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Chapter-1 

INTRODUCTION 
 
  

 Rats and human beings are living together for thousand of years and will 

continue to do so in future. With the commencement of agriculture, rat has created 

problems to farmers, since the rat has the food and taste preferences just identical to 

man, therefore best crops are damaged by the rat. Rats have depended on man for 

food and shelter. They cause infestation in shops, homes, godowns and thrived on 

crops. Moreover, they transmit infectious diseases to human and domestic animals 

directly by biting or indirectly via a vector (Gage and Kosoy, 2005). Rats cannot be 

eliminated completely. Therefore, men should utilize the available control methods to 

keep rats population at a low level so that crop should be protected and the damage by 

rats should be minimized (Khokhar and Rizvi, 1998). Rodents, belonging mainly to 

the family muridae. Fast reproduction and ability to adapt to almost every kind of 

habitats have made them very successful pests (Parshad, 1999). Their predatory 

nature have affected not only human economies, but they have also contributed to 

human and domestic animals ailments (Anantaraman, 1966).  

 Farmers in developing countries especially, face economic losses due to rats 

and mice. In Asia rats can consume the crops which could be fed to 2000 million 

people in the whole year. Rats are the most important pre-harvest pest to rice field in 

Indonesia causing 15% annual losses. In Africa, Tanzania losses to maize crops 

ranging 5-15% amounting about $45 millions and this food will fulfill the 

requirements of 2 million people annually. In South America, rodents cause a loss of 

5-90% to total production of crops. There is no way to totally eliminate rats. All men 

can do it such a low level that crops’ are protected and damaged by rats should be 

minimized (Geddes, 1992; Rodríguez, 1993; Posamentier, 1997; Singleton et al., 

1999; Leirs, 2003). During the last many decades, urbanization and intensive 

agricultural practices have been carried out to meet the increasing food demands of 

human population. Such practices have favored the occurrence of many vertebrate 

pests like these small mammals and birds (Fiedler et al., 1991). 

The tropical and sub tropical climates are conducive to flourish rodents 

populations. During the past century, introduction of canal irrigation system 
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converted the subtropical thorn-forest of the Central Punjab (Pakistan) into 

agricultural productive cropland. Today, approximately 90% of the range of Central 

Punjab is under irrigation. The predominant crops of the area are wheat, maize, 

cotton, rice, sugar cane, chickpea sweat pea, fodders, the oil seeds, brassica, canola 

and sunflower. As such the availability of a variety of food crops has been the co-

factor in the establishment of various rodent pests in the area (Khan, 1992; Shafi et 

al., 1992; Rajab et al., 2003). Among them Bandicota bengalensis, Nesokia indica, 

Millardia meltada, Rattus rattus and Mus musculus are considered as important 

pests of the croplands whereas the latter two are household pests too (Taber et al., 

1967). 

In Pakistan, there are 43 different kinds of rodents, the majority is known as 

rats and mice but include porcupines, and desert gerbils. In rice field lesser bandicoot 

rat (B. bengalensis) is the major pest in the southern part of Sindh. M. meltada, N. 

indica and Mus sp. are secondary pest of rice crop. In sugarcane crop, M.  meltada 

and N. indica are abundant and cause damage to canes and their roots. In irrigated 

wheat fields, B. bengalensis and M. meltada are the major pests in the Northern 

Sindh. Three rodent species, R. rattus, M.  musculus and T. indica are also found 

infesting grain storage throughout the year in Sindh (Khokhar and Rizvi, 1998).  

Rats and mice are serious field pests in Pakistan as well as in other countries 

like Indonesia, Malaysia, Sri Lanka, Philippines and India. Rodents cause serious pre-

harvest losses to rice and wheat in Pakistan but no special attention has been given on 

large scale survey. In Lower Sindh, 10 % of rice of the total yield was found in  rat 

burrows. In the same area majority of fields examined had more than 10% of the 

tillers damaged were estimated between 15% and 25%. Rodents cause an annual loss 

of 340581.5 metric tons of grain worth about Rs. 456, 250000. An average yield of 

20% higher from fields treated with rodenticides was obtained compared to similar 

sites without rodent control. This result was obtained in a year when rat density 

seemed much lower than normal. In some years, rodents may reduce yield by well 

over 20%. Similarly in other Asian countries like India, Philippines and Indonesia 

rodents do serious damage to rice. (Fulk, 1977; Greaves et al., 1975, 1977; Hussain 

and Pruthi, 1921). Furthermore, they pose great health risk to human and livestock, 

since rodents  act as a vector to transmit diseases to humans and domesticated animals 

through variety of mechanisms such as bites or exposure to infected feces and urine 
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(Gage and Kosoy, 2005; Mueller, 2000). The eggs of endo-parasites are passed along 

with rodent feces in fields, stores and foodstuffs (Khatoon et al., 2004).  

In Pakistan, rats and mice exert serious limitations on agriculture production 

by causing sever losses to all major food crops (Beg et al., 1977, 1978a, 1979).  N. 

indica, M. meltada as well as B. bengalensis are all serious rice field pests. (Greaves 

et al., 1975), moreover, it was found that N. indica is harmless to rice. In Pakistan, it 

has been reported that rodent damage to rice and wheat amounts to almost two billion 

rupees annually (Khan, 1990). Among the field rodent, the most abundant rats 

population belongs to B. Bengalensis followed by N. indica, M. meltada and Mus sp. 

(Beg et al., 1980; Fulk et al., 1981b). The greater losses were found in rain fed areas 

and where wheat crop was grown after rice harvest. 

R. rattus, the black or roof rat, is one of the world’s most successful 

mammalian species. Where there are human beings there is the presence of R. rattus. 

It is cosmopolitan on the earth. It is found not only in agricultural areas but also has 

introduced into non agricultural situations in a broad range of habitats as revealed by 

many demographical studies. The studies are only confined to demography of R. 

rattus but it is still investigable to describe the R. rattus population with the 

environment (Tomich, 1970; Daniel, 1972 and 1973).  

 In India (Bangalore), the predominant species predating poultry farms is 

considered to be R. rattus although presence of other rodent species likes B. 

bengalensis and B. indica have been occasionally found around poultry farms. Other 

studies have also identified R. rattus as the major and abundant species depredating 

on poultry farms in India (Ahmad et al., 1984; Soni and Rana, 1988). The percent 

presence of other species like M. musculus, T. indica  and B bengalensis are 26.73%, 

16.56% and 12.67% respectively in poultry sheds (Malhi and Sood, 1983). R. rattus 

are omnivorous and have been reported to eat different part of a plant like seeds, fruit 

or other parts (Innes, 2005), invertebrates (Rickard, 1996; Sweetaple and Nugent, 

2007), poultry eggs, chicks and incubating in nests of forest birds (Brown, 1997; 

Innes et al., 1995; Studholme, 2000; Dilks et al., 2003). Similarly Rattus rattus 

impacts sea-bird and other animal populations if they are accidentally introduced 

(Towns and Broome, 2003). Jeffrey (1997) concluded that replacement of agriculture 

by agriculture and domestic housing increased the diversity of rodents. Agricultural 

strategies are helpful to control rodents, however, their mechanisms of action are not 

clear (Rahm, 1967; Delany, 1971; Isabirye-Basuta and Kasenene, 1987). R. rattus are 
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abundantly available in villages and farm houses in Faisalabad District (Punjab), 

Pakistan (Krishnamurthy et al., 1967). 

 Millardia meltada, the Indian soft-furred rat, is a wild rodent which inhabits 

Pakistan, Sir Lanka and Nepal. There have been demographic changes in this species. 

It has been observed that soft furred field rat, M. meltada (Taber et al., 1967; Bindra 

and Sagar, 1968; Greaves et al., 1977) has become a dominant species where crops 

like sugarcane, maize and fodder prevail. This is so almost all over the Central and 

Lower Punjab. Metad’s range extends as far as Rahim Yar Khan. As the metad prefers 

well watered lands, the expansion of canal irrigation to formerly barren and scrub 

country of the Central Punjab has opened new habitats for the rat for further 

expansion. Compared with R. rattus dominating in human dwellings, it is suspected 

that the optimum size (medium size) is related with the optimum energy requirements 

and specific behavior may be helpful in the success and wide distribution of the 

metads. Moreover, the vegetational change in the area is likely to help establishing 

this species in the cropland (Beg and Rana, 1978). 

M. meltada caused an average 15 ±5% loss in coconuts and 7.5±1.5% in 

sugarcane. In a survey of 250 farms the sugar production reduced up to an average of 

10.7% in 1978 and 7.7% in 1979, due to rodent infestation. Many farms appeared to 

suffer more i.e. twice the average loss. (Fulk et al., 1980).  

Due to financial losses and health risks, it is incumbent to suggest strategies to 

control rodent population via chemical and non chemical means. The drawback of 

these methods is that they also target the non-target species by potentially primary and 

secondary toxicity. Therefore, while constituting rodent control planning, the animal 

welfare must be considered. Pest rodent species tend to have generalist diets, but rats 

lack a protective enteric reflex (Hatcher and Weiss 1923). Rats have adaptive 

behavioural responses for selecting palatable and nutritious food, while rejecting 

palatable but harmful food. In rats, behavioural responses include neophobia and 

learned food aversions (Berdoy, 1994). ‘Tricking’ rats and mice into accepting lethal 

amounts of toxic food remains a common tactic for managers seeking to control pest 

rodent populations. Relatively high palatability of toxic bait to a rodent species is 

critical to achieving effective control through application of bait. Most current 

rodenticide bait formulations contain an anticoagulant poison (such as brodifacoum), 

and have been developed for the control of commensal rodents, i.e. those that live in 

close association with human habitation. 
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As for as biological control of these pests is concerned, there are records of its 

failure to control rats populations and introduced predators resulted in high rate of 

death of many non target animals (Case and Bolger, 1991). Thus, control of pests 

should not be at the cost of native biodiversity (Innes and Barker, 1999; Towns and 

Broome, 2003). 

Today the agricultural scientists are interested to evolve rodent control 

strategies through integrated pest management (IPM) which involve use of different 

rodenticides alongwith crop management practices and use of biological control 

agents (Spragins, 2006; Kogan, 1998). Although some of the IPM strategies have 

been successfully used, rodenticides are still used by large number of farmers and 

growers. Some of the rodenticide such as zinc phosphide is very popular among the 

farmers, however, it has not been very effective. Anticoagulants such as warfarin 

are very effective only if they are managed properly. 

Anticoagulants like brodifacoum are powerful poison tools to control 

vertebrate pests worldwide (Donlan et al., 2003). Use of anticoagulant rodenticides 

has spread world-wide (Godfrey, 1985), and is currently the most preferred 

mammalian pest eradication tool (Stone et al., 1999; Towns and Broome, 2003). 

Brodifacoum is used not only to control and eradicate rats world wide but also for the 

eradication of rabbits, Oryctolagus cuniculus L. from offshore islands and brushtail 

possums, Trichosurus vulpecula Kerr, in Newzealand (Merton, 1987; Towns et al., 

1993; Eason et al., 1993; Towns and Broome, 2003). Brodifacoum is one of the lethal 

chemical for rodents and has been successfully used against the control of rodent 

population once a week and it was concluded that brodifacoum was as effective as 

zinc phosphide is (Dubock and Kaukeinen, 1978; Stone et al., 1999; Towns and 

Broome, 2003).  

 One of the novel control methods is the use of environment friendly food 

energy inhibitors. The preferred embodiment of the invention is a cellulose product 

used for controlling rodents without using a toxic component. This material has on 

toxicity, has no lethal residues and is eco friendly. It is unfortunate that no study 

revealing the prospects of such comparatively safer 2nd generation rodenticide, 

brodifacoum and food energy inhibitors is available locally. This eco-friendly 

rodenticide is used by combining cellulosic water-retentive material with a rodent 

attractant. The cellulosic water-retentive material is (derived from powdered corn 
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cob) an active ingredient of the said rodenticide. This information also suggests that 

the cellulose from powdered corn cobs is unlikely to be classified as a carcinogen or 

as a genotoxicant. Cellulose is a rodenticide for control of rats and mice indoors 

where no other sources of food are available. Therefore bait recommendation needed 

in evaluation of the effect of brodifacoum hereafter called BRD and Food energy 

inhibitor hereafter called FEI toxicity on different body parameters of house rats and 

their consequences on the rat’s populations (Haines, 2000; Spragins, 2006 and Jokic et 

al 2006). 

Population estimates are helpful in calculating the extent of losses and 

determining factors stopping or increasing or limiting populations and geographical 

distributions. Knowledge about the population dynamics; reproductive incidence 

and recruitment periods help setting bait strategies and resurge of rodent populations 

in indoor and especially in the outdoor situations (Singleton, 1997). In Pakistan, 

there is little study regarding R. rattus physical data in terms of changes, influenced 

by different seasons of the years. Similarly the estimation of seasonal variations in the 

abundance and reproductivity of M. meltada populations in different cultivations of 

Faisalabad and Multan Districts respectively was made to provide foundation 

knowledge to formulate the control strategies of these two rodents.  

Thus the present study addressed the following objectives; 

1. Provide information on the occurrence of R. rattus and M. meltada in 

different cropped and non-cropped agro-ecosystems in Faisalabad and 

Multan Districts. Further, the success hypothesis assessed through size and 

body weight modulation of the two rat species in their respective 

environment. 

2. Experimentation on two rodenticides i.e. brodifacoum (BRD) and an 

environment friendly food energy inhibitor (FEI) on caged R. rattus 

employed to assess their toxic effects on the body organs of the rat species.  

3. Recommendations for the predominantly effective and commercially 

available rodenticides to the end users, the farmers, using a sustainable 

approach.  
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The above mentioned objectives have been discussed under five headings as: 

 

Population estimation of Rattus rattus in farm houses and Millardia meltada in 

different croplands of Faisalabad and Multan districts (Objective 1 Part: A) 

Research paper submitted in Pakistan Journal of Zoology. 

 

Success Hypothesis of Rattus rattus in indoor situations and Millardia meltada in 

agricultural crops (Objective 1 Part: B) 

Research paper submitted in Pakistan Journal of Zoology. 

 

Effect of Two Different Rodenticides on Serum Biochemistry of House Rats (Rattus 

rattus) (Objective 2 Part: A). 

Research paper Published in Pakistan Veterinary Journal. 

 

Toxicological Effects of Brodifacoum and Food Energy Inhibitor on Some 

Physiological Parameters in House Rats (Rattus rattus) (Objective 2  Part: B) 

Research paper in press in Pakistan Veterinary Journal. 

 
Recommendations (Objective 3) 
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Chapter-2 

REVIEW 
OF 

LITERATURE 
 
 

Rodents that that have played an important role in man’s life are the most 

important group in animal kingdom.  

Rattus  rattus  

Invasive species are a global problem in ecosystems whether they are aquatic or 

terrestrial, island or continental and not only are native environments threatened but they 

have social and economic implications for human communities (Dulloo et al. 2002; 

Andersen et al. 2004; Buckle and Fenn, 1992; Pimentel et al., 2005). Approximately 6% 

of species on the IUCN Red List are known to be negatively impacted by naturalised 

exotic species, habitat loss is the main contributor (33%) to species decline, followed by 

exploitation (7.5%) (Gurevitch and Padilla, 2004). Commensal rodents are particularly 

successful invasive species   (Atkinson, 1985), their historical proximity with humans has 

meant that they have spread throughout the world and occur in every terrestrial region 

except polar regions (Ruscoe and Murphy, 2005). Although, rodents have impacted on 

native species worldwide, they have been particularly damaging in island ecosystems 

(Towns et al. 2006). The species of rodents which has been considered among 100 of the 

world’s worst invaders is the Rattus rattus (Linnaeus, 1758) and is commonly known as 

roof rat, ship rat, European house rat, black rat, blue rat, bush rat and Hausratte.  

Physical Description 

 Earlier workers often did not distinguish between the various races of the R. rattus 

found in India and Pakistan, so many published statements concerning R. rattus are not 

true. R. rattus brunneus, a local race occurring in Nepal (Ellerman, 1961), is a commensal 

species, but also occurs as an agricultural pest following seasonal migration into 

cultivated fields (Yabe et al., 2001). 
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 An adult black rat is normally 12.75–18.25 in (32.4–46.4 cm) long having a 6.5–

10 in (17–25 cm) tail length with 4–12 oz (110–340 g) body weight. Despite its name, 

black rat, R. rattus is found in several colour forms extending from black to light brown 

with a lighter underside (Schwartz and Schwartz 2001). 

Distribution 

 R. rattus originated in tropical Asia and then reached Europe by the 1st century by 

passing the Near East in Roman times, spreading with Europeans across the world 

(McCormick, 2003). It has reached to Australia with the First Fleet, and moved to many 

coastal regions of the Australia. In New Zealand it is found in native forests, scrublands 

and in parks. Mostly it is distributed in areas near people (Evans, 2010). 

Burrowing Pattern 

 The typical mud-brick walls are ideal for burrowing, thick enough for shelter and 

warmed in cold weather. Food in the form of grain stores, garbage, and human feces is 

abundant (Innes, 2001). 

Habitat 

 R. rattus are regarded as generalists (Russell and Clout, 2004). They adapt to a 

wide range of habitats. In urban areas they are found around warehouses residential, 

buildings, and other human settlements. R. rattus are also found around fences, 

riverbanks, streams, ponds and reservoirs. In cities their preferred habitats are in dry 

upper levels of buildings, so they are commonly found in hollow places in wall cavities 

and false ceilings. In the wild conditions they live in cliffs, rocks, the ground, and trees. 

R. rattus are excellent climbers and found in trees, such as pines and palm trees. Their 

nests are typically spherical and made of shredded material, including sticks, leaves, 

other vegetation, and cloth. In the absence of trees, they can burrow into the ground 

(Marsh, 1994). 

 Abundance 

While the requirements of the house rat are rather narrow, they are met 

abundantly in the human habitations. House rat is extremely abundant, but appears to be 

confined entirely to towns and villages served by railroads or truck roads. The species 

was undoubtedly introduced inadvertently by man and presumably has been widely 

distributed by means of trucks or railroad cars. Dung-piles immediately adjacent to 
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villages harboring the house rat have burrows which contained not house rats. Due to 

destruction of habitat for the colonization, native plants and animals had eliminated from 

many areas of world and introduced rats particularly Rattus sp and Mus musculus spread 

throughout the world. These rodents are causing a great problem to economic, health and 

ecological problem throughout the region (Atkinson, 1985; 1989; Moors et al., 1992). 

 Removal of forest and replacement with agriculture and urbanization is the major 

cause of increase of number, diversity and biomass of rodents (Jeffrey, 1977). Species 

richness dependents upon three factors: The quality and quantity of food. Rodents are 

higher in dry seasons when banana, mango and maize were available and particularly 

when the maize was stored in grain baskets as compared to wet seasons (Leirs et al., 

1990; 1996). Rodents are abundant where predators abundance is less. A very quickly 

abundance was noticed where exclusion of large ungulates took place (Keesing, 1998, 

2000). 

 It was a wrong perception that R. rattus suddenly entered into an area and become 

dominant when they were previously absent. They were unnoticed when low in number 

and due to their fast breeding capacity as their number increases, they took the advantage 

of a favorable change in the environment and become abundant in that area. Rats are 

mainly active at night, their presence can be observed by the presence of cracked and 

sucked eggs, rat holes in feed bags and holes chewed in doors or open burrows and diet 

piles. With the increase in number rats can be observed in day time. Rats nasal smears 

can be seen on runways along walls or roof bean (Fitzgerald, 1978). 

Age 

 Measurement of the eye-lens weight, which grows continuously throughout an 

animal’s life, has provided mammalogists with a useful indicator of age for rodents. 

Information on the age of individuals plays an important role in ecological studies aimed 

at understanding population structure, turnover rates, and reproductive traits (Yabe, 1982, 

1994; Yabe et al., 2001). The growth of the eye-lenses of R. rattus, which is known to be 

unusually large (Ellerman, 1961), was apparently faster than that of R. rattus from Japan. 

This fact suggests that there are genetic differences in eye-lens growth rates among 

subspecies or races within the same species (Tanikawa, 1993). 
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Reproduction 

The house rat (R. rattus) breeds throughout the year and maintains a high rate of 

reproduction round the year (Khan, 1990; Beg and Rana, 1978, Khan, 1989). Compared 

to Malaysia, Cyprus, R. rattus have high rate of reproduction in Pakistan. On the basis of 

litter size, its population seems to be very high in Pakistan. A close agreement of 

productivity rates between Malaysia and Cyprus populations suggest that these 

populations existed under similar circumstances of population pressure, predation and 

longevity. Therefore, they were maintained at very high rate of breeding activity 

(Mushtaq-ul-Hassan, 1981). 

 Concerning reproduction, the average litter size as six was recorded, with a 

maximum of eight or nine, young were produced several times a year. For many times 

three embryo counts, numbering four, four, and nine, and one placental scar count of 

eight has also recorded (Akhtar, 1958). In Rajasthan most house rats bear their young 

ones in May or June. The presence of immature animals in the catch suggests a post-

monsoon (about September) breeding season, with another period of birth (but by mature 

females only) in winter, from January to March. Due to less availability of food and 

presence of higher predator level, population of R. rattus was reduced considerably 

(Innes, 1990). Rats are the staple food for cats and stoats (Karl and Best, 1992; Murphy 

and Bradified, 1992; King and Moller, 1997). 

Sus scrofa, feral cats, Phillippine samber dear, Cervus mariannus are the 

predators of R. rattus (Mooney and Cleland, 2001). Rodents and stoats are reduced when 

possums control is applied as possum and rodents may compete for food. Stoats rely on 

rats for food also (King et al., 2001). 

Predation  

 R. rattus preys on mice which may be due to different spatial distribution and the 

age of the mice. Rats can also prey on roosting or nesting birds and this was verified by 

viewing the stomach of many rats. It was observed that their stomach contain feathers of 

birds. Moreover the feathers may be the result of eating dead birds (Dilks et al., 2003). 

As rats are omnivores, different plant materials were observed in the stomach of rats like 

seedling (Wilson et al., 2003; Innes, 2005). 
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Food Habits  

R. rattus are omnivorous and can eat a wide range of plant and animal foods. 

Fruits, seeds and invertebrates are also included as a major portion in the diet of R. rattus. 

There is a competition between rats and possums for diet. Its inter specific competition 

from possums reduced for food available to the rats, one consequence of reduced possum 

density may well be an elevated coming capacity for rats (Best, 1969; Daniel, 1973; 

Murphy et al., 1999). 

Invertebrates particularly insect larval, arthropods are the diet of R. rattus. Black 

rat consumed greater quantity of invertebrates in winter than in summer explained both 

the increase demand for protein a shortage of fleshy fruit and other preferred plant 

material during the period. However rats are omnivores that vary their diets in relation to 

availability of their desired food. Invertebrates are the lion share of young’s diet as 

compared to adult and this explained their requirement for protein (Clark, 1982). Rodents 

compete with birds in Hawai for food and shelter. As the R. rattus are omnivores but 

during the shortage of food they compete with native birds. Rodents many restricted the 

distribution and numbers of frugivorous and insectivorous birds. They also compete with 

insectivorous birds that have limited food (Banko and Banko, 1976).  

Undoubtedly, R. rattus is an omnivorous and versatile feeder. Exploratory 

capacity and learning behaviour help the rats to adopt themselves to changing 

circumstances. Food preferences of the R. rattus may be different in different 

environment, however, when given an opportunity they tend to select nutritionally 

balance diet. The house mouse seems to be the most successful species of all the murids 

that infest the croplands of central Punjab. In addition to the plant food, the mouse 

supplements its diet with insects to a considerable extent. It infests all the major crops of 

the Central Punjab. Plant materials accounted for about 80% of the total weight of the 

diet consumed by the house rats in which 67% was cereal grains. In these cereals, 34% 

was wheat followed by rice (16%), gram (7%), pulses (3%) and maize (2%). Seasons and 

localities influence the diet of the rat but to a small extent. This observed little variation 

in the diet was due to the fact that the food choices available to the rats varied on the 

whole very little from season to season and from one structure to another structure. The 

fall and winter diet tended to be slightly more varied than those of the other two seasons. 



