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Abstract
Sampling was conducted for three consecutive years in three different sites
with disturbed, polluted and modified edaphic environment and a relatively
less disturbed forest site in and around a metropolitan township. Sampling
sites exhibited statistically significant differences in population abundances of
soil microarthropods (p<0.05). The waste disposal site supported the least
abundant community while the forest site exhibited the highest numerical
abundance
Tukey test indicated significant difference between the mean abundance only
existed between the control and the disturbed sites; the difference was not
significant between the three polluted sites. Group diversity was recorded
highest around the sewage canal though the abundance here was significantly
lower than the forest site.
Keywords: soil microarthropod, pollution, waste disposal site, abundance,
group diversity

1.

INTRODUCTION

Soil microarthropods are among the most abundant constituents of soil mesofauna
and, are known to assume a very significant role in degradation of organic debris in
soil thereby modulating the edaphic dynamicity [1, 2, 3, 4]. A number of studies have
been conducted around the globe on the dwelling of microarthropods populations in
polluted or degraded habitats [5, 6, 7, 8]. Though a few works were attempted in India
[9, 10, 11, 12, 13], the dearth of data however, particularly including waste disposal
sites or sewage canals is noticeable in India.

746

Dr. Manabendra Nath Moitra

The current work aimed at recording the group-wise composition and over-all
abundance of soil microarthropods and fluctuation of the same at the disturbed
habitats around a township and comparing them with a control site (i.e., an
undisturbed forest); further, to examine the differences (if any) between the sites. The
data collected is expected to be a base for future environmental assessments,
biomonitoring and necessary remedial measures for the sites selected.

2.

MATERIALS AND METHODS

A cylindrical steel holder (5.3 cm diameter and 30 cm long), an iron rod and a
stainless steel core with 5 cm internal diameter and 5 cm depth were used for
sampling [14].
a total of 2160 samples were collected from the four sites at an interval of 30 days,
over a period of three years from January, 2007 to December, 2009.
Tullgren funnel apparatus modified by Macfadyen [15] was used for the extraction of
soil fauna from the samples in the present work.
The numbers of microarthropods collected from five subplots per month were pooled
together and the monthly density was calculated in individuals/m2. Relative
abundance of each group of microarthropods was estimated in percentage on total
population.
Shannon index of diversity [16] was used for the estimation of group diversity [17].
Sampling sites:
Kolkata (220 33’ latitude and 880 20’ longitude, elevation ranging from 1.5 m to 9 m)
is located on the east bank of Hoogly river in the deltaic part of West Bengal
Four collection sites were selected in and around the metropolitan city of Kolkata.
Five sub-plots of 1 sq m area were selected for the collection and three soil samples
up to a depth of 15 cm of soil profile were collected from each of the sub-plots.
1. Dhapa (Site-I): It is waste disposal ground. Irregular agricultural practices
were noticed in the vicinity of the sampling area. Vegetation was this in the
plot.
2.
Sides of VIP-Barasat road (Site-II): It is a connecting road between
Ultadanga and Barasat with heavy vehicular activities throughout the day.
Biotic system of this site is under high anthropogenic stress and ecological
dynamics of such a site thus differs from that of a natural ecosystem.
3.
Tollygunj Nalah (Site-III): This nulah receives a large amount of sewage
daily from the adjoining areas.
4.
Chintamani Abhyaranya, Narendrapur (Site-IV): This abhayaranya is
located near Narendrapur Ramkrishna Mission in south Kolkata (South 24
Pgs.).
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Statistical analysis:
A natural log transformation of the data was made to meet the requirements of
normality data sets whenever necessary in the application of parametric statistical
methods like linear correlation analysis, multiple regression analysis and analysis of
variance (ANOVA) [18].
Statistical software Minitab, version 5.1.2600 service pack 2 was used for the test.

3. RESULTS
Population abundance was highest at Site-IV while the lowest was recorded at Site-I
(Table 1). Yearly population maxima were observed during post monsoon season
while the minima were noticed during summer in all the sites (Figs. 1, 2).
Table 1: Summary of observations on abundance data (mean number of individual
per core) of soil microarthropod populations at the sampling sites.
Sites
I
II
III
IV

Mean
13.36
15.66
16.74
36.42

Median
12.43
14.63
15.40
32.10

StDev
SE Mean
Minimum
Maximum
4.95
0.82
6.20
25.07
7.71
1.29
4.87
32.00
8.72
1.45
5.00
34.80
15.11
2.52
13.53
62.80

(StDev= Standard diviation, SE Mean= Standard error of mean)
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Fig. 1: Box plot on the summary of monthly data of numerical abundance (individuals
in 15 samples) of soil microarthropod population of each site. (Boxes depicts the
ranges of middle 50% data of total observations, while lines shows rests of the upper
(25%) and lower (25%) part. Mean and median are indicated by solid circle and
midline of each box.
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Fig. 2: Fluctuation of monthly abundance (individuals / core) of total microarthropods at the
sampling sites.

