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ABSTRACT: One of the characteristic features of the rodents, the preparation of burrows within the soil for the
purpose of living, hoarding of procured food and protection from the predators. They prepare the burrow in such a way
that they can come out of the burrows at any time they require. For the study of burrow structures detailed studies of
soil are required. In this investigation soil samples of four districts surrounding the burrow areas of the wild rats were
collected, taken to the laboratory and analyzed properly. Amongst the four districts, two districts i.e., districts Nadia
and North 24-Parganas are situated in the Gangetic plane and the other two districts, i.e., the districts Bankura and
Purulia in the non- Gangetic plane of West Bengal, India. Analysis of the soil clearly indicates some characteristic
features (i.e., Alluvial and Laterite) of these four districts. The detailed studies of the soil structures and burrow pattern
of these four districts will help to understand the nature of damages of the crops and the presence of specific rodents in
these areas.
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INTRODUCTION

Rodents are among the most important pests not only in India, but in other parts of the globe [1]. There are numerous
species of rats in various parts of West Bengal, INDIA. Amongst them two species of rats e.g., Rattus rattus and Rattus
norvegicus usually live in close association with man’s activities. Extensive damages have been noted for various
corners. However, the pattern of rodent infestation and the extent of damages vary in different crops and geographical
regions [2]. A wide variety of crops are being damaged by Rattus sp. The rodent causes damage to the standing crops
due to burrowing, cutting and hoarding activities [3]. There is a rich literature in the survey of rodent burrows and the
way they relate to land forms and surface attributes [4-10]. Most of these works have focused on rodents survival and
soil suitability for burrowing.

Burrow system can range from temporary to semi-permanent and the length of usage by the animal is often depicted by
the burrows complexity. Simple burrows often consists of little more than a single tunnel with a blind ended chamber
often used for nesting purposes [11]. Complex burrow systems comprise of numerous temporary foraging tunnels that
are used to locate food resources and are generally multilayered and shallow with several more permanent deeper
tunnels that are used for nesting. There are often numerous chambers within a burrow system used for different
purposes such as lattrices, food storage areas and nesting areas. Burrows provide effective protection against many
predators [11].
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Soil texture, topography, and other edaphic and microclimatic factors are important in producing patches of variable
size and species composition at ecotones [12-16]. Banner-tail kangaroo rats (Dipodornys spectabilis Merriam) are
heteromyid New World rodents, occurring primarily in arid shrub lands and grasslands, that construct complicated
subterranean chambers and tunnels [17]. Each burrow is capped by a large mound, sometimes over 1 m high and 1.5 -
4.5 m in diameter [17].

It has been reported that in solitary subterranean rodents, a high burrow system dynamics were documented [18,19].
Burrow systems of social species are expected to be more stable than those of solitary species, and families are
supposed to be residents in the same area for many years [20]. For example, colonies of H. glaber and F. damarensis
were reported to be residents in one area for more than 7 years [21, 22].

In the eastern region of India the river Ganga flows from the northern to the southern portion of West Bengal, India.
Soil structures of the plane nearer to the river are known as alluvial soil whereas the distant part, known as the Rarh
region which is intervened with laterite soil. Both these regions are affected by one serious rodent pest, the wild rat,
Rattus sikkimensis. Throughout the year various types of crops are cultivated in the field. Naturally, the damages made
by variousRattus sp. are quite remarkable. Their presence in the field are noted with the presence of soil particles
surrounding the burrow opening. Naturally, study of soil pattern and burrow structures in these two regions i.e.,
Gangetic and non-Gangetic planes will be the outmost importance of the present topic.

MATERIALS AND METHODS
STUDY AREA

In West Bengal, four districts have been selected for the soil structures and burrow pattern of one important rodent pest
, i.e., the wild rat, Rattus sikkimensis. Amongst these four districts two districts i.e., district Nadia and North 24-
Parganas are situated in the Gangetic plane and the other two districts i.e., district Bankura and Purulia are situated
in the Non-Gangetic plane ( marked in the figure ) of West Bengal .

District Nadia is situated between 22°53" and 24°11" North latitude and 88°09” and 88°48”East longitude and about
3927 square Kms. in area.

North 24-Parganas district is situated in southern West Bengal. North 24-Parganas extends in the tropical zone from
latitude 22°11" to 23°15" North and from longitude 88°20" to 89°5” East and covers about 4094 square Kms in area.

The district Bankura is located in the western part of the State of West Bengal and is bounded by latitude 22" 38’ N
and longitude 86 °36” E to 87 ° 47’ E and covers about 6882 square Kms.

Purulia lies between 22 °60 “and 23 °50 ~ degrees N latitudes and 85.75 degrees and 86.65 degrees E longitudes and
the district is 6259 square Kms in area.