 13  

Similarly, in the grocery and sweet shops, rats had somewhat more varied diet than those 

of the residential houses and grain shops. It may also be pointed out the plant foods rats 

mainly ate the seeds as they accounted for 75% to 95% of the total plant material 

consumed by them. The house rat has a very wide feeding niche as it consumes a wide 

variety of food both of plant and animal origin. But the actual diet of the animal at a 

given site does not only depend on the preferences of the rat itself but also greatly on the 

availability of the foods. It is of interest to note that insects were a consistent   source of 

nutriment to the rats (Fulk et al., 1981; Jamil, 1991). Habitat influenced the food habits of 

R. rattus greatly. Stomach contents of the rats captured from residential areas contained 

94.4% plant material. But, at a livestock experimental station, the rats mainly fed on live 

stock feeds. Food preference of the rat depended on the availability of the food material 

near the rat's nests, burrows or tree trunks (Yabe, l994). 

 In Vietnam losses of 20-30% per annual in rice crops were noted. Farmer used a 

number of control method of rats but these conventional methods are not so successful in 

managing the rat population below the economic threshold, so there was a dire need to 

maintain the rat population. For this purpose, farmers have started ecological based 

rodent management practices. Sunflower, sugarcane and maize were seriously damage of 

by these vertebrate pests all over the world and particularly in Pakistan. Moreover in 

southern Sindh rats caused a great loss to poultry farmers by attacking over the eggs, 

young ones and feed of poultry. Rats take 10 gm of feed for day but destroy 10 times of 

feed and poultry birds refused to take such contaminated feed. Moreover, rats eat the eggs 

of chicks or damage the egg before collection. Rats damage the building by creating their 

burrows under floor and in walls of poultry farms. These rats transmit disease like 

salmonella and leptospirosis to poultry birds. These rodents caused a great loss to wheat 

both in irrigated as well barani areas (Singleton et al., 2007). 

 R. rattus is also a pest in coconut in Malir and found by trapping to be abundant in 

this plantation. It is capable a climbing very tall plants and commonly nests in the crown 

of such trees. The damage varied from scarring to complete penetration of the husk the 

small nuts to complete consumption of the meat inside the cavity of large and medium 

coconuts. The nuts were usually tunneled into near the basal portion or about half way 

along the length of the outer husk. The basal portion of the nut is more accessible to rats 
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than the lateral or distal portions. The damaged nuts were categorized into small and 

large. Coconut fall of the plan few days after the inner shell is penetrated and then take 

further 2-3 weeks to turn completely brown (Rajab et al., 2003). The number of damage 

nuts varied according to the size of nuts and location. Heavy damage was recorded on the 

palms along the plantation boundaries and particularly hedge lines from where the rats 

find additional shelter.  

Control 

 R. rattus can not be controlled easily so and there are several methods of 

controlling. It can be control by live trapping with the help of snap traps, cages. R. rattus 

can be successfully controlled with the help of integrated pest management (IPM) which 

includes combinations of cultural control (habitat management and prevention), physical 

control (such as flooding, clubbing, exclusion and trapping), biological control (to 

introduce a predator) and chemical control (use of chemicals as rodenticides or repellents, 

burrow fumigation). (Innes and Skipworth, 1983; Brander and Cochran, 1971; Miles et 

al., 1981; Broughton and Dickman, 1991). 

 Aerial spray of pesticides, such as pindone and sodium fluoroacetate (1080), by 

helicopter for the control of invasive rats in New Zealand is a common practice. 

Rodenticides like brodifacoum or bromadiolone can be used along with colored dyes in 

order to kill and identify rats for experimental and tracking purposes. Wired cage traps 

served with poison bait mixed with rolled oats, chapaties with butter and peanut butter, 

can also be used for tracking after tagging the rats to determine population sizes through  

mark-recapture and radio-tracking methods (Dowding and Murphy, 1994). Rat control with 

poisons are effective in reducing rat populations to non threatening sizes, but rat 

populations often return to normal size within months. Besides their highly adaptive 

foraging behavior and fast reproduction, the exact mechanisms for their rebound is 

unclear and are still being studied (Innes et al., 1995). 
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Millardia meltada 

M. meltada (commonly known as soft furred field rat and metad) is a medium 

sized rodent and ranks second in damage to different field crops. It is mainly a pest of 

irrigated cropping system. It is also nocturnal but makes simple burrows. One to 12 

young are produced per litter. It breeds throughout the year with peak from March-May 

and July-October in North India.  

Description 

  Typically rat like appearance, average in size with head and body length 

varying between 120-150 mm in length and the skull is over 28 mm. Dorsal and upper 

part of the head is sandy-grey with slight huffish tongues (Roberts, 1997).   

Distribution 

  M. meltada has spread from India into Pakistan in the region with more 

monsoon and better vegetative live both in lower Sindh and across northern Punjab. It 

has spread into Punjab with the increase in the irrigated area and especially the sugar 

cane and fodder crops (Beg and Rana, 1978). It can live in quite saline areas having a 

predominantly halophytic type of vegetation. In the north-east it occurs around 

Bhawalnagar, Changa Manga, Lahore and Faisalabad in mostly in sugarcane fields. 

Outside Pakistan it is found in India, Sri Lanka where it is considered a serious pest of 

crops (Beg et al., 1979).  

Biology 

  It is found to be the most abundant rodent and is a pest of economic importance 

in India. Meltada is nocturnal in activity and remains in burrows in the day (Bindra and 

Sagar, 1968; Chandrahas and Krishnaswam, 1973; Rana and Parkash, 1985 and Rana, 

1985).  

Feeding Habits 

  The diet of the M. meltada consists partly of seeds and partly vegetables matter 

and can live in regions with low water quantity and can obtain it from succulent 

vegetations. Rat’s diet changed considerably over the year. Sugarcane formed more 

than 40% of its diet in November, December and January. In these months the cane was 

sweet. Although the cane was still sweet in February and March, other food seemed to 

be preferred. In March 43% of the diet consisted of wheat. The seeds of Chenopodium 
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album and Paspalidium geminatrum account for most of the identifiable weeds in the 

months from February to July. Insects always formed part of the diet, ranging from 5 to 

13%. Very little rice was eaten during the rice season, but traces (<10%) of rice and 

wheat were found in months when these crops were not standing in the fields (Smiet et 

al., 1979). In M. meltada consumption of food increased when they were offered multiple 

choices food. In multiple-choice food, the consumption rates being 4.02 gm/animal/day 

and 0.63gm/body weight/day for multiple choice food and 3.24 gm and 0.051 gm 

respectively for no choice food ( Bindra and Sagar,1968). 

Wheat constituted 35.66 % of the total dry weight of the stomach contents of M. 

meltada. It was intensively eaten in late spring and summer months. Lucern, which 

constituted 10.82 % of the total dry weight, was mainly eaten during late summer and 

fall. (Akhtar, 1990).  B. bengalensis and  M. meltada  are known to greatly accelerate 

their rates of reproduction in the rice fields of Sind in October and November when the 

crop is ready for harvesting (Beg and Khan, 1984).In an experiment, food items, namely 

wheat, lucern, T.alexandrium and C.album were represented in most of the monthly 

samples to M. meltada. Wheat consumed 35.66% of total dry weight of the stomach 

contents. It was intensively eaten in late spring and the summer months. Lucern, which 

constituted 10.82% of the total dry weight, was mainly eaten during late summer and fall. 

T. alexadrinum though eaten most throughout the year, it constituted only 6.36% of the 

total dry weight of the annul diet. This plant was consumed mainly during late summer, 

fall and early winter. C. album constituted 6.36% of the total dry weight and was eaten 

during late summer and fall. Sugarcane and sorghum were the other two food items 

which figured prominent not only because they were eaten round the year but because 

they were eaten somewhat intensively during certain parts of the year. The former was 

largely eaten from August through January but its intensive consumption peaked in 

November. On the whole, cane accounted for 10.82% of the total dry weight of the rat’s 

diet. Sorghum too encountered for 10.82% of total dry weight it was mainly eaten during 

late summer and fall with a consumption peak in September. Other food items were 

consumed only in small quantities and their consumption was largely restricted to the 

periods extending form August through December and to spring and early summer 

(Akhtar, 1990)    
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Abundance of M. meltada 

Before the grain ripening, the Millardia consumed weed, seeds, insect and 

scattered grain (Fulk et al., 1981). From the study on abundance, reproduction and diet of 

rice field rats during rice harvest, M. meltada remained abundant and kept a relatively 

high pregnancy rate over all stage of crop production. Before the rest of grain ripening, 

the Millardia consumed weed seeds, insects and scattered grain etc., (Fulk et al., 1981). 

M. meltada preferred freshly ploughed dry land in rice and wheat fields and were 

abundant in June. It could live under small and superficial cover and did not require deep 

burrows and could hide in hot months under heaps of earthen stones (Beg and Rana, 

1978).   

Damage  

 Almost 7.5% of the wheat tillers had been cut by the rat and mice wheat crop in 

Faisalabad district. Wheat fields adjacent to sugarcane fields received the greatest 

damage. It is reported that M. meltada affect a variety of crops in their study area, yet 

sugarcane, wheat and fodder were its favorite habitats. M. meltada was considered as an 

important pest of the wheat crops.  Rodent infestation and damage in sugarcane fields 

of three districts of central Punjab was studied and it was found M. meltada to be one of 

the several species which damage the canes (Beg et al., 1979). M. meltada reduced 

sugarcane production by 7.7% to 10.7% in Sindh and Punjab and 6% yield reduction in 

rice crop in Punjab (Fulk et al., 1980; Greaves et al., 1975).   

 The rat infests sugarcane, fodder, vegetable and wheat crops in central Punjab 

(Pakistan). Most of their specimens were caught over elevated borders of the fields. No 

specimens of the rat could be captured from the waste lands. Trap success varied from 

seasons to season; a high peak was reached in the spring season before the onset of a 

dry and hot season. The second peak occurred at the end of the rainy season in 

September and October. Although the male M. meltada remained fecund throughout the 

year, the females ceased to reproduce during the winter season (Tahir, 1975).  

 In central Punjab (Pakistan), sugarcane fields harbored the rat not only in large 

numbers but also to a much greater length of time than any other crop. Although the 

rats began attacking the wheat crop during the tilling stage, yet immigration to the 

wheat fields on a large scale took place during flowering and ripening stages (roughly 
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from February to March). This coincides the peak harvesting period of sugarcane. Thus 

deprived of cover and food in the cane fields the rats moved mainly to the wheat fields 

and to a lesser extent to the fodder crops (Beg and Rana, 1978). Within the croplands, 

the main habitat of M. meltada was sugarcane. During the spring season when the cane 

had been harvested from most of the fields, the rat migrated to the wheat fields and also 

to leguminous fodder crops (Yasin, 1979).       

M. meltada were trapped in the Dacca and Patna districts. The species is 

considered to damage field crops in much of southern Asia. M. meltada were obtained 

from sugarcane, soybean, and mustard fields. This rodent may pose problems in wheat, 

but the situations were not severe. It caused losses not only to wheat crops by stem 

cutting but the losses increased at the booting stage and the damage continued to be 

severe until the crop was harvested. The overall damage in mature wheat for the 4 

districts in India was 12.1%. The Dacca District experienced the highest (14%) and 

Jessore the lowest (7%) damage. Narayanganj Thana of the Dacca District had 15.9% of 

total stems cut, representing the most severe rat-damage area. Rodent damage to wheat in 

Bangladesh has apparently increased with production over the years, based on subjective 

observations by government officials. In considering the estimated harvest for 1979 of 

565,000 tons, and calculating the 12.1% loss to rodents, about 77,000 tons of wheat was 

destroyed by rats in the field before harvest. In India, estimated rat damage in wheat was 

at 2.5%. For Punjab in Pakistan, computed a total damage index based on diet and trap 

success (Bindra and Sagar, 1968).  

 Rats and humans have been living together from thousands of years and will 

continue to live in future. With the advancement of agriculture, rat has created problems 

for farmers, since the rat and man has the same food and taste preferences, this is why the 

best crops are damaged by the rats. Rats have depended on man for food and shelter. 

They caused infestation in shops, homes, godowns and thrived on crops. Men should 

utilize the available control methods to keep rats population at a low level so that crop 

should be protected and the damage by rats should be minimized (Khokhar and Rizvi, 

1998). 

 Pakistan has different climatic zones with complex tropical patterns and practices. 

These conditions favor various pest species, including vertebrate pests second to insect 



 19  

pest species. Consequently, the country suffers economic losses due to their activities. 

Vertebrate pest comprises of rodents, birds, wild boar and porcupines etc. In some cases, 

vertebrate pest damages have become limiting factor in the introduction of several crops 

such as sunflower, sugarcane and maize which are seriously damaged by them. Rodents 

are a great threat to all produces in Pakistan (Pervez et al., 2001). The porcupine (Hystrix 

indica) a rodent, is comparatively large animals (i.e. up to 10 kg weight). It is capable to 

travel several kilometers in a single night. Porcupine is a serious pest in forest 

plantations, roots and vegetable crops and maize fields as well (Khan et al., 2000; Ahmad 

et al., 2001). Southern Sindh has a largest concentration of poultry, where rats on poultry 

farms may cause direct or indirect losses to the poultry producer and often they snatch all 

the profit by attacking over the eggs, young ones and feed. The losses are also direct 

consumption of poultry feed. One rat can consume about 10g of feed per day and destroy 

ten time of this amount during feeding by its dropping and urine, birds may refuse to at 

such contaminated feed or do not take the full ration. Eggs are eaten up or damaged by 

the rats before the collection. Some time young chicks are also killed. Moreover, farmers 

buildings are damaged by the rats burrowing under floors and walls. Diseases such as 

salmonella and leptospirosis can be transmitted to poultry birds from the rats. Wheat is 

also vulnerable to rodent attack in both irrigated and rain-fed (Baran) area (Prakash, 

1988; Fulk et al., 1980). The rats are mainly active after dusk and the farmers become 

aware of the problem when they notice cracked and sucked eggs. The rat activity signs 

such as rat holes in the feed bags and holes chewed in doors or open burrows and dirt 

piles. When infestation is heavy, the rats can be observed most of the time in days light. 

Dark greatly marks known as "rat smears" are cheerily visible surrounding the favorite 

runways along walls or roof beams. Important rodent species recorded are R. rattus, M.  

musculus and R. norvegicus. Therefore, rats are a big threat in Pakistan, as they are 

causing great losses in this country (Pervez et al., 2001). 7 - 15% losses due to rodent 

activity on sugarcane in different conditions in Sindh have been reported (Pervez and 

Ali, 2001). 

 M. meltada, B. bengalensis and N. indica are the most abundant species found in 

agricultural fields in Pakistan. Presently, the damage due to rodent activity has been 

estimated as 15±5 and 7.51±1.5% in coconut and sugarcane respectively. The damage 



 20  

estimates to wheat produce vary from 7.5-15%. Meriones hurriane was found to be a 

serious pest of wheat in the North West Frontier and Sindh (Prakash, 1988 and Fulk et 

al., 1980). Prakash (1988) estimated up 0.4% loss of stored grain during storage, due 

to vertebrate pest infestation. The damage fluctuates from year to year and from one 

area to another. Agricultural practices also exert influence on the damage, for instance, 

fields where the wheat is grown after paddy harvest the damage is more severe. Likewise, 

wheat crop sown in sugarcane field suffers considerable damage due to the previously 

established vertebrate pest species. According to surveys conducted by the Vertebrate 

Pest Control Laboratory, in the irrigated canal growing tracts of both the Punjab and 

N.W.F.P. provinces, there was an average of three percent losses to wheat due to 

field rats and five percent of farmers were suffering with more than 10 percent loss to 

their wheat crop. The damage was estimated as more severe in the baron area (Khan and 

Symthe, 1981; Khan, 1982).  

 In Pakistan, there are 43 different kinds of rodents, the majority is known as rats 

and mice but include porcupines and desert gerbils (Khokhar and Rizvi, 1998). In rice 

fields lesser bandicoot rat, B. bengalensis is the major pest in the southern part of 

Sindh. M. meltada, N. indica and Mus sp. are secondary pest of rice crop. In 

sugarcane crop, M. meltada and N. indica are abundant and cause damage to canes 

and their roots. In irrigated wheat fields, B. bengalensis and M meltada are the major 

pests in the Northern Sindh. In rain fed area of Sindh, the wheat crop is damaged by 

sand rat (Meriones hurrianae). Three rodent species, R. rattus, Mus musculus and T. 

indica also found infesting grain storage throughout the year in Sindh. 

 In a study where an average 5-15% loss in coconuts and 7.5% in sugarcane 

have been estimated. In a survey of 250 farms that sugar production reduced up to an 

average of 10.7% in 1978 and 7.7% in 1979, due to rodent infestation (Fulk et al., 

1980). Many farms appear to suffer more i.e. twice the average loss. The rat is also a 

pest of coconut in Mali and found by trapping to be abundant in this plantation. It is 

capable of climbing very tall plants and commonly nests in the crown of such trees. 

The damage varied from scarring to complete penetration of the husk and soft shell. 

The damage ranged from slight gnawing on the small nuts to complete consumption 

of the meat inside the cavity of large and medium coconuts. The nuts were usually 
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tunneled into near the basal portion or about half way along the length of the pericarp 

or outer husk. The basal portion of the nut is more accessible to rats than the lateral or 

distal portions. The damaged nuts were categorized into small and large (undeceive of 

medium size). Coconut fall of the palm few days after the inner shell is penetrated and 

then take further 2-3 weeks to turn completely brown. Khan (1978) reported that the 

number of damage nuts varied according to the size of nuts location and extent of 

damage. According to his report 222 damage nuts examined during three weeks of 

counting 71.85% were smaller and 28.15% as large nuts. Though the smaller nuts 

tended to have more damage whilst deeper penetration was noted in large and 

medium sized nuts. Heavy damage was recorded on the palms along the plantation 

boundaries and particularly hedge lines from where the rats find additional shelter. These 

reports are also in line with the present findings. The losses caused by rodents has greatly 

been underestimated and not much material is available in scientific research (Singleton 

et al., 1999; Elton, 1942) 

 Losses in coconuts ranged to 15% and to sugarcane it was 7.5% estimation. Sugar 

production reduced due to the abundance of M. meltada. The loss become doubled when 

R. rattus also attacked on coconut and acted as pest (Fulk et al., 1980). 

 Basal protein of the nut is more acceptable and accessible to rats than lateral or 

distal portions. The number of damaged nuts varied according to the size of nuts location 

and extent of damage (Khan, 1978). Rats become a great threat in Pakistan as they are 

causing a great loss directly crops and hence to economy. M. meltada caused a 7-15% 

loss to sugarcane fields by attacking different part of cane. Rodents caused 15% less to 

coconut and sugarcane crops. To wheat, loss ranged 7.5-15% and 0.4$ loss to grain 

during storage (Prakash, 1988; Pervez and Ali, 2001). 

 Agricultural practices also exert influence on the damage, for instance, field 

where the wheat is grown after paddy harvest the damage is more severe. Likewise, 

wheat crop sown in sugarcane field suffers considerable damage due to the previously 

established vertebrate pest species. According to surveys conducted by the Vertebrate 

Pest Control Laboratory, in the irrigated canal growing treats of both the Punjab and 

N.W.F.P. provinces, there was an average of three percent losses to wheat due to field 

rats and five percent of farmers were suffering with more than 10 percent loss to their 
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wheat crop. The damage was estimated as more severe in the barani area (Khan and 

Symthe, 1981; Khan, 1982). These reports are in line with the present findings where an 

average 15%±5 loss in coconuts and 7.%±1.5 in sugar cane has been estimated. 

Control 

 While considering the losses M. meltada causing to different crops, a number of 

poisons like Brodifacoum, Bromadiolone (0.005%) and Zinc phosphide (2%), has been 

used to control their population as it is inexpensive and to some extent effective method, 

but the effectiveness of these poisons depends upon the type and formulation of these 

poisons (Ahmad et al.,  2001). Brodifacoum baits, which may have affected rodent and 

stoat populations can also be used in ground possum control also. (Nugent et al., 2001). 

Rat populations usually recover to pre-control levels within 6 months of possum control 

(Innes et al., 1995).                                   

 In a multiple cropping system where wheat, sugarcane and rice are major crops, 

the first poison baiting in the sugarcane fields should be carried out in September (before 

the rats migrate to the rice crop) and the second baiting should be carried out in early 

January before the rats begin to quit the cane fields for wheat fields. Zinc phosphide (an 

acute poison) and racumin (a chronic poison) can were used. Evidently, the zinc 

phosphide bait was more effective. But, zinc phosphide was more hazardous to non-target 

animals which may die on consuming the bait itself or the dead bodies of zinc phosphide 

killed animals. The racumin bait may not be so cost-effective as the zinc phosphide bait, 

but the former is much safer and environmentally less hazardous. In fact the idea behind 

using poison bait only in the cane fields is to expose the minimum possible area and for 

the minimum possible period of time so as to minimize the chances of environmental 

hazards. This objective can be achieved to a great extent in the canal-irrigated farms of 

central Punjab by giving only two treatments (with a chronic poison like racumin) in the 

cane fields, which generally from 10 to 15% of the total cultivated land. This would 

provide round the year protection to the major crops against the rats (Durr-i-Shahwar et 

al., 1999). 

 Rodent control in sugarcane fields by zinc phosphide increased the yield by 8.23 

% to 9.28 % (Ahmad et al., 1984). Thallium and warfarin baits in the sugarcane fields 

can achieve from 85% to 100% kill. Wheat crop can be protected from rodent attack by 
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using 2% zinc phosphide. As a result of poison baiting the damage to wheat tillers decline 

from 12.2% to 3.2% and the per acre density of rat burrows declined to 2.2% from 9.8%, 

baiting with zinc phosphide reduced the damage to wheat crop by 1.81%. (Khan et al., 

2000). Poison baiting with zinc phosphide saved 41.1% canes from being injured by 

rodents while 6.8% canes from rats and mice (Hussain, 1998).  

 Evaluated the field efficacy of some rodenticides in wheat and paddy crops was 

evaluated. The mean wheat yield ratio indicated that the average production was 36 % 

higher on treated plots compared to the control plots. The mean percentage of damaged 

tillers by brodifacoum, zinc phosphide, pyrininyl and racumin treated and control plots 

were 1.64, 2.85, 0.33, 3.71 and 9.27 respectively. It was estimated that an average acre of 

wheat field lost, 117.43 kg of wheat grains in 1991. The control fields in 1991 had 

suffered a loss of 90.16 kg per acre. The Treatment fields in 1992 (that is after the cane 

fields had been treated with poison bait) had suffered a loss of only 4.87 kg per acre. As 

compared to this, the Control fields incurred a loss of 116.48 kg per acre. So, when 

compared with 1991 loss data, there was a saving of 112.561 kg of wheat grain in each 

acre of the treatment fields. When compared with the loss data of the control fields (in 

1992), the per acre saving was 111.61 kg (Khan, 1982). 

 Moreover it was found that killing of the M. meltada in the spring and summer 

does not give good results. It is advisable to eliminate the rats in the months of September 

and October to provide sufficient protection to the sugarcane and wheat crops (Mukhtar, 

1989). And the most desirable place for doing this would be the sugarcane and fodder 

crops. This timing and place for killing the rats with rodenticides shall not only greatly 

reduce the size of the rat population but would also provide sufficient protection to the 

cane and wheat crops against the M. meltada. (Mukhtar, 1989). 
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Brodifacoum and eco- friendly food energy inhibitor 

 Pests are defined as unwanted living organism that may be plant, animals or 

microorganisms. Although there are varieties of mechanism of controlling pests, 

however, the two important classes include chemical and non chemical methods. Despite 

the availability of large number of non chemical methods which emphasis on cultural, 

mechanical and biological controls with shooting, trapping or introducing predators to 

control the pest, chemical methods are still the most attractive methods of rodent control 

programs. The main reason for the use of chemicals is the ignorance of farmers regarding 

non chemical use methods and moreover, these non chemical methods are very costly 

(NRC, 2000). 

 Rodenticides are a group of chemicals that control rats. It is very difficult to kill 

rodents with chemicals because they take it in a small amount and then wait, if nothing 

happens to them, then start eating. So an effective rodenticide must be of no taste and 

colour. Moreover, its lethal components should be odorless and its symptoms of affect 

should be appeared after some time so that rat can start eating it without any caution. 

Rodents are much susceptible to anticoagulants as compared to other animals and human 

beings (Anonymous, 2000). Among the chemical rodenticides, anticoagulants are very 

important and are classified as chronic (after ingestion of one to two weeks death occurs), 

and may be single-dose (acute second generation) or multiple-dose (first generation) 

rodenticides. All types of anticoagulants normally affect the vitamin K cycle and block its 

function of producing blood clotting factors such as  prothrombin, coagulation factors II: 

proconvertin, VII:  Christmas factor , IX and Stuart factor, X. Mostly anticoagulants are 

of two categories. Category1 includes the compounds such as Warfarin, Diphacinone, 

Chlorophacinone etc. 2nd category o include Difenacoum, Bromadiolone and 

Brodifacoum (Lund, 1985).  

