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VERTICAL DISTRIBUTION OF COLLEMBOLA IN A
NATURAL FOREST AND JHUM LANDECOSYTEM OF
MOKOKCHUNG, NAGALAND
Jruak Kalo

ABSTRACT
The present study was carried out in a natural forest and jhum land ecosystem of
Mokokchung district of Nagaland during January 2009 to December 2011. It was

TM

observed that the total annual population density of Collembola and their vertical
distribution pattern in 3 (three) different depths i.e., 0‐10 cm, 10‐20 cm, 20‐30 cm of the

RS

soil layers showed higher population density in forest ecosystem as compared to jhum
land ecosystem, and this may be because of the rich vegetation, physico‐chemical
factors and absence of human interference in the natural forest. In case of the jhum land

IJ

ecosystem, the lower population density of Collembola may be due to slash and burn,
sparse vegetation and anthropogenic practices. Increase in depth showed a significant
decrease in the population density in both the sites ‐ the highest density being recorded
during the rainy season, followed by summer season and the lowest during the winter.
The effect of physical parameters revealed significant correlation with the soil
Collembola, but there was no appreciable relationship with other chemical factors
except for soil potassium and phosphorus. Thus, the distribution of soil micro
arthropods is affected by various properties in an agro ecosystem as well as habitat
quality. In case of Collembola, the higher concentration of population was found in the
top layer of the soil.
KEYWORDS: Collembola, microarthropods, vertical distribution, forest, jhum land.

International Journal of Research, Science, Technology & Management
ISSN Online: 2455-2240, Volume 14 Issue II, February 2019
1. INTRODUCTION

recorded higher population densities of

insects or apterygotes and the most
abundance soil inhabiting arthropods.
They can be placed under three sub‐
groups

viz.

Entomorbryomorpha,

Poduromorpha and Symphypleona. As
found in many species, they possess
unique structure called furcula which
enables them to jump when disturbed.
They are largely detritus or fungal
feeders ‐ most of them feeding on
decaying vegetation, bacteria, fungi,
algae, pollen and other forms of organic
material and have well developed

of the soil. Collembola are cosmopolitan
in distribution and despite their small
size of only 0.2‐9mm, their abundance
makes them important soil organisms,
playing

a

significant

role

in

the

decomposition process (Christensen &
Bellinger,

1980),

and

are

good

indicators of soil quality via their
relationship with minerals/chemicals
like Na, K and N of soil (Hagvar, 1984). It
has been observed that majority of
Collembola are found in the upper layer
of the soil habitat especially in the litter
and humus layer (Takeda, 1978; Hagvar,
1983).

RS

mouthparts capable of fragmenting

Collembola occurred in the upper layers

TM

Collembolans or springtails are wingless

plant material (Seastedt, 1984). Large

In India, studies on different aspects of

surface, while smaller sized are found to

soil microarthropods were reported by

be in humus layers of the soil. The

Harza and Choudhuri (1983), Hattar and

vertical

Alfred

IJ

sized Collembolan species appear on the

distribution

of

soil

(1986)

and

Alfred

et.al

microarthropods generally influenced

(1991).Considering the contribution of

by the biotic factors under different

soil

environmental gradients was studied by

ecosystem quite a lot of work has also

different workers (Gill, 1969; Price,

been done in North Eastern India

1973; Marshal, 1974; Usher, 1975;

(Reddy & Alfred,1978 a, b; Vatauliya &

Edberg & Hagvar, 1999; Detsis, 2000).

Alfred, 1980; Darlong & Alfred,1982;

Hagvar (1983) studied on Collembola in

Paul & Alfred, 1986; Sarkar 1991; Singh

Norwegian coniferous forest soils and

et al, 1998; Chitrapati et al, 2002).

observed

that

the

abundance

of

Collembola in Norwegian coniferous
tended to increase soil fertility and

microarthropods

to

the

soil

In Nagaland, majority of the farmers
practices shifting cultivation locally
known as Jhum which accounts for
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about 73% of the net cropped area and

(E) longitude. The forest site comprised

the wet terrace rice cultivation (WTRC)

of rich vegetation which had not been

accounts for about 27% of the net

disturbed for more than twenty years

cropped area. Due to jhum cultivation,

while the jhum land had almost no

the process of “slash and burn” takes

vegetation due to frequent human

place where the ecological balance is

activities and interference.

and fauna and climate change. Study on
soil microarthopods was carried out by
Duolo and Kakati (2009) who recorded
a higher population in natural forest as
compared

to

a

degraded

forest.

