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Abstract

The present study was conducted to know the impact of abiotic factors on the abundance and density of
the collembolan population in the Rajshahi University Campus from March 2012 to February 2013. A total
of 3749 individuals of Collembola were collected and they were identified into three families and five
species and three genera, viz; Entomobyra albocincta, Dicranocentroides indicus, Seira indica,
Lepidocyrtus lignorum, Lepidocyrtus sp (Entomobryidae), Salina sp. & Salina tricolor (Paronellidae), and
Tomocerus sp (Tomoceridae). Five different habitats; Open grassland, Shady grassland, Crop field margin,
Roadside vegetation and Pondside vegetation were selected for the collection of Collembola. The
temperature was positively correlated with abundance and density of Collembolan population (r = 0.622,
P<0.05) and where relative humidity (r = -0.114, P>0.05) and rainfall (r = - 0.06, P>0.05) was negatively
correlated. The abundance of soil Collembola population were indicated strong positive correlation with
Organic materials (r = 0.618, P>0.05), Nitrogen (r = 0.607, P>0.05), Phosphorus (r = 0.927, P<0.05),
Potassium (r = 0.824, P<0.1), Sulfur (r = 0.663, P>0.05) and very week negative correlation with Zinc (r
=-0.383, P>0.05) and P" (r = -0.301, P>0.05) respectively. The highest mean abundance of vegetation
dwelling collembolan was recorded in the Roadside vegetation (44.15+14.53) and lowest was in Shady
grassland (11.12+4.17); however, maximum soil living Collembola was found in the Crop field margin
(44+14.84) and minimum was in the Open grassland (27+8.36).

Keywords: Climatic factors, Collembola, Population density, Rajshahi University, Springtails,
Abundance, Rainfall

1. Introduction

Collembola apterygote insect commonly known as springtails and are the most common
ubiquitous groups of micro arthropods found predominantly in the soil and in leaf litter. There
are approximately 7500~8000 described collembolan species worldwide [*:21, Certain species are
found on grasses, in flowers and under the bark of trees 1. Soil fauna constitute 23% of the total
diversity of living organisms . Among these soil fauna, Collembola is reported to dominate in
most kinds of soils 7, Collembola are particularly sensitive to environmental changes, and
therefore thought to be an excellent bio indicator . Collembolan is the generally sensitive
indicator of disturbance and therefore has a value in environmental assessment. Abiotic factors
are good predictors of collembolan community structure. Collembola constitute a well
investigated and diverse microarthropods group which members may be affected by changes in
soil conditions and vegetation cover [l Their high abundance makes them significant
contributors to several processes of soil, such as material and energy cycles, and formation of
soil 2, Environmental changes such as variation in the soil moisture, precipitation, drought,
global warming, soil pH and temperature are likely to cause changes in the density, diversity,
survival, behavior, activity and reproduction of Collembola [*3-8l, Temperature and moisture are
two of the most important environmental factors affecting populations of soil-dwelling
Collembola. In general, collembolan development and reproduction are so strongly regulated by
temperature ) Many studies have proven the direct or indirect contribution of Collembola to
belowground process. Many of these studies included N mineralization, soil respiration or
leaching of dissolved organic carbon 9. Environmental factors such as temperature, soil
moisture, and pH commonly affect the biology of soil microarthropods %24, Soil organic matter
[22- 24 relative humidity 2%, soil pH 28, rainfall 7 281 vegetation cover 12 3% are greatly
influenced the abundance and density of Collembolan community.
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Only a few mentionable works in Bangladesh have been done
on Collembola. Kabir et al. describe, 4 genera fewer than 4
families B4, Prevalence of springtail (Collembola) in the
cultivated maize fields 2, Collembolan fauna of Rajshahi
University Campus 3, Taxonomy of Collembola (Insecta:
Apterygote) using morphological and chaetotaxy characters
(34 and Abundance and habitat diversity of springtails (Insecta:
Collembola) of Rajshahi City Corporation B°, But intensive
ecological and taxonomical works of Collembolan are
remaining undone in our country. In the present study, seasonal
variation, and population dynamics of collembolan population
in the different habitats, their abundance and density against
variety of abiotic factors have been investigated.