 Although the classifications of these anticoagulants are different, however, their 

mechanisms of action are not different from each other. Mostly they inhibit the formation 

of vitamin K
1 

via the inhibition of vitamin K
1 

reductase. Vitamin K is must for the 

clotting system, therefore, if this vitamin is not available; it results in coagulopathy which 

encompasses both intrinsic and extrinsic pathways (Park et al., 1984: Burkhart, 2000). To 

control rodents, these anticoagulants rodenticides are widely use. However, non-target 
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species are the major problems which are secondary target of these rodenticides. As a 

result animal welfare institutions have widely condemned the used of such rodenticides 

(Godfrey, 1985).  

 Pest rodent species tend to have generalist diets, but rats lack a protective enteric 

reflex (Hatcher & Weiss 1923). Rats have adaptive behavioral responses for selecting 

palatable and nutritious food, while rejecting palatable but harmful food. In rats, 

behavioral responses include neophobia and learned food aversions. ‘Tricking’ rats and 

mice into accepting lethal amounts of toxic food remains a common tactic for managers 

seeking to control pest rodent populations. Relatively high palatability of toxic bait to a 

rodent species is critical to achieving effective control through application of bait. Most 

current rodenticide bait formulations contain an anticoagulant poison (such as 

brodifacoum), and have been developed for the control of commensal rodents, i.e. those 

that live in close association with human habitation (Berdoy, 1994). 

Bait delivery and shyness 

 Bait delivery is successful during the breeding time of rodents and mice. During 

this period, they may readily accept bait mixed ration, and therefore, the controlling 

strategy may be successful at large to eliminate the maximum rodent population (Sullins 

and Sullivan, 2000). Bait shyness means the intake of sub-lethal dose of a poison which 

causes illness and result in refusal of intake of such food by the rodents (Shumake et al., 

2002). Actually rats develop cautious feeding strategies which help them to acquire such 

memory that prevent them to take such food (Dean and Cook, 1996). Another factor 

responsible for failure of these poisons is bait resistance and is very common among the 

rodent population. The rate of death decreases with the development of such resistance 

with increase in number of attacks on the food source. The very important fact of the 

resistance is that it can be transferred to the offspring and the effectiveness of the bait is 

marginally declined. Another problem is that the mechanisms of actions of this resistance 

are not clearly understood (MacNicoll, 1993). Currently the most successful practice to 

avoid bait resistance is to rotate the combination of different kinds of baits after a definite 

interval (Roush and Hoy, 1981). 
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Animal Welfare Issues  

 It is a fact that while using these baits to control rodent population, no or very 

little attentions has been paid to wise use of pest control methods. Animal welfare issues 

are usually neglected during the extensive use of rodenticides (Mason and Littin, 2003). 

Anticoagulants causes bleeding, diarrhea and pale extremities in non target animals, 

hemorrhages in muscles and intestines (Eason et al., 2002). Although the baits are 

designed with special care to target the rodent pests and avoid the non target species. 

However, since many other non target species share the same physiological, anatomical 

and biochemical features with these baits, it is very difficult to save the non target species 

from bait attack (NRC, 2000). Consequently, the use of poison to control rodent 

population poses threats to the non target species (Mendenhall and Pank, 1980).    

Brodifacoum 

 Developed during 1970’s, brodifacoum is a second generation, potent 

anticoagulant which has raised concerns due to potential threat for non target animals. 

With out vitamin K, the formation clotting factors like II, VII, IX and X the clotting 

system is incomplete (Stenflo and Suttie, 1977). Vitamin K1 takes part in clotting 

system during which it is converted into vitamin K1 2,3-eoxide, which is reduced to 

the actual vitamin by a reductase enzyme (Willingham and Matschiner, 1974; Bell, 

1978).   

 Vitamin K is essential part of clotting system, during which vitamin K1 is 

conveted into an inactive form by reductase enzyme (Willingham and Matschiner, 

1974; Bell, 1978). Brodifacoum is an anticoagulant poison pesticide which has been 

used successfully throughout the world. It interferes with normal clotting system by 

inhibition of conversion of inactive precursors of vitamin K back into active vitamin 

K-dependant blood clotting factors (Thijssen, 1995).  

 R. rattus is an important rodent which causes huge damage to crop both in fields 

and storage facilities throughout the world (Prakash, 1988). According to the researchers, 

the use of chemical poison is the only method to reduced the damage caused by rodents. 

Moreover, trapping is not so much successful to remove the entire individual rodents due 

to difficulty to have access them.   
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Food energy inhibitor (cellulose) 

 Food energy inhibitor is alternate method which comprising the step of combining 

cellulose materials. These are water retentive materials which is made attractive for 

rodents. Also in the aspect of controlling the rats, there was an invention provided a 

method of making a rodenticide, the method comprising the steps of combining cellulosic 

water-retentive material with a rodent attractant, usually molasses, the cellulosic water-

retentive material being substantially free of corn-cob material and being the active 

ingredient of the rodenticide. Preferably the cellulosic water-retentive material is the core 

of the cob derived from maize. The study shows that food energy inhibitor (cellulose) 

interferes with the digestion of wild type rats and leads to weight loss resulting death very 

soon. Ingestion of the product causes intestinal bloating as a result of inhibition of normal 

digestion, in turn considered to be caused by disruption of water transport through the 

wall of the gut. It interferes with the digestion of rats and leads to dehydration and weight 

loss. The exact mode of action of cellulose is not known yet. The available literature 

indicates that the cellulose interferes with digestive tract by blocking intestines which 

result in dehydration and death. Cellulose is of low toxicity and has been listed as non-

irritant to the skin and eyes (Haines, 2000; Spragins, 2006; Jokic et al., 2006 and Chuhran  

J.E.,2000). 
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Chapter-3 

MATERIALS 
AND  

MMEETTHHOODDSS  
 

 

 The present study on house rat (Rttus rattus) and soft furred field rat                

(Millardia meltada) in Faisalabad and Multan Districts was carried out from June, 2007 

to November, 2008. The farmer represented Mixed crop system in Central Punjab, 

whereas the latter wheat-cotton system in Southern Punjab (Figure 1.1). 

An area of about 60 km around Faisalabad as well as Multan Districts was 

selected randomly in the periphery taking University of Agriculture and Baha-ud-Din 

Zikarya University as centers for both Districts to know the population abundance of R. 

rattus and M. meltada. In both district of Faisalabad (Figure: I.2) and Multan (Figure: 

I.3) almost 18 villages were sampled under the defined area. 

Indoor populations of rodents were judged by such signs like damaged to 

commodities, existence of burrows and their droppings etc. Rodent population was 

trapped with snaps traps (17 ×9.5 cm) and live traps (cages), bought from local market, 

set for three consecutive nights in the farm houses across the croplands around 

Faisalabad and Multan cities. 100 traps were set each night. Traps and cages were 

placed in the farm houses one evening and picked up early next morning. 

 Outdoor populations of M. meltada were trapped with snaps traps and cages, set 

for three consecutive nights in the croplands. Trapping was done on monthly basis on 

each site and samples were collected fortnightly Traps were placed across field in the 

mid straight line or diagonally or along the edge about 15 ft inside the crop field and 

picked up early next morning. One Cage and three snap traps were placed alternatively 

at a distance of 15ft in a row in the field containing the suitable baits, bread soaked 

with Desi Ghee (processed animal milk). Traps were placed carefully upon flat and 

even ground. This was because even small animals did not like to step on something 

that tips are moves when touched. 
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Figure I.1: Map of Punjab Province, Pakistan showing two zones viz. Faisalabad 
             representing (Central Punjab) and Multan representing (Lower Punjab).  
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Figure 1.2: Map of District Faisalabad showing sampling sites marked with 
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Figure 1.3: Map of District Multan showing sampling sites with 
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  Following methods were used for population estimation, Success hypothesis 

and comparative evaluations of Brodifacoum and Eco-friendly food Energy Inhibitor. 

1. Trapping Index for Rattus rattus and Millardia meltada 

Trapping index for Rattus rattus and Milardia meltada was done with the help 

of method described by Brooks et al. (1990).  

Trapping index  = 100  
night  trapTotal

captured rodents ofNumber 
  

2. Regression on daily capture on cumulative capture/removal regression 

 (RR) method for Rattus rattus 

In this method daily decline in captures was plotted against cumulative total 

captures. A regression line was fitted to the plotted points. The point of intercept of the 

regression line with the X-axis gave the estimated population as described by Brooks et 

al. (1990).  

The captured animals were tagged with field numbers and brought to 

Biodiversity Laboratory, University of Agriculture Faisalabad for further findings. In 

laboratory each specimen was weighed in a triple beam balance (0.1 g). The standard 

body measurements like total length, head and body length, ear length and hind foot 

length of each captured animal were taken following Hall (1962) prior to autopsy. 

Autopsy of all captured specimens was done to get the reproductive data both for male 

and female rats. For females, the vaginal orifice, pregnancy, placental scars, number 

and size (crown-rump length) of embryo were calculated and for males, size, position 

and condition of the testes, size and condition of the seminal vesicle and cauda 

epididymis were noted. 

3. Success hypothesis 

The success hypothesis of the two rodents in their respective environments was 

tested on the Optimality models (Foly, 1985: Maynard Smith and Savage, 1956: 

Walker, 1981 and Lack, 1967, 1968). Different characteristics (Native distribution, 

body weight body length and E/HBL ratio) of each species population were attempted 

to modulate following Ehrlich (1989). The mean data of various studies conducted in 

the area were used to modulate the above characteristics. 
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4. Application of Eco-friendly food energy inhibitor (FEI) and Brodifacoum 

 (BRD) 

 To evaluate the effective control strategies against the rodent species, an 

anticoagulant, Brodifacoum (BRD) and an eco-friendly food energy inhibitor (FEI),  

(composed of cellulose 40-45%, derived from powdered corn cobs) were applied in the 

laboratory of Physiology and Pharmacology, University of Agriculture, Faisalabad. The 

experiment was done following the PP 1/114(2) standard (OEPP/EPPO, 1999). 

4.1: Composition of Cellulose pellets 

 The pellets were formed by preparing of cellulose on dry basis from crushed 

corncobs/maize cobs, without kernels and 1% by weight of molasses as rodent 

attractant and cellulose binding agent. Corncobs without kernels were collected from 

Rafhan Maize Products, Faisalabad, Pakistan. The core of the corn cobs was then 

drilled out. Then these   corn cobs were washed with distilled water to remove the dust 

and dirt adhering to them. Then these were dried in an oven at 105°C and then cut into 

pieces with the help of a cutter or knife. These were then grinded in an electric grinder 

in the form of a fine powder (in a flour mill). The fine powder was then passed through 

a 20-40 mesh sieve. 

 The sieved fine powder was the required cellulose containing high fraction 

(over 40 %) of alpha cellulose. The cellulose pellets were achieved by mixing the 

powdered cellulose in a “Rotary Tablet Press” at Ashraf Laboratories”. Average weight 

of pellets was 500 mg and near about half inch long (modified, Natrocell, 2001a and 

Pest Control Direct 2001). 

4.2: Collection of Rats  

 Rattus rattus were collected from farmhouses, village houses of Chack No. 204-

R.B., and from Grain Market, of Faisalabad. The rats were kept individually in metallic 

cages in the department of Physiology and Pharmacology, University of Agriculture, 

Faisalabad. Each rat was given a number, written on their cage.  

 Rats were kept in two groups. Groups A to check the efficacy for food energy 

inhibitor, (cellulose) which was further divided into two sub groups (a) Treated rats (10 

males and 10 females) (b) control rats (10 males and 10 females). 

 Group B (for Brodifacoum) was also subdivided in two sub groups (a) treated rats 

(10 males and 10 males) (b) control rats (10 males and 10 females).  
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4.3: Phases of the Trial 

The trial composed of two phases 

1. Acclimation phase 

2. Test phase 

4.3.1: Acclimation Phase 

    Feed and water  

 Rat chow and water was available ad libitum to all rats. Feed was offered in the 

form of baits and water was given in bottle, having the same number as that of relevant 

cage, equipped with stainless steel sipper tubes.  

4.3.2: Test Phase 

     Group A 

  Treated rats of group A (male and female) were given the cellulose pellets 

according to the body weight. (An average of 20 gm of pellets/day) and 100 ml of 

water. Where as the control rats of the group were given the measured normal feed and 

100 ml of water. 

     Group B  

 Treated rats of group B (male and female) were given standard doses of 

brodifacoum (in the form of blocks) containing 0.05% active ingredients and 100 ml of 

water. Control rats of Group B were fed as the control rats of group A. 

4.3.3: Physical Conditions  

 During Acclimation Phase physical conditions of all rats were noted Daily. More 

over every rat was weighed daily using on electronic balance. The changes in body weight 

of each rats was calculated in all groups. Feed and water consumption was also measured 

daily.  

 During Test Phase physical conditions of each rate were also noted daily. Rats 

weight was taken daily. More over the Feed and water consumption of all rats of group A 

and B was also measured.  

4.3.4: General Observations during Trial  

 All rats were observed daily during acclimation and trial phase for signs of 

acclimation and for mobility and mortality. 

4.4:  Collection of Serum  

 Blood from each remaining rats of group A and B (both treated and control) was 

collected in  clean glass test tubes, allocated the same number as that of alive rats in the 

trial. Rats were decapitated for collection of blood. The test tubes containing blood were 

placed in the laboratory for 10 minutes and then centrifuged (167xg) for 20 minutes to let 
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the serum separate. The serum was aspirated carefully with a pipette, placed in serum cups 

(Appendorf), labeled and stored in freezer (-20°C) till analyzed. 

4.5: Necropsy 

 The rats after getting blood were subjected to necropsy. Signs of toxicities, if any, 

were noted.  

4.6: Analytical Procedures  

 At least 6 rats in each group were selected to analyze glucose, AST, ALT, LDH, 

CK-MB, T3 and T4. 

Serum  

 Frozen blood serum of each rat was thawed at room temperature and analyzed for 

biochemical parameters using appropriate kits and methods.     

       

4.6.1: Glucose (mg/dl) 

 For the quantitative determination of glucose in the rats serum, commercially 

available kit BIORAY CAT # 1426-6 was used.  

Principal  

 Glucose is transformed by glucose oxidase (GOD) in gluconic acid and hydrogen 

per oxide, which in the presence of peroxidase (POD) oxidizes the chronogen (4- amino 

henazone/phenol) to form red quinoneimine whose colour intensity is proportional to the 

amount of glucose in the sample.  

Reagents 

 Enzyme Reagent (Phosphate buffer pH 7.4, GOD, POD, 4-aminophenazone  Pheol) and 

Standards.  

 

Procedure 

 1 ml of reagent was pipetted in 38 test tubes (36- experimental, 1 blank and 1 

standard). In blank test tube added 10 µl of distilled water. In standard test tube added 10 µl 

of standard solution. Test tubes were mixed and incubated for 10 minutes at 37 C. Took 

the absorbance of standard and samples at 540 nm against reagent blank (BioSystem,BTS-

330).  

Calculations: 

 Concentration of Sample = 
AstStandard

As Sample
 × Concentration of the Standard 

 Where As was absorbance of sample and Ast was absorbance of Standard.  
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4.6.2: Creatinine Kinase - MB (CK-MB; U/L) 

 For the quantitative determination of CK-MB in the rats serum, commercially 

available kit by SPINREACT Ref. No. 41254 was used.  

Principle 

 CK activity is measured in the presence of an antibody to CK-M monomer. It 

results in inhibition of activity of CK-MB without affecting the B subunit of CK-MB and 

CK-MM which is used to quantitatively determine the concentration of CK-MB activity.  

Reagents 

R1(Imidazol, D-glucose, N-acetyl-L-Cysteine, Magnesium acetate, NADP, EDTA, 

Hexokinase) and R2 (ADP, AMP, di-adenosine-5-pentaphosphate, Glucose-6-phosphate 

dehydrogenase, Creatine phosphate) were the reagents of the kit. Lyophilizedhuman serum 

could be used optionally for CK-MB Control. 

Procedure 

Working Reagent, WR was prepared by mixing 4 volumes of R1 and 1 volume of 

R2. 1.0 mL. of WR was added to a test tube. 40 µl. of sample serum was also added in the 

same test tube. Mixed well and incubated it for 10 minutes. Read the initial value of 

absorbance (A1) of the sample and read again after 5 minutes to take the 2nd value of 

absorption(A2).Calculated the difference between absorbance A=A2-A1 at 340nm at 

spectrophotometer (BioSystem, BTS-330). Same procedure was performed with all 36 

serum samples. 

Calculations  

 U/L CK-MB = A x 1651  

 

4.6.3: Alanine Aminotransferase (ALT; U/L)  

For the quantitative determination of ALT in the rats serum, commercially 

available kit by RANDOX, Cat No. AL-146 was used.  

Principle 

 α-oxoglutarate + L-alanine  ALT  L-glutamate + pyruvate 

 Alanine Aminotransferase is measured by monitoring the concentration of pyruvate 

hydrazone formed with 2,4-dinitrophenyl-hydrazine  

Reagent Composition  

R1 as Buffer (Phosphate buffer, L-alanine and -oxoglutarate ), R2 (2,4-

dinitrophenylhydrazine), R3 (Sodium Hydroxide) and CAL (Pyruvate Standard) were the 

reagents. 
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Procedure  

 Buffer solution (R1) (0.5 ml) of was added to 37 test tubes (36 tubes were 

experimental and 1 was blank).0.1 ml of distilled water was added to the reagent blank test 

tube. 0.1 ml of serum sample was added to each experimental test tube. Mixed well and 

incubated exactly for 30 minutes at 37oC. Then added 0.5 ml R2 to all test tubes. Mixed 

well and allowed to stand exactly for 20 minutes at room temperature. Then added 0.5 ml 

of diluted (NaOH) (R3) to all test tubes and mixed. Noted the absorbance of each sample 

(Asample) at 546 nm against the reagent blank after 5 minutes (BioSystem, BTS-330). 

Calculations 

 The AST concentration of samples was calculate by using standard curve. Standard 

curve of AST was obtained by plotting standard absorbance against standard concentration.  

        

4.6.4: Aspartate Aminotransferase (AST;  U/L) 

 For the quantitative determination of AST in the rats serum commercially available 

kit by RANDOX  cat No. AS-147 was used. 

Principle  

α-oxoglutarate + L-aspartate  AST  L-glutamate + Oxaloacetate  

Reagent Composition  

R1 as Buffer (Phosphate buffer, L-aspartate and -oxoglutarate), R2 (2,4-

dinitrophenylhydrazine), R3 (Sodium Hydroxide) and CAL (Pyruvate Standard) were 

reagents.  

Procedure  

 Buffer solution (R1) (0.5 ml) was added to 37 test tubes (36 tubes were 

experimental and 1 was blank).0.1 ml of distilled water was added to the reagent blank test 

tube. 0.1 ml of serum sample was added to each experimental test tube. Mixed well and 

incubated exactly for 30 minutes at 37oC. Then added 0.5 ml R2 to all test tubes. Mixed 

well and allowed to stand exactly for 20 minutes at room temperature. Then added 0.5 ml 

of diluted (NaOH) (R3) to all test tubes and mixed. Noted the absorbance of each sample 

(Asample) at 546 nm against the reagent blank after 5 minutes (BioSystem, BTS-330).   

Calculations 

 The AST concentration of samples was calculated by using standard curve. 

Standard curve of AST was obtained by plotting standard absorbance against standard 

concentrations.  
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4.6.5: Lactate dehydrogenase (LDH; U/L) 

 For the quantitative determination of LDH in the rats serum, commercially 

available kit by SPINREACT  Ref. No.41220 was used.  

Principle 

 Lactate dehydrogenase catalyses the reduction of pyruvate by NADH, according 

the following reactor 

Pyruvate + NADH + H+  LDH  L-glutamate + pyruvate by NADH, 

according the following reaction. 

 Reagents 

R1 as Buffer (Imidazol and Pyruvate) and R2 as Substrate (NADH) were the 

reagents. 

Procedure  

 Working Reagent, WR was prepared by mixing 4 volumes of R1 and 1 volume of 

R2. 36 test tubes were arranged and 600 mL. of WR was added to each test tube. 20 µl. of 

sample serum was added to 1 test tube having 600ml WR, incubated it for 1 minute. Took 

3 absorbance values of the sample (A1, A2, A3) at 340nm (BioSystem BST-330) at 1 

minute intervals for 3 minutes. .Calculated average of 3 readings (A). Calculated the 

difference between absorbance and the average absorbance per minute(A/min). Same 

procedure was repeated for all other 35 test tubes having WR.  

Calculations 

 U/L LDH = A/min x 9690             

 

4.6.6: Total Thyroxine (T4; µg/dl) 

 For the quantitative determination of T4 in the rats serum, commercially available 

kit by Bio Check Triiodothyronine enzyme Immunoassay, Cat. No:BC-1007 Bio Check 

Inc., USA was used.  

Principle  

 This assay is based on the principle of competition immunoassay. The serum 

placed into the micro-wells which are already coated with specific anti-T4 antibodies and 

conjugated T4-peroxidase. After incubation, the binding of the enzymatic activity bound to 

the micro-wells which are detected by addition of chromogen-surface mixture at 450 nm.  

Reagents 

 Sheep anti-T4 coated microtiter wells, T4 Reference standards: 0, 2, 5, 10, 15 and 

25 ug/dl, 1 set, Enzyme Conjugate concentrate (11 x), Enzyme Conjugate Diluents, TMB 

Reagent (One step), Stop solution (1N HCl). 
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Procedure  

  The required numbers of microstrips were arranged in frame. To each well, 

50 µL unknown sample was added. Fresh working T4 conjugate solution was 50 µL was 

dispensed into each well which was freshly prepared by mixing 0.1 ml of T4 concentrate 

conjugate reagent and 0.9 ml of T4 conjugate diluents and mixed well. The mixture was 

incubated for 60 minutes at 37°C. After this incubation, wells were washed 5 times with by 

diluting the concentrated washing solution by 20 times with distilled water. after 

thoroughly washing, 50 µL TMB (A) solution was added into each well, followed by 

addition 50 µL of TMB (B) and mixed well. Again the mixture was incubated for 20 

minutes at 20°C. After this incubation, pipetted 100 µL of stop solution into the wells and 

measured the quantity of hormone with Stat Fax 303, ELISA reader at 450/620 nm. The 

absorbance was converted into concentration by running the standards provided with kit 

and fed them into the ELISA reader. 

 

4.6. 7: Triiodothyronine (T3; ng/ml) 

 For the quantitative determination of T3 in the rats serum, commercially available 

kit by BioCheck Triiodothyronine enzyme Immunoassay, Cat. No:BC-1005 BioCheck Inc., 

USA was used.  

Principle 

 The microtiter wells are coated with T3 EIA, second antibody (goat anti-mouse 

IgG). The sample serum, the mouse monoclonal Anti-T3 antibody and T3 conjugate with 

horseradish peroxides and added to each microwell. During incubation, the mouse anti-T3 

antibody is attached to the second antibody on the wells. T3 and then enzyme conjugate-T3 

compete for binding sites on the anti-T3 antibody. TMB solution is added and after 

incubation of 20 minutes at room temperature, resulting in the formation of characteristic 

blue colour. The intensity of the colour is proportional to the amount of enzyme present in 

the medium. 

Reagents  

 Goat anti-mouse IgG coated microtiter wells, Enzyme conjugate concentrate (11 x), 

Enzyme conjugate diluents, T3 reference standard, 0, 0.75, 1.5, 3.0, 6.0 and 10.0 ng/ml, 

one set, Antibody Reagent, TMB Reagent(One Step),Stop solution (1N HCl) 

Procedure  

 The required numbers of microstrips were arranged into the frame. Pipetted 50 µL  

sample into each of the microwell. Then pipette out 50 µL T3 antibody reagent into each 

well and mixed. Working T3 conjugate solution (prepared from T3 concentrate and diluent 
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in the ratio of 1:5) was dispensed and mixed well. The microstrips were incubated for 60 

minutes at 37°C. Washed the strips with washing solution which was prepared by 20x 

dilution of washing concentrate by distilled water. Pipetted 50 µL TMB A solution into 

each well, followed by TMB B in the same quantity into each well. The mixture was 

incubated for 20 minutes at 20°C. Pipetted out 100 µL stop solution into each well and 

measured with the help of Stat Fax 303, ELISA reader at 450/620 nm. The absorbance was 

converted into concentration by running the standards provided with the kit. The readings 

of the standards were fed in the ELISA reader before running the sample. 

