeed, our study also revealed that LOC and OC
have a strong positive impact on the earthworm commu-
nity. Further, this study provides baseline information in
establishing a relationship between earthworm population
and different land-use systems in north-western Himalayas.
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Fig.3 Biplot of PCA of 13 dif-
ferent variables (PC 1 vs. PC 2)
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