Therefore, it is now felt that the effects
of deforestation/jhum land on soil
microarthropod populations is vital.
Thus, the present study was taken up to

vegetation with a distinct vertical
stratification. The canopy layer has an
average height of 20 metres or more,
comprising of Albizia procera, Schima
wallichii, Alnus nepalensis, Castinopsis
indica, Lithocarpus elegans, Michellia
champaca and Persia villosa. Emergent
trees that overshoot the canopy layers
were not present. The smaller trees

RS

study the effects of deforestation, the

The natural forest comprised of rich

TM

disturbed leading to destruction of flora

effects of climatic and edaphic factors on

IJ

Collembola’s abundance, distribution

and diversity in a natural forest and
jhum land ecosystems in Mokokchung
district of Nagaland.

2. MATERIALS AND METHODS

mostly

belong

to

the

families

of

Lauraceae, Euphobiaceae, Araliaceae,
Ficaseae and Rubiaceae. The average
height of these members is found to be 5
to 15 mts. The ground flora is rich and
epiphytes, climbers and lianas were also
found to be growing abundantly. The
jhum land, on the other hand was not as

2.1 STUDY SITES

well stratified as the natural forest. The

The present study was carried out in

tree species present are the species that

two adjacent areas of natural forest and

were left uncut while clearing the forest

jhum land ecosystems in Mopongchuket

and the stumps that survived the jhum

village

village

cultivation. Quercus serrata, Erythrina

under Mokokchung district, Nagaland

striata, Albizia procera, Schima walichii

which lies at 26°11'36’’ North latitude

were the dominant species present in

and in between 94°17'44’’ to 94°45’42’’

the jhum areas.

and

Chuchuyimpang
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= 11.3 cm, total average rainfall =

The climate of the area is monsoonal,
with warm moist summers and cool dry
winters. The meteorological data based
on three years (2009‐2011) as shown in
tabular as well as graphical forms
(tables 1‐3 and figures 1‐3) reveals that
June to October constitutes wet months
and November to May the dry months.
The dry period can be further divided
into summer (March to May) and cool
dry season (November to February).
Thus there is distinct summer (March to
May), rainy (June to October) and
seasons.

(November
March

to

February)

constitutes

the

transitional month between winter and
summer

whereas

October

is

the

The

maximum

IJ

transitional month between rainy and
winter season.

and

2.3 SAMPLING AND EXTRACTION
In both the forest and jhum land
ecosystems, the sampling collection
sites were divided according to the
elevation because of the terrain viz.
upper elevation site, middle elevation
site and lower elevation site. In each
elevation site, three different plots
having a size of 10m x 10m, each at 25‐
30 m apart were selected from where
soil samples were taken randomly. Soil
samples were taken at one month
intervals in the middle week of each
month during the study period. All the

RS

winter

1859.93 cms).

TM

2.1 CLIMATE

minimum

collections were made in the mornings
between 10:00 and 11:00 AM. The soil
samples were collected with the help of
iron cylindrical core with sampler size

air

of 3.925 cm, which are 10cm in depth

temperature was 21.4°C (August) and

and 5cm in diameter. Three replicates

6.3°C (January) respectively in 2010

were collected from each area or

(Average: Max = 21.4 °C Min = 8.1 °C).

collection

The maximum and minimum relative

immediately bound in polytene bags,

humidity was 85% (August) in 2009 and

labelled and brought to the laboratory

35.55 (December) in 2011 respectively

for analysis. In each study site a total of

(Average: Max = 83.3% Min = 54.5%).

