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FOREWORD 

The agriculture sector plays an important role in the economy of Pakistan. The prosperity of 

the people of Pakistan critically depends on the efficient utilization of agricultural resources and the 

performance of this sector as a whole. The R&D activities in the sector are oriented to develop and 

disseminate improved production technologies to enhance agricultural productivity per unit area in the 

country. 

Maximum benefits from the production technologies cannot be realized unless the crops and 

ciop products are protected from pests, weeds and diseases. Historically, pest management in most of 

the Asian countries remained limited to insects and disease control while little attention was paid to 

vertebrate pests. In Pakistan, the vertebrate pests depredations on agricultural crops are serious and 

economic losses run into billions of rupees annually. Failure to protect crops from the ravages of 

vertebrate pests means that the new developm,.nts in agriculturai technology for enhancing yields may 

not be utilized to their full potential. Also, the costly agricultural inputs are wasted as the vertebrate 

pests cause both pre- and post-harvest damage. 

Recognizing the magnitude am-' importance of the prblem, the Government of Pakistan 

launched two national pr( grammes to undertake research on various aspects of vertebrate pests and to 

develop safe, effective and economical control methods which are suitable and practical in the farming 

systems of Pakistav. Thcs. programmes were executed with the collaboration of FAO/UNDP and 

USAID (FSM Project). As a result of the activities of these progranmme:;, a body of knowledge on 

vertebrate pest management was developed which has been presented in this training manual. I hope 
highly valuable forthat the consolidated information contained in tho, publication will prove 

researchers, suibject specialists, extension workers and graduate students. 

The efforts made by the editorial committee in compiling this publication are appreciated. 

(Dr. C. M. Anwar Khan) 
Chairman
 

Pakistan Agricultural Research Council
 
Islamabad
 



PREFACE
 

This training manual on Vertebrate Pest Management grew out of a series of lectures given at 

several annual training courses on vertebrate pest management at the Training Institute, National 

Agricultural Research Cenre, Islamabad. Originally, they were simply compiled into a collection of 

lecture notes but, as the need for a manual was recognized, each author was asked to supply a more 

formal and complete outline. The lectures were then edited, rewritten and finally prepared as the 

present manual. 

The material is divided into 36 chapters. Each deals with a specific aspect of vertebrate pest 

covers the basic principles of vertebrate pest management.management. The first part of the manual 
Rodent pests are dealt with in detail. Then follows a section on minor lagomorph pests: Afghan pika 

pest, the wild boar. Theand desert hare. Four chapters cover Pakistan's most formidable vertebrate 

manual ends with five chapters "ipest birds. 

While the material has been prepared from the view point of problems in Pakistan, much of-it 

and tl,.e manual should prove useful to workers in adjacent countries in theis of general application 
South Asian legion. 

To keep the material relatively simple, no references to the background scientific literature 
to keep the material fromhave been included. This may be regretted by some but was necessary 

becoming too cumbersome. Several comprehensive bibliographic reviews on major vel tebrate pests of 

Pakistan are now available to help cover this need. Others are planned for the future. 

We hope this training manual will create awareness of the importance of vcrt(-brate pests in 

areas where ihere availablethe Pakistan agro-ecosystem. It brings knowledge into was none or was 

only in scattered articles. The publication of this manual should help those who need this knowledge. 

The editors and authors wish to express their appreciation to those whose comments were 

used in shaping the materials for training. To all who labored hard on getting this manual ready for 

publication go our heartfelt thanks. 

Permission to reproduce illustrations of several rodent species and their distribution maps 

from T.J. Roberts' 77te Mammals of Pakistan was kindly granted by the author and the publisher, 

Charles Knight Publishers, Croydon, England. This permission is greatfully appreciated. 

We express our kind appreciation to the MART project staff for their assistance in utilizing 

the laser printer. Special thanks go to Mr. Khalil Ahmad, Scientific Photcgrapher, SIU, NARC, 

Islamabad for his help in the preparation of ilustrations in .his manual. 

was printed with finds made available by the U.S. Agency for InternationalThis publication 
Development under the Food Security Management Project. Thanks are due to Dr. Thomas M. Olson 

and his staff at USAID for providing this assistance. 

Editors 



Introduction 

A REVIEW OF VERTEBRATE PEST PROBLEMS IN PAKISTAN AND THEIR IMPACT 
ON AGRICULTURAL ECONOMY 

By Mian Mohammad Shafl 

A. Introduction 

No country is free from the depredations of vertebrate pests, especially by rodents, which in 
many cases cause szvere economic losses resulting in malnutrition and even famine. Pakistan, having 
different climatic zones and with complex cropping patterns and practices, also suffers economic losses 
due to rodents, birds, wild boars, porcupines, and pikas, etc. Standing cereal crops and stored 
commodities are affected by rodent and bird pests. In some cases vertebrate pest damages have 
become limiting factors in the introduction of new crops, such as sunflower, which is seriously damaged 
by parakeets This growing concern about the extensive damage caused to crops in fields and storages 
by vertebrate pests led the GOP to establish the Vertebrate Pest Contiol Laboratory kVPCL) in 1971 
with the assistance of UNDP/FAO with the following research and development objectives: 

Identify the major vertebrate pest problems in different agroecosystems. 

- Assess crop and food storage !osses from vertebrate pests. 

- Develop safe, effective and economical control methads through testing new products 
which are suitable and practical for farmers. 

- Test rodenticides and avicides both under laboratory and field conditions so as to help 
the concerned agencies in regulating their use. 

- Demonstrate vertebrate pest control techniques at farm level through pilot control 
programmes. 

- Investigate rodent-borne diseases hazardous to humans and livestock. 

- Transfer knowledge to the farming community through the Provincial Agricultural 
Extension Services by holding master trainer courses, seminars and producing a wide 
range of advisory bulletins, leaflets and pamphlets. 

B. Identification or Problems 

In Pakistan, there are 43 different kinds of rodents, the majority being rats and mice, but 
included are porcupines, giant flying squirrels, and some very exotic looking desert gerbils. Although 
fifteen species are regarded as pests, only five are of major importance which cause damage to major 
crops. Of great importance is the fact that the two major groups of rodents are represented among 
these five; those that live in desert and those that live in moist areas. 

Ir ricefields, the lesser bandicoot rat, Bandicota bengalensis, is the major pest in the southern 
part of Sind and in major crop-growing areas of Punjab. Millardianieltada, Nesokia indica and Mus sp. 
are secondary pests of ricefields. In the sugarcane crop, M. meltada and N. indica are most abundant 

and cause damage to standing canes and their roots, respectively. In irrigated wheat fields, B. 
bengalensis and M. niellada are the primary pests in central Punjab and northern Sind, respectively. In 
rainfed areas, the wheat crop is damaged by sand rats or jirds (Meriones spp.) and bandicoot rat. 
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The porcupine, Hystrix indica, is a serious pest in forest plantations, root and vegetable crops,orchards, maize fields, and can cause breaches in canals, resulting in loss of irrigation water andproperty. Two other important vertebrate pests which are of economic importance are the pika,Ochotona nifescens, and the Murree vole, H)peracrius wynnei. Both species cause damz"ge to appleorchards, potatoes and forest nurseries in high mountain valleys of Ziarat (Baluchistan), Murree Hills"and in much of Hazara Division mountains. They debark apple trees above and below ground level. 

A major problem, widespread in Pakistan, is the wild boar, Sus scrofa, which does severedamage to crops and forests and is found in riverine areas, swamps, forests and irrigated lands.Sugarcane, maize, groundnuts and forest nurseries are severely damaged, in addition to minor damage
to many other crops. 

Among the many granivorous and frugivorous birds, only two are of major importance. Thehouse sparrow, Passerdomnesticus, causes damage to cereal crops, although its role as a beneficial birdhas yet to be determined. It also causes damage to bagged cereals in storages. The other bird pestspecies is the rose- ringed parakeet, Psittaculakramei, which does severe damage to maize, sunflower,citrus and minor damage to some grain crops. It has been observed recently, that house crows, Corussplendens, pull out seedlings of wheat and pluck pods of groundnut. 
In the post-harvest management systems, three rodent species; Ratms rattus, Alus musculus 

and Tateraindica; infest grain storages thri)ughout the country. The Norway rat, R. nonegicus, a usualpest o"grain storage, is found only in port areas in Pakistan. 

C. Economic ILosses 

The results of extensive countrywide crop damage surveys conducted by the Vertebrate PestControl Laboratory and repeated over two or more seasons are summarized in Table 1and 2. Damageestimate techniques have been developed and improved to evaluate losses from rodents and birds tostanding rice, wheat, sigarcane, sunflower, maize and citrus. 

Field rats destroy as much as Rs. 193 million of rice crop in a bad year while losses to wheat
are about Rs. 472 million. Sugarcane and groundnut crops are also severely damaged by rats and wild
boar and economic losses are estimated at Rs. 534 million. 
 Bird pests cause annual losses of over Rs.500 million to wheat, maize, millets, sunflower and fruits. Pika, voles and porcupines cause Rs. 55million damage to apple orchards and forest plantations. Altogether, it has been estimated that
vertebrate pests cause economic losses (pre-harvest), directly or indirectly to the tune of Rs. 1893.00
million annually based on 1984-85 production statistics of crops.
 

Field studies by the VPCL showed that in the larger government-owned grain stores the
losses from rodents altogether of economic importance, were overall of much less magnitude than preharvest loss.:-
in the field and post-harvest losses at farm/ village level. There are losses of about 1%in govcrnm nt owned storages and range from 5 to 10% at market and farm/village level. 

D. Development and Evaluation ofManagement Technilques 

Applied research trials have been conducted in all crops, orchards, forest and coconutplantations and grain storages to develop and evaluate different materials and methods to reducevertebrate pest damage. A brief description of the work done by VPCL on these aspects is as follows: 

1. Fild ropM 

In paddy, pilot trials using several rodenticides and baiting methods were conducted in Sindand Punjab. Twenty to 30% higher yields were obtained from the treated fields as compared to theuntreated ones. In all these field studies 20- to 50-fold returns were obtained on the costs. In sugarcane 
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trials, mostly conducted in lower Sind areas, acute and chronic poison baits decreased the rodent 
population by 70 to 97% and a I to 8 cost/ benefit ratio was obtained. Control trials conducted in 
wheat fields in Punjab and Sind, using second generation a,,icoagulants and recently developed acute 
poisons, obtained 38% higher wheat yields. 

Table 1: Estimates of Crop Losses Due to Vertebrate Pests in Pakistan 

.........................................................................................................--o

S.No. C r o p P e s t 	 Pre-I larvest Annual Losses 
(%) (Million Rupees) 

1. 	 Wheat Rats 2- 9 472.(X) 
(irrigated Birds 2 -11 44,0.0() 
& barani) 

2. Rice Rats 	 3-8 193.(0 

3. 	 Sugarcane Rats & 2.5 - 9 513.(X) 
Wild Boar 

4. 	 Groundnut Rats & 5 -10 21.(X) 
Wild Boar 

5. 	 Maize Birds & 5-10 147.() 
Wild Boar 

6. Sunflower Parakeet 	 14 -16 2.00 

7. 	 Deciduous Parakeet, 5 - 6 25.00 
Fruits Vole, Pika 

8. 	 Citrus Parakeet 12 30.00 

9. 	 Forest Porcupine 20 or More 30.(X) 
Plant ations 

.............................................................................................................
 

Grand Total Rs. 1893.A) 

* Based on 1984-85 Government Support Prices. 

2. 	 Forests and Orchards 

Various poison baits e.g. sodium monofluoroacetate (1080) strychnine and funiigants (Detia, 
Phostoxin & Cymag) were evaluated against porcupines in forest plantations and along the banks (If big 
irrigation canals. All were highly effective but balting may expose non-target species, hence utmost care 
is required in their use. A ne,.y developed pyrotechnic device, which on ignition releases carbon 
monoxide, reduced the por upiac population by 81) to W('1,. 

Bait materials and tcciipi cs have been developed against pikas aiInd voles. Against pik as, 
baiting using anticoagulants and acute poisons were highly successful in apple orchards. A sticky paint, 
"OSTICO", and a similar compound developed by VPCL gave 1X)0% control against pikas and voles. 
Other control techniques using physical methods and habitat manipulation are still to be evaluated and 
preliminary results are highly encouraging. 
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Table 2: Estimates of Post-Harvest Losses in Grain Storages Due to Rodents 

S.No. Type of Average Loss Total Annual* LossesStore Crop Storage (%) Losses (Millioi, Rupees) 
(mt) (mI) 

I--------------------------------------
1. Village and Wheat 500,000 5 25,000 45.69 

primary grain 
market level Rice 800,000 5 40,000 120.16 

2. Public sector Wheat 3,907,00) 1 39,070 79.41 
storages Rice 5,292,(XJ 1 52,020 169.56 

Total 156,(0 414.82 

Based on 1984-85 Government Support Prices. 

3. Wild Boar 

Initial trials against wild boar, using zinc phosphide, endrin and 1080, conducted by VPCLindicated poor acceptance of zinc phosphide but endrin and 108(0 were taken if mixed with molasses.Trials conducted by the sc;entists of the University of Agriculture, Faisalabad showed that high
mortality of wild boar can be achieved with Temik by using different kinds of bait materials. Later
trials conducted by VPCL, where prebaiting was done with plain bait followed with 1080 at 0.03% inbaits, were successful in killing 80 to 9)% of the boars. Trapping, as used in Australia and NewZealand, has not been evaluatcd in Pakistan. Economic exploitation of the wild boar population might
be an effective method of controlling this pest but would be difficult in a Muslim country. 

4. Bird Pest Control 

Birds are difficult to control because of their behaviour and feeding habits. Field studies havegiven erratic results when using bird repellent chemicals against pprakcets and house sparrows.
However, in one case, the maize crop was protected from parakeet damage when mcthiocarb mixedwith water and a sticker was used at the rate of 2-3 kg/ha. Laboratory evaluation of a distress
producing chemical, 4 -aminopyridine, indicated that both parakeets and house-sparrows are
susceptible to this material at normally recommended field concentrations. 

5. Prevention of Losses inGrain Stores 

Field studies conducted by VPCL, mostly in Karachi, indicated that liquid baits of warfarin arehighly effective in small stores as compared to open shed type stores. In private sector grain storages,
the trials were highly successful when tracking dusts of zinc phosphide (5% & 10%), pyriminyl (10%)and coumatetralyl (0.0375%) were used in bait security boxes. Use of ultrasounds or other non
chemical me , iods have not been tried yet. 



General Principles 

GENERAL PRINCIPLES OF VERTEBRATE PEST MANAGEMENT 

By Mirza Azhar Beg 

Animals which have a back-bone are called vertebrates. Fishes, amphibians, reptiles, birds 

and mammals are all vcitebrates. Most of the vertebrate pests come from amongst the classes of 

Any animal within these five classes becomes a pest if by reason of its foodmammals and of birds. 

habits, population size, or disease harbouring propensities, it adversely affects mans' resources and well
 

being.
 

The vertebrate pests are largely primary consumers and utiliue the organic materials 

manufactured by plants. Man is also a primary consumer especially in developing countries and strives 

to obtain the maxinuini of the crop production for use by his own poptu lation. So, he is in direct 

conflict with other consumers who attempt to share the produce of his cultivated plants. Through 

agriculture, man fosters simplified systems and reduces food chains to their simplest terms. 

Ecosystems with simple trophic stri.cturcs arc usually unstable and more vulnerable to drastic ecologic 

change than are ecosystems with complex trophic structures. Thus agroccosystcms must be carefully 

managed to forestall rapid takeover by opportunistic, highly adaptable species which are called weeds 

and pests. 

A. Population Size 

aA population is a group of organisms of the same species occupying a particular space at 

particular time. The population has various group characteristics that cannot be applied to individuals. 

The basic characteristic of a population that we are interested in is its size or density. The four 

population parameters that affect size are natality, mortality, immigration and emigration. In aidition 

to these attributes, there are secondary characteristics of a population, such as its age distribution, 

genetic constitution, and patterns of distribution. The population attributes concerned with changes in 

abundance are interrelated as follows: 

Immigration 

+e, 

Natality +..._ Density _ MortalityI
 
Emigration 

These four processes are the primary population parameters. When we ask why population 

density has gone up or down in a particular species we are asking which one or more of these 

parameters has changed. 

Some of the population attributes follow certain patterns and allow us to predict the 

consequences of the actions taken against the population. These predictions are of basic importance in 

the management of pest populations. 
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B. 	 Population Gro-lh. 

The great rcproductivc potential of most 	 pests give them a capacity for rapid populationgrowth 	 in favourable habitats. Many newly developing populations reveal exponential growth.exponential growth cannot continue for long. 	
But 

It must 	and doe corn-: to an end, and the pattern inwhich this is achieved constitutes a population growth curve. 

Some populations tend to increase exponentially until they outstrip the resources and thencrash. 	 This type of population growth can be depicted by the following J - shaped curve: 

U 

.) 
r,,, 

0 

dN/dt = rN N = Population sizc 

0., 
dN/dt = Change in population per unit 

time, t 
r = Instantaneous rate of increase 

Time -----> t 
On the other hand, many populations grow in a much more orderly fashion especially in theupper, or controlling, stages of growth and the result is an S- shaped curve: 

z 
N 

dN/dt 	 rN f(K-N)/K] 

0.0" 	 K =Asymptote or saturation level 

Time -----> I 

Populations which tend to exhibit J - shaped growth are often known as 'r' selected, r referringto the rate of population growth per capita in the equation dN/dt = rN. 	 Populations with this type ofgrowth reproduce at an early age, have large littcr (clutch) sizes, reproduce frequently, and have shortlife spans. They can utilize new resources quickly or invade ncw areas when the opportunity arises butthey are often subjcct to high mortality and sudden decline. Many pest species conform to this pattern.Thus control of pest popula!ions usually involves management of populations with high reproductive
potentials and high recovery abilities 

C. 	 Methods of Control 

Most methods that are used for controlling the populations of vertebrate pests involvemanipulation of mortality, natality, immigration, and emigration forces through various means. 
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1. Chemicals 

Pesticides: The most common and effective method of attack on pests involves use of poisons 
in food. The substances used are of two types (i) acute poisons which kill the pest with a single dose, 
(ii) chronic poisons which require repeated ingestion over several days. Anticoagulants (chronic 
poisons) have been effectively used against rodents. 

Fumigants: Fumigation is the killing of pests with gases. They are used to kill rodents in 
burrows in the so;l. 

Chemosterllants: Chemosterilants are chemicals capable of producing temporary or 
permanent sterility in animals. The sterile animals compete with the fertile individuals for the 
resources, yet they do not contribute to the birth rate. Uader these conditions, the birth rate drops 
below the death rate and the population declines towards extinction. 

Poison Dusts and Contact Poisons: Poison dusts have been used against rodents, whereas 

contact poisons have been used for killing birds in their roosts and for poisoning the perching sites. 

2. Renvilents and Scarlng Devices 

Scaring devices are a long-practiced art. Modern adaptations of scaring techniques utilize the 
basic receptor senses of the pests, namely, those of taste, sight, and hearing. Any agent affecting these 
senses and subsequently keeping the pests away from a food source can be classified as a repellent. 
Auditory and gustatory repellents are usually more effective than visual ones. Auditory and visual 
devices generally become less effective as the pests become conditioned to them. 

A variety of devices have been used to keep pests away from crops. These include electric 
fences, crackers, sounds produced by machines, playback of distress and alarm calls, reflecting tapes 
and other visual and chemical repellents. 

3. Traping and Nettin, 

Traps are used for mechanical killing or capturing of vertebrate pests. The most frequently 
used traps for killing or capturing rodents are snap traps and cage traps of several designs. Modified 
Australian crow traps have been effectively used for capturing sparrows and parakeets in some 
situations. Mist nets are used for capturing small birds and bats. Trapping and netting are employed 
for killing or capturing pests where use of toxicants is to be completely avoided. 

4. Cultural and Agronomic Methods 

Modification of cropping systems and changes in crop phenology can help limit L .A damage. 
If crops attractive to migratory forms of sparrows occur on their migratory paths, they often receive 
severe damage. By altering planting and harvest dates, it is possible to escape bird attack. Planting of 
cereal crops resistant to bird damage on the migratory pathway may also be helpful. Awned millets 
and high tannin content sorghums have been found less attractive to birds. 

5. Diversion Crops 

At times maintenance of wastelands and grasslands in the migratory paths of depredatory 
birds may help in protecting the food crops more effectively than through scaring devices. 

In the case of rodents, scattered plots of lucerne maintained till late April and May may help 
in concentrating rats and mice in these plots and make it easier in killing them. 
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6. Natural Enemies 

Jackals, foxes, jungle cats, mongoose, owls, bu7zards and hawks predate upon vertebrate pests,particularly rats and mice. But, their role seems limited as they usuaily fail to pull the pest populations
down below the economic threshold. 

Pathogens have been used in the past to kill rats. Unfortunately they are pathogenic for man 
also, hence their use is not advisable. 

Realistic and practical control rr.asures ditpend upon our knowledge of the pest species.Studies are needed on the ecology and behaviour of pest birds and mammals. Dynamics of pestpopulations and their relationships to various crops in different ecological zones should be investigated.In the absence of adequate ecological and behavioural knowLdge, lethal methods of controlling pestpopulations are not only in danger of falling short of the target but may also create environmental
problems. Efforts should be made to know the pest in its ecological - cultural setting and then develop
methods for inhibiting its populations. 
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General Principles 

PRINCIPLES OF ECOLOGY AS THEY RELATE TO VERTEBRATE PEST MANAGEMENT 

By Joe E. Brooks 

A. General Naturi of Environmental Responses 

1. General Concept of the Ecosystem
 

The ecosystem is the basic functional unit of ecology. The ecosystem includes the non-living or 

abiotic environmental substances and gradients, such as water, carbon dioxide, calcium, oxygen, 

carbonates, phosphorous, temperature, moisture, winds and sunlight, and the biotic components 

plants, animals, insects and microbes. These all interact in a fundamentally energy- dependent fashion. 

The abiotic physico-cheruical environment and the biotic assemblage of plants, animals and microbes 

comprise an ecological system, or ecosystem. The ecosystem acts as a whole and all its parts are 

interconnected. 

