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Abstract. The house rat (Rattus rattus) is the major commensal rodent species present in rural
habitats of Pakistan. Little is known about the biology of this species in the country. Hence, proper
control plans for its management could not be developed. The objective of the present study was to
determine the population biology of the house rat in rural commensal habitats of Pothwar, Pakistan.
A two-year study was conducted in four villages during four seasons. A total of 217 house rats were
captured with snap traps. The species had an unbiased sex ratio. Individuals from different age groups
were present in the population, and the adults outnumbered sub-adults and juveniles. Reproductive
activity was observed throughout the year, and reproductively active individuals outnumbered the
inactive ones. These results show that rural commensal habitats were providing suitable environ-
ment for the house rats throughout the year. The findings of the present study will be useful for the

planning of control strategies in the commensal habitats of rural Pothwar.

INTRODUCTION

The house rat (Rattus rattus) is an important pest with
a worldwide distribution. The species originated in the
Indian subcontinent and spread throughout the world
due to different human activates and international
trade (Etougbétché et al. 2020). This species is present
in different types of habitats ranging from commensal
(Sridhara and Krishnamurthy 1992) to non-commensal
(Jones et al. 2008; Efford et al. 2006). As a pest species,
house rat causes both pre-harvest and post-harvest crop
losses, consumes and contaminates different food items,
and damages buildings (Duplantier et al. 2003; Pimentel
et al. 2005; Meerburg et al. 2009). Also, the house rat
is considered an important host for different types of
pathogens, including zoonotic bacteria, viruses, and
parasites, and therefore poses a serious risk to public
health (Himsworth et al. 2013).

The population characteristics of species vary accord-
ing to the environmental conditions or geography of
a particular area. Therefore, for implementation of an
effective pest management plan in a particular area, deep
understanding of the biology of the involved species is
crucial. Along with the development of management
plans for pest control, ecological studies of pest species
can help to understand the species pathogenic status
(Volkova et al. 2010; Byers et al. 2019).

Previously, the biology of house rat has been studied
in different types of habitats ranging from commensal
to natural forests systems (Sridhara and Krishnamurthy
1992; Dowding and Murphy1994; Panti-May et al.

2012; Shiels et al. 2013). In Pakistan, although this
rodent species is present throughout the country, the
information on its biology is scarce and limited to a sin-
gle study from south Punjab (Mushtaqg-ul-Hassan 1993),
and no such information is available from the proposed
study area. The proposed study area, Pothwar, is located
in the rain-fed region of the country and has a signifi-
cant contribution to the agriculture sector of Pakistan.
The majority of the rural human population depends on
agriculture for their livelihood. Currently, farmers are
experiencing grain losses in their storages due to indoor
rodent species (Khanam and Mushtaq 2021), and the
house rat has been reported as the second most abundant
species in the indoor conditions of Pothwar (Khanam
et al. 2017). The aim of this study was to describe the
following population characteristics: abundance, sex
ratio, age structure and reproductive characteristics of
house rats from rural habitats of Pothwar, Pakistan.
The findings of this work would be helpful to develop
an effective management plan for the control of this
species in the rural indoor habitats and minimizing
post-harvest losses.

MATERIALS AND METHODS

Study area

This study was conducted in Pothwar (32.5°N-34.0°N
and 72°E-74°E), northern Punjab, Pakistan. It is a rain-
fed area, comprising four districts of Punjab (Attock,
Chakwal, Jehlum, and Rawalpindi) and Islamabad capi-
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tal territory (ICT). The area is located at an elevation of
350 to 575 m above the sea level with the undulating
topography generally sloping from northeast to south-
west. The region is characterized by semi-arid to humid
climate with the annual rainfall of the area ranges from
450 mm in the southwest to 1750 mm in northeast, and
70% rainfall occurring during the monsoon months of
July to September (Tariq 2004; Rashid and Rasul 2011).
Arid agriculture is practiced in Pothwar, and about
1 Mha of the total 2.2 Mha area is used for several
agricultural activities. Wheat is the major winter crop
(November—May) and ground nuts and millet are the
major summer crops in the region (May—October).