Excavation of the burrow

During the time of field survey live burrows were detected and then excavated by standard excavating procedures and
using some important instruments. Then we measured different parameters like humber of opening, total length of the
burrow, length of the burrow by its long axis, depth of the burrow, types of hoarded materials within the burrow,
different chambers within the burrow, branch angle, turn angle of the burrow, temperature within and outside the
burrow, diameter of the burrow opening. Soil and hoarded materials were collected and were presented for further
study. Photographs were taken and outline sketches of the burrow pattern were done finally. During dugout of burrows
from different districts, soil samples were collected. Collected samples were air dried and kept at 4°C temperature. Soil
pH, organic carbon, available nitrogen and phosphorus were measured [23,24] alkaline permanganate and Bray method
respectively).

Meteorological data (temperature, humidity and rainfall) of 2008 and 2009 were recorded and were presented
graphically.

Key to statistical analysis
All the data were presented properly. Six sample areas were selected from each zone (Gangetic and non-Gangetic).T-
test and one way ANOV A were performed at 5% and 1% level of significance.

A Post Hoc test for multiple comparison of mean was performed.

Mean differences were calculated, Correlation matrix were studied among different parameters and were presented
graphically.
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In the table, data were presented with mean + standard deviations. For the statistical analysis we used SPSS-17,
Statistica-7 and QI macro 2010 for MS Excel software package.

OBSERVATIONS

Climatic conditions

Temperature, rainfall and relative humidity of these regions (Gangetic and non-Gangetic plain) were observed. The
average maximum temperature of the Gangetic plain was 39 + 2.74°C and in the non-Gangetic plain was 44.5 +
0.84°C. The minimum average temperature was 10.7 = 2.62°C in the Gangetic plain while 7.8 + 0.91°C in the non-
Gangetic plain (Table 1).

The relative humidity of the Gangetic plain was maximal in the months of July, August, September, and October and
was minimal in the months of February, March, April and May in both the Gangetic and the non-Gangetic plain of
West Bengal.

The average rainfall was 1339.07 + 135.92mm and 1266.71 + 116.85mm
respectively.

Soil structures

The Gangetic plane was mainly constituted of the alluvial soil but the non-Gangetic plane was dominated with lateritic
soil. We observed that the average pH of the soil of the Gangetic plane which ranged from 6.52 + 0.06 t06.99 + 0.46
while in the non-Gangetic plane it was 5.68 + 0.23 t06.19 £ 0.12 (Table 3).

Clay and the sand percentage in the soil was 24.2 and 33.2 in the Gangetic plane and in the non-Gangetic plane was
15.3 and 78 respectively (Table 2).

Available nitrogen percentage was 0.03 in the Gangetic and 0.01 in the non-Gangetic planes respectively.
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in the Gangetic and non-Gangetic plain

Organic carbon content in the soil of the Gangetic plane was 0.50 = 0.02
was 1.08 + 0.02 and0.19 + 0.01.

K,O percentage in the soil of the Gangetic plane ranged from 3.11 £+ 0.10 t03.63 + 0.38 while it was 2.02 £ 0.16 t02.18
+ 0.13 in the non-Gangetic plane.

and 0.6 = 0.03. In the non-Gangetic plane

Different parameters of the soil composition did not differ significantly in the districts of Bankura and Purulia (Table
4). Differences of soil composition of the district 24- Paraganas (N) and Nadia were not significant (Table 5).

In between Gangetic and the non-Gangetic plane of West Bengal different studied parameters were significantly
different.

Table-1. Various environmental features in the Gangetic and non-Gangetic plain of West Bengal.

Gangetic plain Non-Gangetic plain
Nadia N - 24PGS Average Bankura Purulia Average
Rainfall 1309.71 1368.42 1339.07+ 129271+ 1240.71% 1266.71+
(Millimeter) +178.13* +79.26 135.92 80.72 146.59 116.85
Temperature | Max 41.4 +1.51 36.6+£0.54 | 39+2.74** | 442 +0.83 | 44.8+0.83 | 44.5+0.84**
(°C) Min 8.6 £1.67 12.8+1.30 | 10.7+2.62** | 7.8 +£1.09 7.8£0.83 7.8 £0.91**

*Meanz SD, ** Significant at 5% level.

Table 2. Basic soil composition of the Gangetic (Alluvial) and non- Gangetic (Laterite) plane of West Bengal

Alluvial Soil (%) Laterite Soil (%)
Sand 33.2 78
Silt 38 15.5
Clay 24.2 15.3
Loss on solution 2 0.003
Organic matter 0.54 0.18
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Table 3. Soil characteristics of different districts of the Gangetic and non-Gangetic plane of West Bengal.
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Fig-1. Pointed studied area.
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Districts PH Carbon% Nitrogen% K%
GETC Nadia(6) 699 = 046 0.50+ 0.02 002+ 000 | 3.63 £ 038***
24- Paragans
6.52 £ 0.06 06+ 003 0.04 £ 0.00 3.11£ 010
(N)E)
1nofn-
Gangetic | Bankura (6) * | 5.68= 0.23*** | 1.08=x (.02%** 001+ 000 202+ 016
plane
Purulia(6) 6.19 = 0.12*%* 0.19+ 0.01 001+ 000 2.18£ 013
* Number of samples, ** Mean + SD, *** significant at 1% level.
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Table 4. Multiple Comparisons of different studied soil parameters of the districts Nadia and 24- Parganas (N)
of the Gangetic plane of West Bengal.