2. Concepts of Hahitat and Ecological Niche 

Ecologists use the term habitat to mean the place where an animal lives, and the term 

ecological niche to mean the role that the organism plays in the ecosystem. For example, lesser 

bandicoot rats would occupy the agroccosystem habitat of irrigated wheat, rice and sugarcane fields in 

the central Punjab in Pakistan. This is the rats' "address", so to speak. In these fields it is an herbivore 

mainly, eating the strn3 and grains of the several crops and it is in turn caten by jackals, hawks, and 

owls. Its ecological niche is its "profession" or th'. part it plays in the ecosystem, in this case an 

herbivore, a primary consumer, serving as supplementary food for several carnivorous (meat-eating) 
animals. 

B. Ener,j in Ecological Systems 

1. Energy Flow in the Ecosystem 

The biotic and abiotic parts of the 
ecosystem are linked by a constant 
exchange of materials - nutrient cycles - Biological Realm 

driven by energy from the sun. The basic 
pattern of energy and material flow inthe 

high eerqy 

organic compounds 

ecosystem is shown in Fig. 1. Plants -Z" 

manufacture organic compounds, utilizing - Photosynthesis Respiration heat 

energy obtained from sunlight and 

nutrients from soil and water. The plants 
energy 

required 

energy 
re Iea sPd 

motion 

use these compounds as a source of 
building materials for their tissues and as 
a source of energy for their maintenance 
functions. To release stored chemical 

Physical Realm 

lo, energy 

inorganic compounds 

energy, plants break apart organic Ecosystem 

compounds into their original inorganic 
constituents - carbon dioxide, water, Fig. 1. Schematic diagram of the flow of energy through 
nitrates, phosphates, etc., - thus the ecosystem and the cycling of chemical nutrients 
completing the nutrient cycle, within the system. 
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2. The Food Chain and TrQ hjgSrcjtr 

Plants make their own "food* from raw
materials, and are known as autotrophs, literally
self-nourishers. Animals obtain their energy in
ready-made food by eating plants or other animals;
therefore they are referred to as heterotrophs,
meaning nourished from others. The specialization
of living forms as food-producers and food

sun 

green plants primary producers 
consumers creates an energetic structure, called the
trophic structure, in biological communities,through which energy flows in nutrients cycles, 
The food chain from grass -> grasshopper -> 

herbivores , primary consumers 

sparrow -> snake -> hawk depicts the path of
organic materials and the energy and nutrient 
minerals they contain (Fig. 2). Each link in thefood chain, each trophic level in the community, 
dissipates most of the food energy it consumes as
heat, motion and sometimes, light (luminescent
organisms). None of these energy forms is usefulto other organisms. Hence, with each step in thefood chain, the total amount of usable energy that 
passes through to the next higher trophic levelbecomes smaller. 

carnivores 

secondary consumers 

tertiary consumers 

, 

3. EcoloLical P amids 

If each trophic level in the commu.iity isrepresented by a block whose size corresponds to 
the productivity of the trophic level, and then the
blocks are stacked on top of each other with theprimary producers at the bottom, an 

I\ quaternary consumers 

ecological Fig. 2. A simplified terrestrial food chain showingpyramid is obtained (Fig. 3). The structure of the the sequence of trophic levels.pyramid will vary from community to community
depending upon the ccological efficiency of the 
trophic levels. They illustrate the sharp decrease in 
the availability of energy at progressively higher
trophic levels. 

In vertebrate pest management we are I or. 
concerned with where the pest species fit into theecosystem, the role they play and the interactions f"..--lua " they exert upon other members of the ecosystem.We are concerned that the verebrate pest Fig. 3. Ecological pyraniid based upon the netmanagement methods we use have the least impact productivity of each trophic level in theupon the ecosystem. 

ecosystem. 

4. Concept of Productivity and Other Characteristics or Ecosystems 

We have seen that ecosystems have a structure and the components perform functions whichare essential to maintain the integrity of the system. There are 4 other characteristics of ecosystemsthat require brief mention: productivit), maturity stability, and species diversity. To illustrate: 



Compare a wheat field with a 
forest (Table 1). The field has very Table 1. Comparison of an agroecosystem (wheat 

with a natural ecosystem (maturefew species of plants and animals, the field)
forest).

forest has many. The biomass (B) of 

the wheat field is small as compared Characteristics Agroecosystem Natural 

to that of the forest. If, however, we (Wheat field) Ecosystem 
(Mature Forest)compare the amount of energy fixed _ __ __ 


(productivity = P) in relationship to Number of Few Many
 

the biomass we find this ratio (P/B) is species of
 

much higher in the wheat field than it animals &
plants _________ 

is in the forest. Much of this 
production, of course, is harvested by P i ty Smah Loro 

productivity igh Low (productionman in the field, while that in the passes throughmn(production 

forest passes through many hundreds harvested by many hundreds 
man & of species)
 

of species. If the field is abandoned, removed) 

the wheat species soon becomes stability Highly Very stable 

extinct and is replaced by various unstable (fluctuations 

is not (wide in animalweeds and grasses. If the area 
fluctuations density very
 

burned, shrubs and trccs soon invade in animal little)
 
and the area eventually reverts to density)
 

forest. The field, Ihcn, is highly Maturity Immature Mature
 

unstable and inm maturo , while the 
forest is mature and relatively stable. 
The forest tcnds to moderate the extremes in the physical environment and provides conditions 

much greater diversity of animal species than dfoes the wheat field, where temperaturesuitable for a 

and moisture may fluctuate markedly over the course of a day.
 

Animals of immature systcms may show wide liuctuations in density. There are fewer biotic 

controls where species diversity is low and the physical environment is less stable. The average 

population density for a wheat field species will be greater than that of its forest counterpart. 

C. Limiting Factors in Ecological Systems 

1. Concept of Limiting Factors 

One of the main problems in ecology is to understand the distribution and abundance of 

plants and animals. We know that many plants and animals occur only in limited areas or may be 

next. Even in a wheat field, the distribution and abundance of theabundant one year and few the 
field to another. Explaining these differences requires anplants may vary from one part of the 


understanding of limiting factors and tolerance levels.
 

Any factor that slows tihe rate of mctabolism or potcntial growth in an ecosystem is said to be 

a lniitigfactor. Years ago the idea of a limiting factor in plants was that it depended upon whatever 

essential element was in short supply - thus the formulation of Liebig's Law of the Minmum, meaning 

that the essential material available in amounts most closely approaching the critical minimum would 

was extended by Shelford 70 years later to the Law of Tolerance, whichtend to be limiting. This idea 
states that the abundance or distribution of an organism can be controlled by factors exceeding the 

This focuses upon the ecologicmaximum or minimum levels of tolerance for that organism. 
terms of climatic, topographic and biologic factors. In somerequirements of plants and animals in 

more factors might be critical or might work in combination. These factors could beinstances one or 

divided into physical, biological, and ecological factors.
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2. Ph9sicac 

The most obvious physical factors that can limit an organism are temperature and moisture.Other physical and chemical limiting factors
soil and water. Organisms have 

are light and the nutrients and chemicals present in thetwo options in dealing with temperature conditionsThey can simply put 	 in their habitat.up with 	the temperature as it is, or they can escape fromevolutionar adaptatioa. 	 it by some form ofEvery organism has anwidely from animal 	
upper and lower lethal temperature, but these varyto animai. Consider how a burrowing rat like B. bengalensis copes with extremelyhot dry days in a wheat field. The hot temperature at the soil surface is moderated, first of all, by theplant stand and the shade it provides.

the soil 	surface, 
Soil is also an excellent insulator, and at a depth of 50 cm belowthe bandicoots' burrow 	would register temperatures only of 25outside air temperature reaches around 	 to 260 C when the 

openings 	
38 to 450 C. Furthermore, the bandicoot closes the burrowbefore 	 dawn and effectively seals in 	 burrow moisture and keeps Theout hot, dry air.bandicoot is nocturnal and emerges to feed only after dark, thus minimizing its exposure to the daytimeheat. It avoids the need for surface water by feeding upon vegetation of high water contentutilizing the dew that collects on plants after dark.	 

or by 

3. _Eclogica lIlicators
 

Despite the 
 wide range in adaptation, certain plant or animal species may serveindication of environmental conditions. as a usefulThe rarer species make the best indicators.decline 	 in abundance of certain rarer For example, therange grasses that are 	sensitiveapproach of overgrazing before 	 to grazing will indicate theit becomes apparent in the grassland as a whole.species thus act 	 The rarer, sensitiveas ecological indicators of the effect of limiting factors. 

D. 	 Population EcoIo U-


We now take up the 
 more purely biological aspects of ecology, that is,organisms with organisms in the 	 the interaction ofmaintenance of community structurefocused mainly on and function. So far we have 
not yet considered 

the role of the great physical and chemical forces in the ecosystem. What we haveare the principles dealing with interactions within and between populations, i.e.,population ecology. 

. Population Characteristics
 

Populations are 
fundamental units in ecology; they are major components of communities andecosystems. A population is a collective group of a particular kind in the community.population is simply all of the organisms of the same species found occupying 
In practice, a
 

mice in a grain warehouse a given space, e.g., house
or bandicoot rats in riccfields.
unique 	to itself: density, natality or 

A population has a number of characteristicsbirth rate, mortality or death 	rate, age distribution, and growthrate, to name a few that we will examine.
 

th'nsif : It is population size in relation 
 to a unitpopulation, crowding 	 of space. As density increases in abegins, 	 interactions bctween individuals become more frequent, resourcesbecome scarce and disease epidemics and death may follow. 

Birth Rate(Naality): Birth rate at which new individuals arereproduction. For most 	 added to the population bysmall mammals it is virtually impossible to determinebecause wc can't conduct 	 the birth rate directlya con plete census of all animals. For birds, it may bebecause all nests in 	 possible to do soa given area could be visited
counted. 	 and the number of newly hatched young could beFor small mammals, therefore we
population, such as trapped animals. 

usually rely on estimates made from a small portion of theThe number of embryos in pregnantestimate 	the birth rate but other data, such 
females is frequently used toas how often females have litters and the age structure ofthe population, need to be determined. 
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Death Rate (Mortality): Death rate at which individuals are los by death. Mortality is usually 

measured by starting with a group of animals of the same age, say 100 rats, and finding how long it wIl 

take for half the group to die. The rate will depend upon what age one starts with the group, since 

mortality rates will vary with age. Starting with juvenile animals just out of the nest, the rate could be 

If the animals were adults of 3 to 4 months, the rate might be another 2 tofairly high, say 5 to 6 weeks. 
Mortality rates are difficult to measure in the field and good studies are3 months before half died. 

few. 

lispersal: Dispersal is the rate at I . 

which individuals immigrate into the 

population or emigrate out of the 

population. Population changes frequently 
rcsult from large-scale movements of 

animals, especially young animals, into or L . 

out of an area. These movements may Ai IBI Ici 

take place seasonally, as after a peak 
breeding effort or may result from weather 

over a Fig. 4. Dispersion patterns of populations. A: Random.extremes or harvcsting of crops 
B: Clumped. C: Uniform.wide area. 

Dispersion: It is the way in which individuals are distributed in space, generally in three broad 

patterns: I) random distribution, 2) uniform distribution, and 3) clumped distribution (the most 

common in nature) (Fig. 4). 

It isAile l)istribution: It is the proportion of individuals of different ages in the population. 

important to know if the population contains a good proportion of young breeding males and females 
an or if it is headed towards senescence, a predominance of older animals. The former indicates 


increasing population while the latter would indicate one in decline.
 

2. Population Growth Patterns 

Natural populations of animals are changing constantly. The amplitude of some numerical 

changes may not be detectable by casual observatiod or the population may reach plague proportions 
can be described easily. The rate ofand then decrease catastrophically. Changes in populations 

of natality, mortality and dispersal. But description andpopulation growth is 	 the net result 
entirely different things. Each factor contributing to population change ismeasurement arc two 


complex and involves interrelationships with the others. The main features can be outlined in theory.
 

Mainly we want to answer two things: 	 what arc the environmental factors that influence the 

seasons and how fast c-,n a population increase?abundance of a species in various habitats and Is 

there an optional time of year for carrying out control operations? What consideration should be given 

At what level of rcinfestation should control operations againto uncultivated, waste or marginal areas? 
Answers to thesebe done? If a population is reduced by 90%, how long will it take to recover? 


questions require a knowledge of population theory and an understanding of local conditions.
 

The growth patterns of many animal populations follow one of two general patterns: tigistic 

or irruptive (Fig. 5A & B). There are many variations of each. Both types of population growth have a 

similar pattern of slow initial growth followed by a period of rapid geometric or exponential increase. 

In the upper stages, however, the growth curves differ markedly. Irruptive population curves are 

curves achieve a gradual leveling off to a
limited by sudden, often catastrophic mortality. Logistic 

more stable asymptote. Neither pattern of population growth can be considered a law of population 

growth. 
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In general, irruptive growth patterns are
unstable environments. 

found in many insect and vertebrate populations inThey are also characteristic of disease epidemics. Logistic growth patterns arecommon in organisms with simple life histories, particularly in stable environments. 

A 
B 

TIMkT -

Fig. 5. Population growth pattern typical of A) logistic growth B) irruptive growth. 

3. Species Interaction at PopulationsLevel 

a) .Types or Interaction 

At our present level of undcrstanding, we needecosystems and the pest species living within. 
some framework for managing agro-It is not realistic to consider a pest population as thoughit lived in a void of other species. Interactions wiLh species other than those that provide the food baseare to be expected and knowledge of these is basic to understand tile total system and how it affects thetarget species. We will discuss only intcrspecific competition, predation and parasitism. 

b) Interstpeciic Con )etition 

Interspecific competition occurs when two or moreresource that is in limited supply. 
species require a commonIt is assumed that either closely related or ecologically similarspecies will compete most intensively because their rcquircments are most similar. We have a principlethat two species cannot occupy the same niche indefinitely: one will eventually exclude the other. 

The main evidence for competition in the field conies from occasi onal observations
where one species has replaced another (Norway rat vs. roof rat in Europe and USA and bandicoot rat
vs. roof rat in !,idia, Bangladesh and Burma). The mechanisms of competition are poorly understoodand it is seldom possible to identify the resourc' which is presumably limited. Species do exist togetherin many cases, however - what patterns do we see? In wheat fields in I'akistanrats, short-tailed mole rats and house mice. 
are found bandicoot


One pattern that seems evident for cocxistlng-sp)ccies is to
differ in body size; for cxamplc 20 g for house mice, 125 g for mole rats and 250 - g for bandicoot rats. 

c) Predation 

A predator is ain animal that kills another animal for food. Since predation is a directcause of mortality, its possible effects on population dynamics should be considered.predation on The effect ofvertebrate populations is one of the most controversial topics in ecology. Tihe problemsof assessing the consequence of predation (primarily by carnivores, raptors, and snakes)populations are on mammalthat they have their own density- limiting mechanisms and it is difficult to separate theeffects of predation on the population from these inherent density-limiting factors. 

One viewpoint about pre,'ation is that in certain circumstances predators may controla mammal population which has a high degree of vulnerability (e.g. lack of cover) and thepopulations prcdatorhave an alternative food supply. Otherwise, the prcdators would destroy their own food 
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supply. Another, more general viewpoint, is that predators mainly take surplus animals that would 
soon die anyhow and if predation does reduce a prey population, the prey compensate by higher levels 
of breeding and increased survival of young animals. Opinions vary widely so attempting 
generalizations about predation are rather fruitless. As an example, past attempts to control rats by 
introducing the mongoose to islands in the Caribbean and to Hawaii have had no obvious success and 
have produced undesirable side-effects. 

d) Parasites and l)isease 

The term parasite covers a wide variety of relationships whereby one organism lives at 
the expense of another, contributing no obvious benefit to the relationship and being potentially 
harmful to the host. Ectoparasites, sach as fleas, lice, ticks and mites seldom debilitate the host unless 
they transmit a possibly lethal disease. More restricted use of the term parasite is applied to those 
organisms obliged to spend some part of their life cycle in intimate contact with the tissues of the host. 

Parasites of mammals, by thc above definition, could be viruses, bacteria, fungi, 
protozoans, helminths and insects. Of real concern is the real or potential pathogenicity of the 
parasite, since it is evident that in most cases the survival of the parasite and its progeny depends upon 
the continued survival of its host. With few exceptions, a parasite that kills its host also kills itself. 

The use of pathogens to control pest mammals is an old idea. In practice, virtually 
nothing exists that the host does not eventually adapt to. Myxomatosis introduced into rabbit 
populations in Australia is the most spectacular example of biological control in mammals. About 20 
years after it was introduced, the rabbit population in Australia had largely recovered, however. 
Possibilities for biological control of pest mammals with pathogens remain largely hypothetical. No 
good organism has been found, for example, in rat control, that the r .t populations do not adapt to in a 
short time. Meanwhile, the hazards of the organism producing disease in humans, pets and livestock 
preclude the use of such techniques. 

E. Applied Ecoloty 

Applied ecology is the use of ecological tools and knowledge to most effectively and efficiently 
manage ecosystems for the maximum benefit of most organisms. Ideally, this would mean that mans' 
activities would have the least impact possible upon natural ecosystems. Unfortunately or not, mans' 
impact on natural ecosystems has been enormous and generally to the detriment of most organisms 
that originally lived there. The agricultural ecosystem, or simply agroecosystem, that man creates out 
of natural systems, is a finely-tuned, greatly simplified and iiighly unstable system. 

1. Auro.cosvstem 

a) MNon(culture 

The most productive and, in some ways, easiest agroecosystem for man to manage is 

the monocultural system, where one crop variety is grown over a vast area. This is one of the most 
unstable of all agroecosystems, however. Pests, plant diseases, effects of weather extremes, all can 
operate to effectively cause an almost total crop failure in times of adversity. 

b) Cronp Diversity 

Ideally, the agroecosystem should consist of diversity and intermixture in crop types, 
and a large spread in planting dates to create a more stable system, less susceptible to catastrophic 
failure. Luckily, this is what we see in the diversified agriculture in the irrigated areas of the Punjab 
and Sind Provinces, less so in the barani (rainfed) areas of Punjab and NWFP. However, crop diversity 
can bring with it a curse as well as a blessing. By having several varieties of food crops in the fields, 
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rodents, wild boar and pest birds are given a variety of crop types of which to attack in season, to hidein, etc. and then move on to the next crop type as the growing season advances. 

2. Vertebrote Damope Control01 

It is essentially impossible to atteiipt to eradicate vertebrate pests from crop growing areas.There are too many marginal habitats, waste areas, and "reservoir habitats" in which they will surviveeven if rigorously eliminated from crop fields. Attempts at total eradication are not economicallyfeasible; the first 90% of population reduction may be relatively easy and inexpensive while the last10% would cost a fortune to achieve, if possible. 

The key to vertebrate damage control in agroccosystems is to intervene as little as possible andstill be able to reduce crop damage. This may mean reducing the -pest populations in the crops justprior to the damage period. Itmay mean repelling the pest species only during the short period thatthe crops are vulnerable to attack. It might be as simple as exclusion measures to keep pests out offield crop situations, such as low fencing to keep desert hares from chickpea plots or electric fencing tokeep wild boar out of maize fields. It might mean the simultaneous planting of one variety of field cropor advancing the date of sowing so as to avoid migratory bird populations. Other alternative methodsin suppressing field populations of mammal pests involve habitat modification, e.g., removal of wetdpatches and scrub areas. This will create less suitable conditions for the survival of the pest species
during periods when the fields are fallow. 

3. Rodents anclIHuman l)iseases 

Diseases and infections naturally transmitted between vertebrate animals and man are calledzoonoses. Many are known to occur in rodents although not all seriously affect human health.diseases carried by rodents, such 
Some 

as brucellosis, are hardly ever transmitted to man. In contrast, theeffects of a disease like plague cm be devastating to the human populations and the role of rats in itstransmission is extremely important. 

Under natural conditions, the infections disease organisms, the host (rats) and the vector(fleas, ticks or mites) exist together as part of the ecosystem. The three kinds of organisms have a sct
of ecological requirements such 
as climatic, cdaphic and vegetation conditions, and live together in abalanced relationship. The infection in rats and other rodents is often maintained permanently only in
restricted areas (foci) and these are often in situations uninhabited by man so that disease transmission
does not take place. Infection only occurs when man moves into these areas. For example, this could
occur due to changing land use, e.g., forest clearance, agricultural development or urbanization. This
brings man into a closer, more permanent association with the disease focus. Sometimes modificationof the habitat can create a more beneficial environment for the host. 

Plague transmission in South Africa illustrates well the above mentioned example. Man therehas inadvertently created suitable habitats for the multimammate mouse (Praoinys) in his farmbuildings. Praomys is not the primary host of plague in this area. The main reservoir is the highveldgerbil, Tatera brantsi,with transmission of plague through its flea, Xcnopsylla philoxcra. This gerbil haslittle or no contact with man. Howevei, when an outbreak of plague occurs, many gerbils die andPraomys move into the empty burrows. Because this species has a wider ecological range than thegerbil, its range extends into human habitations. Plague then spreads through this species populationsand into close associatiun with man. Spread is often acceleratel through the house rat (Ratus)population with which the multimammate mouse comes into contact. Part of this description has beenoversimplified but it illustrates the ecological complexity of the transmission route. 
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General Principles 

PRINCIPLES OF MAMMALO(;Y AS THEY RELATE TO MAMMAL PEST MANAGEMENT 

1By Mirza Azhar Beg 

A. 	 Characteristics of Mammals 

Mniammals are highly evolved vertebrates and form the dominant animal feature in the ecology of 
the present day world. Mammals differ from reptiles and rcsemblc birds in that they are warm- blooded, 
have a four chambered heart, and have acomplete double circulatory system. Mammals arc more highly 
evolved than birds in method of reproduction, in parental care, and in greater development of 
intelligence. Some of the characteristic features of mammals are as follows: 

Hair is present in at least some stage of devclopmctt of all mammals. The primary 
function of hair is for insulation and in maintaining a constant body temperature. 

2. 	 Mammals have external ear openings, surrounded by a pinna or conch. The pinna is 
reduced or absent in some species that live underground or in water. 

