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Rodents (Muridae) are an important pest and their uncontrolled dispersal threatening yields of various 
crops including wheat. The goal of this study was to evaluate the shifts of rodent abundances among five 
sets of three different habitat types (human dwellings, agricultural and non-agricultural land). It was also 
expected that trapping in non-agricultural land and human dwellings could reduce wheat damage. 30 trap 
stations were placed in each cropland, non-agricultural land and human dwellings for twelve months. 
Rodent abundance was high in cropland and negatively correlated with human dwellings. No difference 
in abundance was observed in the non-crop and fallow land. Tatera indica was the most abundant species. 
High adjusted trapping success in cropland and low in human dwellings were observed during the spring 
season. Trapping influenced by 4.63% decrease in wheat damage. Non-agricultural land and human 
dwellings provide good shelter and food resources for rodent dispersal. Controlling one habitat of the 
landscape, either human dwellings or cropland, might not allow effective results because rodents still 
have alternative habitat for survival. Therefore, it is recommended to apply the control strategy on both 
habitat types before sowing the wheat crop. This might prevent damage to wheat and possible reduction 
of intensive use of rodenticides in cropland.

INTRODUCTION 

Among mammals, rodents are the most diverse group 
(Nowak, 1999; Singleton et al., 2003), representing 

almost 40% of all mammals on the Earth (Nowak, 
1999). Two third of living rodents species belong to just 
family, Muridae, which is the largest in the whole class 
of mammalian and most of them found in Asia (Aplin 
et al., 2003). Eighteen species of rodents (Muridae) are 
considered pest in the agriculture, human dwellings and 
rural and urban storage facilities (Parshad, 1999). They 
significantly damage vast range of agricultural crops such 
as wheat (damaged by Bandicota spp.; Poche et al., 1982), 
rice (by Mastomys natalensis; Islam et al., 1993; Singleton 
et al., 2005) and maize (by Xerus erythropus; Mulungu et 
al., 2003). They also caused damage at all stages of wheat 
crop by digging up newly planted seeds, cutting tillers to 
gain access to nutrients or accessing the developing grain 
as the crop matures (Brown et al., 2007). The vast wheat 
damage is due to the high rate of reproduction, adaptability 
and poor control strategies (Parshad, 1999). 

Usually, control measures are initiated after damage
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by rodents is recognized. However, few studies have 
actually demonstrated the assumption of the damage is 
reduced after animals were killed (Advani and Mathur, 
1982; Sheikher and Jain, 1997). The distribution and 
pattern of relative abundance of rodents depend largely 
on the seasons and availability of food and water sources 
(Brown and Ernest, 2002). Cereal crops provide food for 
many rodents during the whole growing season (Addisu 
and Bekele, 2013) and human dwelling expected to 
provide shelter to them (Kotler, 1984). 

Seasonality (Datiko et al., 2007) and habitat selection 
of rodents are considered to be important factors shaping 
the community dynamics and dispersal of rodents (Oguge, 
1995; Churchfield et al., 1997). Our study aimed to 
bring human dwellings, agricultural and non-agricultural 
land together in one study to understand how rodents 
abundance shifted among them. Seasonality also predicted 
to play a critical role in rodents abundance shift. Also, we 
hypothesise that trapping, throughout the whole year will 
reduce wheat damage.

MATERIALS AND METHODS

Study area
Sampling sites were located in the rural area of 

Islamabad city, which is used for wheat production (Khan 
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et al., 2009; Hussain et al., 2017). The land consists of 
scattered trees of Ziziphus jujuba, Dalbergia sisso, Melia 
azadirachta and Acacia nilotica and other wild plants 
species included Carissa opaca, Calotropis procera, 
Adhatoda zeylanica, Imperata cylindrica, Cannabis sativa 
and Cynodon dactylon. According to soil analysis, soil 
types were slightly alkaline (pH 7.3-8.73).

Climate data
Temperature and rainfall were considered as a 

limiting factor for rodents (Dickmana et al., 1999). Data 
about average annual rainfall and temperature of each 
month is collected by the regional meteorological center 
(Supplementary Table I).