Animal trapping

We conducted rodent seasonal trapping in four villages
of Pothwar: Kisran (site I), Makhial (site IT), Ahmedabad
(site III), and Usmanzada Adra (site IV) from March
2012 to February 2014 (Figure 1). In each village, we in-
stalled metallic snap traps of two sizes (17 X 9.5 cm and
11.5 x 4.5 cm) in three types of buildings: households
(N =6), b) shops (N = 3), and c) farm houses (N = 1).
A household refers to a residence within the main vil-
lage. Village shops refer to small general stores which
sell different type of food items, daily used products,
fruits, and vegetables. A farm house refers to a rural
residence build away from the main village, where
the villagers keep their animals and perform different
agricultural activities. In each trapping session, sixty
traps (6 traps in each structure) were set per night for
four consecutive nights. During the two-year trapping,
a total of 320 structures (192 households, 96 shops and
32 farm houses) were sampled for rodents. Traps baited
with bread (roti) soaked in vegetable oil were set in the

evening (6 pm — 7 pm) and checked in the next morning
(6 am — 8 am). Each trapped animal was identified and
assigned a field number, capture date, capture location
and was put in plastic bags before being carried to the
laboratory.

Estimation of population characters

In the laboratory, each animal was inspected for sex,
weight and standard body measurements (including
head-body length, tail length, hind foot and ear length).
Based on the body weight, individuals were classified
into three age classes (juveniles, sub-adults and adults).
The juvenile class included females weighing <30 g and
males < 35 g. The sub-adult female rats weighed be-
tween 30—70 g and the sub-adult males weighed between
35-80 g. The adult females and males weighed >70 g
and > 80 g, respectively (Panti-May et al. 2012).

To assess the reproduction patterns, external and in-
ternal reproductive characteristics of both male and
female individuals were registered. Males with scrotal
testes were considered reproductively active and with
abdominal testes were considered inactive. Also, we
registered weight, length, width and volume of testes
and calculated their volume using the formula of an
ellipsoid: V= ab?, where “a” is half the maximum
length and “b” is half the maximum width (Woodall
and Skinner 1989).

In females, the external condition of the vagina, either
perforated or non-perforated was noted. Also, preg-
nancy, the number of embryos and the number of scars
were registered. Following Aplin et al. (2003), uterine
horns were classified into the following categories: 1)
juvenile females: uterine horns very thin, short with
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Figure 1. Map of Pakistan showing location of Pothwar region. In focus are the four study villages in their respective

districts.
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reduced blood supply, vagina either imperforate or
recently opened, 2) females entering first breeding sea-
son: uterine horns slightly thicker with apparent blood
supply, but no embryo or placental scars, 3) pregnant
females: uterine horns thicker with the embryo present
in one or both horns, indicating pregnancy in the female,
4) post-partum females: uterine horns elongated and
thin-walled without embryos, but with visible placental
scars, and 5) females ready to conceive: uterine horns
elongated, thick-walled with visible placental scars but
no embryos, horns are compact after a few days of de-
livery. All those females that were pregnant, lactating,
had placental scars in their uteri, or were entering the
first breeding were considered reproducing females.

Statistical analysis

The Chi-square goodness of fit test was used to check
the deviation from 1:1 sex ratio (male : female) at each
site and during each season. The Chi-square test of
homogeneity was used to check for difference in sex
ratio and age structure across sites and seasons. The
Kruskal-Wallis test was used to check for variation
in testicular measurements (i.e. testes weight, length,
width and volume) across different trapping seasons.
Variations in the number of embryos and the number of
placental scars across sites and seasons were compared
using the Kruskal-Wallis test. All differences with p >
0.05 were considered non-significant. All the analyses
were performed using the statistical package for social
sciences (SPSS) software (version 16.0).

