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1. Introduction

Rodent pests are living with man either in agriculture 
or in residence and will not leave their company in future. 
These pests not only threaten livelihoods directly, but 
also by forcing the affected spend resources on trying 
to eliminate the infestation. So, they not only depend on 
man for their food and shelter but also cause infestation 
in agricultural fields, shops, homes, godowns and transmit 

infectious diseases to human and their livestock directly 
by biting or indirectly by vector.

Amongst the vertebrate pests, rodents rank the first 
which directly depend on human production and urban 
habitats. Rodents are characterized by rapid sexual maturity, 
short gestation period, large litter size, opportunistic 
foraging behavior and gnawing teeth (Aplin et al., 2003). 
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and practices, also suffers economic losses due to rodents, 
birds, wild boars, porcupine, and pikas, etc. Standing cereal 
crops and stored commodities are affected by rodent and 
bird pests. Present work was aimed to determine the 
species composition and population densities of rodent 
of agricultural importance in rain-fed and irrigated areas 
of district Swat, Pakistan.

2. Materials and Methods

2.1. Study area

The present study was conducted in 16 agricultural fields 
(4 each in Potatoes, maize in rain-fed and irrigated, rice in 
irrigated areas) of district Swat, Pakistan from April 2011 to 
November 2013. It lies 34°34° to 35° 55° North and 72° 08° 
to 72° 50° East located in Khyber Pakhtunkhwa province, 
Pakistan (Khan et al., 2018). The weather is affected by all 
the climatic factors including, latitude, altitude and rain 
bearing winds. Water freezing season is from the last of 
December to the end of February. July is the hottest month 
of the year. Temperature rises from 16°C to 33°C. January is 
the coldest month in which temperature ranges from 11°C 
to -2°C. The highest recorded rainfall is 242 mm during 
March (Normals 1961-1990). Agriculture is the main stay 
of life followed by livestock.

2.2. Trapping and population estimation of rodents

A total of 756 locally available commercial wire mesh 
live traps of medium size were used for capturing the 
rodents. All the traps were baited with oily bread, which 
are attractive by the rodents. At each agricultural field 
63 traps for 4consecutive nights were set just after sunset 
and picked up in the morning. Traps were sited alongside 
the burrows or where signs of rodent movements were 
recorded. Cropping stage wise trapping was carried out 
in each field. Population of the rodents trapped were 
calculated by applying the following Formula 1:

% / trap success  Number of  rodent  trapped
Number of  trap nights 100

=
×

  (1)

2.3. Anesthetization of the rodents

All the rats/mice were anaesthetized with chloroform 
and the following information were gathered.

2.4. Visualizing the age and sex of the rodents

❖ Body weight: All the rats/mice were weighed using the 
Precisa balance model No.18220 Switzerland;

❖ Sex of individuals: On the basis of visual inspection 
of external sexual organs the sex was determined as: 
male; when the ano-genital distance was measured 
usually greater and in female; when the ano-genital 
distance was measured usually less than male;

❖ The rodents were considered to be adult if the weight 
was greater than that of the smallest sexually mature 
one and using visibility of tubules in case of males or 
estrous stage in case of females/ perforation of vagina 
as the criteria of sexual maturity.

Rodents account for about 44% of the world’s mammals 
and reside in every continent except Antarctica (Wolff 
and Sherman, 2007). There are about 2000 species of 
rodents known to science (Wilson and Reeder, 1993) and 
only 5-10% are agricultural pests (Stenseth et al., 2003).

Losses by rodents leads to under-nourishment and 
starvation. For a long time, farmers have considered 
rodents as an inevitable pest in their fields and are serious 
competitors with people for cereals, and occasional massive 
rodent population outbreaks ruin harvests (Stenseth et al., 
2003). Rats and mice have a significant role in economic 
losses of developing countries. In Asia rats can consume 
crops which could be fed to 2000 million people in the 
whole year. In Asia pre-harvest loss to rice is 5-10%, this loss 
could be accounted roughly for 30 million tons, sufficient 
to feed nearly 200 million people for a year (Singleton, 
2003). For Tanzania, the average annual yield loss of maize 
is estimated to be around 5 to 15% (Makundi et al., 1991). 
This is comparable up to more than 400,000 tonnes of 
maize, equivalent to an amount that could feed 2.3 million 
people for a whole year (Leirs, 2003).