1944 soil samples were collected during

The maximum and minimum total

the whole study period. The soil

rainfall was 972.5 cms (July) in 2011

samples were than packed and brought

and the minimum was 3.7 cms (March)

to the laboratory within an average of

in 2009 (Average: Max = 572.5 cm Min

one hour after the field collection. The

site.The

samples

were
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samples were then divided into sections

modified Walkey and Black method

and placed in a Tullgren funnel as

according to Anderson and Ingram,

described by Crossley and Blair (1991).

1993), Soil total nitrogen (acid digestion

The

Kjeldahl

soil

microarthropods

were

procedures

Anderson

70% alcohol. After the extraction, the

Phosphorus

vials and the contents were transferred

stannous chloride method according to

into a petridish and vials were washed

Sparling et al., 1985), Potassium (flame

several times with 70% alcohol. The

photometer

extracted soil microarthropods were

1971).

drops of glycerine were added to

Ingram,

to

extracted into collecting vials containing

preserved in 70% alcohol to which few

and

according

(ammonium

according

1993),
molybdate

to

Steward,

3. RESULT AND DISCUSSION
The total annual population density of

counting was done under a binocular

Collembola in forest ecosystem was

microscope, and density calculated.

TM

prevent desiccation. Identification and

324.69 x102 m‐2 which contributed to
26.27

2.5 SOIL ANALYSIS

%

of

the

total

soil

RS

microarthropods population while in

Physico‐chemical factors of the soil like

jhum land ecosystem, the total annual

temperature,

organic

population density of Collembola was

available

222.42 x 102 m‐2 contributing 34.37 %

total

phosphorus,

pH,

nitrogen,

and

IJ

carbon,

moisture,

potassium

were

to

the

total

soil

microarthropods

analyzed during each sampling period in

population. The population density of

order to study the impact of these

Collembola showed a decreasing trend

factors in the population changes of soil

with increase in soil depth in both the

microarthropods. The methodologies

ecosystems (Table 1). This difference in

utilized for each are as follows: Soil

values between the two areas or

temperature (soil thermometer), Soil

ecosystems

moisture content (gravimetric method

differences in the local microclimatic

according to Misra, 1968 and Wilde et

conditions, vegetative and litter cover

al., 1985), Soil pH (portable glass

(Stanton, 1979). This has also been

electrode

corroborated

pH

meter

(according

to

may

by

be

attributed

Hazra

to

(1991),

Jackson, 1958), Soil organic carbon

Chitrapati (2002), Doulo and Kakati

(oxidation

(2009)

calorimetric

method

i.e.,

etc.

Maximum

population
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density was observed during rainy

season, while the lowest readings were

season followed by summer and winter

in the 20‐30 cm depth during winter.

respectively in both the sites (Table 2).

This may be due to high moisture

This trend has been observed by various

content and other microclimatic factors

workers (Chakraborti and Bhattacharya,

during rainy season which enhance the

1996; Yadava and Singh, 1988; Narula et

rate of decomposition. The seasonal

al. 1998; Reddy and Venkataiah, 1990;

variations observed in both the sites

Gope et al., 2007; Duolo and Kakati,

may be due to a cumulative effect of

2009 etc).

different factors rather than a single

monthly

variation

of

total

population density of Collembola in
forest

ecosystem

and

jhumland

ecosystem was found to be the highest
in the month of August (42.22 x 102 m‐2)
and (28.86 x 102 m‐2) respectively (Fig.
the two ecosystems at different soil

depths again show similarities and
according

to

depth

in

IJ

differences

(Petersen,

1980),

although

Collembola in the upper soil layers are
primarily
content

influenced
and

1967).

by

moisture

temperature

Moreover,

(Strong,
increased

temperature due to solar radiation in
the upper layers may indirectly alter the
soil micro arthropod communities by

RS

1). The monthly population densities in

factor

TM

The

relation to the month (Figures 2 and 3).
For instance, the maximum values at all

causing a shift of abundance vertically in
abundance, and composition of soil
organisms

upon

which

they

prey

(Kardol et al., 2011).

soil depths in both the ecosystems were

Physico‐chemical parameters of the soil

seen in the month of August, but the

showed positive significant correlation

minimum values were observed in the

with

month

the

population, specifically in relation to soil

ecosystems (Figures 2 and 3). The

moisture, soil temperature, rainfall and

seasonal

humidity

of

January
vertical

in

both

distribution

of

the

density

(Table

3).