RESULTS

A total of 217 specimens of house rat were captured
from three of the four studied sites: site I (n = 50), site
III (n = 134) and site IV (n = 33). At site I, no house
rat individual was captured during all trapping sessions.
Along with the house rat, eight other species of small
mammals were captured in the two-year study. The spe-
cies included: Mus musculus (n=436), Suncus murinus
(54), Tatera indica (20), Millardia meltada (9), Golunda
ellioti (7), Bandicota bengalensis (1), Nesokia indica
(1), and Mus booduga (1). Of 217 house rat samples,
196 could be used because 21 of them were decayed
and were not autopsied.

Sex ratio

In Table 1 there is given the proportion of two sexes in
three age classes of the house rat. Taking into account
the total of analyzed house rats (N = 196), sex ratios
were significantly different (y* = 4.5, df =1, p = 0.03,
n=196). In each site, sex ratio did not differ significantly
from 1:1 (p > 0.05). At site I, male to female sex ratio

was 0.77:1 (21:27), and at sites IIT and IV it was 0.72:1
(53:73) and 0.69:1 (9:13), respectively.

Although more females than males were captured in all
the seasons, sex ratio did not differ significantly from
1:1 (p > 0.05). Sex ratio was 0.72:1 (21:29) in spring,
0.74:1 (17:23) in summer, 0.65:1 (21:32) in autumn, and
0.82:1 (24:29) in winter. Overall, more female individu-
als than male individuals were present in all the seasons,
but statistically sex ratio did not differ significantly from
the 1:1 ratio in all the seasons.

Age structure

In Table 1 there are given the proportions of juveniles,
sub-adults and adult rats in the pooled samples from
the three studied sites. The proportions of the three
age categories by season are shown in Figure 2. The
proportions of the three age classes in spring and sum-
mer were similar, adult rats outnumbered juveniles and
sub-adults. In autumn and winter, the proportions of
juveniles and sub-adults were higher than that of adults.
A significant variation was found in the proportions
of individuals in each age class between seasons (y* =
22.9,df =3, p =0.00; Figure 2). The rat populations in
spring and summer seasons were structurally different
from those in autumn (y>=8.8,df=1,p=0.01,%*=7.8,

Table 1. Age classes and sex ratio in the pooled data of
R. rattus of the three sites studied in Pothwar. Proportions
of the three age classes, regardless of sex, are shown in the
last column.

Age Males Females | Sexes combined
categories % (n) % (n) % (n)
Juvenile 42 (14) 58 (19) 16.8 (33)
Sub-adult 43 (24) 57 (32) 28.6 (56)
Adult 42 (45) 58 (62) 54.6 (107)
Total 42 (83) 58 (113) 100 (196)
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Figure 2. Age structure of the R. rattus population in rural
Pothwar in four seasons of the year. Percentages are based
on the number of individuals of each age class as shown
within the bars.
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df=12, p=0.02, respectively) and winter (y*> = 13.5, df
=1,p=0.00, y>=12.4,df = 1, p = 0.00, respectively)
seasons.

Reproduction

The proportions of reproductively active males were
100%, 73%, 100%, and 96%, in spring, summer, au-
tumn, and winter seasons, respectively. There was no
seasonal difference found in the various testicular meas-
urements (i-e testes weight, length, width and volume)
of adult rats (p > 0.05 for all measurements). The mean
testes weight was 726 + 34 mg (range = 400-1310),
mean testes length was 14.3 + 0.5 mm (range = 5-22),
mean testes width was 7.9 mm £ 0.3 mm (range =
4.5-10.5), and mean testes volume was 289 +25.3 mm?
(range = 47.7-52.3).

In male rats, no significant variations were present in
the proportion of reproductive individuals at the three
sites (p > 0.05). Reproductively active males numeri-
cally predominated at all the three sites. At site I, 75%
(n = 9) of adult rats had scrotal testes, and 96% (n =
25) and 86% (n = 8) had scrotal testes at sites I1I and
IV, respectively.