In Pakistan rats and mice exert serious losses to all major 
crops which damage rice and wheat amounts almost Rs. 
2 billion annually (Khan, 1990). The estimated cost losses 
in different agricultural fields by the field rodents in a bad 
year in Pakistan are: rice Rs. 193 million, wheat 472 million, 
sugarcane and groundnut 534 million (Shafi et al., 1990).

It was hypothesized that about 280 million 
undernourished people could be benefited if more 
attention is be paid for reducing pre and post-harvest 
losses by rodents, 826 million people (inhabitants of about 
113 countries) are undernourished including 558 million 
in Asia, 212 million in Africa, 52 million in Latin America 
and 3.8 million people in Europe are most susceptible to 
a long-term rise in food prices (Meerburg et al., 2009). 
However, there is no way to eradicate rodents totally but 
one can optimize the population and can protect the crops 
from damages of rodents (Leirs, 2003). During the last 
several decades, urbanization and intensive agricultural 
practices have been carried out to meet the increasing 
food demands of human population. Such practices are 
better for the survival of rodent pests.

There are 43 different species of rodents found in 
Pakistan, mostly rats and mice, but also include porcupine, 
giant flying squirrels and desert gerbils. Fifteen species 
(34.8%) are regarded as pests, however only five (11.6%) 
species are regarded as important pests. Bandicota 
bengalensis is the principal pest while Millardia meltada, 
Nesokia indica and Mus sp. are the secondary pest species 
of rice in southern parts of Sindh and major crop growing 
areas of Punjab, M. meltada and N. indica are pests for 
standing canes in Pakistan. B. bengalensis and M. meltada 
are the major pests of wheat in irrigated wheat fields of 
central Punjab and northern Sindh; respectively, Jirds 
(Meriones sp.) and bandicoot rats damage wheat in rain-
fed areas of the country (Beg et al., 1977).

It is the reality that no country is free from the 
devastation of these vertebrate pests, particularly by 
rodents, which is a cause of severe economic losses resulting 
in malnutrition and even food crisis. Pakistan, having 
different climatic zones and with complex cropping patterns 
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2.5. Statistical analysis

The relative abundance of rodents was estimated by 
using regression of captures on cumulative captures in 
different crop fields. In this method, rodent captures was 
plotted against the cumulative captures and a regression 
line was plotted using the MS Excel program 2007. The 
intercept point of regression line with X–axis gave the 
estimated population. Mean and slandered deviation, Mean 
± SEM of column A and B, difference between means, 95% 
confidence of interval, R square and F test have also been 
calculated by graphed prism 5 (Table 1).

3. Results

Rats were trapped more 76.8% (269/350) than mice 
23.1% (81/350) at both rain-fed as well as irrigated areas 
of Swat district. House rats (Rattus rattus) were trapped 
in abundance at all the crop fields than house mice (Mus 
musculus). Rats were usually trapped during all the 
growth stages of the crops studied than mice. Significant 
difference was found between the number of rats and mice 
in growth stages of the crops studied while the difference 
in between the population density of rats and mice were 
not significantly different in rain-fed and irrigated areas, in 
crop fields studied, male and females rode. Other statistics 
including Mean ± SEM of column A and B, difference 
between means, 95% confidence of interval, R square and 
F test have also been calculated (Table 1).