  

Statistical Analysis  

 The data obtained was subjected to statistical analysis as described by Steel et 

al. (1997) to compare means of each parameter of controlled and treated groups 

(ANOVA) and in case of significant difference between different groups, Duncan 

Multiple Range Test was applied (Duncan, 1955). T-test was applied when data was 

compared between male and female rats irrespective of treatments. 
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Chapter-4.1 

RESULTS 
Objective: 1 Part: A 
 

  

POPULATION ESTIMATION OF Rattus rattus IN FARM HOUSES 
AND Millardia meltada IN DIFFERENT CROPLANDS OF 
FAISALABAD AND MULTAN DISTRICTS 
 
 

ABSTRACT 

Rodents are by and large the most destructive vertebrate pests on earth and they are 

also considered to be the principal foes of farmers since time immemorial. The rodents 

bring about substantial economic losses by an intensive damage to the croplands and 

households. The rodent’s menace undoubtedly, has increased throughout Pakistan over 

the last many decades. This study was carried out to find the occurrence of Rattus  rattus 

in farm houses adjacent and Millardia meltada in different cropped agro-ecosystems in 

Faisalabad and Multan districts. Their success in both cropped and non cropped areas was 

assessed through size and body weight modulation. In this study, 374 and 308 R. rattus 

were captured from district Faisalabad and Multan respectively. While 526 and 301 M. 

meltada were captured from Faisalabad and Multan respectively. Population estimates of 

R. rattus captured from different farm houses in Faisalabad and Multan districts were done 

by simple capture method and removal regression method. According to this data, per year 

estimates of R. rattus population from farm houses in Faisalabad was 7.79% whereas in 

Multan district, it was 5.88%. Trapping index of R. rattus captured from farm houses in 

Faisalabad showed that there are seasonal fluctuations. In case of trap success in 

Faisalabad and Multan, R. rattus was found throughout the year but highest number of 

capture was found in winter 2007-08. Reproductively active monthly variations of male 

and female R. rattus captured from different farm houses in Faisalabad and Multan showed 

that both male and females were active throughout the year but the highest number were 

found in spring, 2008 in both the districts. Seasonal variations were also observed in litter 
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size of R. rattus both in Faisalabad and Multan districts. Maximum litter size was observed 

in summer, 2008 in Faisalabad district whereas in case of Multan maximum litter size was 

observed in Fall, 2007. Pregnant females R. rattus were observed throughout the year but 

highest incidence of pregnancy were found in spring, 2008 both in Faisalabad and Multan 

districts. Regarding M. meltada per year population estimates in different cultivations in 

Faisalabad district was 8.03 and from Multan it was 5.85%. In sugarcane, maize, fodder 

and wheat, per year population estimates in Faisalabad was 3.55, 1.09, 0.69 and 2.46% 

respectively. Similarly in Multan, per year population estimates were 3.18, 0.62, 0.65 and 

1.23% in sugarcane, maize, fodder and wheat crops respectively. Fluctuations were 

observed in case of seasonal. M. meltada were captured all the year but highest number of 

capture was observed in fall, 2007 in Faisalabad district whereas in district Multan its 

highest number was found in fall, 2007. Crop wise trapping index showed that the highest 

number of capture was from wheat crops in district Faisalabad and from sugarcane crops in 

district Multan. Seasonal variations of reproductively active male and female M. meltadas 

were also observed in different agricultural crops in both districts and it was noticed that 

highest number of reproductively active male and female were found in summer, 2007. 

Seasonal variations were also noted in litter size of M. meltada and maximum number of 

litters was observed in spring, 2008, both in Faisalabad as well as in Multan district and 

wheat was the crop where maximum litters were observed in Faisalabad and Multan 

districts. Females were found to be pregnant throughout the year but maximum incidences 

of pregnancy were observed in summer, 2008 in Faisalabad district and spring, 2008, in 

Multan district respectively. Sugarcane was the crop where maximum incidence of 

pregnancy was observed both in Faisalabad and Multan districts. 

INTRODUCTION 

 The rodent population estimates are made to calculate the extent of damages, they 

inflict to the indoor and outdoor human commodities. There are different direct and 

indirect methods of population estimation. All have their uses; however in the present 

study trapping index was used to asses the abundance of two rodent species collected from 

different habitats of the area. Moreover, RR (removal regression) method was also used for 

the assessment of indoor population of R. rattus which was found relatively confined to 

farm houses (Table 1.1). The trapping index for M. meltada did not allow the use of RR 
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method because the trapping index showed no decrease in population by removal method. 

Rather increase in trapping index was observed in most of the cases probably due to 

unconfined field conditions. Both rats showed comparatively less abundance in the 

farmhouses and crop fields of Multan districts. This could be related with the off site effect 

of heavy use of chemicals on the major cotton crop of the Multan district. The difference 

of abundance of the field rat M. meltada between two districts was more pronounced than 

that of R. rattus which used to live in relatively chemically safer places of farm houses. As 

many as 526 field rats were captured from Faisalabad in comparison with 301 field rats 

from the fields of Multan. Whereas, the house rat (R. rattus) number captured from 

Faisalabad and Multan districts was 374 and 308 respectively.     

In the following pages present status of the abundance of these two rats viz, R. 

rattus and M. meltada in indoor and outdoor situations respectively has been given. 

MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS  

The present study on house rat (R. rattus) and soft furred field rat (M. meltada) in 

Faisalabad and Multan Districts was carried out from June, 2007 to November, 2008. The 

farmer represented mixed crop system in Central Punjab, whereas the latter wheat-cotton 

system in Southern Punjab (Figure 1.1). 

An area of about 60 km around Faisalabad as well as Multan Districts was selected 

randomly in the periphery taking University of Agriculture and Baha-ud-Din Zikarya 

University as centers for both Districts to know the population abundance of R. rattus and 

M. meltada. In both district of Faisalabad (Figure 1.2) and Multan (Figure 1.3) almost 18 

villages were sampled under the defined area. 

Indoor populations of rodents were judged by such signs like damaged to 

commodities, existence of burrows and their droppings etc. Rodent population was trapped 

with snaps traps (17 ×9.5 cm) and live traps (cages), bought from local market, set for 

three consecutive nights in the farm houses across the croplands around Faisalabad and 

Multan cities. 100 traps were set each night. Traps and cages were placed in the farm 

houses one evening and picked up early next morning. 

 Outdoor populations of M. meltada were trapped with snaps traps and cages, set for 

three consecutive nights in the croplands. Trapping was done on monthly basis on each site 

and samples were collected fortnightly Traps were placed across field in the mid straight 
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line or diagonally or along the edge about 15 ft inside the crop field and picked up early 

next morning. One Cage and three snap traps were placed alternatively at a distance of 15ft 

in a row in the field containing the suitable baits, bread soaked with Desi Ghee (processed 

animal milk). Traps were placed carefully upon flat and even ground. This was because 

even small animals did not like to step on something that tips are moves when touched. 

Following methods were used for population estimation of R. rattus and M. 

meltada.  

1. Trapping Index for R. rattus and M. meltada 

Trapping index for R. rattus and Milardia meltada was done with the help of 

method described by Brooks et al. (1990).  

Trapping index  = 100  
night  trapTotal

captured rodents ofNumber 
  

2. Regression on daily capture on cumulative capture/removal regression 

 (RR) method for R. rattus 

In this method daily decline in captures was plotted against cumulative total 

captures. A regression line was fitted to the plotted points. The point of intercept of the 

regression line with the X-axis gave the estimated population as described by Brooks et al. 

(1990).  

The captured animals were tagged with field numbers and brought to Biodiversity 

Laboratory, University of Agriculture Faisalabad for further findings. In laboratory each 

specimen was weighed in a triple beam balance (0.1 g). The standard body measurements 

like total length, head and body length, ear length and hind foot length of each captured 

animal were taken following Hall (1962) prior to autopsy. Autopsy of all captured 

specimens was done to get the reproductive data both for male and female rats. For 

females, the vaginal orifice, pregnancy, placental scars, number and size (crown-rump 

length) of embryo were calculated and for males, size, position and condition of the testes, 

size and condition of the seminal vesicle and cauda epididymis were noted. 
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RESULTS 

Population estimation of R. rattus 

Food, water and shelter are the necessary physical elements to sustain the indoor 

population (Boque, 1992).Accordingly, the abundance and distribution of these resources 

seemed to have a direct bearing upon how many rats can be supported in a given situation. 

Highly variable estimates of total house rat populations in different structures in Faisalabad 

city have been reported by Rafique (2009). According to her, slums of Faisalabad city were 

densely populated with R. rattus followed by grain shops in the grain market and 

departmental stores with variable commodities. In present study, farm houses in Faisalabad 

and Multan were studied with respect to abundance of the rats (Table 1.2). The house rat 

population, as assessed from trapping index was almost the same at both districts rather it 

was slightly skewed towards that of Multan. The trapping index of this rat was almost 

consistent round the year in the farm houses of the two areas. However, the population 

estimated by RR method was calculated as lesser number (399) of rats were present in the 

Multan than those (483) of Faisalabad. These different figures calculated by RR method 

could be related to the less intensive trapping in Multan as the difference in the total trap 

nights depicted in Table 1.2. It meant that the estimates by RR method depended on the 

exhaustive trapping which was not achieved in the farm houses of Multan. Rather, it could 

not be done due to some labour constraints. Because, with the average index of 10.9, 86 

rats would have been captured by 780 trap nights and this would equalize the total 

estimated population of the two areas (see the differences in total trap nights for the two 

localities given in Table 1.3.            

R. rattus breeds round the year. Table 1.4 and Figures 1.4 and 1.5 show the 

monthly variations in the incidence of reproductive activity round the year. Accordingly, a 

fairly good portion of male population was reproductively active during the months of 

November through June with a peak in March and April whereas July through October was 

a period of relatively lesser number of reproductively active males. 

           The females were also found to breed round the year with the peak in number of 

pregnant females in November and December .Whereas, August and September were the 

months of lowest frequency of pregnant females. On the average almost 50% females were 

pregnant round the year at both localities of Faisalabad and Multan. Similarly mean  
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Table:1.1   Relative abundance of R.  rattus trapped from farm houses and M.  meltada from various crop fields of  

Faisalabad and Multan  districts. 

Seasons Crops Faisalbabad Multan G.Total 

  R. rattus Millardia meltada Total R. rattus Millardia 
meltada 

Total   

  Male Femal
e 

Male  Female  Male Female     
Male 

Female   

 Sugarcane 0 0 20 21 41 0 0 7 14 21 62 

 Maize 0 0 9 9 18 0 0 5 5 10 28 

Summer, Fodder 0 0 10 5 15 0 0 9  
 

13 28 

2007 Wheat - - - - - - - - - - - 

 Farm House 18 26 0 0 44 24 23 0 0 47 91 

 Sugarcane 0 0 29 30 59 0 0 16 27 43 105 

 Maize 0 0 17 12 29 0 0 11 0 11 40 

Fall, Fodder 0 0 6 3 9 0 0 5 4 9 18 

2007 Wheat - - - - - - - - - - - 

 Farm House 33 35 0 0 68 23 24 0 0 47 115 

 Sugarcane 0 0 11 13 24 0 0 24 20 44 68 

 Maize 0 0 0 0 0 0 0 0 0 0 0 

Winter, Fodder 0 0 0 0 0 0 0 0 0 0 0 

2007-08 Wheat 0 0 10 10 20 0 0 3 4 7 27 
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 Farm House 42 32 0 0 74 29 26 0 0 55 129 

 Sugarcane 0 0 0 0 0 0 0 0 0 0 0 

 Maize 0 0 0 0 0 0 0 0 0 0 0 

Spring, Fodder 0 0 0 0 0 0 0 0 0 0 0 

2008 Wheat 0 0 32 34 66 0 0 18 23 41 107 

 Farm House 34 37 0 0 71 28 23 0 0 51 122 

 Sugarcane 0 0 24 24 48 0 0 4 10 14 60 

 Maize 0 0 21 21 42 0 0 4 8 12 54 

Summer, Fodder 0 0 13 17 30 0 0 11 4 15 45 

2008 Wheat - - - - - - - - - - - 

 Farm House 18 32 0 0 50 17 27 0 0 44 94 

 Sugarcane 0 0 35 38 73 0 0 10 27 37 106 

 Maize 0 0 24 9 33 0 0 11 0 11 44 

Fall, Fodder 0 0 11 8 19 0 0 8 5 13 32 

2008 Wheat - - - - - - - - - - - 

 Farm House 34 33 0 0 67 35 29 0 0 64 131 

     Total     179 195 272 254 900 156 152 146 155 609  

Total rats captured 374 526 - 308 301 - 1512 



Table: 1.2: Seasonal fluctuations in the trapping index of R. rattus captured from Farm houses in Faisalabad and Multan 

districts (N= Number of farm houses sampled, in parenthesis are trap nights).  

 
Seasons Faisalabad (%) Multan(%) 

  Trap nights   Trap nights  

 N 1 2 3 Total N 1 2 3 Total 

Summer,2007 9 14.7(150) 9.4(150) 5.4(150) 9.8(450) 9 17.4(150) 10(150) 4(150) 10.5(450) 

Fall,2007 8 18.9(185) 10.8(185) 7.1(185) 12.3(555) 9 16(150) 10(150) 5.4(150) 10.5(450) 

Winter,2007-08 8 21(200) 10.5(200) 5.5(200) 12.4(600) 8 20(150) 12(150) 4.7(150) 12.3(450) 

Spring,2008 8 17.5(200) 12(200) 5(200) 11.8(600) 8 18(150) 12(150) 4(150) 11.4(450) 

Summer,2008 9 13.5(200) 8(200) 3.5(200) 8.4(600) 9 18.4(125) 11.2(125) 5.6(125) 9.8(375) 

Fall,2008 8 14(250) 8.8(250) 4(250) 8.9(750) 8 16(200) 10.5(200) 5.5(200) 10.7(600) 

Average 8.4    10.6(3555) 8.5    10.9(2775) 
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Table: 1.3: Expected abundance of R. rattus captured from different Farm houses in Faisalabad and Multan  

districts by RR (regression removal) method.  

 Faisalabad Multan 

Seasons Trap nights Rat population Trap nights Rat population 

 1 2 3 Sampled Estimate
d 

1 2 3 Sampled Estimate
d 

Summer, 2007 22 14 8 44 57 26 15 6 47 61 

Fall, 2007 35 20 13 68 88 24 15 8 47 61 

Winter, 2007-08 42 21 11 74 95 30 18 7 55 71 

Spring, 2008 37 24 10 71 91 27 18 6 51 66 

Summer, 2008 27 16 7 50 65 23 14 7 44 57 

Fall, 2008 35 22 10 67 87 32 21 11 64 83 

Total 198 117 59 374 483 162 101 45 308 399 
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Table: 1.4: Monthly variation of reproductively active males and pregnant females R. 
rattus captured from different farm houses in Faisalabad and Multan districts. 
 Faisalabad Multan 

Months % 
reproductively 

active males 
(n) 

%  
pregnant 

females (n) 

% 
reproductively   

active males 
(n) 

%  pregnant 
females (n) 

Summer,2007  

June 25.00(6) 0.00(0) 50.00(6) 60.00(5) 

July 20.00(5) 69.23(13) 25.00(8) 71.42(7) 

August 28.57(7) 15.35(13) 30.00(10) 18.18(11) 

Average 24.53(18) 42.29(26) 35.00(24) 49.87(23) 

Fall, 2007  

September 25.00(8) 21.42(14) 50.00(4) 40.00(5) 

October 22.23(9) 41.67(12) 28.57(7) 40.00(10) 

November 50.00(16) 77.78(9) 41.67(12) 77.78(9) 

Average 32.41(33) 46.96(35) 40.08(23) 52.59(24) 

Winter,2007-2008  

December 60.00(15) 66.67(9) 54.55(11) 75.00(8) 

January 57.14(14) 40.00(10) 50.00(8) 30.00(10) 

February 46.15(13) 46.10(13) 40.00(10) 62.50(8) 

Average 54.43(42) 50.93(32) 48.18(29) 55.84(26) 

Spring, 2008  

March 73.34(15) 50.00(14) 71.14(4) 33.33(3) 

April 66.67(12) 50.00(12) 75.00(8) 54.55(11) 

May 42.15(7) 63.64(11) 50.00(6) 55.56(9) 

Average 60.72(34) 54.55(37) 65.38(18) 47.82(23) 

Summer, 2008  

June 60.00(5) 40.00(10) 50.00(4) 37.50(8) 

July 20.00(5) 50.00(10) 28.57(7) 50.00(10) 

August 37.50(8) 25.00(12) 50.00(6) 33.34(9) 

Average 39.17(18) 38.34(32) 42.86(17) 40.28(27) 
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Fall, 2008  

September 40.00(10) 25.00(12) 33.34(9) 25.00(12) 

October 20.00(10) 45.46(11) 50.00(12) 66.67(9) 

November 42.86(14) 70.00(10) 42.85(14) 75.00(8) 

Average 34.29(34) 46.82(33) 42.06(35) 55.56(29) 

Grand Average 41.09(179) 46.65(195) 45.59(146) 50.33(152) 
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Figure 1.4: Monthly variations in reproductively active males R. rattus
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Figure 1.5: Monthly variations in reproductively active females R.rattus
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Table: 1.5 Seasonal variations in litter size of R. rattus in Faisalabad and  
Multan districts. 
 

Seasons Faisalabad Multan 

Summer,2007 3.55±0.82 3.80±0.64 

Fall,2007 3.84±0.94 4.85±1.36 

Winter,2007-08 4.31±0.60 4.29±1.08 

Spring,2008 4.40±0.59 4.25±0.76 

Summer,2008 4.58±0.52 4.55±0.53 

Fall 2008, 3.8±0.86 3.74±0.79 

One year 4.08±0.79 4.08±0.76 

Overall 4.10±0.79 4.08±0.76 
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Table 1.6: Incidence of pregnancy in female R. rattus captured from different Farm houses in Faisalabad and  
Multan districts. 
 Faisalabad Multan 

Months 1st time 

bred 

2nd time 
bred 

3rd time 
bred 

Total 1st time 

bred 

2nd time 
bred 

3rd time 
bred 

Total 

Summer, 2007  

June 0 0 0 0 1 3 0 4 

July 2 7 1 10 1 4 0 5 

August 2 1 0 3 1 1 0 2 

Total 4 8 1 13 3 8 0 11 

Fall, 2007  

September 1 3 1 5 0 2 0 2 

October 3 3 0 6 1 3 0 4 

November 2 6 0 8 2 5 1 8 

Average 6 12 1 19 3 10 1 14 

Winter, 2007-2008  

December 1 5 0 6 1 5 0 6 

January 1 4 0 5 1 3 0 4 

February 2 6 0 8 1 5 0 6 

Total 4 15 0 19 3 13 0 16 
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Spring, 2008  

March 2 7 1 10 1 0 0 1 

April 4 6 0 10 3 6 1 10 

May 2 7 0 9 2 5 0 7 

Total 8 20 1 29 6 11 1 18 

One Year Data Total 22 55 3 80 15 42 2 59 

Summer, 2008  

June 4 3 0 7 3 3 0 6 

July 4 2 1 7 2 5 0 7 

August 2 1 0 3 2 1 0 3 

Total 10 6 1 17 7 9 0 16 

Fall, 2008  

September 2 3 0 5 1 3 1 5 

October 4 3 0 7 4 3 0 7 

November 3 5 1 9 2 5 0 7 

Total 9 11 1 21 7 11 1 19 

G. Total 41 72 5 118 29 62 3 94 
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litter size was observed as 4.10± 0.79 and 4.08±0.76 at Faisalabad and Multan 

respectively (Table 1.5). The number of litters per year has been given in Table 1.6. 

Accordingly, majority (61.02%) of females bred two times a year, whereas 34.75% 

females bred once a year and only 4.24 % females bred three times a year, which meant 

that reproduction of two litters / year was quite common in female R. rattus. Taking the 

above activities criteria of reproductive characteristics, the rat population of 33 farm 

houses in Faisalabad was calculated as 615.28 rats meaning as 18.65 rat per farm house 

(Table, 1.7) whereas in 34 farm houses of Multan , the rat number was calculated as 

428.40 or 12.6 rats per farm house (Table, 1.8). According to Roberts (1997) the mean 

litter size was 6.5 young and expected number of litters per year was 4.5. Based on this 

data the expected population of R. rattus was calculated as 71 rat per farm house in 

Faisalabad and 51 rat per farm house in Multan. 
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Table 1.7: Per anum estimates of R. rattus populations of Farm houses in Faisalabad  District 
 

District 
Breeding 
incidence 

% 
reproducti

vely 
active 
female 

No. of 
females 

Number of litter per 
year 

Litter size No. produced/female/yr 
Total 

capture
d (No) 

   (a) Observe
d (b) 

Expected
*  
(c) 

Presen
t study 
(d) 

Record 
from 
other 
studies (e)

Estimated 
I 

(abd) 

Estimated  
II 

(ace) 

Present 
study 

Faisalabad 

Third time 2.31 3 3 4.5 4.08 6.5 36.72 87.75 

257 
Two times 42.31 55 2 4.5 4.08 6.5 488.8 1608.75 
One times 16.93 22 1 4.5 4.08 6.5 89.76 643.5 
Total 61.54 80 2 4.5 4.08 6.5 615.28 2340 

 

Number of farm houses sampled = 33 
Number of rats per farm house; 
a)                                Estimate I = 615.28 / 33 = 18.65 

b)                                Estimate II = 2340 / 33    =  70.90  

c)  From total captured rats       = 257 / 33       = 7.79   

* based on age of maturity, gestation period and lactation period including pro-estrum 
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Table 1.8: Per annum estimates of R. rattus populations of Farm houses in Multan District. 
 
District Breeding 

incidence 
% 
reproduc
tively 
active 
female 

No. of 
females 

Number of litter per 
year 

Litter size No. produced/female/yr Total 
capture
d (No) 

   (a) Observed 
(b) 

Expected* 
(c) 

Present 
study 
(d) 

Record 
from 
other 
studies (e)

Estimated 
I 

(abd) 

Estimated 
II 

(ace) 

Present 
study 

Multan 

Third time 2.08 2 3 4.5 4.08 6.5 24.48 58.50 

200 
Two times 43.75 42 2 4.5 4.08 6.5 342.72 1228.50 
One times 15.63 15 1 4.5 4.08 6.5 61.20 438.75 
Total 61.46 59 2 4.5 4.08 6.5 428.40 1725.75 

 

 

Number of farm houses sampled = 34 
Number of rats per farm house; 
a)                                Estimate I = 428.40 / 34      = 12.60 

b)                                Estimate II = 1725.75 / 34    =  50.76  

c)  From total captured rats       = 200 / 34            = 5.88   

 
* based on age of maturity, gestation period and lactation period including pro-estrum 
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Population estimation of M. meltada 

 This rat is one of India’s most abundant rodent in the cropland and is a pest of 

economic importance (Roberts, 1997). Accordingly, in Pakistan it has spread westward in 

the regions with more monsoon influence and great vegetation cover in lower Sindh and 

across northern Punjab. Beg and Rana (1978) have reported it from central Punjab and 

correlated its spread to this area with the increase in canal irrigated area and especially 

the spread of sugarcane and fodder crops. Because the earlier investigators Lloyed (1909) 

and Taber et al (1967) considered this rat rare in Punjab. At present, it has extended its 

distribution from north to southern Punjab (Multan in this study). Including entire central 

Punjab (Faisalabad in this study). Eastwards, it has been trapped in sugarcane fields of 

Bahawalnagar and has also extended to the constricts of Lahore. It is spreading 

westwards and colonizing irrigated cultivated tracts from southern Sindh and northeastern 

part of the Punjab.  

Keeping in view the increasing distribution of M. meltada, estimates of its 

population per unit of habitat were attempted because RR method was non functional. 

Table 1.9 is presenting a picture of trapping index which frequently increased with 

consecutive trap nights on the time scale probably due to the prompt and more vigorous 

replacement in the vacated fields by the trapped animals. The trapping index fluctuated 

with season of rainfall. Rains seemed to have negative effect on the M. meltada activity, 

because the trapping index was considerably lower in the months of higher rain fall; 

especially July, 2007 through May 2008 in Faisalabad and nearly round the year in 

Multan (Table 1.9 and see Appendix II also). 