3. 	 Mammary glands (milk glands) are present in all females. The production of milk 
and suckling of the young is unique to mammals. 

4. 	 The young are born alive in all mammals except the egg-laving monotremes. 

5. 	 Dentition in mammals is generally hcterodont, that is, the teeth are modified in shape 
and site to serve speciali/ed functions. 

B. 	 Classification 

Classification is the naming and organizing of a group of related animals. The purposes of 
classification are: 1) to provide a convenient label by which an anirial is known all over the world anrd 
2) to show affinities or relationships. Roughly 40N)species of mammals are currently recogniied. the 
Class Mamnmalia consists of 19 orders of living mammals, but not all mammalogists agree on this 
ar-angcmcnt. In Pakistan about 158 species of mammals are represented. The important mammal 
pests in Pakistan belong to the following four orders: 

Order 	 Secies 
Insectivora House shrcv (Suncus iurinus) 
Lagomorpha Desert hare (Lepus nigricollis) 

Collared pika (Ochotona nifescens) 
Rodentia Northern palm squirrel (Funanibulus pennanti) 

Indian porcupine (Htytrir indica) 
Indian gerbil (Tatera indica) 
Desert jird (Aeriones hurfianae) 
Libyan jird (Aheriones libycus) 
Soft furred field rat (Afillardia meltada) 
House rat (Ratus rattus) 
Norway rat (Rattus noivegicus) 
House mouse (Mits ,musculus) 
Lesser bandicoot rat (Bandicota bengalensis) 
Short-tailed mole rat (Nesokia indica) 
M urree vole ('lperacrius vqnnei) 

Artiodactyla Wild boar (Sus scrofa) 
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Orders are based upon major differences in limbs, digits and cranial modifications, primarily
the teeth (Fig. 1). 

It is obvious that even on the
individual continents, that not all, or very
few, mnammals are rather evcnly 
distributed. Some species have a wide 
geographical range; others are quite,
limited in where they occur. In gencral, 
the geographical distribution of a species 

. 

./ 

A 
depends on its place of origin, on thie 
historical opport unit ies it has had to 
disperse, or invade, other suitable arctis,
and on its success in stirviving
environmental changes, including 
competition from other species. If ,,
successful species is ine that has itwide. 

__ 

geogralphical range, then [lhe most 
successful maninal species are those that 
are closely commnensal with nian, i.e. tlie 
house niouse, Norway 
These three species 
Another successful 

rat aiid roo f rat. 
occur worldwide. 

commensal or 
developing commlensal is tile IPolynesiiain 
rat, Ratus evis,which was firesuin ably
carried on the coloni/ing canoes of the -
Polynesians to most islands in the Pacific,including Ncw Zealand and the I lawaiian Fig. 1. The order of mammals is based on major differencesIslands. Examin ples of develhing in limbs, digits, and cranial modifications. 
commensals in Asia are the lesserbandiciiot rat, Bandicota bengahnisis, now both a field and urban rat in parts of India, Bangladesh andBurmia, and the Asiatic house or niusk shrew, Suticus mturitus, which has aplwently b ccn spread viashipping from Madagascar in the west to (uam in the east. 

Establishing lie place of origin for a species can be tricky and spcculative. Place of origin isoften deduced from fossil evidence. It also is assumed that tie historical home is where the individualspecies shosws the most (disersity (i.e. 
not necessarily be true, hiowever, since 

has had lie longest time in which to evolve). This criterion may
it is usual to Find the highest variety of adaptation inhabitats

affording the greatest variety of niches. 

Manniiral can survive dispersal only when they move to ir areata sithin their ihysiological andecological tolerances. Furthcrn(rc they must have the opportunities to disperse, i.e., land bridgeswhe the oceans were lower, or using marns transport and communication networks (house mice, ratsand musk shrew), (Jr even being able to survive on floating rafts long enough to rc:',:i,either islands or 
tie mainland. 
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Competition from other species can change an animals' range. The classic competition 
between the roof rat and the Norway rat was shown by the latter species displacing the former in the 
1950's in rural Georgia, USA. The lesser bandicoot rat displaces both the roof rat and the Norway rat 
in cities in India and Burma. 

D. Re roduction 

Reprxluction is the mechanism by which a species is maintained from generation to generation. 
In mammals the process of reproduction is sexual. The reproductive cells are the ova or eggs and the 
spermatozoa. These are produced in separate animals, the ova by the ovaries in the females and the 
sperm by the testes in the male. Associated with the ovary and the testes are a number of accessory 
reproductive organs. 

The position of the testes in the various species of mamnmals is varied. Most kinds have a 
scrotum. In some, such as the pig, the testes remain in the scrotum throughout the adult life. In most 
rodents the testes are in the body cavity. Only during the breeding season do they descend into the 
scrotum. 

The bone called the os penis, or baculum, is found in the penis of many bats, most rodents, 
and most carnivores. The os penis has been used as an aid in identification of closely related species 
and as an aid in determining the approximate age of an individual animal. 

Most kinds of mammals have breeding seasons restricted to a definite time of year. This 
season is usually at a time most advantageous for the pregnant female and the newborn young. Even in 
those species that breed round the year, breeding activities are stepped up during periods of better 
environmental conditions. 

Most of the rodents in the Punjab cease to reproduce during the colder months of the year. 
During the period of complete sexual inactivity, the gonads of the females, and in some cases, of the 
males, undergo involution, reduce in size and cease to form gametes. In males the testes become 
abdominal, that is retract into the body cavity. The accessory and secondary sex structures also 
retrogress during this period of inactivity. Some times a single species may show geographic variations 
in the reproductive cycle. The same species of rats that are known to breed throughout the year in 
Sind, cease to reproduce in Punjab during December and January. 

In most female mammals there is a recurrent estrous or heat cycle. During tiiis period the 
female is receptive to the male and fruitful coition is possible. The ova are usually discharged from the 
ovary late in the estrous period. If fertilization takes place at this time pregnancy normally occurs. 
Lactation follows gestation. In certain species parturition is followed immediately by another estrus 
cycle. Such mammals are termed polyestrus. Mammals with only one breedi:ig season each year are 
called monestrus. At least all the rodent pests listed earlier are polyestrus. 

The period of time that the embryo is carried in the body of the mother is called gestation. 
Much variatian ei's in the length of the gestation period. The lengths of the gestation period in some 
pest species are given in Table 1. 

The reproductive capacities of mammals vary greatly. In general, small mammals, like 
rodents, with their early maturation, short gestation, frequent estrus ind large litters have considerable 
potential for increase. The lesser bandicoot rat, Bandicota bengalensis, after a maturation period of 
about three months followed by a gestation period of 23 days, has a litter of young ranging upto 18 in 
number. A single female could have as many as 1t) litters in one year. The Norway rat is known to 
have as many as 20 young in one litter. 
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In spite of its much larger size, the wild boar has a great potential for increase. It has agestation period of about 112 days, a litter size of 4 to 6 young and the females may start breeding
between the ages of 6 months to about 1year. 

Table 1: Gestation Period and Litter Size of Mammal Pests 

Species Gestation Period Litter Size
 
(days)
 

House shrew 29-31 3-4
 
Collared pika 
 30 4-9
 
Northern palm squirrel 40-42 2-5
 
Indian porcupine 112 2-4
 
Indian gerbil 
 22 2-9
 
Desert jird 28-30 3-9
 
Libyan jird 3-4
 
Soft-furred field rat 
 21 3-10
 
House rat 
 21 3-12
 
Norway rat 
 21-22 9-10
 
House mouse 
 19 3-8
 
Lesser bandicoot rat 
 23 4-18
 
Short-tailed mole rat 
 30 3-8
 
Wild boar 110-115 4-6
 

E. Populatloni 

The study of populations is particularly important, as it facilitates the description of many
ecological processes in quantitative terms. The breeding potential of most mammals and especially ofthe pest species is much greater than the space they occupy will support. The Norway rat has agestation period of about 21 days. It has 3 to 6 young per litter and an average of tea litters per year.
A pair with re-productive parameters defined above would produce a total of 359709482 descendants inthree years. But, environmental resistance does not permit such uninhibited growth for very long.Factors like restricted food supply, limited space, adverse climate conditions, intra- and interspecific
competition, predators, parasites, and diseases keep populations in equilibrium with the environment. 
However, in man-made ecologir! systems the factors of the environment that oppose unrestricted

growth are usually weak and fail to rcstrict pest populations, at least, for some time. 
 It is then the pests

inflict maximum damage to cultivated plants.
 

The actual size of mammalian populations is difficult to measure. In only a few cascs it is
possible to count all individuals 
 present in a given area. Hence, mammalogists resort to various
sampling techniques and formulate formulae for obtaining a reliable estimate of the actual populationsize. Furthermore, population densities change in space and time. Even then it is often desirable tohave data concerning the estimate of problem population size and structure. This is especiall true in
the case of pest mammals where such data are essential for population management procedures. 

F. Popuition Composition 

To understand the biology of a pest we need information as to sex ratio, dge distribution, and
reproductive status of its members. Data on age distribution are hard to secure. A number of
techniques have been developed for estimating age of specimens caught from the field. In many speciesit is easily possible to recognise adults and immatures. Even the information regarding proportions ofthese two age categories in a population is useful in determining the effective breeding population. 
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Among most of the smaller rodents, life expectancy is extremely short. Experiments have 
shown that individuals seldom live longer than a year in the ficd. But, with their exceptionally high
reproductive potentials, they are capable of replacing themselves rapidly. So removal of rats from a 
field will hardly make a dent in their population, unless and until there is a frequent removal in good 
numbers. 

G. Behavwour 

1. rerritoriality and Dominance Htierarchies 

Two aspects of social behaviour which are of considerable significance in population ecology 
are territorialism and dominance hierarchies. Most mammals have an area of ground which they 
regularly patrol and with which they are well acquainted. Here they come to know the sources of food 
and water, escape routes and resting sites. This area is the home range. Within it there may he a 
smaller core area which is used more intensively than the rest. This area is called a territory. It is a 
defended area. Territories are commonly found in species having regular resting sites, such as rodents 
that live in burrows. 

Whereas the function of territories is to allot resources on spatial basis, dominance hierarchies 
allot resources on an individual priority basis within the same physical space. Dominant animals have 
priority access to food, mates, nest sites and resting locations. Both tcrritorialism and dominance 
hierarchies affect the abundance and distribution of animals, their reproductive patterns, and their 
mortality patterns. Many studies of territorial or rank-oricntcd species have shown that individuals 
without territory and low ranking individuals have less reproductive success and higher mortality rates 
than those who hold territories or have higher ranks. 

2. Exploratory Behaviour 

Mammals are in the habit of exploring their home range. In this way they gather information 
about the place where they live and this information may be used later. A rat in a familiar environment 
readily avoids predators because it can quickly run for cover. Rats forced out of their home ranges 
following harvesting of crops are more at risk of falling prey to predators than those living in their home 
ranges. 

Rats and other mammals move in their home range using the same pathways. If a strange 
onject, for example a trap or a pile of poisoned food, is placed in a familiar area, the rats gcnerally 
avoid it. When a new food in an area occupied by Norway rats is placed, it may at first be totally 
avoided. Later it is sampled in small amounts. If poison is present, the sampling often leads to 
.consumption of a sub-lethal dose. The ill effects of the poison are associated with the smell or taste of 
the food that contained the poison. In this way the rat learns to avoid particular kinds of food and 
poison. This applies not only to the Norway rat but also to most of the other pest mammals, including 
the wild boar. 

3. Daily Activities 

In the normal life of a mammal, at least some effort is devoted to the following types of 
activities: securing food and water, rest, play, defense of territory and sanitation. The proportion of 
time devoted to each of these activities varies with the season, local conditions, and the particular 
species of mammal. Mammals show great variations in the daily pattern of activity, not only as to the 
time of day in which these activities occur but also as to the duration of the activity. Animals like 
shrews are active almost all the time, day and night, but their activity periods are interrupted by periods 
of rest. Species such as squirrels, which are active only duri,:g daylight hours, are called diunal. 
Species such as most bats and many rodents are active only at night, and are termed nocturnal. 
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H. 	 Economic Relationshi-s with Man
 

Mammals are so interwoven with mans' 
 economy that it is generally iripossible to give anyconcise estimate of their worth in either a positive or negative sense. Here are listed only a few of the ways in which mammals influence man's activities. 

Mammals have multiple effects on the physical environment. One of the more obvious effectscome from their digging in the soil. Rats and porcupines make burrows in canalsides, ditches andembankncnts that often allow breaching and the escape of valuable irrigation water. The rootingactivities of wild boars are well-known and they frecquently virtually eliminate certain species of rare or 
endangered plants. 

Some mammals are quite dcstructivc to newly planted forestry seedlings, while others girdleand kill orchard trees. Many crops are damaged and consumed by a variety of mammals, ranging fromrats and mice, to wild boars and jackals, to baboons, elephants and rhinoceros. In these activities, heycome into direct competition with man for his food resources. 

Likewise, wild mammals can and do compete with domestic animals for forage and water.They are also implicated as predators, i.e., mongoose capturing and eating young chicks or coyote
attacking sheep. 

Mammals are used for food, fur and for sport hunting. Wild mammals are not nearly soimportant as a food source today as they were in centuries past, thanks largely to the domestication andlarge-scale breeding of beef cattle, sheep, goals and, in non-Muslim countries, of pigs. 

Mammals fur continues to be itilizcd. The most obvious example is the Eskimo's use of thefur of the polar beai as protection against extremely cold wealhcr. Ilides of mammals find a variety of uses, mainly in the making of shoes, jackets etc. 

Finally, many wild mammals, especially rats and mice, are capable 	of acting as reservoirs ofdiseases and of directly or indirectly transmitting these diseases to humans and to domestic animals.Examples are bubonic plague, murine typhus, tularemia, Rocky Mountain spotted fever, rabies, hoofand mouth disease, etc. The monetary value of economic losses of man through these diseases is 
beyond estimate. 
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General PrinciVles 

MAMMAL PESTS OF PAKISTAN: CLASSIFICATION 

By Abdul Rauf Khokhar 

A. Classification 

The purposes ofClassification is the naming and organizing of a group of related animals. 
an animal is known to scientists andclassification are to provide a convenient label or name by which 


laymen all over the world and to show affinities or relationships among groups.
 

anThe basic unit of classification is the species. Our present idea of a species is that it is 

assemblage of animals that freely interbreed, or do so when they meet, and do not interbreed with 

members of other assemblages. The orderly arrangement of species into groups or categories on the 

basis of their relationships is what is commonly called "classification". Animals are grouped into larger 

categories in a systematic framework, or hierarchy. In zoology, the hierarchy is a sequence of 7 levels: 

kingdom, phylum, class, order, family, genus and species. For example: 

Kingdom Aninialia 
Phylum Vertebrata 

Class Pisces (Fishes) Class Mammalia (Mammals)
 

Class Amphibia (Amphibians) Order Rodentia
 

Class Reptilia (Reptiles) Family Muridae
 

Class Aves (Birds) Genus Bandicota 
Species bengalensis 

Species names always consist of two words: the first is the genus name and the second is the 

descriptive species name. 

The Class Mammalia consists of 19 orders of living mammals, but not all mammalogists agree 

on this arrangement. Mammals are those animals that feed their young with milk and have hair on the 

body at least in one stage of development. Moreover, the diaphragm muscle separates the heart and 

lungs from the rest of the abdominal cavity. 

The Class Mammalia is divided into several orders but here the discussion will be limited only 
Theseto those orders which are important from a vertebrate pest point of view especially in Pakistan. 


orders are as follows:
 

Chiroptera - bats (insectivorous and frugivorous)
 
Insectivora - shrews
 
Rodentia - rats, mice, squirrels and porcupines
 
Lagomorpha - rabbits, hares and pikas
 

Artiodactyla - wild boar
 
Carnivora - mongoose, jackal
 

B. Order Rodentia 

Most mammal pests belong to the order Rodentia, particularly those members of the family 
These dental charactersMuridae. Rodents are characterized by the presence of a typical dentition. 

separate the rodents from the representatives of all other orders of mammalia. The dentition of 

rodents consists of two pairs of long chisel-shaped front teeth known as incisors. The incisors on both 

the upper and lower jaw are followed by a toothless gap known as the diastema (Fig. 1). Behind the 
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diastema come a set of grinding teeth known as the molars. In some rodents, for example squirrels,molar teeth can further be divided into premolars and molais. 

The incisors are the main
 
structure in the 
 rodents which are
 
used for causing the great crop
 
damage and losses, these
 
incisors grow 
 continuously
 
throughout life. 
 The front surface
 
of each incisor is covered by a
 
hard material known as 
enamel
 
and behind this is a softer portion

known as dentine. The chisel-like
 
edge of [he incisors are constantly 
 -

being worn down by the gnawing

activities of the animals. 
 Rodents
 
often grind their incisors together
 
to kccp them sharp.
 

If the nibbled food of the
 
rodent is not preferred, it will not
 
be passed 
 onto th2 grinding
molars but instead will be ejected Fig. 1. 
 Skull of a rodent, showing incisors, molars and diastema.out of teli sides of the moutf. Inthis feeding behavior, the diastcma, which is lined by small hairs, acts as a sieve so that only finelydivided food particles are allowed to pass to the grinding molars before being swallowed. 

The Order Rodentia is comprised of many genera and species which are of economicimportance. These are: 

Bandicota bengalensir, lesser handicoot rat

Nesokia indica, short-tailed mole rat
 
Aillardia nellada, soft-furred field rat
 
Mtts nituscuhls and other Muts spp., house moune
 
Tatcra intdica, Indian gerbil
 
Aleriones hurrianac, desert jird
 
A. fibvcus, Libyan jird
 
Rattts ratltls, roof rat
 
R. liorveAwcus, Norway rat
 
t1%atrin
hndica, Indian crested porcupine
Iuultmbuluspennanfi,Northern palm squirrel 
IlO 'racrits isynnei, Murrce vole 

C. (rderLagomorpha 

Animals of the order Lagomorpha resemble rodents in ove rall dentition except there is asmaller second pair of incisors located directly behind the main incisors on the upper jaw. The smallerincisors lack the cutting edge and are typical of the rabbits, hares and pikas. 

Young of rabbits are born helpless, naked, and with the eyes closed whil.: the young of haresare born fully haired and wil'i open eyes. The young hares are able to run few minutes after their birth. 
There is no true rabbit in Pak;stan. Only two species of lagomorphs are considered asvertebratc pests. These are: 
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Lepus nigricollis - the desert hare
 
Ochotona nJfescens - the collared Afghan pika
 

D. Order Artiodactyla 

The order Artiodactyla is characterized as being even-toed hoofed mammals, and includes the 

camel, goat, sheep, and wild boar. 

Wild boar, Sus scrofa (Family Suidae), is the only representative of the order Artiodactyla tha! 

is a pest ini Pakistan. Wild boar is a metLim-sizcd mammal with pointed iong head, short neck, and 

stocky body. The snout is mobile and truncated terminally with a disc of cartilage in the tip. Th( 
The eyes art.canines in the male become elongated and are used as defensive tools when fighting. 

small. Wild boar is a gregarious animal. 

Wild boar has increased to become a significant pest in Pakistan within the last M)years, due 
- both affording excellent shelter for wild boarto development of irrigated forests and sugarcane crops 

to a variety of crops, including forest seedlings,and for breeding sites. Wild boar does heavy damage 

sugarcane, maize, wheat, rice and potatoes. 

E. Order Carnivora 

pests mainly are jackals (Canis aurcits) and mongoose (IlerpestesIn Pakistan, carnivorous 
Theyatirofnctatus). Jackals spend their da'.s lying up in thickets and dense clumps of vegetation. 

usually travel singly or in pairs, and occasionally in groups. Although they arc carnivores, they actually 

subsist on all kinds of food, and thus lre more like omnivores. They have been known to damage 

crops, such as melons, sugarcane and matizc by feeding on them. They also prey upon smaller animals, 

catching and eating rats and mice, but also killing and eating chickens. 

The small Indian mongoose is a carnivore. It preys upon other small maammals, birds, reptiles, 

frogs, insects, and has been known to attack and kill young chicks. Mongoose can feed both by day and 

night. The mongoose is a very bold, solitary hunter, and often kills prey much larger than itself. It has 

a good sense of smell and is able to follow the trail of prey animals to their burrows. 

F. Order Chiroptera 

The order Chiroptera is sub-divided into two groups, the insect-eating bats and the fruit-eating 

bats. Bats are the only mammals to have truly mastered flight. The insect-eating bats orient 

themselves by echolocation, using ultrasonic pulses as a form of sonar. The fruit-eating bats, in 
contrast, normally orient themselves by the use of sight, although one genus has a simple echolocation 

system. Fruit bats locate fruit by smell. 

Fruit bats roost in larg; groups and in various habitats, depending on the species. They are 

on dark, gloomy days. Fruit bats are quite variable ingenerally nocturnal, though they may appear 
size, ranging from the largest bats in the world to some considcrably smaller than the largest insect

feeding bats. 

Fruit bats have a rather generalized face; there are no nose leaves, the eyes are normal and the 

external car is not specialized. The important fr ,it bat from a vertebrate pest viewpoint in Pakistan is 

Routsctus Ii'1vptiacus. This bat frequents a variety of diurnal roosts - from natural caves, often near the 
abandoned buildings. Inseashore, underground irrigation tunnels (karczes), open wells or inside 

Karachi, ripe guava is the principal food of this species. The seasonal nectar of mango flowers is also 

susceptible to attack by fruit bats. Not much is known about the breeding habits of frui, bats. 
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Rodents 

IMPORTANT RODENT PESTS OF PAKISTAN: ECO()LOGY AND I)ISTRIBUTION 

By Mirza Azhar Beg and Iftikhar Iussain 

of pcst rodents is their capacity for rapidOne of the outstanding characterislics of most 
by having atshort gestation peri ord, post-partLurieat heat, largepopulation growth. This they achieve 

short period, and having rapid sexual maturation. Amonglitter size, by producing sevcral litters inaa 
species is their ability to live under varied conditions of

other important attributes of at pest 
a wide variety of foods. Whenever and wherever the pests have the conditionsenvironment and utilize 

of the environment in their favour they increase their numbers rapidly and naturally their exploitations 

under such circumstances bring misc ry to th,- farmers. 