- 99% Confidence Interval
Nadia**(6) 24 (T\S';i%g)n as Di?]fleer?err]\ce Std. Error Sig °
Lower Upper
Bound Bound
pH pH 0.46833 0.12605 .013 -0.0123 0.9489
Organic C% Organic C% -0.09667 0.12605 .994 -0.5773 0.3839
Available Available
Nitrogen % Nitrogen % -0.02233 0.12605 1.000 -0.5029 0.4583
K,0 % K,0 % 0.52167(*) 0.12605 .004 0.0411 1.0023

* The mean difference is significant at the .01 level, ** 6 samples were taken from each district.

Table 5. Multiple Comparisons of different studied soil parameters of the districts Bankura and Purulia of the
non-Gangetic plane of West Bengal.

Mean 95% Confidence
Bankura**(6) Purulia**(6) . Std. Error Sig Interval
Difference

Lower Upper

Bound Bound
pH pH -.51833(*) 0.0689 0 -0.7389 -0.2978
Organic C% Organic C% 0.89667(*) 0.0689 0 0.6761 1.1172

Available Available

Nitrogen % Nitrogen % -0.00267 0.0689 1 -0.2232 0.2179
K,0 % K,0 % -0.16333 0.0689 0.285 -0.3839 0.0572

* The mean difference is significant at the .01 level, ** 6 samples were taken from each district.
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Fig.2 A complex burrow structure from the district Nadia (Gangetic plane) West Bengal.
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Fig. 3 A simple type of burrow structure from the district Bankura (non-Gangetic plane), West Bengal.

DISCUSSION

A huge amount of crops are being damaged by the Rattus sp. every year in the Gangetic and the non-Gangetic plains of
West Bengal, India. But no effective control measures were available which could lead the farmers to rescue
themselves from this huge economic loss.

The study of the burrow structure of the Rattus sikkimensis would reveal the underground behavior of this species as
well as their instinct behavior which could help to find out suitable control measures. The present experimental data
could also add some new avenues to the future study.

In both the regions (i.e., Gangetic and non-Gangetic plains) the number of opening of the burrow was positively
correlated with rainfall (r=0.9302*). A negative correlation was observed in between maximum temperature and the
number of openings may be to regulate the inner temperature to their micro habitat. A strong positive correlation was
observed in between the rainfall and the depth of the burrow (r = 0.9553*). This may probably help them to protect
their stored food particles as well as to protect their nest chamber from the rain water. Rainfall and the length of the
burrow were also positively correlated.

It was observed that when the percentage of sand was increased the clay content was decreased (r=-0.9955). The
number of opening of the burrow was increased with that of the increasing concentration of sand in the soil. We found
that the length of the burrow was negatively correlated with that of the sand content of the soil(r=-0.9139) while it was
positively correlated with that of the clay content of the soil (r=0.8922).

District Nadia and 24-Paraganas (N) of the Gangetic plain of West Bengal produced cereals like rice, wheat, pulses
like Gram, tur; oil seed like rape seed, linseed; jute, mesta; vegetables like sugarcane, potato, chilies, ginger. Almost all
the crops were found to be damaged by the Rattus sp. [25]. Rice, wheat, maize, potato, sugarcane and mustard oil seed
were found to be damaged heavily in respect to the other crops.
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In the non-Gangetic plane of West Bengal, rice, wheat, potato, mustard and sugarcane were heavily damaged by the
Rattus sikkimensis in this region also. In comparison to rice, wheat was more affected [26].

Beside other demographic attributes, investigations on burrow characteristics and hoarding behavior of the rodent have
been reported only from rice crops of lower Sindh [27,28] and wheat crops of AJ & K [29]; groundnut and wheat crops
[30]. Both of these locations are at extreme limits of the bandicoot rat distribution in Pakistan, and are primarily in
rice-wheat cropping systems.

Burrow pattern can also be affected by additional physical consideration such as hill slope angle [31] and needs for
respiratory gas exchange [32]. In our study we didn’t consider those factors because of their uniformity in these
regions.

In the present study it was observed that the length of the burrow was significantly different in the Gangetic and the
non-Gangetic plains of West Bengal. The length of the burrow was also determined by some factors like the surface
area required for sufficient oxygen to diffuse in to the burrow [33].

The results of various parameters clearly indicate that the depth of burrow and the number of openings also differ
significantly in these regions. Significant differences are also found in case of rice and wheat in both the Gangetic and
the non-Gangetic plains of West Bengal.

Now the question arises regarding the damages caused by the Rattus sikkimensis and other rodent species and their
behavior pattern within the complex burrow system in various soil conditions. Analysis of the soil clearly indicates that
the burrow pattern depends on the nature of clay. Whatever the factors prevail, the complex burrow pattern has a clear
correlation to their survival strategies in various environmental conditions.
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