 Table 1.10 depicts trapping index as relative abundance of M. meltada in some 

major crops of Faisalabad and Multan. Accordingly, an average of 3.7 % trap success 

was achieved in the crop fields of Faisalabad where as, the trap success in those of 

Multan was 2.48 %. Wheat fields at both localities harbored high abundance i.e., 5.6  

4.66 and 3.2  1.87 rats per fields respectively. Sugarcane crop at both localities next in 

percent capture field which was 4.7  3.92 and 3.1  2.86 in Faisalabad and Multan 

respectively. Maize fields had 2.9  3.84 and 1.3  1.74 percent rat capture followed by 

fodder with 1.7  2.90 and 1.1  1.64 at Faisalabad and Multan respectively.    
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M. meltada seemed to have prolific breeding. It bred round the year. Table 1.11 

and figures 1.6 and 1.7 show the reproductive performance of rat which was quite higher 

during almost all the year round with slight decline in November and December months. 

Rainfall seemed to have positive effect on reproductive efficiency of the rat, as higher 

male and female reproductive activity was depicted during the months of higher rainfall.  

Table 1.12 and 1.13 present litter size in M. meltada during the year 2007 and 

2008 and in four major crops of the two localities of Faisalabad and Multan. Accordingly,  

there were no considerable geographic and habitat variations in the litter size of the M. 

meltada; the mean litter size was observed as approximately 3.5 rats. The number of 

litters  per year and their frequencies among females have been given in table 1.14 and 

1.15. It was observed that at a time 66.54% females were reproductively active in the 

cultivations of Faisalabad whereas, as many as 67.74% females had embryos, and 

placental scars or numerous placental scars on their uteri, showing at least 3 sets of 

placental scars in those of Multan. The percentage of females reproducing for the first 

time was 11.81, whereas 7.08% females were found to breed thrice a year. As many as 

47.64 % females were observed as breeding for 2nd time in the cultivations of Faisalabad. 

Almost the same incidence of pregnancy or reproductive activity i.e., 13.55% for the first 

time, 49.04% for the second time and 5.16% females were found to breed or had bred for 

third time in those of Multan. 

 Taking the records of other studies (Roberts, 1997) and the present calculations of 

the abundance of the M. meltada was estimated in various crops at the two localities. 

Based on this data, the calculated rats (Estimate I) per different cultivations in one year in 

Faisalabad district was 15.64 whereas expected (Estimate II) was 65.57 and from the 

present study captured rats were 8.03  (Table 1.16). In Multan district these values were 

13.07, 54.00 and 5.85 respectively (Table 1.17). Based on this data, the estimates of the 

M. meltada per sugarcane field per year in Faisalabad district was 7.38, 30.09 and 3.55 

and in Multan district these values were 6.69, 27.00 and 3.18 as depicted in tables 1.18 

and 1.19. In each maize field of Faisalabad district per year estimates of M. meltada were 

1.46, 6.17 and 1.09 respectively (Table 1.20), whereas, in Multan district these estimates 

of M. meltada were 0.72, 3.18 and 0.62 respectively (Table 1.21). Per year estimates of 

M. meltada per fodder field of Faisalabad district were 1.17, 5.40 and 0.69 respectively 
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(Table 1.22) and in Multan district these values were 1.24, 5.56 and 0.65 (Table 1.23). 

Per year estimates of M. meltada per wheat field in Faisalabad district was calculated as 

5.64  and expected was 23.92 and total captured from present study was 2.46 (Table 1.24) 

and in Multan district these estimates were 4.43,18.27 and 1.42 respectively (Table 1.25).       
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Table 1.9: Seasonal trapping index of M. meltada captured from cultivations in Districts Faisalabad and  Multan  

(N= Number of crop fields sampled, in parentheses are trap nights).   

Seasons Faisalabad (%) Multan(%) 

  Trap nights   Trap nights  

 N 1st 

 

2nd 
 

3rd 
 

Total N 1st 

 

2nd 

 

3rd 

 

Total 

Summer,2007 26 2.8(860) 2.7(860) 3.2(860) 2.9(2580) 23 2.8(670) 2.1(670) 1.7(670) 2.2(2010) 

Fall,2007 25 3.4(860) 4.0(860) 4.3(860) 3.9(2580) 23 3.1(615) 5.0(615) 2.1(615) 3.4(1845) 

Winter,2007-08 31 2.2(725) 2.2(725) 1.7(725) 2.0(2175) 31 2.6(550) 3.6(550) 3.3(550) 3.1(1650) 

Spring,2008 27 3.4(950) 2.1(950) 1.7(950) 2.4(2850) 29 2.2(950) 1.5(950) 0.6(950) 1.4(2850) 

Summer,2008 27 5.9(750) 6.7(750) 3.5(750) 5.4(2250) 24 2.2(775) 2.3(775) 0.8(775) 1.8(2325) 

Fall,2008 25 4.9(900) 6.0(900) 3.0(900) 4.6(2700) 25 2.0(900) 2.8(900) 1.9(900) 2.3(2700) 

One year average 27.3    2.8(10185) 26.5    2.5(8355) 

Average 26.8    3.5(14935) 25.8    2.4(13230) 
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      Table 1.10: Crop wise trapping index of M. meltada captured from cultivations in Faisalabad and Multan  

        Districts (in parenthesis are trap nights). 

Crops Faisalabad Multan 

 Crop fields 

sampled 

Trapping index     

(trap nights) 

One year average Crop fields 

sampled 

Trapping index 

(trap nights) 

One year average 

Sugarcane 
 

52 5.2(4845) 3.7(3345) 52 4.1(4050) 4.4(2550)

Maize 
 

42 2.3(3910) 1.4(2460) 35 1.3(3705) 0.8(2055)

Fodder 
 

43 1.4(4680) 0.7(2880) 46 1.2(4050) 1.0(2325)

Wheat 
 

15 5.9(1500) 5.9(1500) 15 3.3(1425) 3.3(1425)

Average 
 

152 3.7 (14935) 2.8 (10185) 148 2.48 (13230) 2.5(8355)
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Table 1.11: Monthly variations of reproductively active male and female M. 
 meltada captured from different agricultural crops in Faisalabad and Multan 
districts. 
 Faisalabad Multan 

Months % 
reproductively 
active males (n) 

%  pregnant 
females (n) 

% 
reproductively    
active males (n) 

%  pregnant 
females (n) 

Summer, 2007  

June, 2007 77.78(9) 88.89(9) 80.00(5) 80.00(5) 

July 78.57(14) 75.00(12) 83.34(6) 75.00(8) 

August 93.75(16) 92.86(14) 80.00(10) 80.00(10) 

Mean 83.37(39) 85.58(35) 81.11(21) 78.34(23) 

Fall, 2007  

September 71.43(14) 88.89(9) 80.00(10) 90.00(10) 

October 55.56(18) 58.34(12) 50.00(10) 44.45(9) 

November 25.00(20) 83.34(24) 8.33(12) 16.67(12) 

Mean 50.66(52) 76.83(45) 46.11(32) 50.37(31) 

Winter, 2007-2008  

December 20.00(5) 28.57(7) 50.00(14) 34.86(13) 

January 50.00(6) 50.00(6) 60.00(10) 42.85(7) 

February 30.00(10) 20.00(10) 66.66(3) 50.00(4) 

Mean 33.34(21) 32.86(23) 58.88(27) 43.77(24) 

Spring, 2008  

March 90.00(10) 70.00(10) 50.00(2) 75.00(4) 

April 16.67(12) 50.00(12) 33.34(3) 83.34(6) 

May 40.00(10) 91.67(12) 38.46(13) 92.31(13) 

Mean 48.89(32) 70.56(34) 40.60(18) 83.55(23) 

Summer, 2008  

June 70.59(17) 88.89(18) 40.00(5) 12.50(8) 

July 85.72(21) 75.00(24) 66.66(6) 12.50(8) 

August 70.00(20) 85.00(20) 62.50(8) 100(6) 

Mean 75.44(58) 82.96(62) 56.38(19) 41.67(22) 
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Fall, 2008  

September 68.42(19) 86.67(15) 66.67(12) 16.67(12) 

October 52.17(23) 61.12(18) 83.34(6) 50.00(8) 

November 3.57(28) 18.18(22) 0(11) 8.34(12) 

Mean 55.37(70) 55.33(55) 75.00(29) 25.00(32) 

Weighted 

average/Mean 

57.85(272) 67.36(254) 59.68(146) 53.78(155) 
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Table 1.12: Seasonal variations in litter size in M. meltada in Faisalabad and 
Multan districts, 

Seasons Faisalabad Multan 

Summer, 2007 3.58±0.98 3.55±0.92 

Fall, 2007 2.88±0.99 3.20±1.15 

Winter, 2007-08 3.00±1.00 3.20±0.92 

Spring, 2008 3.82±1.09 3.85±1.14 

Summer, 2008 3.53±0.97 3.43±0.75 

Fall, 2008 2.96±1.03 3.20±1.20 

One year 3.40±1.00 3.50±1.06 

Total 3.45±1.06 3.44±3.24 

 
 

Table 1.13: Habitat variations in litter size of M. meltada in Faisalabad  
and Multan districts 

Crops Duration Faisalabad Multan 

Sugarcane One year 3.15±1.04 3.33±1.05 

Total 3.29±1.03 3.27±0.98 

Maize One year 3.55±1.13 3.50±1.29 

Total 3.69±1.17 3.37±1.29 

Fodder One year 3.75±0.96 3.34±0.82 

Total 3.29±0.91 3.46±1.05 

Wheat One year 3.80±1.06 3.82±1.10 

Total 3.80±1.06 3.82±1.10 

One year  3.40±1.00 3.50±1.06 

Total  3.45±1.06 3.44±3.24 
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 Table 1.14: Incidence of pregnancy in female M. meltada captured from different cultivations in Faisalabad and Multan 
districts. 
 Faisalabad Multan 

Months 1st time 

bred 

2nd time 
bred 

3rd time 
bred 

Total 1st time 

bred 

2nd time 
bred 

3rd time 
bred 

Total

Summer, 2007  

June 1 7 0 8 1 3 0 4 

July 3 7 0 10 2 5 0 7 

August 0 10 3 13 1 5 3 9 

Total 4 24 3 31 4 13 3 20 

Fall, 2007  

September 0 8 1 9 2 8 0 10 

October 0 7 0 7 0 5 0 5 

November 2 0 0 2 2 0 0 2 

Average 2 15 1 18 4 13 0 17 

Winter, 2007-2008  

December 1 1 0 2 0 5 0 5 

January 2 1 0 3 1 2 0 3 

February 1 1 0 2 1 1 0 2 

Total 4 3 0 7 2 8 0 10 
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Spring, 2008  

March 2 5 0 7 0 3 0 3 

April 3 6 1 10 2 2 1 5 

May 1 9 2 12 2 10 1 13 

Total 6 20 3 29 4 15 2 21 

One year data 16 62 7 85 14 49 5 68 

Summer, 2008  

June 2 12 2 16 1 5 1 7 

July 8 12 0 20 2 5 0 7 

August 0 10 8 18 0 5 1 6 

Total 10 34 10 54 3 15 2 20 

Fall, 2008  

September 1 13 1 15 3 9 0 12 

October 0 11 0 11 0 3 0 4 

November 3 1 0 4 1 0 0 1 

Total 4 25 1 30 4 12 1 17 

G. Total 30 121 18 169 21 76 8 105 
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Table 1.15: Incidence of pregnancy in female M. meltada in different crops of Faisalabad and Multan districts 
 Faisalabad Multan 

Crops 1st time 

bred 

2nd time 
bred 

3rd time 
bred 

Total 1st time 

bred 

2nd time 
bred 

3rd time 
bred 

Total

Sugarcane  

One year data 6 29 4 39 6 25 3 34 

Total 9 60 11 80 8 43 5 56 

Maize  

One year data 1 7 0 8 1 3 0 4 

Total 5 21 3 29 2 8 1 11 

Fodder  

One year data 2 5 0 7 2 5 0 7 

Total 9 19 1 29 6 9 0 15 

Wheat  

One year data 7 21 3 31 5 16 2 23 

Total 7 21 3 31 5 16 2 23 

G. Total of reproductively active 

females 

30 121 18 169 21 76 8 105 

Total female sample size - - - 254 - - - 155 

% reproductively active females 11.81 47.64 7.09 66.54 13.55 49.04 5.16 67.74
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Table 1.16: Per annum estimates of M. meltada populations from cultivations of Faisalabad district 
 

District Breeding 
incidence 

% 
reproductively 
active female 

No. of 
females 

Number of litter per 
year 

Litter size No. 
produced/female/yr 

Total 
captured/yr 

(No) 
   (a) Observed 

(b) 
Expected* 
(c) 

Present 
study 
(d) 

Record 
from 
other 
studies 
(e) 

Estimated 
I 

(abd) 

Estimated 
II 

(ace)

Present 
study 

Faisalabad 

Third 
time 

2.49 7 3 4.5 3.40 6.00 71.40 189.00 

281 

Two 
times 

22.07 62 2 4.5 3.40 6.00 421.60 1674.00 

One 
times 

5.69 16 1 4.5 3.40 6.00 54.4 432.00 

Total 30.25 85 2 4.5 3.40 6.00 547.40 2295.00 

 
Number of crop fields sampled = 35 
Number of rats per crop field; 
a)                                Estimate I = 547.40 / 35 = 15.64 

b)                                Estimate II = 2295 / 35    = 65.57  

c)  From total captured rats       = 281 / 35       = 8.03   

* based on age of maturity, gestation period and lactation period including pro-estrum. 
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Table 1.17: Per annum estimates of M. meltada population from different cultivations in Multan District. 
 
District Breeding 

incidence 
% 
reproductively 
active female 

No. of 
females 

Number of litters per 
year 

Litter size No. produced/female/yr Total 
captured/yr 
(No.) 

   (a) Observed 
(b) 

Expected* 
(c) 

Present 
study 
(d) 

Record 
from 
other 
studies 
(e) 

Estimated 
I 

(abd) 

Estimated 
 II 

(ace) 

Present 
study 

Multan 

Third 
time 

2.52 5 3 4.5 3.50 6.00 52.50 135.00 

199 
Two 
times 

24.63 49 2 4.5 3.50 6.00 343.00 1323.00 

One 
times 

7.04 14 1 4.5 3.50 6.00 49.00 378.00 

Total 34.17 68 2 4.5 3.50 6.00 444.50 1836.00  

 
Number of crop fields sampled = 34 
Number of rats per farm house; 
a)                                Estimate I = 444.50 / 34      = 13.07 

b)                                Estimate II = 1836.00 / 34    = 54.00  

c)  From total captured rats       = 199.00 / 34       = 5.85   

* based on age of maturity, gestation period and lactation period including pro-estrum 
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Table: 1.18: Per annum estimates of M. meltada populations from Sugarcane crops in Faisalabad district 
 

District Breeding 
incidence 

% 
reproductively 
active female 

No. of 
females

Number of litter per 
year 

Litter size No. produced/female/yr Total 
captured/yr 

(No) 
   (a) Observed 

(b) 
Expected* 

(c) 
Present 
study 

(d) 

Record 
from 
other 

studies 
(e) 

Estimated 
I  

(abd) 

Estimated 
II 

(ace) 

Present 
study 

Faisalabad 

Third 
time 

1.43 4 3 4.5 3.40 6.00 40.80 108.00 

124 

Two 
times 

10.32 29 2 4.5 3.40 6.00 197.20 783.00 

One 
times 

2.14 6 1 4.5 3.40 6.00 20.40 162.00 

Total 13.89 39 2 4.5 3.40 6.00 258.40 1053.00 

 
Number of crop fields sampled = 35 
Number of rats per crop field; 
a)                                Estimate I = 258.40 / 35      = 7.38 

b)                               Estimate II = 1053.00 / 35    = 30.09  

c)  From total captured rats       = 124.00 / 35       = 3.55   

* based on age of maturity, gestation period and lactation period including pro-estrum. 
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Table 1.19: Per annum estimates of M. meltada population from sugarcane crops of Multan District. 
District Breeding 

incidence 
% 
reproductively 
active female 

No. of 
females 

Number of litters per 
year 

Litter size No. produced/female/yr Total 
captured/yr 
(No.) 

   (a) Observed 
(b) 

Expected* 
(c) 

Present 
study 
(d) 

Record 
from 
other 
studies 
(e) 

Estimated 
I 

(abd) 

Estimated  
II 

(ace) 

Present 
study 

Multan 

Third 
time 

1.50 3 3 4.5 3.50 6.00 31.50 81.00 

108 

Two 
times 

12.56 25 2 4.5 3.50 6.00 175.00 675.00 

One 
times 

3.02 6 1 4.5 3.50 6.00 21.00 162.00 

Total 17.08 34 2 4.5 3.50 6.00 227.50 918.00 

 
Number of crop fields sampled = 34 
Number of rats per crop field; 
a)                                Estimate I = 227.50 / 34      = 6.69 

b)                                Estimate II = 918.00 / 34      = 27.00  

c)  From total captured rats       = 108.00 / 34       = 3.18   

* based on age of maturity, gestation period and lactation period including pro-estrum
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Table 1.20: Per annum estimates of M. meltada populations from Maize crops of Faisalabad district 
 
District Breeding 

incidence 
% 
reproductively 
active female 

No. of 
females

Number of litter per 
year 

Litter size No. produced/female/yr Total 
captured/yr 

(No) 
   (a) Observed 

(b) 
Expected* 
(c) 

Present 
study 
(d) 

Record 
from 
other 
studies 
(e) 

Estimated 
I 

(abd) 

Estimated 
 II 

(ace) 

Present 
study 

Faisalabad 

Third 
time 

0.00 0 3 4.5 3.40 6.00 0.00 0.00 

38 

Two 
times 

2.49 7 2 4.5 3.40 6.00 47.60 189.00 

One 
times 

0.36 1 1 4.5 3.40 6.00 3.40 27.00 

Total 2.85 8 2 4.5 3.40 6.00 51.00 216.00 

 
Number of crop fields sampled = 35 
Number of rats per crop field; 
a)                                Estimate I = 51.00 / 35     = 1.46 

b)                                Estimate II = 216.00 / 35   = 6.17  

c)  From total captured rats       = 38.00 / 35      = 1.09   

* based on age of maturity, gestation period and lactation period including pro-estrum. 
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Table 1.21: Per annum estimates of M. meltada population from maize crops of  Multan District. 
District Breeding 

incidence 
% 
reproductively 
active female 

No. of 
females 

Number of litters per 
year 

Litter size No. produced/female/yr Total 
captured/yr 
(No.) 

   (a) Observed 
(b) 

Expected* 
(c) 

Present 
study 

(d) 

Record 
from 
other 

studies 
(e) 

Estimated 
I 

(abd) 

Estimated 
II 

(ace) 

Present 
study 

Multan 

Third 
time 

0.00 0 3 4.5 3.50 6.00 0.00 0.00 

21 

Two 
times 

1.51 3 2 4.5 3.50 6.00 21.00 81.00 

One 
times 

0.51 1 1 4.5 3.50 6.00 3.50 27.00 

Total 2.02 4 2 4.5 3.50 6.00 24.50 108.00 

 
Number of crop fields sampled = 34 
Number of rats per crop field; 
a)                                Estimate I = 24.50 / 34        = 0.72 

b)                                Estimate II = 108.00 / 34     = 3.18  

c)  From total captured rats       = 21.00 / 34          = 0.62   

* based on age of maturity, gestation period and lactation period including pro-estrum 
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Table: 1.22: Per annum estimates of M. meltada populations from fodder crops of  Faisalabad district 
District Breeding 

incidence 
% 
reproductively 
active female 

No. of 
females

Number of litter per 
year 

Litter size No. produced/female/yr Total 
captured/yr 

(No) 
   (a) Observed 

(b) 
Expected* 

(c) 
Present 
study 

(d) 

Record 
from 
other 

studies 
(e) 

Estimated 
I 

(abd) 

Estimated 
II 

(ace) 

Present 
study 

Faisalabad 

Third 
time 

0.00 0 3 4.5 3.40 6.00 0.00 0.00 

24 

Two 
times 

1.78 5 2 4.5 3.40 6.00 34.00 135.00 

One 
times 

0.71 2 1 4.5 3.40 6.00 6.80 54.00 

Total 2.49 7 2 4.5 3.40 6.00 40.80 189.00 

 
Number of crop fields sampled = 35 
Number of rats per crop field; 
a)                                Estimate I = 40.80 / 35      = 1.17 

b)                                Estimate II = 189.00 / 35    = 5.40  

c)  From total captured rats       = 24 / 35            = 0.69   

* based on age of maturity, gestation period and lactation period including pro-estrum. 
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Table: 1.23: Per annum estimates of M. meltada population from fodder crops of Multan District. 
District Breeding 

incidence 
% 

reproductively 
active female 

No. of 
females

Number of litters per 
year 

Litter size No. produced/female/yr Total 
captured/yr 

(No.) 
   (a) Observed 

(b) 
Expected* 

(c) 
Present 
study 

(d) 

Record 
from 
other 

studies 
(e) 

Estimated 
I 

(abd) 

Estimated 
II 

(ace) 

Present 
study 

Multan 

Third 
time 

0.00 0 3 4.5 3.50 6.00 0.00 0.00 

22 

Two 
times 

2.52 5 2 4.5 3.50 6.00 35.00 135.00 

One 
times 

1.00 2 1 4.5 3.50 6.00 7.00 54.00 

Total 3.52 7 2 4.5 3.50 6.00 42.00 189.00 

 
Number of crop fields sampled = 34 
Number of rats per crop field; 
a)                                Estimate I = 42.00 / 34       = 1.24 

b)                                Estimate II = 189.00 / 34      = 5.56  

c)  From total captured rats        = 22.00 / 34       = 0.65   

* based on age of maturity, gestation period and lactation period including pro-estrum 
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Table 1.24: Per annum estimates of Millardia meltada populations from wheat crops of Faisalabad district 
 
District Breeding 

incidence 
% 

reproductively 
active female 

No. of 
females

Number of litter per 
year 

Litter size No. produced/female/yr Total 
captured/yr 

(No) 
   (a) Observed 

(b) 
Expected* 

(c) 
Present 
study 

(d) 

Record 
from 
other 

studies 
(e) 

Estimated 
I 

(abd) 

Estimated 
II 

(ace) 

Present 
study 

Faisalabad 

Third 
time 

1.07 3 3 4.5 3.40 6.00 30.60 81.00 

86 

Two 
times 

7.47 21 2 4.5 3.40 6.00 142.80 567.00 

One 
times 

2.49 7 1 4.5 3.40 6.00 23.80 189.00 

Total 11.03 31 2 4.5 3.40 6.00 197.20 837.00 

 
Number of crop fields sampled = 35 
Number of rats per crop field; 
a)                                Estimate I = 197.20 / 35   = 5.64 

b)                                Estimate II = 837.00 / 35   = 23.92  

c)  From total captured rats       = 86 / 35             = 2.46   

* based on age of maturity, gestation period and lactation period including pro-estrum. 
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Table 1.25: Per annum estimates of M. meltada population from wheat crops of Multan District. 
 
District Breeding 

incidence 
% 

reproductively 
active female 

No. of 
females

Number of litters per 
year 

Litter size No. produced/female/yr Total 
captured/yr 

(No.) 
   (a) Observed 

(b) 
Expected* 

(c) 
Present 
study 

(d) 

Record 
from 
other 

studies 
(e) 

Estimated 
I 

(abd) 

Estimated 
II 

(ace) 

Present 
study 

Multan 

Third 
time 

1.00 2 3 4.5 3.50 6.00 21.00 54.00 

48 

Two 
times 

8.04 16 2 4.5 3.50 6.00 112.00 432.00 

One 
times 

2.52 5 1 4.5 3.50 6.00 17.50 135.00 

Total 11.56 23 2 4.5 3.50 6.00 150.50 621.00 

 
Number of crop fields sampled = 34 
Number of rats per crop field; 
a)                                Estimate I = 150.50 / 34       = 4.43 

b)                                Estimate II = 621.00 / 34      = 18.27 

c)  From total captured rats          = 48.00 / 34        =   1.42   

* based on age of maturity, gestation period and lactation period including pro-estrum
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DISCUSSION 
 Many estimates for the house rat populations at various localities of Sindh 

and Punjab provinces of Pakistan are available (Table 1.26). The present study extending 

over a relatively smaller period of one and half year was aimed at assessing the recent 

status of the rat abundance in the two district of Faisalabad and Multan representatives of 

comparable farming with respect to the use of chemicals; the cultivations of the later 

being the cotton crop in heavily sprayed with insecticides. There was no insecticidal 

effect on the house rat population as the same abundance and trap success was observed 

in the farm houses of the two localities. It seemed that the farm houses (deras) were safer 

from the offsite effects of chemical sprays employed in the crop fields especially the 

kharif crop of cotton (Table 1.1). 