of

Collembola

The

positive

Collembola decreased with increasing

correlation between microarthropods

depth in both the forest and jhum land

and soil moisture content reported by

ecosystems (Table 4). In both the

Dhuri, et al. (1978), Kaczmarek (1975),

ecosystems, the highest readings were

Nijima (1975), Price (1973). All the soil

in the 0‐10 cm depth during rainy

depths (0‐10 cm, 10‐20 cm, and 20‐30

International Journal of Research, Science, Technology & Management
ISSN Online: 2455-2240, Volume 14 Issue II, February 2019
cm) in both the two ecosystems showed

Lattin,1990b). As reported by Duolo and

a positive correlation to soil moisture.

Kakati (2009) a negative correlation

The density of the Collembola decreased

was also observed in a natural forest in

with the soil depth from 0‐10cm, 10‐20

Nagaland.

ecosysytem

which

fragmentation

might

and

be

the

mineralization

process during decomposition of litter
material resulting in homogenisation of
soil organic matter with increasing
depth, reduced habitat complexity and
reduced resource quality indicating
lower availability of resources. The
increase

in

soil

moisture

content

showed increase in the density of the
soil microarthropods and Collembola
the soil at 0‐10 cm which provides a
micro‐

enviroment

as

IJ

conductive

carbon had a positive and significant
correlation in relation to distributional
patterns at all soil depths in both the
ecosystems. In the case of soil pH a
negative correlation (r = ‐ 0.36, p < 0.05)
was observed in only one place i.e., the
20‐30 cm depth of the jhum land, but
the remaining sampling depths in both
the ecosystems showed a positive
correlation. This negative correlation
may

be

RS

are mostly found in the upper layer of

Table 4 shows that nitrogen and organic

TM

cm to 20‐30 cm in both the two

reported by Badejo and Van Straalen
(1993). Rainfall, humidity and soil
temperature also showed a positive
correlation in both the ecosystems,
except for a negative correlation (r = ‐
0.2861, p < 0.05, (r = ‐0.2501, p < 0.05)
at the 10‐20 cm and 20‐30 cm depth of

due

to

agricultural

intensification which disturbs the upper
soil layers (alteration of soil pH), thus
disturbing soil fauna niches (Moriera et
al., 2006). While the carbon: nitrogen
ration is of considerable importance in
controlling bacterial population, it is
integrated with several other factors all
of

which

ultimately

determine

population level.

the forest ecosystem in the case of soil

In

moisture. This might be due to the fact

potassium, positive correlation in the

that forest soil is influenced and defined

case of phosphorus in the depth of 20‐

by disturbances such as tree falls, root

30 cm and potassium in the 0‐10 cm

tip‐ups,

left

depth of forest ecosystem and 10‐20 cm

untouched by passing fires and affected

depth of jhum land the rest of the

by

sample were found to be negative

subterranean

moisture

logs

(Moldenke

and

the

case

of

phosphorus

and
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correlation in all sampling depths of

Seastedt (1984) observed that the flow

forest

land

of decomposition rate has been well

ecosystem. This might be due to various

demonstrated in the forest ecosystem

factors,

microbial

but not in agro‐ecosystem. In jhumland

immobilization of potassium which can

ecosystem, the effect of fauna on

shift the equilibrium between available

decomposition rates appears to be

and bound potassium (Bear, 1964). The

lesser significance.

for

and

instance,

jhum

potassium taken up by the trees which
accounts for about 55‐65% is returned
to the litter/soil in leaf fall (Black, 1957;
Lutz and Chandler, 1946). Potassium is
subsequently mobilized via microbial
decomposition and a shift in exchange
complex equilibrium as a result of
potassium

loss.

Moreover,

it

is

susceptible to leaching from living and

the findings were similar to earlier
workers

except

few

insignificant

observations may vary in certain cases.
Differences in observations may vary
from

plot

to

plots

due

to

local

microclimatic factors. Majority of the
Collembolans were found in the upper
soil layer and as reported by Wallwork

RS

dead organic matter and the soil (Tukey,

In the present study conducted, most of

TM

ecosystem

1970; Lutz and Chandler, 1946; Black,

IJ

1957; Bear, 1964), and microorganisms
also produce acids which are important
in the release of insoluble potassium in
soil minerals.