I ! speciesBelow are given brief descriptionts of ;l idcnticat.., silroihr .i;st .. ;]oz," of 

ins food available in the fiel and/or stored insideof rodent pests which exact their share of 

structures. 

A. Lesser Bandicoot Rat (Bandi'ot,, 'nigalcisis) 

ID)escrilption: Thc lesser bandicc t rat is 

perhaps tile most common field rat tobc found in 

Pakistan. Tle band icc l is a nc diia-siied, dark 
brownish-grey colored, coarse-furred rat (Fig. 1). -A 

It is a robust rat, with roundcd lcad, broad inuzile 

and a lail shorter ilan head and boidy. It may 
weigh up to 3(X) g. The head and body ength 

ranges frotm 1)) to 21) mm in adults; the tail varies 

from 13)) to ISO)rm. Nianinac range from 12 it 

2). It is a fierce anI ggressive animal antI often is 

seen tircalcning intruders by grunting from inside 

its burrow. It is a good swimnmer and takes readily Fig. 1. The lesser bandicouot rat.to wafer. 

along theDistribultion: The bantlicoot rat was formerly confined to beler watered tracts 
At present, it is knownIHimalawan foothills in the Punjab and N.W.F.P., and the coastal plain of Sind. 


to occur in the following districts: Thatta, Batlin, lyderabad and ltharparkar in Sind; Sahiwal, Jhang,
 

Sargo tha, Faisalabad, Shlikhupura, (;uijrarlwala, Sialkot and Rawalpindi in Punjab; and I laziara, 
(Fig. 2). The rat seems to have invadedMartian, Pesha,.var, Malakand and Kurram in the N.W.F.P. 

central Piunjab thuring the last three decades. Multiple cropping practices involvingthe l:stricls of 
sugarcane and rice and formation of marshy habitats tluc to seepage from the irrigation canals seem to 

have helped the rat in cxtcnding its range to places where it did not) occur earlier. 

Ia)itat: Inhabits cuilivated ficlds and mav occur in areas under atlural vcgetation near crop 

Habits: Nocturnal, semi-fossorial. An exceptionally versatile, widespread and commton 

ieltIs. n irrigated fields it prefers to burrow in the bunds. Found around, but not inside, farm 

structurcs in Pakistan. 

rat. 

The bandicoot rat is perhaps tle most destructive rodent pest of field crops in Pa kistan. It infests a 

variety of crops but the three major crops are its main targets. It rice fields it burrows both in the 

largely confined to the bunds. Asbunds and in the fields. When the field are very wet, the burrows are 

the Fields (Iry, fresh burrows are duit, in tile fields or the buntd-burrows themselves arc extendetL into the 

and ntiy have an expanse of 15 in. It destro ys the cropfields. The burrows go to a depth if lbout I a 

at every stage of growth: tlamage is (lme first to shoots, milky pulp of' tie car heads and finally to the 
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rice grains stored in its burrows. An avrage of 3.2 kg of rice grains may be stored in the burrowsystems. There have been recorded an average of 30 burrow systems in a hectare of rice fields incentral Punjab. 

The rat invades the wheat crop in large
numbers in the flowering stage. -- ,CHINA

The populalion 
-rapidly builds up and .soon the rat gains a ccarcut ,r'numerical superiority over other species. It feeds 2 ------on tie tillers, ripcnirnv, carheads, and ripe grains. k------_---------

Burrows occur both oinbuinds aMd in fields 11111atabout harvest time [he nunmber of burrows ,
in Ihe

field increases greatlv. Ripe grains are hoarded in -"
 tile
burrows. The longer the harvested crop is left '- -in tile fiCl the greater is the loss dile to hoardingactivities of [he ral. An average of 13 burrow 

systcms of 
 ,,the bandic t rat have been recorded NDI'Afrom a hectare of wheat fieis in cCrilra! Punjab. 

The bandicoot rat is also a very serioLis
 
pest of sugarcane. The raldanages tlie caincs by

caling port ions of tlie slalk inictriiodcs, usuallv near 
 .-- 0- E] . .iebase. In tile case of Idgtd canes, several of the Cj ,,o,,l,,,,,.intcrnds may be damaged. 


Fig. 2. Distribution flap.
 
In Sind the handicoot rat breeds ihroughott the year. In central Punijal lijceding stops durringDcceiher and .January. Iformation regarding the proportion of pregnant I'CiaIcs in annual samples,average embryonic litter si/c, number of litters produw'cd per year and tlie annual prodiclior is given inTable 1.Undoubtedly, ilihIandicootl ralis a,highly prolific rul 

InPakistan handicoots are largely pests of

agricultural crops and only rarely live in buildings.

This is iii contrast to the situation in India where
 
they have becoime a major urban pcst.
 

The average diamlcr of the home range
of the bandicoot has been estimalcd to be 50 m.
Long range nmovemricns are helpful in effective
explotation of the chaging resources of the
 
ha bit at
 

The major enieits if ttiebandicool rat in
the croplands are the jackals, foxes, mongoose,
jungle cats, owls and snakes. 

I. Indian (;erbil (Tatcra irdica) Fig. 3. Indian gerbil. 

I)esripflhion: The Indian gerbil is it medium-sized rat wilh nhg hind legs. The body fur is longand silky. The back is sand,y-brown and lie belly is white. The tail is hairy, with long iifts acar the endand with a laleral light colired band running d(own each side of tie tail.(Fig. 3). The tail is gencrally 120 percent of the head and body length. 
The eyes are black and large

The size of the adults excludingtail is 150t-170 nini. (icncrally males are heavier than females, weighing from 151 to 220 g. 
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Table 1: Some Reproductive Parameters of Rodent Pests of Pakistan 

Species 	 Proportion of Pregnant No. Litters Averagc Littcr Young Produccd/ 

Femalcs inAnnual Sample Per Year Size Ycar/Female 

B. bengalensis 47.4 10.2 7.4 	 75.2 
6.8 	 47.3T. indica 33.6 7.0 
5.3 	 65.1A. meltada 54.1 12.3 
6.2 	 76.6A. mnusculhs 51.1 12.4 

6.4 2.4 	 15.4N. indica 30.0 
R. rattus 46.0 10.5 6.2 65.0 

8-10 19-56R. nomegicus 15-31 2-6 
4.9 	 27.0At. hurrianac 34.4 5.5 

- 3-4AL libycus -

F. pennanti 25.2 3(?) 2.3 
H. indica - 2(?) 1-4 

Distribution: 
throughout Pakistan 

The Indian gerbil is found 

except in sand dunes and 

,, 

(c, 
k 

rocky mountains (Fig. 4). It is found whcrever it AF ,N TA 

can burrow in dry soil and feed. It is found 

throughout the irrigated areas of the Punjab and in 

some villages it has become semi-commensal. f 

Habitat: It has been speculated that , 

before the introduction of irrigation canals in the 

Punjab, the gerbil was confined largely to the sandy 

banks of rivers above the flood level, and that it has 

been able to reach the croplands in the doabs along 

irrigation canals. In the cultivated areas it inhabits 

mainly brushy sand mounds, alkaline wastes, fallow
lands, and edges of irrigated fields. 	 I AA,, s[,A 

Tlllm,b, dc Anow 8.Wt~utln 

labits: The Indian gerbil lives in loose , 
Fig. 4. Distribution map.associations or colonies. It is an aggressive rodent 

and individuals live in separate burrows. Typically 
burrows are excavated in embankments or on uplands. The main entrance of a burrow system is 

always open and has fresh dirt in front with many foot prints on it. 

Although the gerbil is often found in dry fields of rice and sugarcane, they cause very little 

damage to crops. However, its role as a pest in wheat fields is quite different. It occurs there in fairly 

good numbers, especially in fields adjacent to arid wastes aad thorn scrub. It occurs in the wheat crop 

during all growth stages but attains maximum abundance during the flowering stage. The gerbil feeds 

on wheat seeds, tillers, ripening ears and ripened grains. In rainfed areas, it causes damage to a variety 

of crops. 

The gerbil breeds throughout the year except during the colder months. In other parts of its 

range it may breed year round. Information about its reproductive parameters are given in Table 1. 
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Jungle cats, mongoose, jackals and foxes are among the important predators of the gerbil.The gerbil has a home range of about 201)00 s(j.n.. 

C. The Soft-Furred Field Rat (Ailidia m'nlfada) 

lDescriptiort: The soft-furred field rat is
so-called bccause it has soft, silky fur. It is smaller
than the roof rat but larger than the house mouse.
The back is grey colored and the belly is white.
The tail is sparsely hairedland shows clearly visible
annular rings (Fig. 5). The eyes are large and 
prominent and the naked cars also are rout rled_and prominent. i lead and body length varies from
12(1 to ISO in. The tail is over 8l0 percent of he"ad
and body length. Adult weight is about 

)istribuition: Its distribution 
similar to Ihal of the indicoot rat but 
from the N.V.F.P., most of Baluchistan 
olf soullhern Punjab (Fig. i). 

Iahbital. 

t0 g. 

is roughly, 
it is absent 

and pa.ls 

It atta;ns high abundance in 
irrigated or wet areas bit occasionally is also found 

purely sandy area!;, but certainly tolerates quii,
saline are as having pred( ninanlly iahiphylic 1vpc
of vegetation. A couple of dccadcs ago il was 
reporied to be uncommon in the central Punjab.
Today it is one of [ie comnion rats of the
croplands. The soft-lurrcd field rat lives in simplebiurrows usiiallv located on bids arid at the cdges
of the filds. Burrow openings are often under
hushes. In cultivated lands it dcstroys crops and is 
an iitiortani pest of theall three major crops,namely: wheat, sugarcane, and rice. In rice fields itfeeds mainly oit flowcrs, ripening carhcids Mid ripegrains. Insects form 'i significant part of' its (lici.Sometimes rice is present in the diet of the rat long
after tle harvcstitig ol tlie crop. The soft-fiurred ratis not known to hoard food in its burrows. Perhaps
the rats steal from ltic grains siorid in thebandicoot burrows or Iicy glean ther frinlm thefields. 

Fig. 5. The soft-furred field rat. 
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Fig. G. Distribution map. 

Ilalits: It is nocturnal in activity and spends the day concealed underground.a rather poor burrower, preferring to make use It is consideredof natural crannies in loose stoneenibankinenils, walls andor cen natural cracks in the soil. It is not particularly coloniai.individuals may Two or threeoccupy burrows located in lie sanc vicinity. Al. meltada habitually buildschamber in a nestits underground burrow. The soft-furred field rat reaches sexual maturity quickly. Thishelps the rat in maintaining a high rcproductivc rate (see Table 1). It breeds year round, except in thewinter months. 

The home rangc of the rat varies from 79)0 to 2200 sq. i. The natural enemies of this rat arethe same as that of the bandicoot rat. 
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1). House Mouse (Mus musculus) 

Description: The house mouse is a "
rclativelyrsmall rodent with conspicuous rounded 

scmi-nakcd ears and slender semi-naked tail 
gcncrally equal to or longer than the head and body -/. 

length (ig. 7). It has light, brownish-grey back 
and white belly. I lead and body length ranges from 
(4) to 83 mm ,vith the tail ranging iom 62 to 8)
 
nm. Adult mice weigh 1, to 21 g. Fig. 7. House mouse.
 

t)istribution: Ihe house mouse occurs in 
all the four provinces throughout Pakistan,
including the northern I Himalayan regions, even in "-7" CA 

the remote mountain villagcs. In the north it 
exte'nLS into the mountain valleys of Ilazara ,r'Al---1A 

AF"'N'ANhits becn collected atDistrict, ('htral and Swat. It 
such widely scateterCd localities its Pasni on the 
Mckran ('oast and in the Nallar north of (;ilgit, as , . 

well is Nairan in the Kaghan valley (Fig. 8). 

Ilal itat: It exploils both indoor as well as 

outdoor habliats. It lives, in the croplands .- / 

throughoutl ic year and in fairly good numbers 
tot). The burrows ol the mousetare shallow and 6 

simI pie. Mostlyv IlcV occur on the bunds or under 
bushes. During tIL harvesting scason the mice are 
corn1o1 Under the harvested heaps of wheat and ARABIAN SEA 

rice. The mice sccm Io fccd on the grains only, 
cwing damagc mainlv during the sowing and , 0. 

harvcsting seasons. Insect, form a good part of the 
Fig. 8. Distribution map.diet 0 t ie imous. 

Hiabits: The house mouse is largely nocturnal. It is a good climber and inhabits the upper
 

part ol rooms and st ructures. More than one individual can utilize the same burrow system.
 

The house mouse is omnivorous in feeding habits. It can cat cooked rice, meat, soap and
 

butter. In cropland it probably feeds mainly on seeds and vegetative matter. It is the most frequently
 

encountered pest rodent in grain storage centres.
 

The house mouse has a high rate of reproduction. It could produce as many as 12 litters in a 

year (Table 1) and as such are a constant threat to stored foods in urban and rural areas, field crops and 

to grains in threshing yards. 

The house mnluse has many natural predators but the small Indian mongoose and the little 

spo lted owlct seem to be the major ones. 

E. Short-Failed Mole Rat (Nesokia indica) 

This rat has a scaly tail, robust body, deep muzzle and relatively naked cars (Fig.)escription: 
9). It can be distinguished from Bandicota by its relatively shorter tail which never exceeds 70% of the 

head and body length. The upper lip does not cover the base of gum and teeth. The body fur is softer 

The color of the body varies from dark greyish brown to reddish brown.than the fur of B. bengalensis. 
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The belly is greyish white. The head and body length ranges from 150 to 180 mm and the tail is 110129 mm in range. Adult specimens vary in weight from 120 to 2X0 g. 

I)istribution: It has been found
throughout Sind, Punjab and most parts of
Baluchistan. It occurs around Bannu, Kohat,
Mardan and Peshawar and probably extends into 
Swat and Chitral (Fig. 10). 

Iabitats: The mole rat is foundthroughout Pakistan wh crc the soil is damip andlight. Its presence is indicated by mounds of loose 
soil. In this respect it is similar to the bandicoot 
rat. Tile mole rat is distributed widely along
irrigation canals and ditches from whcrc it spreads
into cultivated lands. The burrow system isgenerally complicated and long and may extend up 
to 25 m in length. It is entirely absent from sand
dunes. It prefers to burrow along water courses
and btnds, and perforates cnhankments and 

Fi 
. 

t.ilcd mole rat. 

canals, causing loss of irrigation waler. 
The mole rat is not common in croplands 

" " 
except those which occur near river banks and near 
to sandy banks of irrigation canals. It damiages
canei roots and( roo(t crops fromn urnduerground.ul.
Howcvcr when rice or wheat are ready for harvest, 

~~ 
A.GHAhSTA 

~: 
-I,-- . 

it feeds on tie surfacc and damages the crop. 

lhabits: N'esokia iidica is ilore fossorial 
"
 

than B. 	 be'fgahI.fsis. The burrows are nmoreextensive 	 than any known rodents of similar size. 	 -,Tuinnels are qutite close to tire surface (15 rni). 

The nmle rat is herhivorous and fccds
 
principally upon te roots and stems of grassesfrom inside the burrows. Since it rarely emerges ......[3,
on the surface of the soil, it is srpposcd that sccd 
 o ,,ob.+.,,,
grains and fruits are an insignificant part of its dict.It does not make underground food storcs. Fig. 1t). Distribution map. 

Breeding activity appears to continue throughout the year. RateAverage 	 litter sizc of pregnancy is 30%.is 2.4 per 	 female. Average number of' litters 	 producedreproductive rate of the nmole rat is low as 	
per year is 6.4. Thecompared to other field rats but its litespanf is greater. 

Snakes afn owls seem to be tire important predators of tie riolc ral. 

F. 	 louse Rat (Rattits rattus) 

e)scrintion: The roof rat is a commensal of' man and occurs alnst Ih',.iglout Pakistan.roof rat is generally dark grcy-brown with a white 	
The 

or creamy-grey belly. The :ail 	 is dark colored andnearly naked in appearance. The tail is one .andone 	quarter-times as long as tIe body size. Themuzzle of this rat isslender iird pointed. Ears are prfinent, large and naked (Fig. 11). The )read andbody of adults varies from 150-2(X) ini and tail uplo 225 rin. Adults weigh from 140 to 220 g. 
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I)istribution: It occurs in all the larger 
towns and villages throughout Baluchistan, Sind, 
Punjab and NWFP. It has also been trapped in 
Swat, Dir and Murree in the Himalayan regions " ':
(Fig. 12).a -m r -' 

Iabitat: It occurs in grain stores, food . 
shops, poultry farms, and human dwellings. Nany 
farm houses, too, h.ave a population of house rat5
of their own. The house molse and sometimes the 
Indian gerbil join the house rat in the farm hnuses. 
lowever, the house rats are strictly confined to 

farm house isthey are only rarely found in the 
croplands surrounding them. It prefers to live in 
crevices, in the eaves of roofs, holes, and in stacks 
of bagged grain. 

Fig. 11. House rat. 
habits: Tl house rat has a varied dict. 

Usually it feeds on stored grains iswell as refuse 
and discardcd garbage. It can eat allkinds of green 
vegetables, seeds, nuts, fruits, ieat, insects andd" 

even leather and candle wax. In the coastal area of 
Pakistan it inflicts damage to coconut planlalions, /"r


AFGHA.TANliving and nesting in the crowns of the paln trees. 
Beside spoiling food aid propeily, house rats 
present a healhh haiard. Riat fleas collected from , 
this species are known to be vectors for such , 
diseases as of buibonic plague ar, inurinc typIhus. )' 

Breeding takes place throughout the year. 
Spring and suminmer are the seasons of thef ' 

maximni production. The average litter size in 
central Punjah is 6.2 and the alnnual pruduction of 
young has been estimited as 6, that is, just the -,. 

same is for the fioft-furrcd field rat. The home 
range of tie house rat in iy be as.% sq. m. .large als UX)I ARABIA SIA. C -. 

in areaf. R_,_,_,, __ _ 

The chief enemies of the house rat are 
domestic cals, littic spotted owlet and the small Fig. 12. Distribution map. 
Indian miongoose. 

G. Norway Rat (Raltts norvcgicus) 

l)escriiih n: "This is a large heavy bodied rat with blunt muzzle and small cars. It is 
distinguished fromn the roof rat as the tail is shorter than the head and body and it has smaller ears (Fig. 
13). The body fur is course, dark brown on the upper surface and generally greyish on tle belly. The 
tail is generally naked and scaly. I lead and body length averages 229)mim (range 222-255 iiin) with the 
tail length averaging I96 mm (range I1X)-22 nim). Adulls weigh from 2M to 4M g. The fernalc has 12 
mninmaries. 
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Distribution: The Norway rat has a very 
restricted distribution in Pakistan. It is found in 
Karachi city, particularly in tie port and dock area. 
There are small populations in Pasni and (;awadar 
sea coasts. There is also a small propulation living
in and around the Lahore railway station (Fig. 14). 



- " 

Ilabitat: It is exclusively a commensal 
species in !' - '. is the most efficient 
burrower amongst the Rats species in Pakislan. 
It excavates extensive tunnels undcr the
foundations of buildings. It can also occupy the Fig. 13. Norway rat. 
drains and underground sew.'ers. The open r.Lise 
dump is ilso a favorite habit at for this species. -- M 

Ilabits: The Norway rat is a,, aggrcssive
and bold rodent. It is quite agile aad can climb AC1T N 

fairly well. The Norway rat is a strong digger and -
prefers to live in underground burrows. Individuals 
within a certain territry recogniie each other by .o 
smell and live in close association, Mhicl might be 
likened to a tribe. It is ai serious pest in Karachi, 
particularly in destroying rice and wheat stocks 

-, 

being stored 
omnivorousactivity. 

at the TIX 
and largely 

produce yards. It is 
noclurnal in feeding 

( 
MLA 

m 

In Karachi it has been found to breed AA SI-N -A
throughout the year, producing on the average 7.4 
young in a litter. Like the roof rat it is largely .. I1,,. 
dependent or 

, . 
man for fiod and shelter. 

If. Desert Jird (Aleriones hurnianae) Fig. 14. Distribution map. 

Description: The desert jird can easily be distinguished from the Indian gerbil by its muchsmaller ears and a crcamy-colhred but not white belly. The soles of thc hiind feet are hairy with i a restricted naked patch around the region of tlie head (Fig. 15). Adults weigh 70 to 100 g. 1lcad andbody length averaging 125 nnii (range 115-143 mni)with the tail averaging 132 mini (10W-151 In in). 

I)istribution: It is fond in tire sand dinle areas in the sea coast ,tround Karachi and extendswestwards into Mckran. It occurs in the barani arcas as well as desert areas from N\VFIP throughPunjab and Bolhari in Sind. It is not found in the rockier part of the Salt range and I limalayan foot 
hills (Fig. 16). 

Habitat: It does not occur in rocky areas and seems to need fairly firm soil for burrowing.burrows are not found within well cultivatcd irrigated tracts but always it) waste areas and 
Its 

non
cultivated patches such as road-sides, canal cnbankmcnts and sand hills. 

labits. The desert jird is active during daylight. It is gregarious and live in colonics. Burrowopenings are cortcentrated on hummocks around shrubs and somletines in embanknerits (in the edgeof dry fields. In iiigated and scaltercd regions of Punjab, the jird is restricted to wastelands. During
the summer seasor the jird is active in the early niorning and evening. 
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The desert jird is considered to be one of 
the pests to rainfed wheat in Pakistan. Damage to 
wheat always appears as a patch of completely 
grazed wheat near the burrows on the edge of the 
field. It cuts young growing wheat and other crops 
and carries both stalks, leaves, and seed parts to 
store in its burrow. 

It has been found in abundance around 
grain storage bini _'ells near Bahawalpur in Punjab 
and Bolhari in Sind. Its feeding territory seems to 
be within a radius of about 20 n, only from the 
burrow, with a maximum range of 150 m. This 
desert jird can breed througl:out the year but two 
peak periods are February- March and July-
August. Gestation period is 28-30 days. Average 
litter size is 3-5 and females produce 3-4 litters per 
year. 