Sampling method
Rodent abundance was assessed using the trap-line 

methods which are considered as a variant of the line 
transect method (Rudran et al., 1996). The study area 
included five sets of cropland (annually sowing wheat 
crop), non-crop (nearby land which are not defined as 
crop land) and fallow land (field left for one year to attain 
its fertility and used again for sowing wheat crop). When 
refereeing to the field then it includes crop, non-crop and 
fallow land together. 30 snap trap stations were placed in 
a straight line per habitat type. The selected fields were 
equal in size and adjacent to each other (Fig.  1). Seven 
houses were selected about 400~500 m distance parallel 
to the sampling fields. Three snap traps (two large rat trap 
and one small mouse trap) were set up together with fresh 
potatoes and chapatti at each station. Each snap trap was 
tied with a rope (2 m length) and connected with a single 
hook that was inserted into the soil, in the center of three 
snap traps. The distance between each trap station was 30 
m. Trapping was done in three nights, in the middle of each 
month, throughout the whole year (May 2014-April 2015). 
Transects starting point were chosen randomly on each 
trapping section. Trapping around human dwellings was 
conducted coincidently with samplings in the cropland and 
non-crop land.

A total of 8 plots at 10m of distance (each 90 m2) 
were selected within cropland and non-agricultural land. 
In each plot, 25 tiller samples were collected diagonally 
using a wooden frame. In each sample, we registered the 
sum of damaged and undamaged tillers inside the frame. 
Samplings were done before wheat harvesting in 2014 
and 2015. According to Poche et al. (1982), the damage 
percentage was calculated as follow:

When assessing crop damage, the same person 
surveys all the data to avoid assessment bias. Trap stations 

were set at dusk and visited the next morning before the 
sunrise to get population abundance and to avoid any harm 
to birds that might be attracted by bait. Specimen were 
collected from traps and frozen for identification (Roberts, 
1997).

Fig. 1. The sketch of study area. Black squares area in 
fallow land are the trapping stations per habitat type.

Data analysis
Percentage trap success was calculated as the ratio 

between the number of rodents captured with the total 
number of traps set, multiplied by 100 (Chitty and Shorten, 
1946). There was one trap less accessible whenever an 
animal was caught in a trap, so the number of active traps 
reduced on every sampling night. This was adjusted by 
calculating adjusted trap success (Caughley, 1977). Rodent 
density index (RDI) was calculated following Busch et al. 
(2011) method:

Generalized linear model (GLM) with Poisson error 
distribution was used to find the difference between the 
response variable (number of individuals) and predictor 
variable (season, habitat). The predictor variables are 2 
fixed factors: Season (with four levels) and habitat type 
(with 3 levels). The data were checked for normality, 
homogeneity and over dispersion, and if found then 
corrected by using quasi-GLM (Hussain et al., 2018; 
Rebbah et al., 2019). Pearson correlations were computed 
to determine covariant in the data structure (Hussain 
et al., 2018). We analyzed sites data for autocorrelation 
(Walcher et al., 2017). We analyzed rodents data captured 
in dwellings separately from those captured in fields. All 
statistical tests were performed in R version 3.31 (R Core 
Team, 2016) by using an alpha level of 0.05.

RESULTS

A total of 429 rodents were collected from 3240 
effective trap-nights. 193 rodents were captured in human 
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dwellings and 236 from fields. Overall rodent numbers 
fluctuate per month (Fig. 2). The higher in April (32) and 
the lowest in December (11) was found in fields while 
reverse trend were observed in human dwellings. In total, 
Tatera indica (73%), Mus musculus (20%) and Bandicota 
bengalensi (7%) species were the most abundant species, 
which were reported consistently in sampling region 
(Mehmood et al., 2011). A significant difference was 
observed between the number of individuals and spring 
seasons in the fields (GLM: Residual deviance: 12.439, 
df=8, P=0.001; Fig.  3A) and in the human dwellings 
(GLM: Residual deviance: 5.23, df=8, P=0.005; Fig. 3B). 
There was significantly higher number of individuals 
in cropland than in human dwellings (GLM: Residual 
deviance: 19.716, df=10, P=0.003). Spring and summer 
seasons showed inverse variability in cropland and non-
crop land. Higher ATS was observed in fields and low in 
human dwellings during spring season. The RDI of rodents 
ranged from 0.10 to 0.30 in both fields and in human 
dwellings (Fig. 4). This was similar between summer and 
winter seasons, while in spring, it differed between fields 
(0.30) and human dwellings (0.10). Reduction of wheat 
damage was observed from 26.98% to 22.35% in the 
cropland (Supplementary Table  II). We did not find any 
autocorrelation between sites (p >0.05).