2. Materials and methods

2.1. Study area

Collembola were collected from Rajshahi University Campus
area. RU is located in Rajshahi, a city in north-western
Bangladesh. The geographical distribution of Rajshahi is 24°
North and 89° east. It is situated in the South-Western part of
Rajshahi division and lies between 24°6’ M and 25°13' M
latitude and between 44°02' E and 49°21' E longitude. Area of
RU is 753acres/303 hector. It lies on the northern bank of the
river Padma.

2.2. Methodology and Data collection

In this study Collembola were collected from five different
types of habitats; Open grassland, Shady grassland, Crop field
margin, Roadside vegetation and Pondside vegetation.
Collembola were collected by Aspirator and Berlese funnel.
Vegetation living Collembola was collected by Aspirator and
Collembola from soil was collected by Berlese funnel. In each
habitat, soil cores of 100 cm3 were collected. Collembola were
preserved in 70% alcohol in vial. The monthly data of
temperature, relative humidity and rainfall were collected from
the field observation through the hygrometer. The data of
rainfall were collected from the Meteorological center of
Rajshahi. For observing the relationship of soil Collembola
population with soil elements we have performed soil test from
five habitats in the Soil Institute of Rajshahi and analyzed
following elements, Nitrogen (%), Phosphorus (ppm),
Potassium (me/100g), Sulfur (ppm), Zinc (ppm), P", and
Organic materials (%).

2.3. Taxonomical identification

Springtails were identified at the species level according to Key
(. 36] in this study. Taxonomic classification is based on the
annotated checklist of the Indian collembolan B7 and checklist
of collembolan of the world (www.collembola.org/).

2.4. Statistical analysis

Correlation was calculated at 5% level of significance.
Regression (y) calculated in the Excel 2013 in according to
methodology designated by [81,

3. Results

The abundance and density of Collembolan population were
greatly influenced by the environmental temperature, humidity
and rainfall. During the study period highest temperature were
recorded in the month of May (32.06 °C on an average) and the
lowest temperature were found in the month of January (16.25
°C on an average). The greater humidity recorded in the month

1120

of August (90.28% on an average) while the minutest recorded
in the month of April (72.66% on an average). During the
observation period; the maximum precipitation was recorded
in the month of July (10.05mm) and minimum in the month of
December (0.029mm) and there was no precipitation in the
month of January. The highest number of Collembola were
found in the month of May (57.79+32.14) and lowest number
of Collembola were found in the month of January
(16.46+4.49). In the present study we observed that the high
abundance of collembolan population frequently occurred
from March 2012 to June 2012 (33.93+9.56, 48.40+24.92,
57.79+32.14, 45.73+£24.39) and highest density found in the
month of May 2012 (57.79+£32.14). The low abundance
occurred from the month of November 2012 to January 2013
(25.13+10.54, 22.93+12.19, 16.46+4.49) and lowest density
were found in the month of January (16.46+4.49) because the
temperature suddenly falls. The abundance and density of
collembolan population are strong positively correlated with
temperature (r = 0.622, P<0.05) and very week negatively
correlated with relative humidity (r = -0.114, P>0.05) and
rainfall (r -0.06, P>0.05) respectively (Table 2). The
regression line (Fig 1: [A], [B] & [C]) and Fig 3: represent the
relationship of Collembola with temperature, relative humidity
and rainfall.