The common predators of the desert jird 
are the desert fox, jungle cat, white-eyed buzzard 

and the rat snake. 

i. Libyan Jird (Meiones libcus) 

Description: The body fur is long and 

silky, with the hairs averaging 13 to 15 mm in the 
dorsal area. The hair on the ventral surface is pure 
white and th- terminal tail tuft is generally blacker 

Head and body
than that of M. hurrianae(Fig. 17). 


length averages 113 mm (range 115 to 168 rm);
 
tail 137 mm (range 125 to 162 mm). Adult body 

weight varies around 90 g. 

Distribution: In Pakistan the Libyan jird 

occurs in western Baluchistan. It has been 

collected throughout Kharan and Kalat, around 

Dalbandin and Nushki and around Quetta upto 
Chaman. It seems to be rare in the northern 
mountainous part of Baluchistan (Fig. 18). 

Habitat: It is confined to the valleys and 
low-lying areas, and it avoids steep mountain 
slopes. It is found upto l(0 m (5500 ft) and is 
typically associated with tamarisk studded sandy 
flood plains in Baluchistan and the edges of 
cultivation in the broader valleys. 

labits: Like Af. hurrianae, it is diurnal 

and gregarious and lives in extensive colonies 
where its burrows are located in comparative close 
proximity. This species does not seal the entrance 
of its burrow. It feeds on various grass seeds and 
succulent fruits. In cultivation it often does 

Fig. 15. Desert jird. 
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Fig. 16. Distribution map. 

Fig. 17. Libyan jird. 
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considerable damage to tomato and potato crops.
It hoards food in the burrow for consumption 

Cif,,A
during the colder months. 

Breeding activity is confined to the spring 	 AFG,4AMSTAN ""
 
and autumn months. Average litter size appears to -

be three or four. 

J. 	 Northern Palm Squirrel (Funambths -

pennanti) 

Description: The squirrel has rounded -
cars, dark bright eyes and rather pointed muzzle. 
Fur of the head, neck, shoulder and outer limbl)N&
surfaces is a grizzled pale grey. The dorsal body 
area is an olive-grey brown color divided by three 
conspicuous longitudinal cream colored stripes.
The belly is creamy-grey and separated from the
dark dorsal color by indistinct creamy-buff 
longitudinal stripes. The long sparse hairs of the
tail are creamy or white at tip and base with a black 
middle 	 band (Fig. 19). Head and body length
varies from 130-165 mm while range of tail length 
is 120-1Q(1 ii. Adults weigh IM~ to 150)g. 

Distrilution: The palhn squirrel is widely
distributed in Pakistan. It is found throughout the 
NWFP except in higher mountain regions. In 
Cholistan, Thai and Tharparkar, the squirrel
inhabits wherever there is human habitations. It 
extends across southern Baluchistan in Mckran 
(Fig. 20). Salt Range is also occupied by F 
pennanti. 

|labitat: It is common in large cities, 

villages and semi-desert regions. Throughout the

Indus Plain it is associated with Acacia arabica and 

Albizzia lebbeck. In the Mckran, date pahns are the

dominant vegetation type occupied by this squirrel. 


HTalits: F. pennanti is diurnal and

arboreal. The night is spent sleeping inside a 
tree
 
cavity or crevice in the wall of a building. Seeds

and berries are its principal foods but it may
supplement its diet with insccis, eggs of birds,
leaves and buds. It is often very destructive in 
vegetab~le gardens and orchards. It inlicts 
widespread damage to sprouting maize and wheat. 
Occasionally, the squirrel learns to feed on pulp of 
sugarcane and may cause considerable damage to 
cane crops growing near farm houses. 

The squirrel breeds from April throughFmSeptember in central Punjab. But, in other paris of 
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Fig. 18. Distribution map. 
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Fig. 19. Northern paln squirrel. 
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its range it may breed throughout the year. It /' 
attains sexual maturity at the age of about 7 months 
and lives for about 18 months. • 

The mongoose, little spotted owlet, and 
cats are its main enemies. 

K. 	 Indian or Crested Porcupine (tHystrix . . 
indica) 

Description: A large rodent. The body is 
covered with quills with alternate deep brownish
black and white bands (Fig. 21). It has a long crest 
of bristles from the forehead to back of head. The 
itil is short and covered with short white quills. 
Measures between 46.0 and 71.5 cm in head and Fig. 21. Indian or crested porcupine. 
body length, with a tail of 10.6 cm. Adult body 
weight probably between 10 to 18 kg but specimens CHK 

as large as 27 kg have been reported. 

Distribution: The porcupine occurs ove r , AFGANSTAN 

most of Pakistan, even into mountainous areas and] 
juniper forests in Baluchistan as well as irrigated 
areas in Sind and Punjab (Fig. 22). 

Hhliat: It prefers rocky habitats, sandy 
soils and burrows into embankments along
abandoned irrigation and drainage ditches. May be 
found in forested areas in irrigated tracts. It is "V 
more plentiful in areas with broken rocky hillsides 
and is much less common on alluvial plains. In 
canal irrigated croplands, creation of irrigated 
forest plantations and high embankments of ARABIAN SEA 

drainage canals seem to have grtratly fostered its -.0,., 

spread and increase in the Punjab. These places 3 Nob4,,g'
 

provide the porcupine ideal denning sites. Fig. 22. Distribution map.
 

Habits: Nocturnal and terrestrial. In rocky habitats inhabits caves or burrows usually dug 
between crevices. In sandy areas and embankments, digs long burrows that nay extend 8 to 20 m, 
ending in a wide chamber. Normally lives in family groups, sharing the extensive burrow system. 
Burrows, if undisturbed, may be used continuously for many years. 

The porcupine leaves its den soon after dusk and remains active till dawn. Its range of 
movement is extensive. It regularly visits the nearby crop fields and tree plantations. It is especially 
destructive to sweet potatoes, potatoes, beetroots, onions and carrots. It debarks and girdles trees, 
such as mango, apricot and orange and kills the seedlings of forest trees. 

The porcupine is a slow breeder. It litters just once or at most twice in a year and a litter 
generally consists of 2 to 4 young. However, because of its large size, longer life, and larger home 
range it is a destructive and economically important pest. Furthermore, it is well protected against 
predators because of the protective cover of long quills. 
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L. The Murree Vole (Hyperacrius wynnei) 

I)escriptlon: The Murree vole is a small
sized, very dark- brown burrowing rodent with
 
short velvety fur, long cylindrical body and well
d,veloped blunt head with powerful protruding
 
incisors. The tail is very short. It spends most of
 
its lifetime underground and, as a consequence, has
 
very tiny eyes and very small ears (Fig. 23). Head
 
and body length averaging 115 mm (range 101-138
 
mm), the tail averaging 32 mm (range 24-39 mm).

Adult weight varies from 42 to 60 g. The female Fig. 23. The Murree vole.
 
always has six manimae.
 

I)istribution: It is abundant throughout 
the forest region in the Murree hills extending

westwards through the lower forested 
 regions of
 
Hazara district (Shogran in the Kaghan valley) , '
 
across the Indus to Lower Swat (Fig. 24). 
 AfGHAISTAN el>l ' 

IHabitat: This vole is associated with
 
Himalayan moist temperate forest 
 and is found l
 
from about 1850 m elevation upto 305) m both 
 , 
within forest and open grassy slopes. It has been
 
found at 2800 m elevation (Mukshpuri).- It- is -.--

typrcally adapted to live in silver fir and blue pine. 

Hlabits: The Murree vole excavates an 
extensive network of comparatively shallow 
feeding tunnels. For breeding and sleeping much .......HA 

deeper tunnels are made which descend almost 
vertically into the ground. . 

r- P~otle, ,i. 

It is a serious pest of apple orchards, as 
well as maize and potato crops grown at mountain 
elevations. It damages apple trees by gnawing the Fig. 24. Distribution map.
bark, either just below the soil surface, or in winter 
time, upto a few inches above the ground surface. 
It gnaws maize stalks, cutting them just at or below 
ground level. 

Females probably produce two to three litters each summer. The litter size may be 2-3. 
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Rodents 

RODENT BIOLOGY AND BEHAVIOUR 

By Abdul Rauf Khokhar 

A. Reproduction and Growth 

Rats and mice typically have high reproductive rates which balance their low survival rates. In 

most species, the reproductive rate is low in some months and high in others. Knowledge of this 

seasonal variation and a basic understanding of reproduction in rodents is important and is useful in 

planning control procedures. 

The female reproductive system consists of vagina, uterus, ovaries and mammary glands. 
a structure (clitoris) homologousExternally, young females resemble young males since females have 

to the male penis and since the vaginal opening in sexually immature females is closed (imperforate) 

and not easily seen. The sex of young animals can be determined by noting the distance between the 

penis or clitoris and the anus. The distance is short in females an.1 longer iin males. Also, even in 

young males, the internal shaft of the penis can be evertcd by applying a slight pressure. 

age of sexual maturity in female rodents, the vagina becomes open (perforate).Before the 
Most female rodents attain sexual maturity from 5 to I weeks of age. After copulation and fertilization 

occur, the small embryo implants itself in the wall of the uterus. As the embryo grows a special organ 

called the placenta develops, which provides for a closc association between tte maternal and 

embryonic blood vessels. In this way the embryo receives nourishment for growth. At birth the 

expelled. At the site of (ie former attachment of theplacenta is shed away from the uterus and 
placenta to the uterus, a placental scar is formed, which in most rodent species lasts for life. Placental 

scars appear as black ;pots on the uterus. The total number of scars on a female is equal (or nearly 

equal) to the number of young she has produced. 

In young male rodents, the testes are in the abdomen and not externally visible. Before sexual 

maturity, the testes descend into a sac (scrotum) below the penis. 

The female of most rodents is receptive to copulation only for about 12 hours in every 4 to 7 

(lays. This period of receptivity is known as estrus. In most rats and mice and in pikas, the female may 

be receptive to copulation within a few hours after giving birth. This is called post-partum estrus. 

Normally in rats (Rattus nonegicus) the gestation period, or time from fertilization to birth of young, is 

23 days; in mice it is 1 days; in pikas 30 days. 

There is a correlation between the length of gestation period and the developmental condition 

of the young mammal. Those with short gestations have altricial young (usually hairless, eyes and cars 

closed, unable to walk), while those with long gestations have prccocial young (born fully haired, eyes 

and cars open, able to walk in a few hours). As a broad rLle, small mnamnmals have higher postnatal 

growth rates than do large mamnimals; that is, a small nammal will attain adult weight at an crrlicr age
 

than a large mammal.
 

The growth and development of Ratus provides an examnlc of rapid development in a small
 

mammal. At birth young Raits are naked and have the eyes and car openings closed. There is little
 

change in appearance for the lirst two days. On the 3rd day the dorsal surface starts to darken, fine
 

short hairs can be seen, and weak crawling movements are observed. Pigmentation of the nose, back
 

and tail become evident on the 5th day. During the next few days the young become fully haired. The
 
Thi eyes and ear channels open on
lower incisors erupt on the 9th day and the uppers on the 11h day. 


the 151h to 16th day. Supporting the body on the legs and walking is evident front the 10th (lay onward.
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By the 17th day the young climb agilely, run rapidly and give all tile appearances of an adult. By the20th day, they are fully indepcndent and leaving the nest for short trips.eating solid food by the 25th to 28th day. 
They are fully wcaned and

By threc
maternal nest. 

or four weeks they are independent and leave theYoung of Bandicota bengalensis approach adult size in about 3 months, mice in abotit 6weeks. 

B. Population Growth 

Short gestation periods, post-parturn estrous condition, large litter size and rapid maturation ofthe young are the characteristics of the rodent populations which lead to their rapid growth.increase in rodent populations make them the world's most imporlant pest species. 
The rapid 

Generally, a rodent population which undergoes a reductionrecovers slowly at first and in size (as from poisoning)then at an increasingly faster rate. When it approaches the carryingcapacity of the environment because of limitation of food, water and shelter, growth slows clown andthe population tends to level off. In an unchanged environment, the population would be expected toremain at essentially the same level but in practice it tends to flucltuae in size, around the carryingcapacity of the environment (logistic growth curve, chapter 3). 

C. Poplation Dynics 

Rates of natality, mortality, immigration (novement into(movement out of a population) combine 
the populalion) and emigrationto deteirinitie density. 'Fie interaction of these forces ispopulation dynamics. Evcrywherc in Pakistan, there are seasonal changes in the environment whichcause rodent density to vary greatly over ttie year. An understanding of popLilation dynamics mustinclude seasonal variation of birth and death rates. Each species shows a different pattern of seasonalvariation. Even populations of a single species living in different climatic zones can differ in theirpopulation dynamics. 

The example of B. h'ngah'nsis in rice fields of lower Sind can be cited to explain tile pattern ofseasonal changes in population density. Population density is low (one to, five rals per heetare)March through July. fromIn July and August immigration from swampland into rice fields cause density toincrease slightly. A great increase in reproductive rate (upto 5young produccd for each adult female inOctober) in the fall when the grain matures results in a great increase in density to about 50) rats perhectare. 
 In November and December, after the rice harvest, many banciicoots leave the rice fields but
those with well established home burrows remain and may produce a second
fields dry out and are or third litter. As the
grazed hy cattle or ploughed for
bandicoots. Reproduction declines and emigration 
a winter crop, they become less suilable for


and mortality remain high resulting in a sharp
decline in density in January and February. From March 
 through .luly reproduction is atnostSince the few bandicools remaining in the fields all have well 
zero. 

cslablished b irrows, mortality is low.Density is low but slable through the winter and spring until the next rice season. 

Nesokia indica, another rice field pest, differs grcatly orn this pallttern.' Like most lOssorialrodents (burrow living), it has a small litter size (average 4.2 'otungThe average life expectancy in Nesokia may 
per litter) but athigh survival rate.be about 1) months co ipared Ito aboutBatdicota. In populations 4 months inof Nesokia, immigration and emigration arepopulations of Bandicota. not as important as inThe home range in Nesokia is small. It toes not move long distances evenafter crop harvest because it mainly fceds on underground tubers and rhizomes ralhcr than the crop. 

Afillardia ineltada, a third species of rice field pest, has a moderate litter size (average 5.6),probably a low survival ratc, but longer breeding season (all the year except cold months) with a largepercentage of adult females pregnant. The length of the breeding season has a great effectpopulation density especially if it is Iong enough fir females born early in the season 
on the 

to reach sexualmaturity and have a litter before tie end of the season. 
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Thus three different species (Bandicota, Nesokia and Aillardia), all living in rice, have different 

Each pattern ensures continued survival of populations of eachpatterns of population dynamics. tile 

species with its own unique inode of life. 

I). Social. Fteding an idExplorator' Behaviour 

o ts cCological studies but from aIchavioural studies maky focus on the same aspcCts of biology 

if view. Ftor example, an animal beh aviourist sLudying the prefirecrice of Rattits ratttsdifferent point 
for living in buildings will try to discover the mcclanisin itr this refiercnce. To wmat extent is tile 

or by its early experience? To what extenthabit at preference iiluence d by the heredity of the animal 

is the preference iite to aggression or competition from other rodntl species which live in the fields 

and thus mav force R. rattins to live in buildirIgs? Such studies alhwIh s it) Underst and better how one 

species might resporn d to reduction by ctotrtol of other species. 

i av be useful for control. ForSimilarly iiforrmition from other types of bclavitotraI stidies 
ur may help to find more attractiveexamlple, :asllt, of the respunse of rodcnits to it new object ot otd 

baits. 

ras. roofl 	 rts aid houtse iticC 11;%c bCen Iiund Ito be territorial underMiales of Norwa\ 
r sites andContitiotns of low to modcrate ptipillttit dcnsities tifCtIling itt w, tuws or nest at 

nulnmer of females liing in assocition with Ihelml. Sirnilari, fimralcs it advanced stagcs of pregnancy 
irinldiate, surrtuntirngs.or nursing yotig were also found to dclend their nest and thiC 

IIIantither study on Nor\kxa rals living inan ourtdotor 	enclosure, it as foitndllthat certain males 
SUpply. Tliese males established theirdominiated lie most fatirible placCs close to tilefood 


territories near the source t' food and also controlled burrows containing several females.
 

While conducting Ilbtoraltory studies tin tile rcrodtdtuciiv biology of Badic ta bt'rgah'n.sis in
 

the Vertebrat e Pcst ('ontrtol l.abtiraltotry, Ka rachi, the ficrtIlc banridicttit rat was found toi resemble lie
 

Norway rat in defeniding the nct btx and its surrtiuning. lFvcn several dats afer the attlaiinient of
 
the nest boxweaning stage by the vting. tileICialc dii not allow the male (l thr)ttn come near 

citlaining the young. Converselv,, lcntale Ncsokia indica Was found o e i Luch inire docile and diid 
of the nest boix I'm oliservatitin. I lowcver, thenot show any excitement Mshen its vtutng were taken till 


yvoung by plugging the hole of the nct box with straw and pieces tf newspapers.
mtther didi protect tile 

sautc place may differ intheir diet. For cxanmple, both)ifferent rttlent species living inthe 

Millardia and Bandicota mainly cat rice when tile
crop is near harvest. But when rice grain is absent,
 

Aillardia depcnds mostly tin insects and grass seeds while flanlicota cats almost exclusively the rice
 

stems and plant rotits. Such dilfference in feeding behaviour when ftitid supply is low prevents severe
 

iritcrspccific iom petititirn.
 

Wild rats arntl mice display at sirong expltirattory dlriwe within range toftheir htme. They
 

constally explore known arid new aslicts of their cnviroinicrl; in a shtrt lime they come to know all
 

abile to mite to shelter iniicdiaclely (aigcr threatens. l)Lrin exploration
featLures ihtir ughly ard are 

or liquids that are
they sniff anl i livcstig te ohiccts wil intheir range, tasting and sam pling any ftods 


found. The end re';ult of' tis cxplorattry behaviour is to make Ihcni Iariliair with a wide variety of
 

sitiatitns in their inimcdiatc environment.
 

The details ofIlII exploring their envirotricint, rlts and mice go through a learning pricess. 

hiding places, and (lie lcatitis of lood and water are mcniori'cdl and thepathways, 	 obstacles, 
to mive down a runway Wid to take rclugc, are alsomuscular 	movements necessary, for example, 

This is kntwn as orienlation using a kineslietic sense. This bcavioural trait is easilylearned. 
opening that rats or mice have been used to entering. When disturbed,dciionstratcd by ctvering an 
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they will repeatedly attempt to enter the opening, which their kinestheticshould hc there. sense has informed themSuch detailed familiarity with the living space, the location of food and water, knownrunways, burrows and other places of concealment, greatly aids in individual survival. 

Inquisitive exploratory bchaviour would quickly lead rodentsingestion of poison bait if it wats not inhibited in some manner. 
into traps or result in their 

Another behaviour pattern, opposite toexploratory activity, serves to protect them from their own curiosity. Thus, Norway rats, roof rats, andlesser bandicoot rats will quickly detect but initially avoid any strange objects that are eiicountered in afamiliar environment. This behaviour, which has been called "new object r-eaction"most easily seen in the case or "neophobia", isof rats living in an area with established runways. The use of a runway canbe prevented, sorictimcs for days, by simply placing upon it a harmless but unfamiliar item, such as ablock of wood. Other objects, such as a bait container or trap can produce the sameobject reaction" is less evident effect. "Newin mice, which become accustomed to traps and strange food within
relatively short time. 

a 
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Rodents 

METIIODS OF RODENT POPULATION ESTIMATION 

By Abdul Aziz Khan, Abdul Rauf Khokhar, Iftikhar lussain and Joe E. Brooks 

Rodent populations are studied and estimated with techniques which are biologically and 

statistically acceptable. Population estimates are helpful in calculating the extent of grain losses to 

rodents or in following the seasonal changes that occur in ield crops during several growing cycles. 

Some methods give information on the distribution, size and species composition of the population 

while others give only indirect mcsurcs, such as activity measures. All have their uses, however, and 

several methods, both direct enumeration and indirect estimations, will be outlined. 

A. 	 Visual or Preliminary Survey Inside Structures 

A preliminary survey of rodent populations inside structures (poultry houses, grain shops, 

godowns) will include: 

I. 	 Sounds: Gnawing, clawing, climbing, squeaks and noises etc. 

2. 	 Droppings: Found along runways, shelters and other places where rats frequent. 

3. 	 Urine: Wet or dry. 

May be found on pipes and roof beams in poultry farms particularly.4. 	 Smudge marks: 

5. 	 Runways: All wails, all fences, under bushes and buildings. 

6. 	 Tracks: Foot prints or tail marks on dusty surface or on spillage commodity, like 

flour. Use tracking patches (flour, chalk or talcum powder) to record tracks overnight. 

7. 	 Gnawing: Wood chips around baseboards, doors, basement, windows, frames, store 

materials provic cvidence of rodent damage. 

8. 	 Nest and food caches. 

9. 	 Pet excitement: Cats and dogs show peculiar behaviour towards rats. 

10. Rat odours: A 	 peculiar smell indicates )resence of rats or mice. 

11. 	 An experienced rat control worker can estimate low, medium and hih population by 

seeing rat signs, burrows and food caches. 

a) Rat free or low infestation: No signs as mentioned above or few foot prints. 

b) Medium population: Old droppings, gnawing common,no rats seen in day 

time. There may be 10 or more rats in such .-ituations. 

c) Iligh populat ion: Fresh droppings, tracks are common, gnawing present, one 

or more rats seen at day light or night. here may be 50 or more rats. 

12. To record the above information you need the following equipment; a) Electric 

flashlight/ torch, (b) Tracking powder (c) Clipboard and record sheets 
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B. TraDDinR Methods 

Both statistically and biologically reliable data can be obtained from trapping methods. 

1. Trapping to Extinction 

Complete trapping will give the actual population present in an area. This procedure is used insmall godowns (500 tons capacity) or small poultry farms. The objective is to trap out all the ratspossible and in a period not exceeding 21 days. This can be achieved both by live or kill trapping.Trapping is monitored by the foot prints on tracking patches. When the tracks are absent, all rodentshave been trapped. It may sometimes happen that though the vast majority of rodents are trapped, afew reluctant individuals avoid the traps. The size and species composition of this residual population,provided it isvery small, can often be estimated from the frequency of foot prints on the track patches. 