3.1. Abundance of rodents

The population abundance indices of Rattus rattus 
(n=269) was greater than Mus musculus (n=81) but was not 
statistically different (P value 0.0861 with 95% confidence 
of intervals range -14.09 to 139.4) among crop fields. 
R. rattus was the species that numerically predominant 
in every habitats than M. musculus. M. musculus were 
usually considered in-house species, where rats are not 
in abundance. No statistically significance was found 
between the population density of rain-fed and irrigated 
areas (P value is 0.9153 with 95% confidence of interval 
range -294.4 to 278.4) R. rattus came to be the most 

abundant in maize fields of rain-fed and rice fields of 
irrigated areas (Figure 1). Regression of daily captures 
on cumulative captures (Figure 1) revealed a negative 
and non-significant correlation, between the captures 
over time (nights) (Y = -23.367x; R2 = -5.266) for rats and 
(Y=6.9333x; R2 = -13.43) for mice.

3.2. Seasons and sex ratio

In the present study, rats were trapped more 269 (76.8%) 
than mice 81 (23.1%) at both rain-fed as well as irrigated 
fields of Swat, Pakistan. Adult rats were trapped low in 
ratio 118 (33.7%) than sub-adults 151(43.1%). Male rats were 
trapped more 165(47.1%) than females 104 (29.7%) but no 
statistically significance was found (P value 0.1434 with 
95% confidence interval range -14.08 to 67.41). Most of the 
rats 75(21.4%) were trapped at maize fields followed by 
potatoes 53(15.1%) in rain-fed areas and 75(21.4%) in maize 
fields followed by rice fields 66(18.8%) in irrigated areas. 
Percent trap success was noted at mature/harvesting stage 
105(30%), followed by flowering/fruiting 104(29.7%) and 
vegetative stage 60(17.1%).this was statistically significant 
(P value 0.0174 with 95% confidence of interval range 
18.15 to 107.2).

Males were trapped more (n=215) than females (n=135) 
in both the species but not statistically different (P value 
0.3679; Kruskal- Wallis test 3.000). Sex ratio: 1.5:1.0 
and 1.61:1 male and female in R. rattus and M. musculus 
respectively were regarded in all the shops studied.

The present data reveals the season wise population 
abundance as: 77(22%), 130 (37.1%) and 143 (40.8%) were 
trapped during vegetative, flowering/fruiting and mature 
harvesting stages of the crops studied respectively but 
not statistically different. Linear regression on Microsoft 
Excel 7 is y = 54.714x R2 = 0.4409. Highest number of 
rodents trapped during flowering and fruiting in rice crop 
fields while the lowest during vegetative stage in potato 
fields. Crop wise the population abundance of the rodents 
trapped was: 70 (20%), 97(27.7%), 87(24.8%) and 97(27.7%) 
in potatoes, maize (rain-fed), maize (irrigated) and rice. 
The majority of the rats were trapped at maize crop fields 
(rain-fed) and rice crop fields (irrigated) (Figure 2).

Figure 1. Distribution of rodents in different crop fields of rain-fed and irrigated areas of Swat, Khyber Pakhtunkhwa, Pakistan.
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Significant difference was found between the number 
of rats and mice in various stages of the crops studied 
while the difference in between the population density 
of rats and mice were not significantly different in rain-
fed and irrigated areas, in crop fields male and females. 
Other statistics including Mean ± SEM of column A and 
B, difference between means, 95% confidence of interval, 
R square and F test have also been calculated (Table 1).

4. Discussion

Rats and mice have adapted well to the diversity of 
agricultural habitats created by man. Almost 42% of all 
mammalian species are rodents with at least 10% are 
significant agricultural pests. Rodents are the ultimate 
Mammalia living in almost every habitat on earth, yet 
they also play a fundamental role in nutrient cycling 
and water flows in many ecosystems and therefore the 
non-pest species need to be protected (Singleton, 2010). 
Rats have three main impacts: Substantial damage they 
can cause at any stage to growing crops, cause losses at 
post-harvest to stored grain and vegetables and impacts 
on the health of small holder, farmers. Rodents are carriers 
of at least 20 severely debilitating diseases to human 
(Meerburg et al., 2009).

Rats and mice are the important pests of agriculture 
in Pakistan (Hussain and Pruthi, 1921; Wagle, 1927) and 
exert serious limitations on the production of a variety of 
crops throughout Pakistan (Ahmad et al., 1986).