The abiotic factors Nitrogen, Phosphorus, Potassium, Sulfur
and Organic materials were positively correlated with soil
Collembola population and Zinc and PH were negatively
correlated. The abundance of soil Collembola population
showed strong positive correlation with Organic materials (r =
0.618, P>0.05), Nitrogen (r = 0.607, P>0.05), Phosphorus (r =
0.927, P<0.05), Potassium (r = 0.824, P<0.1), Sulfur (r =
0.663, P>0.05) and very week negative correlation with Zinc
(r = -0.383, P>0.05) and P" (r = -0.301, P>0.05) respectively
(Table 2). Phosphorus and Potassium were significantly
correlated with Soil Collembola population (Table 2). The
regression line (Figl: [D] & Fig 2: [E], [F1, [G], [H], [1] & [3])
represent the relationship of Collembola with Nitrogen,
Phosphorus, Potassium, Sulfur, Zinc, P" and Organic
materials. Highest amount of Organic materials was found in
the Roadside vegetation soil (2.51%) and lowest amount was
found in the Open grassland soil (1.00%). Utmost amount of
Nitrogen (0.12ppm) was found in the Roadside vegetation soil
and limited (0.05ppm) was found in the Open grassland soil.
Highest amount of Phosphorus and Potassium were recorded
(47.3ppm, 0.93me/100g,) in the Crop field margin and lowest
were (8.7ppm, 0.24 me/100g) in the Open grassland soil
respectively. Maximum amount of Sulfur, Zinc and P" were
recorded from the Pondside soil (7.55ppm, 8.0, 27.5ppm) and
minimum amount of Zinc, P" and Sulfur were found in the
Crop field margin soil (0.77ppm, 7.7) and Open grassland soil
(8.8ppm)  respectively. Among the surface dwelling
collembolan the maximum number were recorded in the
Roadside vegetation (44.15+14.53), second highest occurred in
the Crop field margin (43.05+27.55) and lowest number
(11.12+4.17) were found in the Shady grassland (Table 1). The
highest soil living collembolan population were recorded in the
Crop field margin soil (44+ 14.84), Roadside (43+ 14.84) soil
and lowest number (27+ 8.36) were recorded in the Open
grassland soil respectively (Table 1). In the present study
prevalence of finding species was Entomobyra albocincta
(18.08%), Dicranocentroides indicus (16.06%), Seira indica
(15.87%), Lepidocyrtus lignorum (13.90%) Salina sp
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(13.26%), Salina tricolor (12.67%), Lepidocyrtus sp (5.42%)
and Tomocerus sp (4.75%). The highest species were recorded
from the Roadside vegetation (31.34%) and lowest from Shady
grassland (8.40%) rest were Open grassland (26.54%), Crop
field margin (17.81%) and Ponside vegetation (15.89%). The
highest prevalence of Seira indica (58.82%), Lepidocyrtus
lignorum (57.58%), Tomocerus sp (28.08%) and Salina sp
(39.63%) were recorded in the Roadside vegetation and lowest
prevalence (3.83%, 11.23%, 4.20% & 4.02%) were recorded

Shady grassland habitat. The highest prevalence of Salina
tricolor (65.26%), Lepidocyrtus sp (44.33%) were found in
Open grassland and lowest in Pondside vegetation (3.16%) and
Crop field margin (4.93%). The highest number of
Dicranocentroides indicus (45.68%) was found in the Ponside
vegetation and lowest was found in the (4.48%) in the Shady
grassland. The maximum number of Entomobyra albocincta
(38.05%) was found in the Crop field margin and lowest in
Roadside vegetation (15.48%).

Table 1: Comparative collembola population (Mean +SD) collected from surface vegetation and from the soil.

Habitat Vegetation Collembola (Mean £SD) | Soil Collembola (Mean +SD)
Open grassland 26.45x 8.24=290 27+ 8.36=297
Shady grassland 11.12+ 4.17=122 28+ 5.25=308

Crop field margin 43.05+ 27.55= 473

44+ 26.92=484

Roadside vegetation | 44.15+ 14.53=484

43+ 14.84=473

Pondside vegetation | 42.45+ 21.64= 466

32+ 10.18=352

Table 2: Correlation between Collembolan population with environmental and edaphic factors.