2. Cyotus-MarkRelease (1MR) Method 

A large number of studies has used a method based upon the recapture of marked individuals.Timewise this method isdivided into two phases; first a sample of animals is caught alive, marked andreleased back into the original population. In the second phase, animals are again captured from thesame population and the previously marked animals are recorded along with thetrapped. The method itself depends upon 
new ones that are a very simple ratio. The population (P) is related to thenumber marked and released (M) in the same way as the total caught (n) at a subsequent time isrelated to the number of marked animals recaptured (m), or: 

P n Mn 
-- =.... ,whence P=---------
M m m 

As an example, assume we captured 100 rats in someand released them back into the shops (M). 
grain shops in two days, marked them

One week later we again trap for two days and capture 90rats (n) out of which 30 were marked (m). The population isestimated as: 

100 x90
 
P ...............
30 . 300 rats

30 

There were an estimated 300 rats in the original population in the grain shops. Theconfidence limits at the 95% level may be calculated from the standard error: 

M2n(n-m) 

S.E. ------ ---

To determine the limits within which the population lies (95% confidence limits), add andsubtract two standard errors from the estimate. Therefore, from our original estimate: 

(100 2x90)(90-30)
S.E. I ----- .........--------= 7.4 x 2 
= 14.8 (rounded to 15) 

100 3 

Upper limits = 300 + 15 = 315
 
Lower limits = 300 - 15 = 285
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Population estimates by this method will be based on two important assumptions: 

a) No significant change in population takes place during the period of study. 
b) The chance of capturing a rodent in the second phase is independent of 

whether or not it is marked. 

For trapping purposes the following equipn.ent is needed: 

a) 100 live traps (rat size)
 
b) 100 live traps (mouse size)
 
c) Cloth bag to hold live rodents for marking
 
d) 2 pairs of dissecting scissors
 
e) Spring balance (100 x 1g)
 
0 Spring balanLe (500 x 5g)
 
g) Marker
 
h) Trap baits 

Animals can be marked by clipping one 
or more toes or by cutting notches in the ears. 3 4 

Toe clipping relies on using the forefoot digits for 30 40 70 80 b A 
numbers 20, 30, etc. through 80 (each fore- foot has 20 o 

4 toes) and using the hindfoot digits for numbers 1 o 
through 10 (each foot has 5 digits). Thus 99 
numbers are possible (Fig. 1). The ears can be 
clipped in a pattern representing the numbers 1,2,4 
and 7, thus any number upto 9 can easily be clipped 
in one ear with only 2 notches. The other ear could Fore feet Hind feet 
be notched for numbers 10 through 90, thus (With animal on its back) 
giving 99 numbers. 

4 20
 
' 

CMR methods are laborious and time 

consuming. Moreover, shopkeepers or 2 
7 to 0
 

householders are not pleased to have the rats 

captured and then again released into their 
premises. For these reasons, these methods are 1 70 

rarely used in such premises. For outdoor field 0 
studies, however, these methods are quite suitable. EARS 

Fig. 1. Methods of marking animals.3. Trapline Nithod 

It is preferable to use a transect method in setting traps in the field. The traps are set in pairs. 

Such pairs are placed about 10 paces apart in a straight line and about 2-3 meters inside the crop from 

the edge. This allows two pairs of traps to fall within the home ranges covered by the line. If one rat is 

caught a second trap remains nearby to catch another animal. A buttered "chapatti" should be used 

which is attractive to a wide variety of rodents. Traps should be placed carefully upon flat and even 

ground. This is because even small animals do not like to step on something that tips or moves when 

touched. The relative abundance of animals is estimated through trapping success. 

Number of animals caught 
% trap success 	 ---------------------------------- x 100 

Total trap nights 
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For example in a trapl;ne of 200 traps set for 3 s'Jccessive nights and catching 31 bandicoots, thetrap success for the field sampled would be: 

31 100
 
---------------x ------.. 5.16%
 
3x200 traps I 

Generally a figure of 10% catch indicates a high rodent population. 

Some species enter traps more readily than others whichpartly overcome are more cautious. Thi, can beby setting traps for at least three consecutive nights in the same place. This allowssome of the trap-shy species to be caught after the bolder or more inquisitive species have been alreadytrapped. There should be a fixed number of nights that the traplines are operated throughout the
study. 

4. Regression or DailyCapturs on Cumulative Cniptures 

When removal trapping is carried out for six to 10 nights, it is possiblepopulation from the daily decline in the number of animals capturcd. 
to estimate tih rat

If the number caught each day isplotted against the number previously caught, then a straight line can be fitted by linear regression usingthe method of least squares. The point where the line crosses the abscissa gives the population estimate.As an example, suppose we capture the following number of rats in six nights: 

Number Cumulative 
Caught each 
 Number

Day Captured c 70 

59 

56 0 T6,59 U-
 .7 - 40.1851"42 115 , - 0.9748 
39 157 E 40
 

26 
 196
27 222 E30 

When these are graphed and the R 
D 

20
 

regression line fitted, we get the example as shown
in Fig. 2. Altogether, 249 rats were captured in six 
A to
 

o
nights, leading to an estimate of 355 rats in the 0 0 ,00 1 2 .250total population. This method can be used as a CUMUATIVE CTRES

second population estimate along with the CIR
 
method (below).
 

5. Change-in.Ratio(CIR) Method 
Fig. 2. Estimated rat population based upon

decline in captures per day. 
More popular methods are those that remove the animals from tie grain shopsmethod has been used or houses. Athat measures activity befo.-e and after trap removal of rats. This has beencalled the change-in-ratio (CIR) method because some attribute of the population (activity) has beenchanged by removal of part of the population. We have used this method to estimate the number ofrats in farm houses and in grain shops. Activity before and after trapping is measured with inkedchalked tracking tiles (15 orx 15 cm). These are placed for one nigl,texpected to be moving around at night. 

in all areas where rats could beFollowing the placement of tiles, rats are trapped for six to 10nights to remove most of the population. Tiles are again set for one night to record the reduction inactivity that the removal of a proportion of the population has created. The .quation for calculation ofthe original rat population is: 
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T 1 - T 2 T1 T2 

nl 
 P2
 

where T 1 is the proportion of tiles scored positive (with rat footprints) before removal trapping; T2 is 
the proportion positive after removal trapping and n is the number of rats removed. The equation is 

solved for PIP the original rat population. As an example, say the proportion of tiles positive before 

trapping was 0.80 (80 positive out of I(X) set), and was 0.20 after removal trapping. We captured 120 

rats, therefore: 

T 1 x n .Yx 120 96 
II----------------------=------ =160 

- T, 0.8 - 0.2 0.6T 1 

The original rat population estimate was 1() animals. The method is simple, easy to run 

(takes only eight to 12 nights of tracking tiles and trapping) and pleases the shopkeeper or householder 

because most of the rats are removed from their premises. One disadvantage to this method is there is 

no way to calculate the confidence limits of the population estimate. 

C. Indirect Methods 

1. Food Consuniption 

One indirect met hod of population 
estimation is to use the amount of food baits 
consumed by a rat populalion ocr a period of up 1000o. 

to 10 days. The method relies ip the habit of rats 

to switch most of their nightly feeding over to a A 

palatable, frccly available food placed in 7000 

be 60ooabundance in their environicnt. This may 

difficult in grain shops but has been done in some 
ca,cs in godowns. In godowns where rice is stored, 4000

for example, bat containers with wheat mixed with 3ooo-N 
U 

2"; sugar and 2';. oil will be ililicd in preference 9 2

to the rals norrmal diet of rice. The switch over 1000 . 
lakes up to lMtdays, hokvcer, for all rats must find 0o, 

do most 0 3 7 ' 10 Ilthe new food bits and begin to of their 2 4 5 8 12 

DAY 9
alt sites. (;clcrally, thefeeding at Ihc new 

consumIllption starts losw hut rises rapitly over the 
next three to four days (Fig. 3). I lowevcr, bailing Fig. 3. Typical census bait consumption curve. 

should e continued till coisumptiton reaches a 
peak. The anounts consmeld the last two to three days are avcragcd. This total is divided by the
 

average daily consimption of wheat or other grain Iaits by the rodent species concerned. This gives a
 

minimum estimate of the population since istially tile animals continue to fccd somewhat on their
 

regular diet and some animals [lever to fecd at the bait sites. A large numlber of bait sites must be
 

used togclhcr svith enough bait that the total amiount at any one site is not entirely consumed overnight.
 

The cmethod is unrcliable whI en more tha one rolc l species is present, since the proportion of
 

consumpltion attribttable to each is not known.
 

2. Tracking Patches aind Trackinu Tiles 

Several indices of relative abundance can be used to estimate population changes from month to 

month or year to year. The activity index al tracking tiles can be used to measure relative pcpulation 
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activity (Table 1). Set approximately the same number of tiles for one or two nights each month. Scorethe number positive out of the total set. 

Table 1: Index of Abundance: Activity at Tracking Tiles by Month and Catch/Unit Effort 

Month No. of Tiles No. 'irap- No. Animals Captures Per 
Positive (%) nihts Captured Trapnight

Oct. 41.7 349 74 0.212Nov. 50.0 468 74 0.158Dec. 50.0 480 78 0.162Jan. 33.3 576 80 0.139Feb. 27.8 576 52 0.090 
Mar. 27.8 576 24 0.042Apr. 36.1 574 43 0.075May 34.7 576 34 0.059
Jun. 25.0 576 46 0.080Jul. 30.6 576 57 0.099Aug. 32.3 576 61 0.106Seo, 35.0 576 64 0.111 

Similarly, setting an equal number of traps each month in a fixed number of grain shopshouses will give a catch/unit effort index or captures/trapnight (one trapnight 
or 

means one trap set forone night; 1W0 traps set means 1X) trapnights). Remember ni)t to trap the same premises each monthsince he trapping will change the animal abundance. 

Notice that the population abundance as measured by index of activity at tracking tiles was at apeak in November and December and then declined until reaching a low in June.
however, indicated a peak in Catch per unit effort,
abundance in October, declining slowly through January, and reaching
lows in March and May. Ovcrdil 
 there is reasonable agreement in the two indices in that populationactivity and numbers were high in October through January, lowest in February through June, and
were increasing again in July through September.
 

3. Useor Trckin CPatches and Food Intake t ait Sites 

Tracking patches are an indirect method of measuring rodent population using an activityindex of prints on the track patches laid along the walls, beside the dooi ! orThese patches of the size of 15 x 35 x 0.3 cm 
acroq; their runways.


arc !;,tid using Fuller's earth, China clay, leftilizer dust, talc
powder, gypsum etc. Patches with foot prints are recorded as positive.
 

There is another indirect method for estimating rodent numbers, i.e., food consumption dataat least for 3 nights. Assuming that any rat or mouse species eats 10% of its body weight,rats/mice present in the area can the totalbe determined. Alternately, the eaten bait points are recorded andcalculated and represented as follows: 

Percent rodent No. positive patches or
 
activity (track 
 food intake points
 
patches or food 
 . - -------------------------x 100intake) Total No. of patches 

laid/food points 

These two indirect methods are highly practical and useful in evaluating and control materialsand methods and monitoring control programmes. 
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Rodents 

DAMAGE PATTERNS OF RODENTS AND DAMAGE ASSESSMENT METHODS:
 
PREHARVEST CROPS
 

By Abdul Raur Khokhar
 

Pakistan, like many countries of the world, suffers serious losses due to rodent depredations to 
its agricultural crops. Three major crops, viz., wheat, rice and sugarcane remain vulnerable to rodent 
attack at every stage of their development, right from sowing to the harvest stage. 

Generally, losses at the initial stage of crop development are not so severe due to the fact that 
the damaged plants which are attacked by the rodents regenerate their parts. However, the damage 
done at the advanced stage of crop development seriously decreases yield. 

In most of the countries where rodent problems have been studied, generally, one species of 
rodent is involved in causing the damage to various crops. But in India and Pakistan the rodents 
involved are a complex of several species. These species are Bandicota bengalensis,Millardianieltada, 
Nesokia indica, Mfis spp., Tatera indica,Merioncs hurrianaeand A. libycus. As these species belong to 
different genera, their pattern of damage to the crops is also different. 

A. DAMAGE PATTERN 

1. Rice 

Four species largely responsible for damage in rice crops are the lesser bandicoot rat (B. 
bengalensis), soft-furred field rat (A. ieltada), the short-tailed mole rat (N. indica) and the house 
mouse (Afus muscuhs). 

Sometimes a fifth species, the Indian gerbil (T. iidica) has also been found to infest rice crop 
but only when the fields are dry and ready to harvest. They are never extremely abundant, however. 

a) Lesser Bandicoot Rat (Bandicotabengalensis) 

In flooded rice fields, bandicoot rats make their burrows in the bunds between the 
fields and swim into the paddy and eat succulent rice stems and developing seeds. When the rice fields 
become dry before harvest, bandicoots either extend their burrows from the bunds to inside the fields 
or abandon the bunds and make fresh burrows inside the field. The presence of large open holes with 
occasional earth mounds and distinct well-marked runways are the characteristic signs of Bandicota 
on the bunds and inside the field. In severe cases the whole field could be found littered with 
Bandicota burrows. They do the greatest damage in the final weeks before harvest, when they store 
large quantities of grain in their burrows. We have found up to 100 kilograms of rice per hectare 
stored in bandicoots burrows or one-tenth of the total prcduction of the field. Bandicoots are capable 
of inflicting this amount of damage in !hssthan a few weeks time. 

After harvest, bandicooti usually continue to live in the fields, feeding on their 
underground stores and on spilled grain left behind by the harvesters. 

If irrigation water is not available year round, bandicoots live through the dry season 
in low wet areas. There they feed on the tuberous roots of the sedge (Scirpus nmafitiinus) which is a 
common weed in wet places and other weeds when no crop is available. When crops are again planted, 
they can move great dstances to take advantage of this new food supply. 
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b) Soft-Furred Field Rat (Aillardiamcltada) 

These rats are not strong burrowers and often live in cracks in the soil or in the spacesbetween the clods of dry earth usually left after the ploughing. They can be abundant in fields but leavelittle sign (burrows and runways) and therefore are oftcn tverlooked. 

The abundance of Afillardia in rice ficlds (at all stages of growth of the crop) remainsrelatively low and docs not undergo rapid changes like that of Bandicota. Like bandicoots, they dependmainly on rice grain whcn the crop is at harvest stage. But before the paniclcs set grain, they feed oninsects and grass seeds, unlike bandicoots, which cut the rice tillers from the bottom and eat the sweetpulpy portir.n of the stem. Afillardia continues fceding on rice grair" -yen long after the harvesting ofthe crop. These grains in the diet of Alillardia are believed to be gat.,ered through gleaning from the 
ground. 

c) Short-Tailed Mole Rat (Nesokia indica) 

Their presence in fields is indicated by mounds of loose soil, often along watercourses and bunds. Their burrow entrances are usually covered by these mounds of soil. Plugs ofloose soil are also found along the interior of the burrows. These burrows are long and more branched 
as compared with those of Bandicota. 

The damage caused by Nesokia is often underground as they rarely come above theground and mainly feed on the tuberous roots and rhizomcs from inside the burrows. They do,however, conic out from the underground burrows to feed on the rice grain as harvest nears. 

di) Ilouse Mouse (Alus mtuscudts)
 

Mice are 
pests largely becauise of :hc disease they carry and the likelihood that theirpresence will contaminate human food stocks. They are plentiful in rice fields. They are delicate and
fussy feeders and in terms of the actual anlount of grain consumed they are not as serious a pest as any

of the rats.
 

2. Wheat
 

Like rice, wheat is also susceptible 
to rodent attack from the time of sowing till harvest andpost-harvest stage. The main r( dent species inhabiting wheat fields in Pakistan are represented (inorder of severity) by B. bengalensis,A. inelada,T. indica, N. indica, Aieriones hutrrianaeand A. libyctts.
The first four of these species cause extensive losses to irrigated wheat fields while the remaining two,
along with B. bengalensis and T. indica, are the main rodent pests which inflict serious losses to wheat
in the rainfed areas. 
 AL. lntscths, very commonly found both in irrigated as well as the rainfed areas,

is not considered a serious pest of whcat.
 

a) Lesser ilandicoot Rat (B. bengahnsis) 

B. bengalensis causes serious losses to tie wheat crop in Thatta, Badin, Hyderabadand parts of Tharparkar in Sind; Faisalabad, Sheikhtpura, Gujranwala, Sialkot and Rawalpindi inPunjab; and Hazzra, Mardan, Peshawar, Malakand and Kurram in the NWFP. They may also spread
and cause damage to wheat crops in the neighbouring districts during some years. 

After showing a sharp decline in their density in the harvested and ploughed ricefields, bandicoots again start showing up in the next crop, which is mainly wheat in Pakistan. Theresponse of this species in wheat fields is almost similar to that in rice crop. That is their numbersgradually increase as the wheat crop matures till they out number the other species. Bancuicoot rats 
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begin to damage the wheat crop right from sowing and their damage reaches its peal, (like in rice crop) 
at the harvesting stage. Bandicoots store ripe cars of wheat in their burrows. 

b) Soft-rurred Field Rat (A.neltada) 

This species is known to attain maximum abundance when the wheat crop is at 
flowering and maturation stages. It is reported to become scarce during the ripening and mature stage 
of the crop. In one of the studies in central Punjab the population of this rodent remained unaffected 
in the harvested wheat crop (bare of any vegetational cover) even after ploughing of the fields. The 
presence of its fecal pellets in between the big clods of soil indicated that this species can live in 
between these clods of dry soil. Millardia is a serious pest in wheat crop, particularly at ear-ripening 
stage. 

C) Indian Gerbil (T. indica) 

The Indian gerbil digs deep burrows in the dry wheat fields and the burrows are 
always open. They never make their burrows in the frequently irrigated places. They do not cause 
damage of much significance to wheat crop in the rainfed areas. They are present in the wheat crop 
during all stages of growth but attain maximum density at the flowering stage. When the fields are wet 
they burrow in the bunds. The rats feed on the seeds, tillers, milky ears and the ripened grains. 
Threshing floors are the usual sites (after the wheat harvest) of Tatera burrows. They feed on the grain 
left on the grounds during or after the harvest operation. 

d) Short-tailed Mole Rat (N. indica) 

The behaviour of N. indica in wheat fields is similar to that described for rice fields. 

e) Jirds (Meriones spp.) 

The wheat crop in the rainfed areas of Pakistan suffers heavy damage due to att?.ck of 
Meriones spp. The wheat crop in Baluchistan is attacked by M. libycus at every stage o! crop 
development. A. hurianae,however, is the principal pest species in the rainfed wheat of desert areas 
of the NWFP, through Punjab, Sind and along the Mekran coast. These are gregarious rodents which 
live in colonies. Their burrow openings are wide and conspicuous. They cut young growing wheat and 
carry both stalks, leaves and seed parts to store in their underground burrows. 

A. hurrianae inflicts damage to wheat crop mainly near the burrow. Their damage is 
patchy in form. However the damage done by At libycus is mainly confined to the margins of the wheat 
fields. 

3. Sugarcane 

Sugarcane differs from rice and wheat in two important respects. First, it provides cover to the 
rodents for a longer period (10-16 months) and hence is especially more susceptible to rodent attack. 
Second, cane is not nutritious erough to keep rodents in good health. Wherever sugarcane is grown, it 
suffers from rodent attack and in some parts of the world where this problem is studied there is only 
one species, Ratus ratus, involved in damaging the crop. In Pakistan and India, however, the species 
doing damage to sugarcane belong to at least five genera, viz., Bandicota,Millardia,Nesokia, Mus and 
Tatera. 

Of these species, Bandicota is the most destructive. Most of the damage to cane crop is done 
during the months of December, January and February. These are the months when sucrose contents 
are high in the cane. 
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B. 	 Estimating Crop Damage 

Estimates of the amount of damage caused by mammal pcsts arcprogrammes. I lowever, accurate valuable for planning controlestimates are difficult to make. The single most important rule inmaking damage estimates is: quantify your observations. To quantify usually involves counting. Merelyinspecting a field and recording a general impression, such as "damage was moderate" is of little value.
 
Damage stimalcs in most situations are 
best made by walking a line (transect) through thecentre of the field, slopping at fixed intervals and counting the number of cut and uncut stems. In rice,
stems occur in clumps or hills and all the tillers in each hill can be counted at each stopping point.
 
(are must be taken to examine rice and sugarcane stems since in these crops rats may gnaw
half of the stem leaving the stem standing and apparently undamaged when viewed from the other side.
Ncsokia indica may cut sugarcanc stalks from 
 below ground so thatground. Usually there 	 the stalk appears uncut aboveare mounds of soil thrown up by the rat neart y and the cut stalk is dried out.When such a stalk is pulled, it comes out easily. 

The transect method is suitable for estimates of damage that is spread randomly through thefield. Damage due to Aerionms in wheat or pigs and porcupines in sugarcane tends to be clumped in asingle part of the field. A,'riovns cat all the wheat close to their burrow leaving other parts of thewheat field untouchCd. Pigs and porcupines usually feed from the centre of the field destroyingvirtually all the crop in asmall area. 

i. 	 'Wheat )anate Assessment
 

To estimate damage to wheat tillers, tlie following method is used:
 

a) Make a rand(m selection of tlie fields to be sampled.
 

b) Sample the wheat fields using asquare wooden quadrat of suitable size (either 50 x 50cm or 	 ; x I meter). Throw the frame a minimum of 10predetermined line (transect) across the field. 
times while walking a

The field diagonal could be chosen orseveral transects across the width of the field can be used. 

c) 	 Count the total number of tillers and the number of tillers cut by rodents inside thewooden quadrat. Adjust the number of quadrat samplcs for the field size, using 10samples as the minimum. For very large fields, upto 20 samples should be taken. 

d) Express danmage as: 

darnagcd tillers
 
total tillers counted 
 x 1(X) = % damaged tillers 

2. Rice. Damage Assessment
 

To estimate damage to rice, the following methods can be used:
 

a) Make a random selection of the rice fields to be sampled.
 

b) 	 Using the field diagonal, take 25 counts at intervals that will allow the total counts tobe taken within the field (i.e., if diagonal is about 50 m, take counts every 2 m). 
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c) 	 At each point to be counted, cAamine tile hill (rice plant with several tillers) nearest the 
observer's right foot. Record the hill as damaged or not. In addition, record total 
number of tillers and the number of tillers cut by rodents in each damaged hill. 

d) 	 Express damage as: 

damaged hills 
total hills counted xI(X)-% damaged hills 

damaged tille;s 
total tillers counted x I(X) = % damaged tillers 

Another method, used in the Philippines in transplanted rice, is to randomly select the rows to 
be sampled, and then randomly select the hills along each row to be examined. As before, the damage 
is recorded to both hills and to number of tillers, counting the total of each. Usually, 1(W) hills are 
counted in each field. 