House mice (Mus domestica) serving a serious pest of 
agricultural crops in Australia can increase in abundance> 
1000 mice / ha causes enormous economic and social 
stress to rural communities (Brown and Singleton, 2000). 
Densities of mice have been recorded as high as: 2500 and 
2716 mice/ha in Australia (Boonstra and Redhead 1994). 
Mouse densities are highest in autumn and early winter 

and for summer crop months prior to harvest therefore 
the damage is also highest (Brown et al., 1997).

In term of population density current study was not 
in accordance to Saunders and Robards (1983). When the 
densities of mice reached to 2716/ha it is considered high, 
while in present study the density of Rattus rattus and Mus 
musculus reached up to 53/ha and 17/ha at potatoes, 75/ha 
and 22/ha at maize fields at rain-fed areas; 66/ha and 
21/ha at maize fields, 75/ha and 21/ha at rice of irrigated 
areas. Present study is accorded to the findings of Brown 
and Singleton (2000) but contrary in damages. According 
to them when the rodent abundance is less than 75/ha, it 
leads to less than 5% a crop loss which is considered low.

In current study overall 0.15% trap success was noted 
which is not in accordance to the study conducted by 
Siddique and Arshad (2003) calculated 1.35% of the trap 
success in wheat fields of Faisalabad, Pakistan. They also 
noted 4.1% trap success in sugarcane fields which is not 
according to the present investigation. Highest % trap 
success was 17.1% for maize fields of rain-fed areas followed 
by 16.9% for rice fields of irrigated areas while low 15.3% 
for maize fields of irrigated areas and 12.3 for potato fields 
of rain-fed areas in the present study. The monthly trap 
success ranges from 0.00-16.00% in Faisalabad while in 
present study it ranges from 0.07 to 0.35%. Highest % trap 
success was 19.6% reported for mature/harvesting stage 
followed by 17.1% during flowering/fruiting stage and 
lowest 10.0% during vegetative stage of the crops.

Sex ratio reflects ability of the species to respond 
to natural selection (Wu et al., 2006). A 1:1 sex ratio is 
favored in polygamous species when food is abundant 
(Wright et al., 1988). Gomez et al. (2008) reported 
variation in sex ratio in M. musculus in different habitats 
and seasons in Argentina. This variation has been reported 
both in commensal (M. musculus) and wild species, where 
subordinate males increase their area of activity during 
reproduction (Hernandez-Betancourt et al., 2003), covering 

Figure 2. Variation in population dynamics of rodents (Rattus rattus and Mus musculus) in different seasons of the year (V=Vegetative; 
FF=Flowering/fruiting; MH=Mature/harvesting.
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area in search of food sources or females are generally 
repelled by dominated males which lead to an increased 
probability of capture. In contrast with the reproductive 
females since their area of activity is smaller especially 
during pregnancy and lactation (Frynta et al., 2005).

In current study males outnumbered the females 
with the ratio of 1.58: 1.04 for rats and 1.6:1.1 for mice 
which favour’s the findings of Kunimoto et al. (2002) 
who found a male female ratio of 2.1:1 in population of 
M. musculus in Panti- May et al. (2012) reported the sex 
ratio in M. musculus and R. rattus differed from 1:1 with 
a higher recorded capture of male. In the present study 
sub-adults were trapped more in rats and somewhat low 
in mice this is comparable with the study of (Dickmar, 
1999) that low capture rate of young may be due to the 
greater dominance and aggression of adults and the short 
time it takes for these rodents to reach sexual maturity 
(Sidorov and Putin, 2010). It was documented by the similar 
percentages of juveniles and reproductive individuals 
found in both species and time periods.

Conclusions and Recommendations

The current study provides fundamental evidence 
regarding the distribution and abundance of Rattus rattus 
and Mus musculus in agricultural fields of Swat district. 
Further studies are required to explore the impact of these 
rodents on the human life.
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