(1970) that the maximum population
density is observed there, where the
maximum decomposition activity takes
place. Few factors responsible for the
soil microarthropods densities at higher
altitudes

especially

to

the

two

The soil pH showed positive and

ecosystems may be because of higher

significant relationship among the soil

soil acidity, harsh abiotic conditions,

arthropods in both the two ecosystems.

high densities of macroarthropods and

Cancela da Fonseca et al, (1995)

lower

reported that the soil pH had greater

presence of the Collembola on the upper

influence on the soil microarthropods

surface is due to larger body size and

abundance than the soil temperature or

since the crevices are smaller in the

moisture.

lower or deeper layers and they stay in

The effect of fauna on decomposition
rates was higher in forest ecosystem.

quantity

of

resources.

The

the surface layers where crevices are
bigger (Hagvar 1983).Thus it has been
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observed that the larger body size is the

in some North‐East Indian soil, In:

decisive factor controlling the vertical

Advances

distribution as reported by Detsis

conservation of soil Fauna (Eds, G.K.

(2000).

Veeresh, D. Rajagopal and C.A Virak

It has been observed that maximum soil

2.

corresponded

(1993).

maximum

Management

and

Tamath) Bangalore.

moisture content during rainy season
with

in

Anderson, J. H. and Ingram, J. S.
Tropical

soil

biology

and

population densities of Collembola as

fertility. A handbook of method. UK.

reported by Niijima (1971) and Badejo

C.A.B. Int.

densities

decreased

increasing

depth.

gradually
Under

with

natural

conditions, the subtropical type climate
would tend to favor the development of
subsurface

fauna

(Price,

1973).

Badejo, M. A. and Van Straalen, N.

M. (1993). Seasonal abundance of
Springtails

in

two

contrasting

Environments. Biotropica. 25: 222‐228.
4.

B.A.

RS

However, the additional effects of

3.

TM

et al. (1997) and the population

Badejo, M. A.., T.O Obilade and
Oblubakin.

1997.

Spatial

distribution and abundance of mites and

other habitat disturbances associated

springtails

with agriculture are difficult to assess.

moisture regimes in a tropical rain floor,

The data suggest that such disturbances

Tropical Ecology 38(1): 31‐38.

may

have

a

IJ

cultivation, fallowing, irrigation and

greater

impact

on

population densities in the surface
layers than on those in deeper soil.
Thus, it may be concluded that the

5.

under

temperature

and

Bear, F. E. (1964). Chemistry of

the soil. Reinhold Publishing Co., New
York, pp 515.

abundance in the upper layer may be

6.

Black, C. A. (1957). Soil‐plant

due to constant deposition of decaying

relationships. John‐Wiley & Sons Inc.,

materials.

New York, pp 332.
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TABLES AND FIGURES
Table 1: Seasonal variation of Collembola (Numbers ± S.E) x 102 m‐2
Soil layers
Area

Season

Total
0‐10 cm

10‐20 cm

20‐30 cm

34.81 ± 0.56

20.52 ± 0.51

18.01 ±0.61

73.34 ± 0.61

Natural Summer

52.14. ± 0.83

35.84 ± 0.60

20.08 ± 0.42

108.06 ± 0.76

forest

Rainy

65.06 ± 0.03

45.81 ± 0.05

32.42 ± 0.22

143.29 ± 0.41

Annual

152.01 ± 0.72 102.17± 0.50 70.51± 0.47

324.69 ± 0.96

Winter

29.72 ± 0.74

13.94 ± 0.92

51.23 ± 0.52

Jhum

Summer

34.09 ± 0.45

24.02 ± 0.15

8.21 ± 0.13

66.32 ± 0.78

Land

Rainy

59.28 ± 0.67

32.76 ± 0.54

12.83 ± 0.19

104.87 ± 0.38

Annual

123.09 ± 0.41 70.72 ± 0.35

28.61 ± 0.48

222.42 ± 0.75

TM

7.57 ± 0.11

IJ

RS

Winter

Table 2: Total numbers and percentage of Collembola
(A= Percentage contribution among the soil layers i.e. 0‐10, 10‐20 and 20‐30cm)
(B= Percentage contribution to the total soil microarthropods in each layer respectively)
(Numbers ± S.E) x 102m‐2