3. 	 Sugarcane Damage Assessment 

Rats damage both the roots (short-tailed mole rats mainly) and the portion of the stalk 
internodes, usually near the base of the cane. This means that individual stalks should be carefully 

examined to find both kinds of damage. Damage surveys at harvest tend to underestimate stalk 
mortality because stalks with severed roots which decompose would not be seen. Sonic stalks with cut 
roots do remain standing and could be detected at harvest. Rodent damage does not correlate directly 
with a decrease in sugar yield, because many plants, though partially damaged, do produce some sugar 

content 	at harvest. 

Rodent damage to sugarcane can be estimated as follows: 

a) 	 Make a random selection of the fields to be sampled. 

b) 	 Select line transects to cross the fields. Sample at points on these lines at roughly 

every 8 to 10 m. 

c) 	 At each point, select the 10 canes nearest to the sampling point and examine each 

closely for signs of rodent damage (roots and internodes). Record the number of 
internodes damaged on each stalk and whether the roots were damaged. 

d) 	 Continue sampling in each field until at least 10 sampling points are taken for each 
acre of field (25 per hectare). 

e) 	 The sampling line transects should be drawn so that both the peripheral and the 
central parts of the field are sampled. 

I) 	 Damage is expressed as: 

Total number of canes examined 
No. of canes with damaged roots 
No. of canes with damaged internodes 
No. of canes with both internode and root damage 
No. of canes with damage to 2 internodes upto half of the stalk 
No. of canes with more than half the stalk damaged 
Compute the percent damaged in each of the above categories. 
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DAMAGE ASSESSMENT AT POST-HARVEST LEVEL 

by Joe E. Brooks and Ejaz Ahmad 

Wheat production is concentrated in Punjab and Sind and only small quantities are grown in 
NWFP and Baluchistan. Wheat is procured during the months of April to August and it is moved to 
storage sites. Punjab has the greatest storage capacity, followed by Sind, NWFP and Baluchistan. The 
storage facilities are of various different sizes and designs. The predominant form is the house-type 
godown. Other designs include hemispherical shells, called bini shells, bins of concrete and bricks, and 
concrete and steel silos. In some areas grain is stacked in the open covered by tarpaulin sheets. Wheat 
is stored in storage sites from 2 to 12 months. 

The usual vertebrate pests that cause damage and losses of stored grains are rodents and 
birds. The common rodent pests are roof rats (Rattus rattus) and house mice (Alus musculus). Other 
rodent species that may enter grain storage structures in Pakistan and consume and contaminate stored 
grains are the striped squirrel (Funambulus pennanti), desert jird or sand rat (Aferiones hurrianae) and 
the Indian gerbil (Tatera indica). The major bird pest species found around grain storage are house 
sparrows (Passer domesticus) and domestic o',wild rock pigeon (Coltunba livia). House sparrows can 
nest inside and outside the godown structures and fly in through open doors and unscreened windows. 
Pigeons rarely enter the structure, but are common outdoors, where they feed upon the spilled grain. 

Rodent damage to stored food can occur in many ways. The animals not only directly 
consume the grains but also contaminate much more with their droppings, urine and hair. They also 
chew holes in bags which results in spillage which can become contaminated with rodent urine and 
droppings. In provincial grain storage centres the losses are very low i.e. less than 0.5% because of 
regular use of fumigants. 

A. Damage Assessment in (;odowns (Provincial and PASSCO) 

In damage assessment methods at post-harvest level we will discuss only damage at storage
level and in-field storage before threshing. To estimate storage losses due to vertebrate pests in public 
sector storage facilities, a survey of these sites was done during the period of January to June 1986 
throughout Pakistan. 

During this survey, sites were selected randomly and these sites were inspected. A survey 
form was used to record the observations and data collected (Appendix 1). 

The general procedure used was to interview the person incharge to obtain the details of staff, 
operations, structural capacity and age. After collection of the information, a physical examination of 
several godown structures, looking for structural defects, grain quality, structure condition, and 
evidence of vertebrate pest infestations. The degree of infestation was determined from visible 
evidence, such as live or dead animals, fecal droppings, burrows, bag damage, etc. The definitions used 
to categorize grain quality, structure condition, structural defects and severity of rodent and bird 
infestations are given below: 

,..:.,.."¢1., ..
,," 
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1. Grain Ouallty
 

Excellent 
- Grain without insect damage, no impurities or seeds, and no broken grains. 

Good - Grain without insect damage, mixed with some small amount of impurities or seeds, a 
few broken grains. 

Fair - Slight insect damage, mixed with impurities and/or seeds, obvious broken grains, sonic
rodent or bird fecal droppings. 

Poor - Obvious insect damage, mixed with impurities and/or seeds, many broken grains, many
rodent or bird droppings, moldiness. 

2. Structure Condition (as judged from appearance on outside observation) 

Good - No obvious defects visible. 

Fair - Few defects visible, may or may not need repair. 

Poor - Many obvious defects, in need of repair. 

3. Structuad Defects
 

Doors - Marked as defective if they allowed 
a gap large enough for rodents to enter thegodown when closed. This was usually due to doors being bent out of shape, broken hinges,
guard plates missing or actual doors missing. 

Floors - marked as defective if they were cracked (more t'ian 1 cm wide), floors had sagged ordropped, if they contained holes or rodent burrows, if grain was germinating in cracks. We didnot count as defects the expansion joints in the floors unless more than 1 cm wide. 

Windows - Marked defective if glass or screens were broken, torn or missing. 

Walls - Marked defective if plaster or concrete had broken away from surface,or if they had 
holes or cracks. 

Roofs - Marked defective if there were cracks and/-,r leaks, or with cracks in the joints
between the pillars and roof. 

4. Severity of Rodent Inestations
 

Few - One to 10 rodents (mice or 
rats) estimated per godown based upon abundance of fecal
droppings, dead or live rodents seen and no evidence of bag damage. 

Medium - Ten to 25 rodents estimated per godown, fecal droppings easily seen in spilled grainor in unswept areas, little bag damage, live or dead rodents seen, few rodent burrows outside 
godown. 

Severe - Twenty five to 1N) or more rodents estimated per godown, numerous fecal droppingsand distributed everywhere, obvious bag damage (gnawed holes), live or dead rodents seen
and/or numerous rodent burrows outside godowns. 
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5. Severity or Bird Inrestatlons 

Few bird droppings or feathers found inside godowns, occasional sparrow or pigeonFew 
seen inside and/or feeding on spilled grain outside.
 

inside godown, obvious bird droppings on bags or in grain,Medium - Ten birds or more seen 


numerous sparrows and/or pigeons feeding outside.
 

many droppings andSevere - Many birds (more than 50) flying inside and outside godown, 


feathers throughout godown interior, presence of nests inside godOWn.
 

To check on the estimated siues of the rodent infestations as given above, the godowns with 

the several estimated rodent infestations (low, medium, ,;cvcre) would have to be trapped and 

animals captured and removed until no more captures couid be made. These total animal 

ccunts would then be compared with the estimates to obtain a slandard infestalion rating. 

B. Danage Assessment Methods in Wholesale Grain Narkets 

arc at seriotus levels. This isRodent infestations in wholesale grain dealers shops generally 

because there are usually no attempts made to control the rodent population so they are naturally at or 

near peak levels that can be suslained in the environment. Food Supplies are virtutally ulilitCd, so 

living space and animal numcrs arc the only factors limiting population si/c. 

rely ulpiu trapping and removalDamage assessment mcthlods in wholesalc grain markets must 

of some of the rodents and some measurement of activity of the population. Based upon these two, 

removal of some rodents and a change in activity, the original population can be estimated. Then, 

knowing how much grain an average-sized rodent consu ies daily, tlie anuint (of losses fromi 

consumption can be estimated. 

To carry out this procedure, inked or 

chalked tracking tiles are set first for one night in 8 

to 10 shops that are to be trapped. These arc 

scored positive or negative (Fig. 1) the next day. 
Then traps aro set for 6 to 10 nights and as many 

rodents as possible are removed. "nenumber 

captured daily is recorded. After 6 to 1(1days, , . 

trapping is finished and again tracking tiles are set 

for one night.,- . - . 

The rodent population is estimated in two 
Fig. I. Rodeint footprints o t racking tilesways: 1) from the change-in-ratio (CIR) of positive 

tiles before and after removal trapping; using the 

number of animals removed as part of the calculations, and 2) from the regression oif cumulative 

captures on daily captures, estimating the population where the regression line intcrccpls the x-axis. 

a roof ral Cats daily to Obtainl theThe estimated population is then multiplied by the amount of grain 

10 shops per day. The amount lo.t in one year is .(05 times the dailyamount of grain lost in the 8 or 

loss.
 

C. )amage Assessment Metlds at Farmi and Village I vevl 

The losses of stored grains at farm and village level are carried out as given above, using 

main rodents found living in farm structurzs in Pakistan are
tracking tiles and removal trapping. The 

roof rats. House mice constitute a small proportion (if the animals trapped inside structures and the 

Indian gerbil, Tatcra indica, o'curs as a peri-donicstic species around outbuildings. Losses of stored 
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foods are calculated from the estimated number of rodents in each farm structure, using the averagedaily consumption of grain by roof rats and house mice as the amount 
of food lost.
 
D. Damave Assessment Methods In FiEld Post-Hlan-est 

When 	 Nheat or rice is bundled and left in the ficld to dry before threshing, losses can due to rodents and birds feeding on the bundles. LAossc.,, of this kind are 	
occur 

may be very severe 	 difficult to measure since itin one field and very little in another.fields (100 	 Losses would ha,'c to be mcasured in manyor more) to cancel out these cxtrcme values. Paniclcs would have to be taken from bundlesexposed to rodent and bird attack and from those bundles protected from attack.weight between protected and unprotected panicles would represent thc loss. 
The differences in 

The actual loss of entirepanicles would have to be accounted for also. 

VERTEBRATE PEST SURVEY 

Appendix-1


OF FOOD STORAGE FACILITIES
 

District 

Town - - __'-_ 
 DateName and Address of Facility 


Date
 

Govt. [1 Private HManager's Name/Person Contacted	 Other [
 

Number of Employees/Titles
 

Pesticide Application: fumigant Used 
Schedule 
of Treatments 


Frequency of Inspect ionAny Other Control Methods: Trals [] Predators [1 BarriersTraininF Needs: 	 J OtherPresent Refresher Training Given:
Schedule of Training 	 Yes 1] No f
 
Duration of 
Training
Godon No. 
 Stoed Food Quantity mt. Dura t ionQuality: Excelle:t 	 O.
 

[I Good f Fair [) Poor (I Bagged H Bulk [I
Bulk under tarps outdoors 
[I Bagged under tarps outdoors 
(1 Bagged outdoor uncoveredStructural: 
 Type 
of structure 
 ....... 

Age 
 Capacity
Structural condition: 
 Good 1] 
 Fair [I 
 Poor [IStructural Defects: 
 Yes ] Fo 
[I Doors 
not 


Wall cracked [I 	
fitting f) Floor cracked/broken [I
Windows unscreened/broken 11
Vertebrate Leaking Roof (] Grilled doors
Pest Problems: Yes 	 Ii
(] N) House mice 
[H Roof rats 
(] Other rodents J)Pest Birds (1 Other vertebrates 
[1 (Cats, dogs, bats, etc.)
Severity of 
infestation: 
Rodenti: 
Few (I fled IISevere


Evidence: Droppings (j 	
[I Birds: Few H Med [I Severe []
Live 
or dead animals (] Burtows outside I] BurrowsKinds of damage: 	 Inside (]Food consumptioi H Contamination 
(I Bag damage (I [IStructural 


temarks: 
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CULTURAL METHOI)S IN VERTEBRATE PEST MANA(EMENT 

By Jo E. Itrooks 

Cultural methods in vertebrate pest management involve changing agricultural practices from 

those practiced presently to new ones that will cvade or minimize crop damage. Interestingly, the 

methods oscd to reduce rodent infestations and crop damages are quite the opposite of many of those 

used to ,-educe bird damage to crops. In rodent control, the main idea is to reduce or eliminate areas 

that contain excess vegetation, such itswceds, grasses, and shrubs, as these serve as food and cover for 

rodents. In bird damage rcduction, one may want to leave areas of natural vcgctation so these will 
If both kinds ofprovide alternate food siurccs for the birds and divert them from the field crops. 


vertebrate pests are present, the pest management specialist may have to decide which is the more
 

important strategy in light of which pests are the most damaging.
 

A. Rodent Damage Reductinn 

Clean farming practices can do much to discourage rodent infcstations and make it easier to 

detect and deal with them when they do occur. Around farm buildings, which often present many 

natural attractions to commcnsal and field rodents, itis particularly important to eliminate the rodent 

cover provided by the accumulations Ihat tend to build Lip of discarded equipinent, log piles, rubbish of 

various kinds and dtnsc vegetation growing in neglected corners. Weeds and grasses should be kept 

cleared away from farm buildings fior a dtishacc (ifat least 25 in to discoir age fiel rodents from 

infesting the structurcs following harvest. 

Spillage of grain and similar products should always be cleaned up immediately. Stored grain 

and animal foodstuffs should be kept in rodcnt-proof containers. If this is not possible, as in bagged 

storage, then the stacks of food should be kept :mall, with a clear passage left around the outside of 

each stack to provid, easy access if a rodenticidc treatment should be required. Places where livestock 

are kept and fed should be maintained as clean and tidy itspossible. Animal fccds spilled during 

fttediag shilild be gthercd up immediately and either discarded or mixed with the fresh feeds for the 
next day. 

On arable land, it is advisable to eliminate co\'cr by clearing nearby unchiltivatcd areas of 

weeds, bush or scrub, including field edge habitats and the banks oif ditches and other water courses. 

Field edge habitats for rodents may also be eliminated by consolidating small fields into larger 

cultivated tracts. Efficient weed control during the growing season discourages the develcipmnct of 

rodent infestation, as does priimpt and efficient harvc:t ir.!. In the post-harvest Period, it is imiportant 

to eliminate crop trash, for example, hy burning, and to plough the field as soon itspossible in irder to 
disrupt any residual food supply that is left inthe field. 

For example, farmers should practice wcd and grass contril on the bunds and inthe fields of 

wheat, rice and groundnut to eliminate ir re(uice the food and cover these plants normally provide to 

rodents. Both the lesser bandicoot rat and the shrt- tailed mole rat fccd on the roots, tubers and 

rhizomes of grasscs and weeds growing on hunds. The rhizomiiis of Soryhtmtn halpwense, (Johnson's 

grass) and Dcsinostachva bipintata are subsistence foods of both species of rats year round and 

especially during the inter-crop periods. Elimination o, these from bunds and field interiors would 

help to reduce the rodent populations infesting rice, wheat and groundnut fields. 
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B. .WildBoar l)anijute Reduction 

One cultural practice that would hell . , reduLce cover and rcsting places for wildsugarcane fields would be boar into break Lip the large fields of cane as presently planted and reduce thelargest blocks into those no larger than onc-qualt:r
strips no wider than about 25 mI.The 

to one- half acre. Or alternativcly, pla, cane inrcasons A:ing that wild boars prefer it) hide,the larger tracts of sugarcane rest and breed inbecause here they arc best protectedhumans. If the blocks front harassmnt by dogs andwere made inich smaller, cspeia if there were t' ,-n Ianes or p.lly 
lssagcs
between blocks which could be casily palrolled, the wild boar would find it diIliffilt to use such fields. 

Another tnhod to tisCin wild boar danaige reduction. \\ould bc to plant the cane v'arictics insynchrony, i.e., soft-rind varictics all planted at tihe saint, time so thatrind varieties all planted in synchrony. thcy ripen toIcthcr, and harder-As now happens, the solt-rird ficlindividually because their sugar content tends to risc carly andi 
s are attacked first and 

:v ar selectively dtmllaged. 

C. IirdI)aragt' Reduction 

Scvcral cultural practiccs for redLucing losses due to birds apply to nearly all crops.
avoid planting vuinerable crops near Ifpossible,
breding, rooming, and loafing cover preferredcausing danage. If inpraciai:tI by thIe speciesto avoid planting aldljacent to .,uch preferred habitals, timing plantingsso that the sprouting and ripening pcritids are in ,ynchroiiv with ollhcr planlir.g,the vulnerability of tlhal plantihg to birds. in Ire locality lessencsCrops tlhatsusceptible spiot or ripen bltre oilitr, inito hcasy damagc fr',rnassernblg'c,, Of local 
an area are niroeh brL.i' g birds crops that 'ireoften severely ndamrqd bv migrating birds. I.C,inrg Cro) stubble' 

lipCn 5rcl Ilte' 
soLrc'es alSo or1biLds to glcan itadlter rnc loodlessCns dtillilgC in tIlhilrr.ttld Crhqp.
vulncrablc crops hae lcen hirvtsted proMid 

Jitilld cropCC i0)tl,delaviiCt.tillaget util other
 , souC 01 \iCt r,in ilid
It \k'ed seeds Ih;t furnish birdswith a part of their ditl that is not atrarktiblt, crop. Finillv, hair\sling thc iratlire crop aissoonpractical lessenis damwg afrom birds that prefe r liecimaturc croip stLC. 

If changes in crop phenology, that is, planling or hafrvcst timesthreatcned by birds, can of the food crop beingbe roadc, it is perhaps the casiestmigratory birds are knowo to appear regularly 
way :o avoi d lird problcns. Wliere 

ata ccrt:in timea little earlier iilthe crop scas(in so Ihat 
each year, itshould 11,posible io plantthe plains will Ir largc crr lh to ;io l tie sprout pullingwhich woild normally occur. 

If it is not possible to alter cropdiversification, especially in monocultrral illenirlogy, thllnit naliarc.s,. It ht:up os.iNl to Ir.crop s ,ul) Mav be p silelC t t uNi dillcrcil tltrttiihliir
schedulc to avoid the use of crops normally d;-r'.aged IY birds. In lnnirhnocnllttraluse of more crop diversity, arcas, solnitlinics thei.e., the tiw of s,vcral dilltereri typcs Ailolher crops nmiicd withpredominant crop,will help ioreduce bird damage to thIe rmain crop. 

the 

Site selection often plays a prime role in wchethcrsunnlowcr or maize near groves of Irecs or tree ros, 
a parlicular field crop is dainaged. Planting

arottnd fields(ie crop by rose-ringed parakeets. 
ifen will lead to increased attack oirPlantIhese field crops well away from irces, itpos.iblc. 

Bird-rcsistainl crop varieties, cspeciall thost, tl, irghin, caln i egrain crop. Varielics that tentl to produce highir lCeClS of1 
ttsd 1tlredlce dnillilge to Ili

taniis allwiar I l ret nesiSlirt iii birddamage but their palatability may be redutced bca-u.sc Al [Ir tannin levels. 

The cultural practice most likely to reduce L M;d,::iinge to sirotuling niiii/eMaize secds planted more than is deli planting.5 cm dicp suffered less bird daimage, iii tle LISA than shallower 

http:bca-u.sc
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than 7.5 cm decp in clay soils in Iowa, USA suffered no losses at
planted seeds and maive planted more 

What the proper depth should
all despite some bird species feeding in the same fields on other seeds. 

be to prevent damage by the mounttin or jungle crow is not known at present. 

suiclh as using crtop diversity, bufferProvision of alternate bird fods, Ihrotigh practices 
will helip in reducing bird damage. Whcn ahernate foods are available,plantings, and dcl avCd tillilgc, 

more valiable and vuincrable
birds will do ILgotd lni.ntlnt of their fecding in these, instcad of" h 

crop. I'lIaig buffcr crops in rows on thc perilictcr of the vuIncrablc crop is another inarns of 

more Dclaying tillagc of the harvestcd fields will Icave
diverting birds froi lie it valiablec fiood souree. 

availalc fotods for birds and keep them from daimaging
the seeds and grains from the previrius clops as 

the newly planCd arcaIs. 

birds can be reduced tir avoided by planting and
S0etimeciis, tlIinge from migratory 

crop early. In this way, the crop is ga0!hred before th.: birds arrive. Planting and
harvesting the 
harvesting cairly may result in rCticed i producLtion but this shoul alIways be svcighCd agiinst the Iosses 

in yield if the regular planting set.dule is fIllowed. 

('leait farnuiii can ltedtuce 10i|ailitt bird sp.cie,. ('learing away brushyripening rice by sone 

tsting atd l afing areas, does inlhIto rdii.cc tluai age.
field borders, usct by birds iorcovet ard 

For the most patt, changes in agricuhural practices couiIld go far in solving the nmajority tOf bird
retained as 

pest proiblems, nicarlvs'avays to Ilie benefit of the ecosystem, in that bidls could he 

predators in the s'sttc in and it would be Liiinccssarv totadd poisons aitemd at hird control. 
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TRADITIONAL AND NON-CHEMICAL METHIODS OF RODENT CONTROL 

By Iflikhar lussain and Ejaz Amad 

The most important factor in rodent control is to be aware of the problem. We call this 
VIGILANCE, which means a person must inspect his fields, houses and godowns often and regularly. 
In fact one should also inspect neighbouring fields, dikes and buildings as well. As soon as the first sign 
of a rat appcars, the animal should be killed by any method available. Inspection of an area also helps 
in planning thc control activity, that is to conlact people (ncighbours) to be involved, where to place 
traps or poison, whether a store should be cleaned and tidied first, holcs be closed and doors and 
windows should be fixed. 

Some methods of controlling rodents without toxicants have been used for centuries. 
Trapping, for instance, can be very successful where carried out correctly. Ilowcvcr some of the most 
modern methods, such as the use of ultrasound, electromagnetic waves, attractants, repellents, and 
chcniostcrilants, have been less successful. 