DISCUSSION

Rodents caused damage to different stages of the 
wheat plants either by cutting tillers of young plants to 
gain access to the nutritional content present in the tiller 

or to obtain a fully mature grain (Brown et al., 2007). 
High rodent abundance was seen from December to April 
(from newly wheat plant to developed grain). The sudden 
increase of rodent abundance from December to April in 
the crop field can be linked with the roots of wheat plants 
that started to grow up, sweeten and ended with grain. This 
may attract more rodents towards cropland and cause an 
increase in abundance. In contrast, a decline in abundance 
was found in the human dwelling from December to April. 
Farmers moved the major quantity of grains to the fields 
for sowing which reduced food availability for rodents

Fig. 2. Relationship between sampling months and total 
number of rodents captured per month in fields (crop, non-
crop and fallow land) (▲) and human dwellings (○).

Fig. 3. Number of rodents among four seasons in fields (crop, non-crop and fallow land) (A), and human dwellings (B). Different 
letters show significant relationship (p < 0.05) among seasons.
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Fig. 4. Relative density indexes (RDI) of rodents in the fields (crop, non-crop and fallow land) (A) and human dwellings (B) 
among seasons.

in human dwellings. A strong negative correlation was 
observed between rodents abundance in cropland and in 
human dwellings (r = -0.73). It seems that rodents follow 
the path of food sources and dispersed accordingly. 

The overall trap and adjusted trap success varied with 
seasons. The lowest success was obtained from autumn in 
fields and from spring in the human dwellings. This may 
be linked to annual temperature and rainfall. In summer, 
rodents abundance increased in the non-crop field and 
human dwellings. The high temperature was observed 
in the summer season (37oC) that made crop land more 
difficult for rodents survival. Later, Monsoon heavy rain 
water stayed in the cropland that might cause rodents 
shifted.

Rodents need food, shelter (Witmer et al., 2007) 
or a buffer zone (Yletyinen and Norrdahl, 2008) either 
provided by the nearby non-agricultural land or human 
dwellings. Rodents abundance started increasing when 
a wheat plant was large enough to cover field soil. This 
high ground vegetation cover might be a suitable place 
for shelter from predators and reproduction. Rodent 
absence after harvesting crop fields did not mean that 
their population is controlled. Observing data from human 
dwellings and non-agricultural land, it might be possible 
that rodents prefer to disperse towards more secure areas 
in term of availability of food and shelter.

Wheat damage was reduced from 4.63% after two 
harvesting sessions. Continuous sampling per month might 
reduce this and it is expected that continuous management 
of rodents in human dwellings and non-agricultural land 
will further decrease such damage. Overall it is suggested 

to apply rodent control strategy in nearby non-agricultural 
land and human dwellings before sowing wheat crop to 
control rodent dispersal and wheat damage. It is worthful 
to mention the need for farmers to secure their seed grain. 
As rodents left structures when the grain was planted, it 
is reasonable to suggest that a real key would be securing 
seed pre-sowing to prevent maintenance of a rodent 
population in areas with human dwellings.

CONCLUSION

Rodent abundance varies with the food resources and 
seasons. Our results indicate that fewer rodents in cropland 
did not mean that it is protected, instead, rodents hibernate 
in nearby non-agricultural land and human dwellings 
having adequate food sources and shelter. For rodents 
control strategy, it will be a good idea to securing seed pre-
sowing, control surrounding well shaded non-agricultural 
land and human dwellings that could be a possible place 
for rodents to hide and reproduce. This might prevent 
severe damage and reduce the indiscriminate use of 
rodenticides to control the damage that already occurred. 
Rodent control of just one area, either human dwellings or 
cropland, might not give effective results because rodents 
still have alternative habitat for survival. This strategy 
possibly reduces wheat damage by rodents and increase 
wheat production. Further, attempts should be made to 
estimate the size of rodent infestation and damage in the 
long-term scale. 
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