Correlation r- value | P- value | Regression equation
Collembola population with temperature 0.622 P<0.05 | y=0.2546x+18.653
Collembola population with RH -0.114 P>0.05 | y=-0.0665x+85.628
Collembola population with Rainfall -0.06 P>0.05 | y=-0.0232x+4.1672
Collembola population with Nitrogen 0.607 P>0.05 | y=0.0022x+0.01
Collembola population with Phosphorus 0.927 P<0.05 | y=1.7528x-35.457
Collembola population with Potassium 0.824 P<0.1 y = 0.0370x-0.6165
Collembola population with Sulfur 0.663 P>0.05 | y=0.6498x- 3.4522
Collembola population with Zinc -0.383 P>0.05 | y=-0.1354x+7.5874
Collembola population with PH -0.301 P>0.05 | y=-0.0048x+7.987
Collembola population with organic materials | 0.618 P>0.05 | y=0.519x+0.027
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Fig 1: Showing the linear regression between abiotic factors (temperature, relative humidity, rainfall and Nitrogen) with
Collembola population.

1121



Journal of Entomology and Zoology Studies

47.5 4 . 1
T 425 - Zh.o - -
2375 4 So.s
Z 315 4 - =7 4
275 1 Eps |
= 1.5 1 y = 1.7528x - 35.457 E05 4 *
= 17.5 1 R = 0.8609 mhA v = 0.0307x - (L6165
B 115 o H0.3 1 B = (L7534
7.5 S r . T 0.2 ’ r . . .
25 30 35 40 45 50 23 30 35 i 45 S0
Collembola population (mean) Collembola population (mean)
[E] (F]
8.5 1
27.5 4 . 7.5 -
— . E 6.5
Elz.s 1 E 554
= 178 = 4.5 4 v=-0.1354x+ 7.5874
= ¥ = 0,6498x - 3,4522 S 35 - R*=0.1474
F12s] . R7=10.4396 2.5 -
1.5 4 A
7.5 +—r . . . . 0.5 +——y : — ,
25 30 35 40 45 S0 25 30 35 40 45 s0
Collembaola population {mean) Collembaola population (mean)
6] [H]
—
- 3 -
8 * c\-:
= S
7.95 25 | .
7.9 4 . =
- ?'8‘5 h g 1 b
o ot
e T8 - . =
= = 1.5 - =
775 1 W y = 0.0519x+ 0,027
| = . R*=(.3825
TT1 % y=0.0048:+7987 ° s 1] ¢
765 R*=0.0903 o
7.6 r ' ' r Q05 T T r ' s
25 30 35 40 45 ] 25 30 35 40 45 50
Collembola population (mean) Collembola population (mean)
[11 ]

Fig 2: Showing the linear regression between abiotic factors (Phosphorus, Potassium, Sulfur, Zinc, PH and Organic materials)
with Collembola population.
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Fig 3: Showing the relationship between Collembola population with temperature, relative humidity and rainfall.
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4. Discussion