Sampling sites exhibited statistically significant differences in population abundance
of soil microarthropods as one way ANOVA revealed (Table 2). Tukey test however
showed significant difference of mean population existed only between Sites-I and
IV; Sites-II and IV and Sites-III and IV (Table 3). There were no statistically
significant differences of mean populations among the other sites.
Table 2: ANOVA for abundance (mean number of individual per core in a month) of
soil microarthropods at different sites.
Analysis of Variance
Source

DF

SS

MS

F

P

3

22.398

7.466

30.70

0.000

Error

140

34.049

0.243

Total

143

56.446

Site

Individual 95% CIs For Mean
Based on Pooled StDev
Level

N

Mean

StDev

Site-I

36

1.4193

0.3809

Site-II

36

1.5228

0.5346

Site-III

36

1.5658

0.5864

Site-IV

36

2.4050

0.4450

---------+---------+---------+------(---*----)
(---*---)
(---*---)
(---*---)
---------+---------+---------+-------

Pooled StDev =

0.4932

1.60

2.00

2.40

DF = Degree of Freedom, SS = Sum of square, MS = Mean square, F = F statistics, StDev = Standard
deviation, CIs = Confidence Intervals
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[Individual confidence intervals given in dotted line indicates (with 95% confidence) the probable
range of occurrence of the mean. The asterix in the middle of the line marks the present mean. The
ranges of mean within parentheses not overlapping implies that those menas are different]

Table 3 : Tukey test showing the difference of mean abundance of microarthropods
between the collection sites.
Tukey's pairwise comparisons
Site-I

Site-II

Site-II

-0.4060
0.1990

Site-III

-0.4490
0.1560

-0.3455
0.2595

Site-IV

-1.2883
-0.6833

-1.1848
-0.5798

Site-III

-1.1418
-0.5368

Acari was the highest numerically abundant group among soil microarthropods in the
study area followed by collembolans. The relative abundance of soil acarines (on the
total microarthropods of the respective site) ranged from 72.15% (Site-II) to 56.24%
(Site-III), while the same of collembolans ranged from 37.33% (Site-I) to 23.74%
(Site-II). The percentage (on total microarthropods) of other microarthropods varied
from 14.13% (Site-III), and from 3.99% (Site-I) (Figs. 3-6). Group diversity was
highest at site-III. Availability of moisture and moderate disturbance at this site might
have contributed in the current observation (Fig. 7).

Site-wise observations:
Site-I: This site supported the least abundant microarthropod population. Soil acari
constituted 56.68% of microarthropod population. Collembolans were next in
abundance sharing 37.33% of total population. The relative abundance of
collembolans was highest in here among the sampling sites. Other microarthropods
including Hymenoptera, Diptera, Coleoptera and Arenae were fewer in abundance
constituting nearly 4% of total population (Fig. 3).
Site-II: The second lowest abundance of microarthropod population was recorded
here. Proportion of soil acari was highest in this site that constituted more than 72%
of total microarthropod population. Collembolans were the second numerically
abundant group having 23.74% of total population though it was the least relative
abundance recorded from the sites. Other microarthropods included Hymenoptera,
Diptera, Coleoptera, Diplura and Arenae constituted nearly 4% of microarthropod
population (Fig. 4).
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Site-III: Microarthropod population was higher in abundance here in comparison to
above two sites. Soil acari constituted more than 56% of microarthropod population.
Collembolans were next abundant group sharing 29.64% of total population. Other
microarthropods constituted nearly 14% of total population. Diptera (6.19%) was
third highest in abundance after collembolans and Hymenoptera (3.31%) was the
next. Rest of the proportion was constituted by Coleoptera, Hemiptera, Diplura,
Thysanoptera and Arenae (Fig. 5).
Site-IV: This site had the highest microarthropod population. Soil acari was the most
abundant group that constituted 62.3% of total microarthropod population.
Collembolans were next in abundance having a relative abundance of 26.16%. Other
microarthropod groups including Hymenoptera, Diptera, Hemiptera, Coleoptera,
Diplura, Thysanoptera, Protura, Pauropoda, Arenae and Pseudoscorpionida together
constituted more than 11% of total population. Hymenoptera (4.96%) was the most
abundant among them followed by Diptera (3.1%) (Fig. 6).

4.

DISCUSSION

Soil acarines constituted the largest group of soil microarthropods in the study area
followed by collembolans. This observation matches with those of earlier workers
studied in West Bengal in different ecosystems [19, 20, 21, 22, 23, 24,
13]Bhattacharya and Joy, 1980; Joy et al., 1986; Sanyal, 1988; Chattopadhyay and
Hazra, 2000; Ghosh and Roy, 2004; Moitra et al., 2006; Sarkar et al., 2015).
Chattopadhyay and Hazra [22] however, recorded higher abundance of collembolans
at one of their study site in Kolkata, but in the same study they observed acarines to
be the most abundant group at rest of the sites. Cancela da Fonseca and Sarkar [17]
reported higher abundance of acarines in comparison to collembolans at a wasteland
in Tripura, India. Lamoncha and Crossley [25] in a study at North Carolina, US,
recorded a high relative abundance (74.5% of total microarthropods) and density
(65,000 individuals /m2) of soil acarines whereas the same for collembolans were
18.2% and 15,900 individuals /m2. Joy [26] observed considerably greater density and
relative abundance of soil Acari (990 individuals /m2, 66.89% of total
microarthropods) than Collembola (225 individuals /m2, 15.2% of total
microarthropods) in the wasteland ecosystems of adjacent areas of Shantiniketan at
the southern part of West Bengal. Chitrapati and Singh [27] also recorded far higher
abundance of soil acarines than that of collembolans both in a protected forest and in
a degraded site in Manipur, India. Iloba and Ekrakene [6] however, in a study
conducted at sites polluted with petroleum byproducts and carbide in Nigeria, found
collembolans to be more numerous than acarines. Sarkar et al. [13] observed acarines
to be the most abundant group in a disturbed habitat (Brick field). The same authors
[28] reported greater group diversity at the river-basins. The current study is in
conformity to the observations that the magnitude of the group diversity is not always
consistent with the population abundance of microarthropods.
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CONCLUSION
Soil microarthropod communities at the sites with polluted environments appeared
more or less similarly affected in view of abundance and they supported significantly
low population in comparison to the forest site. Diversity at site-III was higher which
was located at the side of a sewage canal. Moisture, nutrient availability and moderate
disturbance might be important factors related to this observation.
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