The considerable difference in the trapping index of M. meltada was depicted 

between the cultivations of the two districts i.e., the overall trap success was 3.5 and 2.4 

for Faisalabad and Multan, whereas the total number of M. meltadas captured were 524 

and 301 respectively. The M. meltada’s number was considerably less in the wheat fields 

of Multan as compared to those of Faisalabad, whereas sugarcane and maize fields 

harboured more or less the same ratio of M. meltadas at two localities. Non sprayed 

fodder crop harboured almost the same number of M. meltadas with negligible difference 

in favour of those of Faisalabad. 

Trap success seems to be the best index to determine and compare the relative 

abundance of the non trap-shy rodents. To make this M. meltada more efficient pre 

baiting could be employed as given by Brooks et al (1990). The removal regression (RR) 

method needs exhaustive trapping. In the present study the abundance or population size 

was underestimated for Multan sample of R. rattus due to better number of trap nights set 

for the rat in Multan while for the same difference of trap nights the trap success at both 

localities was almost the same. Similarly per farm house density at Multan was also an 

under estimation as it was also based on total capture ignoring the trap night number. It 

should have been the same as calculated for Faisalabad provided the same number of 

traps set in Multan. 
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Table 1.26:  An account of per structure density estimates of R. rattus given in 
various studies conducted in Punjab 
 
 Structures  Density/structure  References 

1. Farm houses 
a. Faisalabad    6   (Mushtaq-ul-Hassan, 1993) 
b. Faisalabad    7.79   (Present study) 
c. Multan    5.88   (Present study) 
 
2. Grain shops 
a. Rawalpindi    44   (Ahmad et al., 1988)  
b. Lahore    53    (Ahmad et al., 1988) 
c. Multan    22   (Ahmad et al., 1988) 
d. Faisalabad New market  5   (Ahmad et al., 1988) 

Faisalabad Old market  17        (Ahmad et al., 1988) 
      e. Faisalabad    17          (Ali.1990) 
      c. Faisalabad    3   (Rafique, 2009) 
 

3. Houses 
a. Urban Faisalabad   11   (Ali, 1990) 
b. Rural Faisalabad   7   (Mushtaq-ul-Hassan, 1993) 
c. Kachi abadies    2   (Rafique, 2009) 
d. Developed colonies   0.45   (Rafique, 2009) 
e. Posh residences and Banglows 0   (Rafique, 2009) 
 
4. Shops in Faisalabad 
a. Grocery    25   (Khan, 1990) 
b. Sweets    7   (Khan, 1990) 
c. Village    11   (Mushtaq-ul-Hassan, 1993) 
d. Departmental stores   0.4   (Rafique, 2009) 
e. Bakeries    0.35   (Rafique, 2009) 
 
5. Miscellaneous 
a. Flour mills    4   (Mushtaq-ul-Hassan, 1993) 
b. Railway godowns   2   (Rafique, 2009) 
c. Poultry farms    2   (Rafique, 2009)
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 Mushtaq-ul-Hassan (1993) presented farm houses as supporting 6 rats per farm 

house whereas in present study 7.79 rats per farm house was observed. (Tables 1.7 and 

1.8). Accordingly, there were two estimates as 18.65 rats per farm house and 70.90 per 

farm house. These estimates are alarming with respect to previously recorded density of 

rats. 

The variable recorded density of rats per structure could be due to many reasons 

of type and amount of food, shelter and risk factors etc. Langton et al (2001) conclude 

that commensal rodent infestation intensity depends on unsatisfactory fit human 

habitations situated in the areas with many problems including neglected or derelict 

buildings, commonly in urban areas with high density residing. Moreover, the older 

structures in rural areas with small number of homes incubate populations of commensal 

rodents present in the surrounding agricultural areas. The farm houses (deras) depict the 

same picture of poorly built earthen walled and roofed katcha houses in between the 

cultivations. They are widely used to store seeds of cereals and cattle and poultry feed 

readily accessable to rodents around in the present study area. 

Table 1.27 provides a summary of per field M. meltada population size which was 

higher in sugarcane crop followed by wheat, maize and fodder crops. As far as the trap 

success of the M. meltada was concerned, it slightly declined as compared to previous 

records by Beg and Rana (1978). The mean litter size was also observed as smaller than 

that reported earlier. These findings were contrary to the success hypothesis of the species 

extending its distribution as mentioned in the “Introduction” chapter of this document. 

Among the probable reason for this decline affect of chemicals and monocropping and 

levelling of landscape heterogeneity for agricultural extensions could not be ruled out. 
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Table1.27: Summary of Population estimates of M. meltada in various crops of Faisalabad and Multan  
 
 

Faisalabad Multan 

Crops No. of 
crop fields 
sampled 

No. of rats per crop field 
No. of 
crop fields 
sampled 

No. of rats per crop field 

  Observed Calculated Estimated  Observed Calculated Estimated 

Sugarcane 35 3.55 7.38 30.09 34 3.18 6.69 27.00 

Maize 35 1.09 1.46 6.17 34 0.62 0.72 3.18 

Fodder 35 0.69 1.17 5.40 34 0.65 1.24 5.56 

Wheat 35 2.46 5.64 23.92 34 1.42 4.43 18.27 

Total 140 8.03 15.64 65.57 136 5.85 13.07 54.00 

 

Observed    = Rats captured in the present study 
Calculated  = Rats should be captured according to their mean litter size   
Estimated   = Rats actually present in the fields but could not be captured due to local trapping problems.    
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Chapter-4.2 

RESULTS 
Objective: 1  Part: B 
 

 
 
SUCCESS HYPOTHESIS OF Rattus rattus IN INDOOR SITUATIONS 
AND Millardia meltada IN AGRICULTURAL CROPS IN PUNJAB, 
PAKISTAN 
 

ABSTRACT 

 The overall success of individuals in a population to pass on their genes depends on 

finding opportunities of optimum food, choosing a shelter to rest and attracting opposite sex 

etc. In solving these problems, the animals interact with their environment through an 

optimal trade-off between finite costs and benefits. In the present study the success 

hypothesis of two rats, Rattus rattus in indoor situations and Millardia meltada in field 

conditions has been previewed in terms of their optimal body designs with respect to few 

characters and feeding niche. The importance of these characters could be discernible from 

their functional values with respect to the animal’s successful achievements of its 

requirements as previously discussed e.g., Ear length/HBL ratio seems to be best fit in the 

optimality model for indoor rats as well as those of out doors. Conclusively the feeding 

niche breadth seems to be major factor for which the two species have optimized for the 

good use of their gut morphology and physiology. 

INTRODUCTION 

 To predict about the success of different organisms is enormously complex but still an 

ecologist can say a great deal about the probability of success of an organism over an area 

by using some predictive tools including mathematical or statistical models for the general 

characteristics and behaviour of the organisms (Ehrlich, 1989). 

 A successfully establishing population includes most of its individuals with their best 

trade off in the environment in which they live. The trade off exists in terms of adaptations 
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in organisms in response to selective agencies of nature. In other words, natural selection 

pressurises the individuals of a population to optimize themselves with respect to various 

physiological and behavioural characteristics to utilize the limited resources such as food, 

space and mates etc. Because, selection will favour these organisms where morphology and 

behaviour will enhance their access to these resources (Pyke et al., 1977). This can also be 

previewed like that the variations are the inherent characteristic of a population (Darwinism) 

with respect to each morphological, physiological and behavioral character. Each 

independent or two or more interdependent characters vary mostly following the Quetelet 

principle (Simpson and Roe, 1967) in an established or optimized population with respect to 

those characters. The product of natural selection is an increased relative abundance of these 

individuals, with maximum number of optimized characteristics and the population presents 

an optimality model. Optimality models are based on three elements; the choices available, 

form and function being optimized, and the constraints. The success hypothesis can be tested 

on the basis of optimality model. Model of each characteristic constitutes a linear scale of 

variate ranging from minimum to maximum and an optimum in between these limits 

adopted by the organism at the expense of its struggle against all constraints related to their 

characteristic. For example, on a trophic scale of stenophagy through euryphagy the 

organism with moderate breadth of feeding niche would be expected more optimized with 

the respect to the cost benefit ration in the exploitation of food source in a particular space 

and time. Since euryphagy provides more choices still at the expense of physical constraints 

through adaptation of the organism. Thus the constraints of physiological adaptation delimit 

the feeding niche. However, the organisms feeding on wider ranges of food items seems to 

have optimized with the respect to the form and function of the organs used in the 

exploration, access, handling, manipulation, ingestion, digestion and procurement of 

nutrients and energy. Similarly, widely and rapidly extending geographical distribution, 

broad feeding niche, moderate relative body size, locomotive efficiency to avail protection 

and shelter, prolific breeding, parental care, and reduced predation risk are the success 

indicators of a species population. 
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 Ehrlich (1989) gave some possible concomitant potentials, of invasive species viz; large 

native range, presence in large number in their original range, very agile, broad  spectrum of 

diet, short generation period, high genetic variations, gregarious, females able to make 

colony alone, larger than most members of their colony, and able to function in a wide range 

of physical conditions. The success hypothesis of the two rats in their relative environments, 

i.e., indoor and outdoor situations of R. rattus and M. meltada respectively, was tested on the 

basis of morphometric, behavioral as well as ecological characteristics viz., Feeding breadth, 

Head and body length, ear/body length ratio, litter size, No. of litters per year, native range, 

tolerance in wider range, physical conditions, sociability and avoidability from their 

predators. The data included that of present study and many other published studies on the 

commensal rat, R. rattus and soft-furred field rat, M.  meltada.  Both rats were compared 

with the other rat species occurring in their respective communities (Appendices III and IV). 

MATERIALS AND METHODS 

The success hypothesis of the R. rattus and M. meltada in their respective 

environments was tested on the Optimality models (Foly, 1985: Maynard Smith and Savage, 

1956: Walker, 1981 and Lack, 1967, 1968). For this purpose a study on house rat (R.  rattus) 

and soft furred field rat (M.  meltada) in Faisalabad and Multan Districts was carried out 

from June, 2007 to November, 2008. The farmer represented mixed crop system in Central 

Punjab, whereas the latter wheat-cotton system in Southern Punjab (Figure: 1.1). 

An area of about 60 km around Faisalabad as well as Multan Districts was selected 

randomly in the periphery taking University of Agriculture and Baha-ud-Din Zikarya 

University as centers for both Districts to know the population abundance of R. rattus and 

M. meltada. In both district of Faisalabad (Figure: I.2) and Multan (Figure: 1.3) almost 18 

villages were sampled under the defined area. 

Indoor populations of rodents were judged by such signs like damaged to 

commodities, existence of burrows and their droppings etc. Rodent population was trapped 

with snaps traps (17 ×9.5 cm) and live traps (cages), bought from local market, set for three 

consecutive nights in the farm houses across the croplands around Faisalabad and Multan 
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cities. 100 traps were set each night. Traps and cages were placed in the farm houses one 

evening and picked up early next morning. 

 Outdoor populations of M. meltada were trapped with snaps traps and cages, set for 

three consecutive nights in the croplands. Trapping was done on monthly basis on each site 

and samples were collected fortnightly Traps were placed across field in the mid straight 

line or diagonally or along the edge about 15 ft inside the crop field and picked up early next 

morning. One Cage and three snap traps were placed alternatively at a distance of 15ft in a 

row in the field containing the suitable baits, bread soaked with Desi Ghee (processed 

animal milk). Traps were placed carefully upon flat and even ground. This was because even 

small animals did not like to step on something that tips are moves when touched. 

The captured animals were tagged with field numbers and brought to Biodiversity 

Laboratory, University of Agriculture Faisalabad for further findings. In laboratory each 

specimen was weighed in a triple beam balance (0.1 g). The standard body measurements 

like total length, head and body length, ear length and hind foot length of each captured 

animal were taken following Hall (1962).  

Different characteristics (Native distribution, body weight body length and E/HBL 

ratio) of each species population were attempted to modulate following Ehrlich (1989). The 

mean data of various studies conducted in the area were used to modulate the above 

characteristics. 

RESULTS 

1. Success story of R. rattus in Indoor situations 

1.1: Native Distribution 

Nowak (1999) recognized 51 species in the genus Rattus including those from 

south–east Pacific and Australasia. While, Corbet and Hill (1992) recognized 33 species 

referring it still one of the largest genera. Most of these species originated from tropical 

regions of south-east Asia, but two species have spread to almost every part of the world 

largely through man’s agency (Robert, 1997). These two species R. rattus and R. norvegicus 

are the most successful and widespread mammals in the world today. According to Robert 

(1997) the native land of black rat or roof rat, is said to be the Far East and now is the 
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common house rat of Indian subcontinent. The Arabian Peninsula is also said to be the 

anciently colonized region by this rat (Tollenaere et al., 2010), and thus the further extension 

of the native land of this rat is evidenced a criterion given by Ehrlich (1989) for the potential 

of invasion of a species population. Further, the success of this rat could be hypothesized by 

the following attributes of the rat. 

1.2:  Feeding Niche Breadth   

In comparison of those of other commensal rodents, R. norvegicus and M.  musculus, 

the R. rattus depredate on a considerably wider range of food items [(Smiet et al., 1980; 

Akhtar, 1981; Khan, 1989; Butt, 1990; Maqbool, 1990; Jamil, 1991; Rafique, 2009) (Figure, 

1.8)]. The rat might be a narrow generalist mainly feeding on cereal grains, but it is broadly 

euryphagous in its alternative or supplementary food sources and this would provide 

important advantages during periods when mere survival is more important than the 

successful reproduction. This indicates an optimized adaptability to explore food, digest and 

procurement of energy from relatively low quality food at the time of food energy crises. 

There is another species namely R. turkestanicus in the geographical limits of Pakistan. But 

this species is restricted to Murree Hills, Chitral, Dir, Swat, Kohistan, Gilgit and Baltistan, 

living on bare stony hillsides at 3100m (10,000ft) elevation and quite far from human 

habitations.           

1.3:  Body size 

 Species richness is generally related with body size. The small-bodied species may be 

adapting themselves to unfavorable environments, due to high rates of reproduction and 

population growth (Marzluff and Dial, 1991). These species are less prone to extinction, 

speciate at faster rate due to short inter-birth intervals (Read and Harrey, 1989) leading to 

higher species richness. 

 Among three commensals, the smaller body size of house mouse allows the mouse to 

restrict its activities to smaller hiding places ranging from those in the kitchen to impaired 

stores of the houses offering greater number of smaller shelters like small holes and crevices 

in the walls etc. The higher abundance of the mouse in the impaired houses of the 
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economically weak folk depicted the smaller size credit in favour of the mouse rather than 

roof rat (Rafique, 2009)    
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Figure 1.8: Feeding niche of commensal rats 
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The optimized (here moderate body size among commensal rats and mice (Figure 1.9 

and 1.10) body size of R. rattus has the advantages over two other commensals: 1) The rat 

replaces predominantly house mouse, M.  musculus in grain markets and grocery shops 

probably due to its larger size (Rafique, 2009). 2) It has no competition with Brown rat, R.  

norvigicus as it has acquired upper storey niche for its shelter and nesting taking the 

advantage of its better agility due to smaller size than that of brown or sewer rat which 

generally remains below ground for its food and foraging. Brown rat is not good climber 

probably due to its heavy weight, as that of this black or ship or roof rat (Fig1.9 and 1.10). 

This sub-habitat delineation seems to support the co-existence of these two devastating 

species in the same indoor habitats, because the replacement of any one by the other of these 

two rats has not been reported from anywhere. Since Roberts (1977) R.norvegicus was 

confined to Karachi city and Pasni on Makran coast and had not succeeded to colonize in 

smaller towns and villages in the interior. In 1996 a flourishing population of this rat in 

Lahore city Railway goods sidings and storage godowns was noticed by a survey team of 

Rodent and vertebrate Research Division of the Pakistan Agriculture Research Council. 

Now it has reached Faisalabad via shipment, as five specimens from Railway goods sidings 

and four specimens of R. norvegicus from shops of grain market were captured from along 

with many specimens of R. rattus (Rafique, 2009). From grain markets it is feared to 

establish its colonies into the interior of the town, where R. rattus seems to be free of any 

competition with this large size species due to its specialized/optimized agile body and 

better occupation of upper story (roof) niche. In other words spatial niche segregation of 

these two species is the result of independent optimization of partitioning of ecological 

resources, because these two species successfully co-exist (Kalinin, 1995; Roberts, 1997; 

Williams et al., 2003 and Rafique, 2009 ). 
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Figure 1.9:  Body weight comparison of commensal rats  
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Figure 1.10:  Head and body length comparison among commensal rats 
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1.4:  E / HBL Ratio 

 Miljutin and Lehtonen (2008) assumed that morphologically different species are very 

unlikely to compete. Co-existence of three commensal rats and mice in the same indoor 

situations is an indicative of no competition among them especially the R. rattus and R. 

norvegicus. The exploitation of same resources needs partitioning for successful co-

existence as mentioned above. To get the staple share each species would strive either by it 

physical (adaptations) or mental (behavioural) powers. The prompt optimizer will succeed to 

have an immediate access resulting in higher abundance and genetic diversity. Optimized 

adaptability in response to limiting factors such as predation risk factor also helps a species 

success. 

Assuming that external ear size and structure play a vital role locating the predators, 

presence in nocturnal environment of most of the rodents. Among the three commensals the 

largest ear with respect to the body size belongs to M.  musculus (Figure 1.11), the smallest 

animal of all three, probably has been maximized to receive the greater bulk of sound waves 

and to locate the expected danger or the transmitted sound of any item on its way which may 

be a food item too. This seems to be an optimization in favour of the house mouse helping 

better survival. The second larger external ear is possessed by R. rattus which is smaller in 

size from its congener and co-inhabitant R. norvegicus. Ear to head and body length ratio in 

these three commensals seem to be inversely proportional to the body size (Figure 1.11). 

From the above observations it could be concluded that feeding niche breadth or the 

optimization of the exploring, feeding, digesting and assimilating structures in R.rattus have 

probably played an important role in the successful establishment of this species the world 

over.    
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Figure 1.11: E / HBL ratio in commensal rats 
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2. SUCCESS STORY OF M. meltada 

2.1:  Distribution and Native Land 

 M. meltada was uncommon since 1977 in Amritsar region of the Indian Punjab (Llyod, 

1909). It became fairly common in the irrigated croplands of Sindh and Punjab and sandy 

loamy desert of Rajasthan of Pakistan until 1978 (Taber et al, 1967; Greaves et al., 1977; 

Beg and Rana , 1978), whereas it was also common in many parts of the India such as 

Indian Rajasthan, Ludhiana, Ahmadabad and irrigated fields in Mysore state. It became 

abundant in lower Sindh (Smiet et al., 1980) and extended up-to Southern Punjab (Beg et al., 

1980). Its devastating effect on millet and wheat crops was observed by Whitaker and 

Advani (1995). Accordingly, rats preferred the sandy habitats under cultivations and so were 

observed in Faisalabad (Beg and Rana, 1978). According to Roberts (1991a and b) it avoids 

purely sandy areas in southern Sindh and certainly tolerates quite saline areas having a 

predominantly halophytic type of vegetation, but in lower Sindh it is fairly widespread in 

Tharparkar and Thatta districts. In Baluchistan it has extended westward, through the main 

valley of Lasbela and Southern Kalat. In Punjab it has extended westward across the salt 

range of Kallar Kahar and Soon valley. Native land seems to be the oriental region of Indo-

Pak subcontinent extending from Bihar (India) in north-east down through the Deccan and 

into Sri Lanka. It is particularly abundant in Kathiawar and Gujrat in Punjab. 

From the distributional history of this rat it reveals that this is purely an outdoor rat 

of irrigated crop fields, grasslands, embankments, scrubs/shrubs and also tolerant of 

halophytic vegetation. 

Among other common field rats of this subcontinent like antelope rat (T. indica), 

Bandicoot rat (B. bengalensis), mole rat ( N. indica), the soft furred field rat, M. meltada 

seems to predominate in the exploitation of crop fields and many other habitats ranging from 

irrigated land to arid desert and saline tracts of halophytic vegetation in the present study 

area of Faisalabad and Multan districts. As the metad prefers well watered lands (Nameer et 

al., 2001), the expansion of canal irrigation to formerly barren and scrub country of the 

central Punjab (Faisalabad division) has opened new habitats for this rat for further 

expansion. Simultaneously during the present sampling it was observed that T. indica, 
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formerly a dominant and still in some open fallowlands and scrubs, has restricted its 

distribution with a discernible decline in its populations. Conversely, the vegetational 

change in this area is likely to help establishing the metad, M. meltada in the cropland of the 

area. 

The success story of M. meltada was also previewed on the basis of obvious 

optimality models of few of its morphological characters and accordingly optimized specific 

behaviour like those interpreted for R. rattus in indoor situations. As a first criterion given 

by Ehrlich (1989) for invasive species, the distribution and native land of metad has been 

described in above.      

2.2:  Feeding Niche Breadth 

 Figure1.12 represents the number of food items eaten by the four species of field rats. 

Accordingly, as many as 21 different food items have been recorded from the stomach 

analysis of the M. meltada (Akhtar, 1981 and 1990; Butt, 1990; Maqbool, 1990; Sultana, 

1993). It is the widest range among the field rats occurring in the area and also depicts its 

adaptability towards exploiting the food sources in a variety of habitats, in outdoor 

situations. 

2.3:  Body size 

 Smaller body size of the M. meltada among the rats belonging to other genera, but 

larger than its congener, M. gleadowi seems to has been optimized body size with respect to 

the exploitation of ground resources such as grass cover as it prefers thick vegetation cover 

such as grassy embankments (Roberts, 1997), leaf litter shelter or refuge in crevices or 

temporary burrows when life become harsh outdoor during  some season of the year, 

coexisting with regular burrowers like T. indica, B. bengalensis and N. indica in the 

cropland of this area (Figure 1.14). Use of seasonal shifts in habitat has also been reported in 

other small mammals (Southern, 1979; Statham, 1997), as well as in black/ house/ roof rats 

(King and Moller, 1997). 

 The predators of the rodents include cats, mongooses, jackals, foxes, owls, kites, hawks, 

lizards and snakes (Mahmood ul Hassan et al.2007; Prakash and Mathur, 1992). In optimal 

foraging theory (Stephens and Krebs, 1986) the predator prey encounter rate a function of 
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size and, therefore, predator should if possible utilize larger prey (Charnov,1976). But, the 

capturing, handling, and ceasing of larger prey may involve greater risks due to better 

capabilities of larger prey to escape (Pastorok, 1981). It may also increase the death risk of 

predator or may decrease its profitability (Sabelis, 1992). A study on Barn owl, an excellent 

rodent hunter (Neelanarganan, 2007), reveals that these owls mostly swallow whole prey 

when the prey size is small, while they feed on head and the body portion whereas only head 

portion of large sized prey is fed upon by the owl. Therefore, the selective partial feeding in 

larger, medium and small sized prey can be attributed to higher profitability (Ille, 1991). 

 Barn owl seems to have optimized in favour of medium sized body of the each of four 

rodent species common in the present study area as depicted in a study in India by Vanitha 

and Kanakasabai (2009). But the species specificity in favour of Suncus murinus (the 

remains of the shrew were present in 63% of the pellets of the owl studied) was evidenced in 

the study by Mahmood-ul-Hassan (2004) on Barn owl around district Gojra of central 

Punjab. 

 The M. meltada was 2nd preferred prey of the owl after bandicoot as also noted by 

Vanitha and Kanakasabai (2009) and Neelanarayanan (2007). The later author attributed the 

species preference to abundance of the species in the crop fields. (Figure 1.13 and 1.14). 

2.4:  E / HBL Ratio 

 It has been observed that more than 70 % males and 65% females belong to medium 

sized, highly frequent reproductive body weight class (Shahnwaz, 1990) and is at high risk 

of predation by Barn owl as observed by Vanitha and Kanakasabai (2009). But the probable 

increase in the abundance of M. meltada depicts its easy control over the predation risk 

which should have been any adaptation against easy capture by its predator. One of the 

apparent morphological characters seems to be the ear pinna size of this rodent. Figure 1.15 

reveals that the mean external ear size relative to body size is the highest among other rodent 

of the area and this seems to be an optimized character in maximizing the metad’s ability to 

detect sound of any movement of predator before it reaches to it and attempt to attack.
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Figure 1.12: Feeding niche comparison among field rats 
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Figure 1.13: Body weight comparison among field rats 
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Figure 1.14: Head and Body length in Field rats 
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DISCUSSION 

Life history theory assumes that organisms have limited energy, and must trade-off 

their investment in competing life history components, such as reproduction and survival. 