Area

Soil layer (cm)

Numbers ± S.E

A

B

0‐10

152.01 ± 0.72

46.81

38.80

Natural

10‐20

102.17 ± 0.50

31.46

27.10

forest

20‐30

70.51 ± 0.47

21.17

12.93

Total

324.69 ± 0.96

100.00

26.27
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0‐10

123.09 ± 0.41

55.38

46.88

Jhum

10‐20

70.72 ± 0.75

31.82

37.34

land

20‐30

28.61 ± 0.48

12.80

18.89

Total

222.24 ± 0.75

100.00

34.37

Table 3: Correlationships between Collembola and physical factors
Jhumland ecosystem

(cm)

r2

p

r2

0‐10

60.73 0.77

p< 0.05

72.16 0.84 p< 0.05

10‐20

8.29

‐0.28

p< 0.05

27.03 0.51 p< 0.05

20‐30

6.26

‐0.25

p< 0.05

33.44 0.57 p< 0.05

39.99 0.62

p< 0.05

38.99 0.62 p< 0.05

58.98 0.76

p< 0.05

40.80 0.63 p< 0.05

Soil moisture

0‐10
10‐20

IJ

Soil temp (0C)

RS

(%)

r

r

p

TM

Factors

Soil layers Forest ecosysytem

20‐30

54.19 0.73

p< 0.05

71.15 0.84 p< 0.05

Rainfall (cm)

0‐30

89.77 0.94

p< 0.05

91.53 0.95 p< 0.05

Humidity (%)

0‐30

50.07 0.70

p< 0.05

68.86 0.82 p< 0.05
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Table 4: Correlationship between Collembola and chemical factors
Soil layers

Forest ecosysytem

Jhumland ecosystem

(cm)

r2

p

r2

0‐10

55.66 0.74

p< 0.05

33.48 0.57

p< 0.05

10‐20

27.42 0.52

p< 0.05

32.68 0.05

p< 0.05

20‐30

16.08 0.40

p< 0.05

13.29 ‐0.36

p< 0.05

Soil total

0‐10

71.51 0.84

p< 0.05

35.10 0.59

p< 0.05

nitrogen

10‐20

30.82 0.55

p< 0.05

29.35 0.54

p< 0.05

(%)

20‐30

38.41 0.61

p< 0.05

22.39 0.47

p< 0.05

0‐10

30.43 0.55

p< 0.05

17.95 ‐0.42

p< 0.05

10‐20

6.31

p< 0.05

23.89 0.57

p< 0.05

11.78 ‐0.34

p< 0.05

9.34

‐0.30

p< 0.05

9.20

‐0.30

p< 0.05

5.11

‐0.22

p< 0.05

‐0.17

p< 0.05

Factors

(%)

20‐30

r

TM

Soil potassium

‐0.25

RS

Soil pH

r

p

0‐10

Phosphorus

10‐20

0.14

‐0.03

p< 0.05

3.10

(%)

20‐30

1.56

‐0.10

p< 0.05

28.25 0.53

p< 0.05

0‐10

37.02 0.60

p< 0.05

35.04 0.59

p< 0.05

10‐20

32.55 0.57

p< 0.05

68.76 0.82

p< 0.05

20‐30

23.78 0.48

p< 0.05

47.50 0.68

p< 0.05

Soil

organic

carbon (%)

IJ

Soil available
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Figure 1: Monthly variation of total collembola population density in forest and
jhumland Ecosystem (Numbers x 102m‐2)
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Figure 2: Monthly variation of total Collembola population density in different soil
layers of forest ecosystem (Numbers x 102m‐2)
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Figure 3: Monthly variation of total Collembola population density in different soil
layers of jhumland ecosystem (Numbers x 102m‐2)