A total of 62 adult females were captured from all the
three study sites. In all, 23 of 62 adult females (i.e.
37%) were pregnant (Figure 3). The proportion of
pregnant females at site I was 28%, while at sites 111
and IV the proportion was 40% and 44%, respectively.
The proportion of females carrying placental scars was
28%, 31%, and 22% at sites I, 11, and IV, respectively;
overall, the proportion of females with placental scars
was 29% (Figure 3). The proportion of females entering
first breeding was 44.4%, 28.6%, and 33.3% at sites I,
111, and IV, respectively.
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Figure 3. Proportion of R. rattus females in different reproduc-
tive states at different trapping sites. Percentages are based on
the number of females indicated within the bars.

The proportion of pregnant females in spring was 45%,
while in summer, autumn and winter the proportion was
24%, 38%, and 40%, respectively (Figure 4). Across all
the sites, the number of embryos in the litter ranged from
4 to 11 with the mean litter size of 6.9 + 1.9 (Mean +

SD). Eighteen of the female rats had placental scars on
their uteri. In these females, the number of scars ranged
from 4—16 with a mean of 9.3 + 3.1 (Mean £ SD), and
9 and 11 scars were the most frequently found numbers
of scars in females.
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Figure 4. Proportion of pregnant R. rattus in different seasons.
Percentages are based on the number of females indicated
within the bars.

DISCUSSION

In the present study, the sex ratio of the house rat did
not deviate significantly from 1:1 at individual sites.
However, the merged data of all the sites showed a
female-biased ratio in the rat population. Other studies
have reported female-biased (Brooks et al. 1978; Srid-
hara and Krishnamurthy 1992), male-biased (Muhstaq
et al. 2014), as well as unbiased (Brooks et al. 1994;
Miller and Miller 1995; Efford et al. 2006; Panti-May et
al. 2012) sex ratios in R. rattus populations. According
to Wright et al. (1988), in polygamous species, the sex
ratio of 1:1 is expected when there is plenty of food in
the habitat. In the rural commensal habitat, abundant
food resources were available to the rats round the year.
Therefore, it might be possible that two sexes were not
competing with each other for food; hence, there was
no disparity in the number of two sexes at individual
sites.

In this study, adult individuals outnumbered sub-adult
and juvenile individuals. From India, Sridhara and
Krishnamurthy (1992) reported that in a R. rattus popu-
lation infesting the poultry farms, adults had numerical
superiority over sub-adult and juvenile rats. Also, the
capture of more adult individuals has been previ-
ously reported in other commensal species (Gomez et
al. 2008), and the possible reasons for such trend could
be mortality of juvenile individuals or dispersal of non-
adult individuals (King 1982).

As in previous studies (Sridhara and Krishnamurthy
1992; Brooks et al. 1994; Panti-May et al. 2012), we
observed that rats reproduce throughout the year. The
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litter size of house rats in the present study was 6.5+ 1.9
(SD). This is well in the range reported in other studies.
For instance, Mushtaq-ul-Hassan (1993) reported a lit-
ter size of 6.9 for the rat population of rural Faisalabad,
Punjab. While Beg et al. (1983) reported a litter size of
6.2 for the rat populations of urban Faisalabad. Sridhara
and Krishnamurthy (1992) recorded a litter size of 5.6
in the rat population of Banglore, India. Brooks et al.
(1978) reported a litter size of 5.3 in the rat population of
Rangoon, Myanmar (formerly Burma), and Panti-May
etal. (2012) recorded a litter size of 5.3 embryos for the
rat populations present in rural dwellings of Yucatan,
Mexico. The possibility of nearly similar litter size in
previous studies and in our study could be due to the
nature of indoor habitats, as the indoor/commensal con-
ditions usually provide a stable environment with good
food and shelter for rodent species to reproduce.

In conclusion, the house rat population of the present
study had an apparently unbiased sex ratio. In the
trapped samples, adults outnumbered sub-adults and ju-
veniles. The year-round breeding activity was recorded
in the commensal rat population, and reproductively
active individuals were relatively larger in numbers
than inactive individuals. This study generated useful
information on the population biology of this important
pest species. Based on the ecological information gener-
ated in this study, effective management plans can be
developed for the indoor house rat populations.
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