The investment strategy which yields the highest fitness for an individual may change 

according to the individual's condition (e.g. age, health), favouring facultative investment 

strategies. In such circumstances, organisms may display phenotypic plasticity in life 

histories in order to express the optimal investment strategy under different conditions 

(Schwanz, Lisa E.,2006). 

 An optimization is a relative continuous process related to the maximum use of 

resources by the organism at the expense of minimum input resulting in increased progeny. 

It means that organisms strived to adapt structurally and behaviourlly. Natural selection 

operates on the variations present in a population  and select outfitters till the form and 

function of the significant number of individuals in a population become efficient enough to 

pay minimum cost to the available resources and get maximum benefits resulting in 

increased number of offspring of that particular (species) population. It does not favour 

those variants that satisfy minimum requirements. In testing an optimality model we are not 

trying to test weather an animal is optimal, we start with the assumption that natural 

selection has designed maximally efficient animals. Ultimately efficient means good at 

getting genes to the future generation but in order to attain this goal, the animal is designed 

to weigh up costs and benefits at every moment of its life. The aim of an optimality model is 

to try to gain some insight into the nature of these costs and benefits and how the animals 

are designed to make decision. 

 Adaptation is a result of process of optimization of any morphological, physiological 

and behavioural character through natural selection. This process may be complete or 

incomplete with respect to the organs and their functions (of the organisms) playing role in 

the interaction of the organisms with their environment containing life resources especially 

food and shelter. The overall success of individuals in a population to pass on their genes 

depends on finding opportunities of optimum food, choosing a shelter to rest and attracting 

opposite sex etc. In solving these problems, the animals interact with their environment 
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through an optimal trade-off between finite costs and benefits. In the present study the 

success hypothesis of two rats, R. rattus in indoor situations and M. meltada in field 

conditions has been previewed in terms of their optimal body designs with respect to few 

characters and feeding niche. The importance of these characters could be discernible from 

their functional values with respect to the animal’s successful achievements of its 

requirements as previously discussed e.g., Ear length / HBL ratio seems to be best fit in the 

optimality model for indoor rats as well as those of out doors. Conclusively the feeding 

niche breadth seems to be major factor for which the two species have optimized for the 

good use of their gut morphology and physiology. 
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RESULTS 
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TOXICOLOGICAL EFFECTS OF BRODIFACOUM AND FOOD 
ENERGY INHIBITOR (CELLULOSE) ON SOME PHYSIOLOGICAL 
PARAMETERS IN HOUSE RATS (Rattus rattus) 
ABSTRACT 

This study was conducted to investigate the effects of two different rodenticides, brodifacoum 

(BRD) and food energy inhibitor (FEI) on some physiological parameters in house rats 

(Rattus rattus). A total of 42 rats were randomly divided into 3 groups in equal number. One 

group served as a control while other two groups were fed BRD and FEI rodent control pills. 

The results revealed that feed intake and body weights were significantly lower in FEI group 

as compared to control. However, liver, heart and kidney weights were significantly high in 

BRD group. Mean concentration of glucose and T3 concentrations were significantly low in 

BRD group, while, ALT, AST, T4, LDH and CK-MB concentrations were significantly high 

in the rats of BRD group. It was concluded from this study that BRD has significant effect on 

altering the physiology and biochemistry of house rats as compared to FEI. 

Keywords: Brodifacoum, Cellulose, House rats, Food energy inhibitor (cellulose) 

INTRODUCTION 

 Since the beginning of agriculture, farmers have been faced with the burden of how to 

deal with and control pests (Ling, 2005). Rodents have long been commensal with humans, 

and they are enormously successful because of their impressive reproductive rates, omnivory 

and specialised adaptations for gnawing. Annually, they spoil or destroy billions of dollars’ 

worth of crops, as well as eggs, hatchlings and stored (Masson and Litten, 2003). Rodents are 

also controlled to prevent damage to buildings and to inhibit the spread of diseases such as 

salmonellosis, fowl cholera, Weil’s disease, bubonic plague, and many others (Masson and 

Litten, 2003; Gage and Kosoy, 2005). Currently, there are two different methods of pest 

control, chemical and non-chemical methods. Non-chemical methods stress cultural, 

mechanical and biological controls as well as the strict avoidance or limited use of chemical 

baits (Ling, 2005). These methods include trapping, shooting and the use of predatory 
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organisms. Despite the availability of alternative methods of pest control, the use of chemicals 

play an important role in integrated pest management.  

 Brodifacoum (3- [3-(4' - bromobiphenyl-4-yl) -1, 2, 3,4- tetrahydro-1-naphthyl] -4- 

hydroxycoumarin) is an anticoagulant vertebrate pesticide used worldwide to control a variety 

of rodents that share habit and food sources with human, particularly house rats (Litten et al., 

2000; Donlan et al., 2003). BRD is a potent, second-generation, anticoagulant rodenticide 

developed in the mid-1970s and is favoured for the control of these pests because of its 

potency and effectiveness (Eason et al., 2002). Brodifacoum interferes with normal blood 

clotting by preventing vitamin K recycling which prevents the conversion of inactive 

precursors into active vitamin K-dependant blood-clotting factors (Litten et al., 2000). The 

normal daily damage to blood vessels is then no longer repaired so that animals die 

principally from blood loss and its sequelae respiratory or kidney failure (Mason and Litten, 

2003). On the other hand cellulose based rodenticide, formed of powdered corn cobs, is free 

of chronic developmental, reproductive and nervous toxicity. Moreover, negligible risk to 

environment is associated with it. It has been demonstrated that this rodenticide retains water 

in the gut, resulting in disruption of water transport through the gut wall, in turn interferes 

with normal digestion of the rodent (Mason and Litten, 2003). 

 To the best of our knowledge, the comparative study of these rodenticides on serum 

biochemistry is very sparse. Therefore, a research project was planned to investigate the effect 

of these rodenticides on some biochemical parameters of house rats (Rattus rattus).  

MATERIALS AND METHODS 

 The present study was conducted on 42 house rats (Rattus rattus) in District 

Faisalabad, Pakistan. To capture rats, 18 villages were randomly selected under the defined 

area. Indoor population of these rats were assessed by active signs of damage to the materials, 

railway tracks, existence of burrows and rodent droppings scattered on the site. When the 

required numbers of rats were captured, they were shifted to Department of Physiology and 

Pharmacology, University of Agriculture, Faisalabad, Pakistan. Upon arrival, they were 

weighed and randomly assigned to different metallic cages. Total of 42 rats were divided into 

3 groups having equal number of male and female rats (male=7, female=7 in each group). 

One group was treated with cellulose (FEI), second group was given BRD and third group 

was kept as control. Cellulose was given in the form of pellets according to the body weight 

(an average of 20 gm of pellets). BRD was given in the form of blocks containing 0.05% 

active ingredient. Whereas, the control rats were given the measured normal feed. The 

experiment was lasted for 14 days. It was a no choice test. Feed intake and body weight of 
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individual rats was measured on daily basis. At the end of experiment, rats were decapitated 

and blood was collected in clean glass test tubes. Blood was centrifuged at 167 × g for 20 

minutes to let the serum separated. The serum was separated carefully with pipette, placed in 

serum cups, labelled and stored at -20°C till analysis. Body organs like heart, liver, kidney, 

ovary, uterus and testes were removed and weighed on analytical balance.  

For the quantitative measurement of glucose in the rats’ serum, commercially available kit 

BIORAY CAT # 1426-6 was used. For the quantitative determination of AST (Aspartate 

Aminotransferase) and ALT (Alanine Aminotransferase) in the serum commercially available 

kit by RANDOX were used. Similarly, T3 (Triiodothyronine) and T4 (Total Thyroxine) 

concentration was also determined by commercially available kits (Randox®). For the 

quantitative determination of CK-MB (Creatinine Kinase–MB) in the rats’ serum, 

commercially available kit by SPINREACT Ref. No. 41254 was used. To determine the 

quantitative determination of LDH (lactate dehydrogenase) in the rats serum, commercially 

available kit by SPINREACT Ref. No.41220 was used.          

Statistical analysis 

 The data obtained was subjected to statistical analysis as described by Steel et al. 

(1997) to compare means of each parameter of controlled and treated groups (ANOVA) and 

in case of significant difference between different groups, Duncan Multiple Range Test was 

applied (Duncan, 1955). T-test was applied when data was compared between male and 

female rats irrespective of treatments. 

RESULTS 

 Mean feed consumption of male rate was significantly low in FEI group (Table 1). 

Mean body weight of male rats was significantly (P≤0.05) reduced in FEI treatment as 

compared to the control (Table 1). However, liver, heart and kidneys weights were 

significantly (P≤0.05) higher in BRD treated groups as compared to control and FEI treated 

groups. Mean testes weight did not differ between the treatments. Mean body weight of 

female rats was significantly low (P≤0.05) in FEI group (Table 2). Body weight of BRD 

treated female rats was higher than FEI treated but lower than control group. Liver, heart and 

kidneys weight were significantly (P≤0.05) high in brodifacoum fed group. No significant 

difference was found in uterus and ovary weights. No significant difference was noted in 

concentration of glucose, ALT, AST, LDH, T3, T4 and CK-MB in male and female rats 

irrespective of groups (Table 3). However, when the interaction of gender and group was 

analyzed statistically. It was found that glucose concentration was significantly low in FEI 

group (Table 4). Mean concentrations of ALT and AST were significantly higher (P≤0.05) 
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BRD fed group. T3 concentration was significantly low (P≤0.05) in BRD group while T4 was 

significantly high (P≤0.05) in FEI group. Mean LDH and CK-MB concentrations were 

significantly high (P≤0.05) in BRD group.     

 

DISCUSSION 

 Toxicological studies of BRD and FEI on serum biochemistry is extremely sparse. 

This research work was conducted to compare the effect of BRD and FEI on feed intake, body 

weight, organs weight and serum biochemistry of house rats. We found that feed consumption 

was lower in FEI treated group as compared to control. Since cellulose interferes with the 

digestive system by blocking the intestines and cecum (Mason and Litten, 2003). In this 

experiment it was observed that body weight of FEI fed was significantly lower compared to 

control group. The lower body weight could be attributed to low feed intake of FEI group 

which is ascribed to the mechanism of action of this compound. On the other hand, BRD 

caused sever blood flow of the rats (Litten et al., 2000) due to which they could not eat 

properly and resulted in less feed intake. Therefore we can conclude that the amount of intake 

feed determined the body weight of the rats of respective groups. In this study we also 

observed that weight of liver, kidney and heart were significantly increased in BRD group. 

Eason et al., (2002) found that in male rats fed 0.25 mg/kg/day sodium monofluroacetate, a 

second generation rodenticide like brodifacoum, the heart, liver and kidney weight were 

significantly increased in Sprague-Dawley rats. These results are quite consistent to our 

finding, therefore, we can speculate that the increased weight of these vital organs is due to 

inflammation and accumulation of toxic substances in these organs which ate the major sites 

of toxicity (Eason et al., 2002).          

 The studies of biochemical parameters have significant value in toxicological 

evaluations because of their alterations appear quite before the clinical symptoms produced by 

the toxicants (Rao, 2006). In this study we found that concentration of glucose markedly 

decreased in FEI group. The simple reason for this decrease is that since FEI fed rats 

consumed less feed, therefore, the levels of glucose in serum of both groups decreased. In this 

study, concentration of ALT and AST increased significantly in BRD group. The ALT and 

AST are liver specific enzymes and they are more sensitive measure of hepatotoxcity and 

histopathological changes and the increase level of these enzymes indicate damage in liver 

tissues (Rao, 2006). We can conclude that liver damage liberated liver enzymes into the blood 

and resulted in elevated level of ALT and AST. Glucose level in BRD group did fall between 

control and FEI groups, suggesting that glucose concentration was only slightly affected by 
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BRD. Further it is clear from the present data that glucose concentration of FEI and BRD 

groups was closely coincided with the amount of feed intake by the rats of their respective 

groups. In this study, the ALT and AST values of FEI group were only slightly affected by 

cellulose intake suggesting that this compound is not as toxic for liver as BRD.(is deleted as 

looking not suitable) 

 Normal T3 and T4 level is necessary for normal growth, development and maintenance 

of body functions. Brown (2003) reported that countless number of chemicals affect 

production, transport and metabolism of thyroid hormones. Lacasana et al. (2010) reported 

that environmental poisons may interfere with thyroid gland functions through different 

mechanisms of action, e.g., at the receptor level, in binding to transport proteins, in cellular 

uptake mechanisms or modifying the mechanisms of thyroid hormones. In our study, T3 

concentration was significantly low while T4 was significantly high in BRD group. Similar to 

our findings, Zaidi et al. (2000) reported that as a result of chemical insult the level of T3 is 

suppressed while T4 level is slightly elevated. Tseng and Chen (1992) concluded that drugs 

intoxication directly affects thyroid activity reducing T3
 activity or convert T3 into T4 and 

increased its level.                    

 In the present study, CK-MB was significantly high in BRD fed group. CK-MB is a 

dimeric enzyme which catalyzes the transfer of high-energy phosphate between ADP and 

creatine (Mitani et al., 2000). This enzyme has been reported to be elevated in myocellular 

necrosis, sever ischemia, myocardial infarction and causes increased mortality (Ricciardi et 

al., 2001; Landesberg et al., 2003). In out study, the elevated level of CK-MB may be due to 

the intoxication of BRD in heart tissues.  

 Electrophoresis analysis of LDH during mouse and rats show that Lactate 

dehydrogenase (LDH) is a tetramer consisting of two subunits. LDH along with AST and 

ALT are mainly used to the evaluation of hepatic toxicity of liver (Rao, 2006). According to 

Dere et al. (2007) when the membrane of hepatocytes is damaged, the contents inside the cells 

leak out into the blood including LDH. In this study, the level of LDH was significantly high 

in BRD group, indicating liver damage of the rats.       

 We can conclude that BRD and FEI caused significant alterations in serum physiology 

of house rats, however, the effects were more pronounced in BRD group compared to FEI. 
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Table 1: Mean±SE of feed intake, body, liver, heart, kidneys and testes weight of control, FEI 

and brodifacoum fed to male Rattus rattus 

Parameters Control FEI BRD 

Feed consumption (gm/day) 15.56±1.55a 10.44±0.89b 12.11±0.45ab 

Body weight 115.56±3.45a 80.43±2.33c 89.67±3.21b 

Liver  3.7±0.02b 3.8±0.04b 4.1±0.02a 

Heart  0.38±0.001c 0.50±0.001b 0.56±0.002a 

Kidneys  0.60±0.001c 0.9±0.002b 1.2±0.001a 

Testes  1.89±0.03 2.23±0.02 1.98±0.01 

Values (Mean ± SE) with different superscripts in a row differ significantly (P<0.05). 

Brodifacoum (BRD); Food energy inhibitor (FEI) 

 

 

 

Table 2: Mean±SE of feed intake, body, liver, heart, kidneys, uterus and ovary weight of 

control, FEI and brodifacoum fed to female Rattus rattus 

Parameters Control FEI BRD 

Feed consumption ( gm/day) 13.56±1.33a 9.81±0.78b 11.99±0.66ab

Body weight 113±10.73a 62.05±5.85c 72.89±9.19b

Liver  2.1±0.01c 3.6±0.01b 4.00±0.01a

Heart 0.27±0.001c 0.41±0.001b 0.54±0.002a

Kidneys  0.45±0.001c 0.91±0.002a 1.34±0.002a

Uterus  0.05±0.001 0.04±0.001 0.05±0.001 

Ovary  0.02±0.002 0.03±0.002 0.04±0.001

Values with different superscripts in a row differ significantly (P<0.05). Brodifacoum (BRD); 

Food energy inhibitor (FEI) 
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Table 3: Mean±SE of glucose, ALT, AST, T3, T4, LDH and CK-MB of male and female rats 

irrespective of treatments 

Parameters Male Female 

Glucose (mg/dL) 101.5±2.56a 111.29±3.45a

ALT (U/L) 35.12±1.23a 34.99±1.34a

AST (U/L) 28.45±2.43a 30.72±1.45a

T3 (ng/mL) 4.87±0.23a 3.99±0.42a

T4 (µg/mL) 3.59±1.34a 3.00±2.54a

LDH (U/L) 33.92±1.67a 43.67±1.78a

CK-MB (mg/dL) 355.65±6.76a 359.90±7.56a

Values with similar superscripts in a row do not differ significantly (P>0.05) 
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Table 4: Mean±SE of glucose, ALT, AST, T3, T4, LDH and CK-MB of control, FEI and BRD fed to male and female rats  

Parameters Control FEI BRD 

 Male Female Male Female Male Female 

Glucose (mg/dL) 155.33±2.12a 147.54±1.23a 68.76±1.45c 65.44±1.56c 120±3.22b 117.32±1.32b

ALT  

(U/L) 

11.23±0.99c 12.76±0.98c 32.44±1.22b 33.22±1.45b 46.78±2.11a 45.331.55a

AST 

(U/L) 

20.78±1.11a 19.22±1.34c 22.44±2.01ab 21.32±1.90b 26.56±1.11a 29.88±1.98a

T3  

(ng/mL) 

5.55±0.57a 4.99±0.33a 5.11±0.76a 5.15±0.98a 3.56±0.66b 3.78±0.24b

T4 

(µg/mL) 

4.98±0.77b 4.78±0.11b 5.89±0.45b 5.73±0.34b 7.61±0.98a 7.59±0.66a

LDH 

 (U/L) 

20.22±1.11b 22.34±1.99b 25.54±0.99b 23.98±0.78b 45.78±1.23a 47.98±0.99a

CK-MB 

(mg/dL) 

138.45±2.34c 143.22±2.13c 245.33±4.54b 260.56±3.22b 578.13±2.33a 567.12±4.23a

Values with different superscripts in a row differ significantly (P<0.05). Brodifacoum (BRD); Food energy inhibitor (FEI) 
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Chapter-4.4 

 RESULTS 
Objective: 2   Part: B  
 

 
 
EFFECT OF TWO DIFFERENT RODENTICIDES ON SERUM 
BIOCHEMISTRY OF HOUSE RATS (Rattus rattus) 

 
ABSTRACT 

 This study was conducted to compare the serum biochemical parameters of the Rattus 

rattus as influenced by feeding two different rodenticides i.e., brodifacoum and food energy 

inhibitor (cellulose). The experiment was conducted on total 42 rats which were divided 

equally into 3 groups. One group was fed brodifacoum while the other was fed cellulose. The 

third group served as a control. Both the groups were fed with the calculated amount of 

brodifacoum and cellulose for 14 days. At the end of experiment, rats of all the three groups 

were killed and blood was collected to obtain serum. Significantly low feed intake was 

recorded in food energy inhibitor fed group. Serum was analyzed for glucose, alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), Triiodothyronine (T3) and 

Thyroxine (T4). It was observed that serum glucose and T3 were significantly low (p<0.05) in 

brodifacoum fed group while ALT and T4 were significantly high (p<0.05) in brodifacom fed 

rats. The biochemical comparison of these rodenticides provides useful information regarding the 

controlling strategy of Rattus rattus. 

INTRODUCTION 

 Rattus rattus, an important cosmopolitan commensal rodent pest, damaging crops both in 

the field and in storage throughout the temperate and tropical regions of the world (Prakash, 

1988). Rodents, belonging mainly to the family Muridae (rats and mice) are known as pests in 

both  commercial  and  agricultural  situations.  These animals are considered to be one of the 

most damaging pests to crops. Almost all food produced for consumption by both humans and 

domestic animals are liable to be damaged by rodents during processing and  storage, leading to 

significant financial losses. Furthermore, they constitute a high health risk to both livestock and 
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humans, since rodents may transmit  diseases to humans and domesticated animals  either  directly 

through bites or through exposure  to  infected feces and urine, or by indirect means via a vector 

such as a fly or mosquito (Gage  and  Kosoy,  2005).  Their potential  to  cause significant 

economic loss and pose a health risk have lead to numerous rodent control techniques including 

both chemical and non-chemical methods. 

 First and second generation anticoagulants are widely used to control rodents. However, a 

problem remains with primary and secondary toxicity to non-target species. For example, 

secondary toxicity of anticoagulants in barn owls causes sub-lethal haemorrhages for several days 

(Godfrey, 1985). Brodifacom, the most toxic, has been proposed for use against a rodent 

population once a week for 3-treatments and it was found that brodifacom was as effective as 

zinc phosphide when offered for one feeding (Dubock and Kaukeinen, 1978). On the other 

hand, the available information suggests that cellulose from powdered corn cobs is not 

expected to exhibit chronic, developmental and reproductive or nervous system toxicity. 

Cellulose from powdered corn cob posses a negligible risk to the environment. Cellulose is a 

rodenticide for control of rats and mice indoors (e.g. buildings, barns, empty feed storage areas, 

warehouses) where no other food sources are available. Therefore, this study was designed to 

evaluate the effect of BRD (brodifacom) and FEI (Food energy inhibitor) toxicity on different 

parameters of house rats. 

MATERIALS AND METHODS 

 The present study on house rats (Rattus rattus) was carried out in Faisalabad District 

from June, 2007 to 240 November, 2008. In each district 18 randomly selected villages under 

the defined area were sampled. Indoor populations of Rattus rattus was assessed in the selected 

locations through the activity signs like damaged to the commodities, runway tracks, existence 

of burrows and rodent droppings and cereal grains and other scatters on the sites. The rats were 

kept individually in metallic cages in the  department of Physiology and Pharmacology, 

University of Agriculture, Faisalabad. Total of 42 rats were divided randomly into 3 groups. 

Group A contained food energy inhibitor fed rats. Group B was marked as brodifacoum fed 

rats while group C served as control. Feed and water were available ad libitum to all rats. Feed 

was offered in the form of baits and water was given in bottle, having the same number as 

that of relevant cage, equipped with stainless steel sipper tubes. The experiment lasted for 14 

days. 
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 Treated rats of group A were given the cellulose pellets according to the body weight (an 

average of 20 gm of pellets). Treated rats of group B were given standard doses of 

brodifacoum (in the form of blocks) containing 0.05% active ingredient. Whereas, the control 

rats were given the measured normal feed. Blood  from each remaining rats of groups A and B 

(both treated) and C (control) was collected in clean glass test tubes, allocated the same number 

as that of alive rats in the trial. Rats were decapitated  for collection  of  blood.  The test  tubes 

containing blood were placed in the laboratory for 10 minutes and then centrifuged at 167xg 

for 20 minutes to let the serum separate. The serum was aspirated carefully with a pipette, 

placed in serum cups (Eppendorf), labeled and stored in freezer (-20°C) till analysis. 

 For the quantitative measurement of glucose in the rats serum, commercially available 

kit BIORAY CAT # 1426-6 was used. For the quantitative determination of AST and ALT in 

the serum commercially available kit by RANDOX were used. Similarly, T3 and T4 

concentrations were also determined by  commercially available kits (Randox®). Inter-assay  and 

intra-assay coefficient of variation are less than 12% throughout the assay range, for both 

assays. 

Statistical analysis 

 The data obtained was subjected to statistical analysis as described by Steel et al. (1997). 

In case of significance difference between different groups  Duncan Multiple Range Test was 

applied (Duncan, 1955). 

RESULTS 

 It is clear from the results that mean feed intake was significantly low (P<0.05) in 

cellulose fed rats. However, there was non-significant difference in feed intake between control 

and brodifacoum fed groups. The mean concentration of serum glucose concentration was 

significantly low (P<0.05) in group B (Table 1). The mean serum ALT concentration was 

significantly high (P<0.05) in group B. However, mean serum AST concentration did not 

significantly differ among the studied groups. Mean serum T3 and T4 concentration was 

significantly low and high (P<0.05) in group B, respectively (Table 1). 

DISCUSSION 

 Studies on effect of FEI and brodifacoum (BRD) on biochemical profile are extremely 

sparse. The purpose of this study was to compare the effect of BRD and cellulose on feed intake 

and serum glucose, AST, ALT, T3 and T4 in house rats. In this experiment it was found that 
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feed intake was significantly low in cellulose fed rats. The reason for low feed intake by the rats 

is the result of the mechanism of action of cellulose which interferes with digestive system 

causing blockage in the intestines and cecum, resulting in low feed intake. It was observed 

that glucose was significantly low in BRD fed rats as compared to control rats. The reason for 

this decline may partially be less feed consumption by the rats of this group. Therefore, the 

levels of glucose in serum of both groups significantly decreased. Further decrease in glucose 

concentration in serum of BRD group is unclear, however, it is postulated that BRD interferes 

with glucose concentration in the blood and may result in death of rats. 