Among abiotic factors, temperature and relative humidity stand
out as the most important ones constraining abundance and
distribution of insect. Furthermore, it is well documented that
abiotic factors, especially temperature, regulate the ecology of
insect communities. In the present study the abundance of
Collembola were greatly influenced in response to abiotic
factors and their density was not always equal throughout the
year has been observed. The highest mean abundance of
Collembola was found in the month of May and lowest mean
abundance was found in the month of November to January
respectively which gets similarity with Hossain et al [2,
Temperature are positively correlated with abundance of
Collembola population where relative humidity and rainfall
were negatively correlated with Collembola population in the
present investigation. Insects are all poikilothermic, that is,
they have no precise mechanism for regulating the temperature
of their bodies. Their body temperatures closely related to
surrounding environment. Temperature acts on insects in two-
fold manners by acting directly on survival, development and
indirectly through food, humidity, rainfall, wind, and
atmospheric pressure. Survival is indirectly affected by
extremely high humidity conditions. If the temperature, RH
and rainfall was presence good in conditions then the highest
abundance of Collembola exist in their niche. But high
temperature with low RH, high RH with low temperature, high
rainfall after high temperature was greatly disturbed the
abundance and density of Collembola population. We observed
that seasonally variance of Collembola population occurred in
ayear. Our statement agree with other researchers that seasonal
variability of micro arthropods can be extremely high,
reflecting period, food supplies or environmental changes such
as rainfall and temperature (Den linger,1980) B9, The
community responses of soil Collembola population are
strongly controlled by both temperature and precipitation
which gets resemblance with Jucevica and Melecis “°1. Among
three factors rainfall are leading factors which abruptly change
the number of vegetation and soil living Collembola. Because
the precipitation decreased the amount of habitable air-filled
pore space, which mesofauna such as Collembola rely on
which gets support from Matthew et al . Collembola
represent one of the most abundant groups of animal inhabiting
soil and may play a dominant role in soil formation, nutrient
cycling and decomposition. Collembola play an important role
in plant litter decomposition processes and in forming soil
microstructure. The present studies have indicated the Nitrogen
and Organic material positively correlated with Collembola
population and negatively with P" this investigation gets
similar with findings revealed by Abbas and Parwez 1. Low
population of Collembola recorded in our study indicated that
low amount of Organic materials and Nitrogen. High amount
of Nitrogen and organic materials indicated that the high mean
abundance Collembola in the roadside vegetation and Margin
of the crop field which gets support from Christiansen et al.
observation ™3 and Dhillon and Gibson observation 14,
Choudhuri and Banerjee asserted high organic matter raising
the population I, Zinc also negatively correlated with
Collembola population and can create detrimental effect on
population density which could be supported by Richard et al
46, High amount of Zinc and P" indicated the lowest
population of Collembola in our present findings. High amount
of Zinc increases the toxicity for the soil dwelling micro

arthropods. Hazra, A.K. observed the effect of P on the insect
fauna of uncultivated field suggesting that pH of soil between
of 6.3-7.5 were probably ideal for most of the species [*'1. Here
Phosphorus, Sulfur and Potassium were positively correlated
with soil Collembola population. But Scientist found that the
greater diversity loss was associated with soil P, S, K, pH and
percentage sand in the soil. This evidence only can be true if
the application of P,S & K related fertilizer in the agricultural
practice which increasing the amount of P, S & K in the soil.
Otherwise it is not applicable for general habitats where
agricultural practice never done. Our opinion disagree with this
findings. In the present study the highest mean number of
Collembola was recorded from the roadside vegetation lowest
mean number was in the Shady grassland. In case of soil
Collembola maximum mean abundance occurred in the
cropland margin and lowest was in open grassland. The highest
species of Collembola was found in the roadside vegetation and
lowest species was in Shady land. The highest prevalence was
Entomobyra albocincta species and lowest prevalence was
Tomocerus sp. Here we also observed that without temperature
and relative humidity two factors grazing and mowing of the
grass in the field also influenced the abundance and density of
the collembolan population.  Therefore, this finding may
subsidize the abundance and diversity of collembolan and their
role as a decomposer and bio-indicator. Furthermore, research
is prerequisite for the study of different constraints such as the
soil chemistry, edaphic factors and their consequence on the
diversity of soil micro arthropods in relation to soil excellence.

5. Conclusion

In the study we observed that both climatic factors and soil
properties have the cumulative effect on the density of
Collembola population.  Seasonal patterns  drastically
influenced the both surface and soil dwelling Collembola.
Surface and Soil living Collembola showed a consistent but
fluctuations occurred with the changing of climate. However,
Collembola population can adjust to these changes
successfully. Collembola population was available with more
nitrogen and organic materials content soil which indicates
their role in the decomposing process. In our mediocre study,
we try to evaluate the impact of abiotic factors on collembolan
population density and their abundance in leaf litter and soil.
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