 In the present study, the level of ALT was significantly high in BRD group. The 

increase in ALT levels in the serum of rats can be attributed to liver damage at cellular level and 

also due to increase in plasma membrane permeability as a result this enzyme is liberated in the 

serum (Drotman and Lohorn, 1978). In a study feeding apple pomace (cellulose) to rats in 

different combination depressed the growth parameter including AST and ALT levels. In such 

rats liver damage was observed in post-mortem report. This also indicates that rats might have 

low level of enzymes required for utilization of feed high in fibers compared to other animals. It 

is also a well known fact that AST level is higher in conditions of liver damage and 

development of fibrosis. 

 Normal thyroid hormone levels are essential for growth, development and maintenance 

of tissue function. Count- less number of environmental chemicals has been found to affect 

production, transport or metabolism of thyroid hormones through variety of mechanisms 

(Brown, 2003). Zaidi et al. (2000) reported that TSH level was elevated, T3 suppressed and T4 

slightly decreased in chemical insults. BRD seems to affect directly on thyroid glands, reducing 

and release of T3 concentration or converts T3 into T4 and increases its level (Tseng and Chen, 

1992). Therefore, it is concluded that glucose level was significantly low in  BRD fed group, 

ALT was significantly high in BRD group. Whereas, T3 was significantly low and T4 was 

significantly high in BRD fed rats. This data provides useful information regarding the serum 

biochemistry as  affected by feeding two different rodenticides in Rattus rattus which will help 

in better understanding the control strategy of rats. 
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Table 1:  Average feed consumption, serum glucose, alanine aminotransferase, 
aspartate aminotransferase, triiodothyronine and thyroxine of control, FEI 
and BRD treated rats (Rattus rattus). 

  
Parameters FEI BRD Control 

Feed consumption (g) 10.2 ± 1.7b 13.88 ± 1.5a 12.79 ± 2.3a 

Serum glucose (mg/dL) 117.23 ± 4.99b 66.33 ± 5.78c 155.6 ± 5.44a 

Alanine aminotransferase (U/L) 31.13 ± 3.71b 44.33 ± 6.55c 10.45 ± 1.44a 

Aspartate aminotransferase 26.68 ± 3.12a 30.1 ± 5.78a 25.11 ± 2.44a 

Triiodothyronine (ng/mL) 4.9 ± 0.41a 3.23 ± 0.56b 4.4 ± 0.39a 

Thyroxine (µg/dL) 3.3 ± 2.74b 4.1 ± 2.56a 2.1 ± 1.8c 

Values (Mean ± SE) with different superscripts in a row differ significantly (P<0.05). 

Brodifacoum (BRD); Food energy inhibitor (FEI). 
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Chapter-4.5 

 RECOMMENDATIONS 
Objective-3 
 
 
 
With the commencement of agriculture, rats have created problems to farmers, since the 

rats have the food and taste preferences just identical to man, therefore best crops are 

damaged by the rats. They not only damage the agricultural fields abut also cause a 

tremendous loss to food grains stored in godowns despite extensive baiting. Normally 

chemical rodenticides are used to control the outbreak of rats. There is no rodenticide 

specifically used for cereal crops. Farmers use anything available in the market to kill the 

rodents haphazardly often without due regard for its effect on the target and non- target 

species. Farmers apply these rodenticides urgently without sufficient scientific approach 

or setting up, which are not cost effective.  The aim of this study was to find the affect of 

two rodenticides, food energy inhibitor (FEI) and brodifacoum (BRD) on the physical, 

biochemical and histopathological changes of house rat (Rattus rattus). The study 

showed that food energy inhibitor (cellulose) interfere with the digestion of wild type rats 

and leads to weight loss and ultimately death occurred. Ingestion of the FEI causes 

intestinal bloating as a result of inhibition of normal digestion, in turn considered to be 

caused by disruption of water transport through the wall of the gut. It interferes with the 

digestion of rats and leads to dehydration and weight loss. 

Cellulose was extracted from corn cobs, so it is anticipated that it will not persist in the 

environment. The pellets of FEI used in the trial did not contain any thing contaminating 

environment. It was also found that FEI pellets did not have any secondary or non target 

killing issue as with those of chemical rodenticides where residues of chemicals 

particularly the anticoagulants persist in the bodies of dead or dying rodents which are 

toxic to scavengers and predators. Cellulose pellets can be applied on commercial bait 

stations. These pellets can be used indoor where no alternative food sources are 

available. The result showed that both FEI and BRD were very affective against the 

rodents. However, it can be safely concluded that FEI was better rodenticide than BRD. 

Mortality was high in FEI group as compared to BRD group which is the ultimate utility 
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of a rodenticide. Moreover, FEI is cost effective and safe to use without any side effects 

of residues compared to BRD. 

From the wide native distribution and various morphometric characteristics of the two 

rats under study depicted that optimization with respect to their establishment in their 

respective habitats. The Millardia meltada seemingly slightly due to declined 

reproductivity is still feared to establish successfully in the saline scrubs and cropped 

areas of Punjab and Sindh and also to extend its distribution further in Pakistan where 

such habitats would be approached via man’s agencies of transportation. Especially the 

highly adapted gut physiology to wide range of food items would be suspected to help 

metad in a wide geographical range. 
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Chapter-5 

Summary  
 

 
 

A total of 682 R. rattus including 374 and 308 rats from Faisalabad and Multan 

respectively captured during a period extending from June 2007 through November 

2008. Whereas, as many as 827 soft furred field rats, 526 from Faisalabad and 301 from 

Multan were captured from various crops during this period.   

The house rat population, as assessed from trapping index was almost the same 

at both districts rather it was slightly skewed towards that of Multan. The trapping 

index of this rat was almost consistent round the year in the farm houses of the two 

areas. However, the population estimated by RR method was calculated as lesser 

number (399) of rats were present in the Multan than those (483) of Faisalabad. These 

different figures calculated by RR method could be related to the less intensive trapping 

in Multan. It meant that the estimates by RR method depended on the exhaustive 

trapping which was not achieved in the farm houses of Multan.  

The roof rat, R. rattus breeds round the year. Male R. rattus population was 

reproductively active during the months of November through June with a peak in 

March and April whereas July through October was a period of relatively lesser number 

of reproductively active males. The females were also found to breed round the year 

with the peak in number of pregnant females in November and December. Whereas, 

August and September were the months of lowest frequency of pregnant females. 

Similarly mean litter size was observed as 4.10± 0.79 and 4.08±0.76 at Faisalabad and 

Multan respectively. In an estimate the rat population of 33 farm houses in Faisalabad 

was calculated as 615.28 rats meaning as 18.65 rats per farm house. Whereas in 34 

farm houses of Multan, the rat number was calculated as 428.40 or 12.6 rats per farm 

house.  

Due to increasing distribution of M. meltada estimates of its population per unit 

of habitat were attempted because RR method was non functional. The trapping index 

of metads was 3.7 % in the crop fields of Faisalabad whereas; the trap success in those 

of Multan was 2.48 %. Wheat fields at both localities harboured high abundance i.e., 

5.6  4.66 and 3.2  1.87 rats per fields respectively. Sugarcane crop at both localities 

was next in percent capture field which was 4.7  3.92 and 3.1  2.86 in Faisalabad and 



  

Multan respectively. Maize fields had 2.9  3.84 and 1.3  1.74 percent rat capture 

followed by fodder with 1.7  2.90 and 1.1  1.64 at Faisalabad and Multan 

respectively. It bred round the year. It was observed that at a time 66.54% females were 

reproductively active in the cultivations of Faisalabad whereas, as many as 67.74% 

females had embryos, and placental scars or numerous placental scars on their uteri, 

showing at least 3 sets of placental scars. The percentage of females reproducing for the 

first time was 11.81, whereas 7.08% females were found to breed thrice a year. As 

many as 47.64 % females were observed as breeding for 2nd time in the cultivations of 

Faisalabad. Almost the same incidence of pregnancy or reproductive activity i.e., 

13.55% for the first time, 49.04% for the second time and 5.16% females were found to 

breed or had bred for third time in those of Multan. 

The abundance of the M. meltada was estimated in various crops at the two 

localities. Based on this data, the calculated (Estimate I) rats per different cultivations 

in one year in Faisalabad district were 15.64 whereas expected (Estimate II) were 65.57 

and from the present study captured rats were 8.03. In Multan district these values were 

13.07, 54.00 and 5.85 respectively. Based on this data, the expected population of the 

metad per sugarcane field per year in Faisalabad district were 7.38, 30.09 and 3.55 and 

in Multan district these values were 6.69, 27.00 and 3.18respectively. In maize field of 

Faisalabad district per year estimates of metad were 1.46, 6.17 and 1.09 respectively. 

Whereas, in Multan district the estimates of metad were 0.72, 3.18 and 0.62 

respectively. Per year estimates of metad per fodder field of Faisalabad district were 

1.17, 5.40 and 0.69 respectively. In Multan district these values were 1.24, 5.56 and 

0.65. Per year estimates of metad per wheat field in Faisalabad district was calculated 

as 5.64 and expected was 23.92 and total captured from present study was 2.46 and in 

Multan district these estimates were 4.43, 18.27 and 1.42 respectively.    

 The success hypothesis was tested  on optimality models. Success hypothesis of 

two rats, R. rattus in indoor and M. meltada in field situations were discussed in terms 

of their optimal body designs with respect to few characters and feeding niche. These 

characters are important in the form and function of these rodent species, e.g., body 

weight, body length, feeding niche breadth and Ear length / HBL. E/HBL ratio seems to 

be best fit in the optimality model for indoor rats as well as those of out doors. 

Conclusively the feeding niche breadth seems to be major factor for which the two 

species have optimized for the good use of their gut morphology and physiology. 
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    The effect of brodifacoum and food energy inhibitor on the feed intake, weight gain/loss, 

organs weight and biochemical profile of R. rattus was studied with respect to their 

applicability to control rat populations in indoor situations. After the given period of trial 

the important results recorded were as follow: Body weight was significantly decreased in 

BRD treated rats compared to FEI and control rats. Feed intake was significantly decreased 

in FEI group compared to the other groups, however, feed intake was lower in treated 

groups compared to control. Water consumption was also decreased significantly decreased 

in FEI group due to low feed intake.  

 Among the organs weight, liver weight increased significantly in BRD group which 

validate the previous conclusion that it is the most active site of rodenticide toxicity. In the 

same way, heart weight also increased significantly in BRD group compared to FEI and 

control groups. Due to most sensitive site of toxicity kidney weight also increased 

significantly in BRD group compared to FEI and control groups. 

 In biochemical parameters, glucose decreased significantly in FEI and BRD groups. 

CK-MB, ALT and AST increased in BRD group compared the other two groups. LDH also 

increased in BRD group. Among thyroid hormones, T4 increased significantly in BRD 

group while T3 decreased significantly in the same group.  

 Cellulose is one such compound that can be used as rodenticide having a 

different mode of action and having no secondary target.  
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Appendix I: Sampling schedule in subhabitats of Faisalabad and Multan 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Sampling Date 

 
Site In Faisalabad 

 
Site In Multan 

 
Crops  

13-07-07,14-07-07 
 

 Sher Shah Sugarcane, Cotton, 
Maize 

26-07-07,27-07-07 Dijkot  
 

Sugarcane, Maize 
 

19-08-07,20-08-07  Makhdoom Rashid Sugarcane, Cotton 
30-08-07,31-08-07 Mansurpura  Sugarcane, Maize 
09-09-07,10-09-07  Qadir Pur Ran Sugarcane, Cotton 
28-09-07,29-09-07 Rurkha  Sugarcane, Maize 
19-10-07,20-10-07  Allah Yar Pur Sugarcane, Cotton, 

Maize 
28-10-07,29-10-07 Kanianwala  Sugarcane,Maize 
16-11-07,17-11-07  Muhammad Pur 

Ghota 
Cotton, Maize 

28-11-07, 29-11-07 Abbaspur  Sugarcane, Maize 
11-12-07,12-12-07  Inayatpur Sugarcane, Maize 
28-12-07,29-12-07 Rara Tali  Wheat, Fodder, 

Brassica 
13-01-08,14-01-08  Darkhana Wheat, Fodder, 

Brassica 
26-01-07,27-01-07 Gutwala Araiyan  Wheat, Fodder 
13-02-08,14-02-08  Akbar Pur Wheat, Fodder, 

Brassica 
28-02-08, 29-02-08 Kurala  Wheat, Sugarcane, 

Fodder 
15-03-08,16-03-08  Jahangirabad Wheat, Brassica 
27-03-08,28-03-08 Miranpur  Wheat, Fodder 
19-04-08,20-04-08  Dograna Wheat, Sugarcane 

 
29-04-08,30-04-08 Ali Pur  Wheat, Brassica 

 
14-05-08,15-05-08 
 

Kurala  Fodder, Brassica, 
Sugarcane 

29-05-08,30-05-08  Mardan Pur Brassica, Cotton 
15-06-08,16-06-08 Inayatpur Chatta  Fodder, Maize, 

Sugarcane 
28-06-08, 29-06-08  Shahpur Cotton, Fodder, 

Sugarcane 
15-07-08,16-07-08 Fateh Kot  Cotton, Fodder, 

Sugarcane 

15-07-08,16-07-08 Fateh Kot  Cotton, Fodder, 
Sugarcane 



 X

 
 

28-07-08,29-07-08  Khokhar Sugarcane, Cotton 
15-08-08, 16-08-08 Rivazabad  Sugarcane, Maize 
29-08-8,30-08-08  Shah Rangpur Sugarcane, Cotton 

5-09-08, 6-09-08 Kot Ram Chand  Sugarcane, Maize 
30-09-08, 1-10-08  Dograna Sugarcane, Cotton, 

Maize 
13-10-08, 14-10-08 Kot Waseva  Sugarcane, Maize 
28-10-08,29-10-08  Kotla Sadaat Sugarcane, Cotton, 

Maize 
13-11-08, 14-11-08 Maduana  Sugarcane, Maize 
26-11-08,27-11-08  Ghara ban Sugarcane, Maize 
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Appendix-II: Environmental Data of Faisalabad and Multan districts         

  
  Faisalabad (MCZ) Multan (MCZ) 

Seasons  Months Temp. (oC) Rel. Humidity (%) Rainfall Temp. (oC) Rel. Humidity (%) Rainf
all  

  
  Max Min Mean 8 A.M. 5 P.M. Mean (mm) Max. Min Mean 8:00 AM 5:00 PM Mean (mm) 

Summer, 2007 
June 45.5 36 40.8 50.2 17.4 33.8 0 45.5 35.2 40.5 54.3 19.3 36.8 0 

  
July 36.6 25.4 31 72.2 60 66.1 159.4 47.3 39.1 43.2 72.9 43.3 58.1 3.6 

  
August 37.6 25.5 31.5 72.9 55.1 64 27 49.2 35.4 42.3 73.7 39 56.3 5.1 

Average 
 39.9 29.0 34.5 65.1 44.2 54.7 62.2 47.4 36.6 42.0 67.0 33.9 50.4 2.9 

Fall, 2007 
September 35.3 23.2 29.25 71.1 54.7 62.9 38.9 36.6 21.1 28.8 78.5 51.4 64.9 0 

  
October 33.7 14.8 24.25 66.6 36 51.3 Traces 28.7 21.5 25.1 81.7 55 68.3 0 

  
November 28 11.1 19.55 83 55 68.5 Traces 22.3 15.6 18.9 77.2 48.5 62.8 Traces 

Average 
 32.4 16.4 24.4 73.6 48.6 60.9 38.9 29.2 19.4 24.3 79.2 51.7 65.4 0 

Winter, 2007-08 
December 21.4 4.4 12.9 86.1 52 69.1 6 22.5 9.1 15.8 81.7 55 68.3 Traces 

  
January 17.5 2.2 9.85 83.4 50.7 67 58.7 19.7 5.9 12.8 78.5 51.4 64.9 3.6 

  
February 21.4 5.8 13.6 77.1 45.9 61.5 10.3 22.3 8.6 15.4 73.7 39 56.3 Traces 

Average 
 20.1 4.2 12.2 61.7 37.4 65.9 25.0 21.5 7.9 14.7 78.0 48.5 63.2 3.6 
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Spring, 2008 
March 31.5 15.4 23.45 68.5 40.9 54.7 Traces 28.7 15.1 21.9 72.9 43.3 58.1 5.1 

  
April 34 19.2 26.6 56.6 36.4 41.5 19.3 36.6 21.1 28.8 54.3 19.3 36.8 Traces 

  
May 38.4 23.4 30.9 50.6 34.2 42.4 53.9 40 22 31 56 80 68 4 

Average 
 34.7 19.4 27.0 58.6 37.2 46.2 36.6 35.1 19.4 27.3 61.1 47.6 54.3 4.55 

Summer, 2008 
June 45.5 35.2 40.5 54.3 19.3 36.8 0 46 36 41 55 20 37.5 0 

  
July 47.3 39.1 43.2 72.9 43.3 58.1 3.6 47.4 39.3 43.4 74.1 43.1 58.6 4 

  
August 49.2 35.4 42.3 73.7 39 56.3 5.1 49.2 37.1 43.2 72.8 39.3 56.1 5.5 

Average 
 47.4 36.6 42 67.0 33.9 50.4 2.9 47.6 37.5 42.6 67.3 34.2 50.8 3.2 

Fall, 2008 
September 36.6 21.1 28.8 78.5 51.4 64.9 0 38 20.2 29.1 78.2 50.2 64.2 0 

  
October 28.7 21.5 25.1 81.7 55 68.3 0 28.4 22 25.2 80.4 55.1 67.8 0 

  
November 22.3 15.6 18.9 77.2 48.5 62.8 Traces 25.6 16.1 20.9 76.6 43.8 60.2 Traces 

Average 
 29.2 19.4 24.3 79.2 51.7 65.4 0 30.7 19.5 25.1 78.4 49.7 64.1 0 

Overall average 
 34.2 20.9 27.5 66.8 41.6 56.9 28.9 35.5 23.5 29.5 71.5 44.0 57.7 2.5 
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Appendix-III  Different variables of commensal rats 
 
Variables M. musculus R. rattus R. norvegicus 
 Female Male References Female Male References Female Male References 
Feeding 
Niche 
breadth 
(Types of 
food items). 
(No.) 

11 11 Khan,1989; 
Butt,1990; 
Maqbool,1990; 
Rafique, 2009; 
Samiet et al., 
1980; Maqbool, 
1990.

20 20 Jamil, 1991; 
Akhtar, 1981; 
Rafique, 2009 

9 9 Rafique, 2009    

Average 
Body weight 
(g) 

19 24 Maqbool, 1990; 
Meehan, 1984; 
Craig, 1983. 

114 125 Mushtaq-ul-
Hassan,1981; 
Rahman,1988; 
Nighat,1989; 
Craig, 1983 

200 250 Craig, 1983; 
Niethammer 
1981; Robert, 
1997 

Average 
HBL (mm) 

60 70 Meehan 1984; 
Robert, 1997 

151.7 165 Mushtaq-ul-
Hassan,1981;  
Nighat,1989; 
Craig, 1983; 
Robert, 1997 

185 210 Niethammer 
1981; Robert, 
1997; Craig, 
1983   

 
Average ear 
length 

11 15 Robert, 1997 21 22 Robert, 1997; 
Nighat,1989 

16 18 Robert, 1997 

E/HBL ratio 0.1833 0.2143  0.1385 0.1334  0.0865 0.0857  
 

Average tail 
length(mm) 

71 87 Craig, 1983 ; 
Robert, 1997; 

187 202 Robert, 1997 190 220 Robert, 1997 
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Myers and 
Armitage, 2004 

Average 
hind foot 
length(mm) 

14 18 Robert, 1997 32 37 Robert, 1997; 
Nighat,1989 

44 50 Robert, 1997 

          
Mean Testis 
length(mm) 

- 5.53 Ambreen, 1989; 
Naz.1996 

- 8.70 Mushtaq-ul-
Hassan, 1981 

- 10 Grota and 
Ader,1969 

TV/HBL 
(TV=tail 
length) 

1.18 1.05  1.24 1.22  1.03 0.94  

Seminal 
vesicle 
length (mm) 

- 7 Ambreen, 1989 - 12.24 Mushtaq-ul-
Hassan, 1981 

- 13.56 Robert, 1997; 
Grota and 
Ader,1969 

Mean litter 
size (No.) 

5 - Robert, 1997; 
Ambreen, 1989; 
Maqbool, 
1990;Naz,1996 

7 - Mushtaq-ul-
Hassan, 1981; 
Robert, 1997,  
Beg et al. 1983; 
Brook et al. 1989 

10 - Grota and 
Ader,1969 

Average 
corpora 
leutea (No.) 

7 - Ambreen, 1989 12 - Brook and 
Hussain, 1978 

13 - Grota and 
Ader,1969 
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Appendix-IV  Different variables of field rats 

Variables B. bengalensis M. meltada T. indica N. indica 

 Female Male References Female Male References Female Male References Female Male References 

Feeding Niche 
breadth (Types of 
food items). 
(No.) 

15 15 Butt, 1990; 
Maqbool,         
1990;Siddiqu
e, 1989; 
Smiet et al., 
1980; Fulk et 
al., 1979; 

21 21 Akhtar, 1990; 
Sultana, 
1993; Akhtar, 
1981, Butt, 
1990; 
Maqbool, 
1990 

18 18 Amir, 1990; 
Sultana, 
1993; 
Ismail,1987; 
Shafiqu-ur-
Rehman, 
1981; Butt, 
1990; 
Akhtar,1981 

5 5 Puche,1982
; Fulk et 
al., 1979; 
Chowdhry 
et al., 1979 

Average body 
weight (g) 

165 170 Rana, 1989; 
Brook and 
Htun, 1978;    
Robert, 1997 

70 80 Robert, 1997 150 160 Mustafa, 
1989; 
Robert, 1997; 
Yasin,2008 

130 145 Arshad,1989
;Kalsum, 
1988;Robert
, 1997 

Average HBL 
(mm) 

175 183 Prakash,1975
;Robert,1997 

130 140 Nowak,1999; 
Robert,1997 

150 160 Yasin,2009;  
Robert,1997 

160 170 Robert, 
1997 

Average ear 
length (mm) 

18 24 Robert,1997 22 24 Yosida,1978; 
Robert,1997 

19 22 Yasin,2009;  
Robert,1997 

19 23 Arshad,1989
; Robert, 
1997 

E/HBL ratio 0.1028 0.131
1 

Robert,1997 0.1692 0.171
4 

 0.1266 0.137
5 

 0.1188 0.135
3 

 

Average tail 
length(mm) 

131 142  110 120  152 160 Robert,1997 115 122 Arshad,1989
;Robert, 
1997.

Average hind 
foot length(mm) 

32 35 Robert,1997 15 17 Yosida,1978; 
Robert,1997 

35 38 Robert,1997 32 35 Arshad,1989
;  Robert, 
1997 

Mean testis 
length(mm) 

- 11.82 Rana, 1989 - 12 Yosida,1978; 
Robert,1997 

- 15 Mustafa, 
1989, Ajmal, 

 15 Arshad, 
1989;  
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1975 Robert, 
1997 

TV/HBL 
(TV=tail length) 

0.75 0.78  0.92 0.8  1.02 1  0.72 0.72  

Seminal vesicle 
length (mm) 

- 12 Rana, 1989 - 12 Mustafa, 
1989, Ajmal, 
1975; 
Zaman,1975 

- 13 Mustafa, 
1989, Ajmal, 
1975 

- 13.5 Arshad, 
1989; 
Kalsum, 
1988 

 
 
 
 

Mean litter size 
(No.) 

7 - Rana, 1989; 
Beg et al., 
1981; 
Maqbool, 
1990; Ajmal, 
1975; Adeeb, 
1978 

6 - Beg et al., 
1978; 
Robert, 1997; 
Maqbool, 
1990;Lathp
ya et al., 
2003;Tahir,
1975; 
Khokhar et 
al,1993 
 

7 - Robert, 1997; 
Mustafa, 
1989; Khan, 
1982 

6 - Robert, 
1997 ; 
Adeeb, 
1978;Sout
hwick 
1969; Beg 
et al,1981 

Average corpora 
leutea (No.) 

10 - Rana, 1989 10 - Beg et al., 
1978; Robert, 
1997; 
Maqbool, 
1990 

11 - Mustafa,1989 12 - Southwick 
1969 
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