A. tlabitat Manillation or Modilication 

1. houses and Buildinus 

All animals are dependent on food and 
shcltcr. Therefore, climinalion of one or both of 
these requirements will force thcin to move from.-,..._. _ 
the immediate areas. All waste, edible or 
otherwise, should be correctly stored so Ihat it does 
not provide harblurage or food, aid thCl 
adequately dispoNscd of. All materials should bc 
stored on racks so that inspection for an infestation 
is made easier (Fig. I) and storage of any goods or 
waste should be as short as practicable. WVlie ncver 
possible all access to water sources should bc 
denied to rodents. Leaky taps, broken drains, etc. 
should be repaired immediately. So good house 
keeping and good sanitation and hygicnc 
procedures should he followed. In thle control of 
conimcnsial rodents, it is essential that garbage and 
refuse be placed in cwered ietal containers and 
the premises be kept clean. To reduce cover, 
materials s, rcd outside should be off the gro~und 
and not stacked against or near walls. Fig. 1. Proper storage of stacked materials. 

In poultry operations, keep manure piles away from chicken hoses and place bro idcr houses 
in open, clear areas to reduce rat problems. 

2. Rtodent Prooling 

Buildings and food storage containers can be made rodent proof by cnsu ring that no gap in tile 
structure is more than 7 nim wide. The materials used in construction must Ile, like brick, concrete or 
metal, resistant to penetration by rodents. The common points of access into buildings fir rodents are 
poorly fitting doors aid windows, ventilators and caves, and holes whcrc pipes or cables pass through 
the exterior walls. Unneccssary holes should be scaled with cement. ()penings required to provide 
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ventilation should have permanent screens fixed over them, made from metal mesh such as 6 mm, 24gauge expanded metal, which should be painted to prevent rusting. Wooden doors and door framesare vulnerable to gnawing near the base. This can be prevented by fitting 20-gauge galvanized ironsheet upto a height of approximately 30 cm on the outer face of the door and frame (Fig. 2).
 
Buildings made from traditional materials, 
 .... 


such as mud and wattle, or with thatched rooKfs,
usually cannot be made rodent proof, and itis
better 7in such cases to Loncentrate on rodent SIITZ
destruction techniques and tle use of rodent-p rof ..
storage containers. New buildings constructed > <from modern materials should be of a rodent proof NCRJLE
design. Usually it is desirable to direct the attention .: .. 
 "
 of architects to the specifications required. 

3. Clean Farming Practices-L 
 ...... 

Clean farming practices can do much to 
discourage infestation and make 
 it easier to dtctiand deal with infestations when they do occur. LF
 
Around farm buildings, which often present m nv
 
natural attractiorv to commensal rodents, it is

particularly important to eliminate thie coer
provided by the accuFiiulations 
 that tenl iobuild up Fig. 2. Several types of odent-p roofing.
of discarded equipmeni, 
 og piles, rubbish ofvt 
us kinds and (Ierise vegetatiun growing in neglected corners. Spillage of grain and .;imilar productsshould always be cicancd up iimiediately. Stored gra~in should be kept in rodcnt-proof containers.this is not possible, as in bagged storage, then the stacks of' bags should be 

If 
kept small, with a clearpassage way Icft artund the outside of each stack to provide casy access for inspection and treatmcnt. 

()n arablc land, it is advisable to elininate cover by cleaning nearby uncultivated areaswceds, brush or scrub, including field edge habitats ard the banks of ditches and other wa!er 
of 

Field courses.edge habitats may also be eliminated by consolidating smallEfficient weed control during the growing 
fields into larger cultivated tracts. 

season discourages the development of rodent infestation asdoes prompt and efficient harvesting. In the posl-harvcst period, it is important to eliminate croptrash, for cxamplc, by burning, and to plough the field ats soon as possible in order to disrupt anyrcsidual food supply that is left in the fields. 

It. lJ.thal Methods 

I. _1__rappin 

Trapping rodents is one of the oldest methods of rodent conlrol. It is still a satisfactorymethod for controlling rodents in a limited area. It also gives the farmer or godown (warehouse)keeper the satisfaclion of knowing the rodents are destroyed ishe removes them from his traps. 

[rapping has several advantages besides killing rats. It enables the species of ratcausing the damnage which isto be identified, and in this way its pest status determined.give an indication of rat population density. 
Alro, Irap success will

This is generally calculated by finding the percentage ofrats caught per i(X)trap nights. 

Different types of traps are availablc. Basically there are those that kill the animal upon beingtrapped, KILL OR SNAP-TRAPS, and traps in which the animal is caught alive, LIVE TRAPS(Fig. 3).The live traps are of two general types, one is a long, round wire cage called the "wonder trap" which 
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the rat enters through a one-way trap door. The other is a wood box with a snap-down door. Both of 
these traps work, but they are bulky and hard to adjust so that they work properly. 

The snap or break-back traps are made of stamped out sheet metal. they are much cheaper, 
more effective and easier to set and adjust. They can be set in places favoured by rats. Before setting 
traps ensure that they are in go id working order, that trigger plates work freely and release easily. 

2. 	 Setting Traps Indomrs or in
 
Built-Ut) Areas
 

Rals like to frequent secluded, shehered 
places, so the trapper should seek out such places 
in which to set traps. Set traps so that they arc at 
right angles to walls or other solid objects, because 
ra:s prefer to run next to walls rather than across 
open spaces. Place traps away from areas where 
they will bc disturbed by people or traffic. It is best 
to set 	 traps late in the day and leave them 
overnight, for rats are generally night feeders. It is 
generally advisable to [)ick them up as early as 
possible the following morning. The bait should bc 
replenished at least once every 24 hours. One 
advantage of trapping is that the rals so caught can 
be removed and disposed of whilst poisoned rats 
often die in inaccessible places and create smells. 

Fig. 3. Several types of r itt Iraps. 
3. 	 Field Traplving 

Control of field rats by trapping is very cxpcnsivc unless the area to be protected is small. 
Many traps would be required and they would need daily attention. Set the traps near rat-holes or rat 
runway if possible and "flag" tlie trap by tying a scrap of cloth on a piece of vegetation near tihe trap. 
Conventional type traps only work on those rodents which feed on the surface. )ne major iodent pest, 
Nesokia indica, the short-tailed mole rat, seldom moves about on thlie ground surface, inflicting mainly 
subterranean damage. It cannot be controlled, therefore, by conventional su rface traps. IInfortunitclv, 
special mole or gopier-type traps which are effective are not available ii Pakistan. 

4. 	 Trap Baits 

Trap success is often dependent upon correct bait selection. All effective bait iii st possess 
several physical properties. It must not spoil rapidly, it must not be too brittleIo be ca sihI affixed to tIle 
trap trigger, and the rats must like it. To select the most appropriiite bail, the species of rat expected to 
be trapped should be known. Nut meats are good baits foir commensal as well as field rodents, but are 
expensive and hard to affix to the trap triggers. Peanut butter can bc smeared on tIe trap bait triggers 
and thus will attract a wide variety of rodents, but in warmer weather it su!fers from the attcntion of 
ants which may eat or remove all the bail in one night. Ants may repel th' rals if ihcy are numerous 
around the trap platform areas. 

In general a satisfactory bait for field and domestic rodenls are pieces of fresh "nan" anid 
chapati (unleavened wheat bread). These two baits have the a antage of being chcap, having tile right 
physical properties, and readily available. Another cffcctive 'ait is fresh onion, which is not attractive 
to ants, but is difficult to affix on the trap trigger. It is ideal for use in1vc Iraps. In conchlsion, always 
use the proper bait, replenish with fresh bait daily and change the kind of bait after one or twa days if 
acceptance is poor. Remember that the bait has to be more attractive than the crop or product being 
protected, if it is to be effective. 
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5. Smokine and Watering 

In the field, rats can be driven out of burrows by pouring water or by using smoke (withchillies) blown into the burrows. If available, a net should be placed on top of the burrow system toprevent rats escaping. Many people should be involved to kill the escaping rats. Digging out is mosteffective and sure. It is found that almost all burrows contain only one adult animal. If it is a female,young should be looked for. Breeding females are easily recognized by swollen teats. 

In some areas fields can be flooded to kill rats after sugarcane has been harvested. The land isheavily irrigated to plough in cane root stocks and farmers often notice short-tailed mole ratsswimming Ibr safety to the field embankments. Therefore, before doing this, be sure to destroy all 
cover that the rats might flee to when they are driven out. 

6. Glue Boards 

Pieces of cardboard or wood coated with rodent glue, a very sticky, resinous material, placedin strategic positions are sometimes used to entrap rodents, particularly house mice. The use of glueboards is widely considered to be inhuimane. Furthermore, they are of very limited efficiency, since theglue loses its adhesiveness in dusty, wet or excessively warm or cool conditions. The method is
therefore unsuitable for use in agricultural rodent control. 

C. Miscellaneous Barriers 

Many other devices have been proposed or experimented with as methods of preventingrodents from gaining access to vulnerable areas and commodities. These devices include ultrasoundgenerators, ultraviolet lamps, magnetic devices, chemical repellents and electric fences. None of thesecan be considered practical or effective for ordinary agricultural applications. A simple fenceconsisting of sheet metal has been used for rare occasions to protect bulk grain stored in the field. Thefence should be at least 60 cm high and be dug at least 45 cm into the ground, with a further 15 cmturned outwards at the top to form rat guards, making a total sheet width of at least 120 cm. Any
support posts should be inside the barrier. 

D. Binol2ical Control 

The biological control of rodents through natural predators is a very common topic whenrodent control is discussed. It can generally be stated that the use of animals like cats, dogs and snakes,
which are known to kill and 
eat rats, is ineffective for economic rodent control under most field orgodown conditions. It is a rare cat that can catch a full grown rat. Adult rats are too large andaggressive and often injuie the cat when a capture attempt is made. Cats, therefore, generally confinetheir attention to mice and small imm~iwre rats. Dogs and snakes can kill rats but not in such effectivequantities, as to result in rodent control. For dogs, cats and snakes, like all predators, only catch therodents that are easily available. When hunting gets too difficult, because of a i'eduction in the preypopulation, they move to different hunting grounds. Usually the rodents left behind when huntingbecomes too hard, still do economic damage, particularly in godowns. Such predators undoubtedlyhelp to limit and control population numbers but by them;elves cannot be relied upon. 

Another form of biological control is through the introduction of diseases that kill rodents.Attempts have been made in the past, particularly in the Soviet Union to use Salnonella bacteria toinfect rodents and kill them with gastroenteritis. This killed some rodents, but the surviving populationsoon developed a partial, and then total immunity. -Another probl, i lies in the fact that disease could
also be passed on to humans through food contamination. 
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Rodents 

RODENT PROOFING AND EXCLUSION METIIODS IN GRAIN GOI)OWNS 

By Joe E. Brooks and Iflikhor Hussain 

A. Introduction 

Rats, mice and birds are commonly regarded as vertebrate pests of stored foods worldwide. 

Losses of grains after harvest are considered equally as important as the losses that occur in the fields 

before harvest. The poorer the quality of storage conditions, the more likely :hat the grain stores are 

infested and the losses become serious. 

In Pakistan, wheat is the major grain crop grown, harvested and consumed each year. Out of 

approximately 14 million metric tons (nit) produced, about 5 to 6 million nit are procured by the 
provincial food departments and the Pakistan Agricultural Storage and Services Corporation 
(PASSCO) and stored for periods ranging from one to 12 months until redistributed to the wheat
deficient areas of the country. Another 5 to 6 million mt remains in the hands of the growers, farmers, 

for their family consumption and for sced for the next season. One to two million tons are sold on the 
market immediately after harvest. 

The quality of the provincial and PASSCO storage facilities and the severity of vertebrate pest 
infestations in the storage centres were surveyed by the Vertebrate Pest Control Project in 1980. In 
general, although the provincial storage facilities were in varying degrees of repair and in need of better 
physical maintenance, the consequent vertebrate pest problems were not considered severe. Total 
losses due to both rodents and birds were estimated to be only 0.3% to 0.0% of total stocks in storage, 
a total potential loss of 12 to 24 thousand nit throughout the country. However, even this minimal loss 
could be cut further through the use of proper pest-proofing and better physical repair and 
maintenance of the existing facilities. 

B. Type of Problems Found 

The kinds of structural defects noted in the provincial and PASSCO grain storage facilities arc 
given in Table 1. For vertebrate pest infestations, the doors and windows are the most critical, since 

Table 1: Structural Defects Noted in Provincial and PASSCO Grain Storage Facilities 

.....................................................................................
 

No. Percent with Defects 
Agency Godowns --------------------------------------------------------

Examined Doors Windows Floors Walls Roofs 

Punjab 181 35.9 34.2 47.5 51.9 17.7 
Sind 85 78.8 34.1 76.5 88.2 7.1 
NWFP 46 76.1 78.3 84.8 93.5 39.1 
Baluchistan 24 70.8 66.7 50.0 66.7 16.7 
PASSCO 56 17.8 0.0 1.8 30.4 0.0 
..................................................................................... 

Totals 392 49.5 36.5 51.8 60.7 15.6 
..................................................................................... 

th,.se are the points of entry for the animals (rats, mice and birds). As is seen, almost 50% of the 
godowns inspected had doors in poor repair or ill fitting so that rodents and/or birds could easily move 
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into the structures. More than one-third of the godowns had missing screens or window glass, allowingeasy entry by sparrows and pigeons. 

Simple rodent- and bird-proofing measures are obviously needed in order to keep vertebratepests out of grain storage facilities. It is best If these are designed aswhcn it is built. part of the original structureUnfortunately, this is rarely do;,e andi proofing, or exclusion measures must be donelater. We will briefly rcview the rodent- and bird-proofing measures that becan used in graingodowns. 

C. Rodent-Proolin Mea.isures 

1. Rodernt-(ulrd 

The ideal wav to keep rodents out of grain TII
storage structures is to .Ii
deny them access to the _structure itself. This idea was incorporated into ihe I_- I.design of the PASSC() housc-typc godowns where a rodent-guard was built into the structure (Fig. 1). 
-' L 

1-LThe rodent-guard is an extension -.
of the floor so f _T_ -that a shelf of smoothed concrete protrudes

approximat ely 30l cm outward from the en tire 
structure and is about 1 meter above ground.
Rodents attcnipting to climb the foundation walls

of the struicture (as house mice 
 and roof rats can

do) will encounter the protruding guard and 
are
unable t gain access to the dooirways. In
addition, the loading dock is built without stairs.
This prevents rodents from gaining access to tie
(lock an( thereby entering the doors. A removable 
ramp is used to allow godown personnel access tothe lock during the day. The entire purpose of the Fig. I.rodent-guard is defeated if stairs are 

PASSCO-tvpe rodent-guard.
built or placed 

next to the dock and left there. The rodent-guard
is one of the important factors in why PASSC()
godowns had very low rodent infestations when 
inspected in November 19. 

2. L)oors 

Probably more rats and mice gain entry to 0
buildings through defective d:ors than by any othermeans. The doors usually are not fitted propcrly tokeep rodents out or have become damaged and no 1 / 2" 1/411longer close tightly. Doors should have no morethan 1/4 inch (6.5 mm) clearance above the sill in Fig. 2.order to Rats can given entry through holes as smallexclude mice ind rats (see Fig. 2 to see
clearances for rat and 

as 1/2 inch (1.3 cm) in diameter, mice can getmouse exclusion). If the through a hole 1/4 inch (6.5 ni) in diameter.doors are (in tracks, they should close so tha! nospace more than 1/4 inch is allowec. Doors shotdd be fitted tightly into their sills and janbs sototal interior fumigation with phosphine car- he done with a minimum of scaling around the doorway.
thai 
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The use of an inner door made of grilled
mesh or expanded metal will kecp out rodents and 
birds when there is necd for the outer doors to be 
opened (Fig. 3), for instance for ventilation
 
purposes. These are 
 fitted inside the regular doors
 
and swing inward.
 

Birds can be prevented from entering opcn

doorways and those required to be constantly open

during working hours by installing a vinyl plastic

strip door, which allows persons or machinery to
 
pass easily through but stops birds from doing so
 
(Fig. 4).
 

3. Window s 

Broken window glass and broken ormissing screens are the means by which house Fig. 3. (trilled inner lhoi,,kcclp out hotli rodents 
sparrows and pigeons may most easily enter andbirds.
 
godown interiors. Screening of windows can be 
done witi a variety of materials, including ordinary

fly-screening in nylon or 
metal mesh, poultry mesh
 
of small aperture or nylon 
 or other netting.

Screening can be (lone to individual windows or the
 
entire tow of windows could be screened as shown
 
in Fig. 5. This kind of screening can be swung out 
 ' "
 
of the way when there is a need to mud-plaster the
 
windows for godown fumigation.
 

4. Ledgesaid Prches 

Birds can be discouraged fron using

godown interiors by preventing them from landing

and resting on ledges and perches on the buildings.
Materials called porcupine wires are a relatively
permanent method of keeping pigeons from Fig. 4. Vinyle plastic strip doors stop birdsroosting on structures. They are composed of from entering.
 
many spring-tempered stainless steel prongs 
 wilh

sharp points extending outward at all angles. The
 
prongs are fastened to a solid 
 ase which can be
 
installed on window sills, ledges, eaves, roof peaks 

or wherever pigeons are prone to roost (Fig. 6). 

J 

These sharp pointed wires inflict temporary
discomfort and cause pigeons to avoid landing on 
these surfaces. In a few cases pigeons have been 
known to cover the wires with nesting materials, so 
they must be maintained. Although these devices 
and their installation can be expensive, the more 
permanent results may justify the cost. 

A simpler way to keep pigeons fromroosting on ledges is to fix a board or piece of sheet Fig. 5. Hinged screen for windows stops birds. 
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metal at a 45-degree angle across the bottom of the
 
ledge (Fig. 7).
 

5. 

Any place where pipe or electrical conduit
 
enters the walls wxill have to be rodent- proofed.

Sometimes these are installed after the structure is
 
built and a hole has to be krocked in the wall.
 
These openings should be sealed with either a plate
 
of sheet metal, cut to fit tightly around the pipe

and fastened securely to the wall, or the opening
 
should be closed with cement (Fig. 8). 

6. Drains Fig. 6. Porcupine wires discourage birds 
from landing.

If the godown has floor drains allowing for 
runoff of wash watct when the interior is cleaned,
 
these will require grills or drain covers to keep
 
rodents from entering by the drainage pipe (ig. ).

These should be installed flush with floor so they
 
do not bccomc damagcd by machinery used inside
 
lie godOwn. Thcv should be hinged or screwed
 

down so they can bc lifted occasionally for
 
cleaning.
 

If roof drain pipes are present on the
 
outside of the godown, these need rat-guards
 
installcd to prevent rats from gaining access to the
 
roof. S,cvral type,, of sheet metal rat-guard that
 
will stop rats from climbing a drain pipe are shown
 
in Fig. 10. Tl'hcsc are fitted over the Otl.idC of the

pipe and fastcncd securely to the OutC wall. 7 .
An anglcd board or Inct,l plate 

',.'ulrItCL r,l t 11,Ill
 

I). Mainttntcr(for odenl-and tird-Prooline 

,)nce a godown is conpletely rodent- aid(
bird-proolcd, Icrn if rodents arc inside, they should ,
be 'linrinated. Either I) fuigate the entireI 
structure with phisphinc, or 2) place anticoaLulant '--_ 
or inc phosphide baits packed in polvthcnc bags . - 
inside at ll places where rodents will find them 
and kccp them out for two weeks or until no 
furthcr hait takes arc seen, or 3) place baited kill , 
Iraps at all spots where rodents would b expected - 
to trvcl. Continue trapping until no additional 
anin Als are capitutred. 

Inspect the inside of the godown and close 
all cracks or holes where rodents night hide or 
burrow. Ntakc certain that no holes connect with 
the outside: of the structure. If th'v do, close them 
off with good quality cement made into concrete. 
Concretc floors are best inside for where grain is to Fig. 8. Rodent-proofing of pipes. 
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he stored. Replace interior dirt or wooden floors.. 
with concrete to avoid pest problems. 

When the godown or grain slorage lacility 
is rodent- and hird-proofed, ir is important that the 
improvements be maintained. Doors and windows 
need to be kept in good repair and not allowed to 
become defective. If screening is torn or otherwise 
damaged, it shldt iibe repaired ir replaced. Rait
guards and collars on drain pipes should lie 
inspeeted reguLirly and made sure taitt liev are 
intact. [.edges arid shelhce s\here hirds may roost 
or nest should be inspected and steps taken io keep 
the bird-proofing iniact. Floor drain grills should 
be in placc and k,l) ear. Maintenaicc of1 t 
prroofing mcasures \ill require a regular inspection
 
of all perimeter points whcre birds or toden ts ig. . Rpae broken or defective drain cot)rs.
 
might enter the sirutCturc. Thi., probably 0hould lie
 
done evrry 0tmontlh:.
 

A rotdent- ard bird-lprootd st ruture, once 

cleared of ;TNv rcsidual pesl infestatio, should be 
permanently free of vertebrate pest prolIcnls 
inside for as long as pcst-proof measures are 
maintcid (Fig. I I). 

SA1.., GVA.O COHI GuAII 

Fig. 10. Rat guards tn roof drain piles. 

Fig. II. A bird and rodent-proofed grain storage structure 
should be permanently free of pest prolblems. 
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Rodents 

RODENTICIDES: THEIR CLASSIFICATION AND PROPERTIES 

By Abdul Aziz Khan 

Introduction 

Biocidcs, generally, ;ire chemical compounds which kill living organisms and all those biocides 
which are used against pests are known as pesticides. Pesticides are further classified according to 
their specific use such as insecticides, fungicides, acricides, nernaticides, herbicides, weedicides, etc. 
Those pesticides which are registered for their use against rats and mice are termed rodenticides. 

Classification 

Rodenticides, which are commonly organic or inorganic compounds, are classified arbitrarily 
(based on action) into four groups or kims: 

I. Acute or single dose 
2. Chronic or Multiple dose or :iticagulants 
3. Fumigants 
4. Cheniostcrilants 

A. Acute Rodenticidts 

Ai acute rodcnticide (Table 1) can be lethal following the consumption of one feed of bail. 
Most oif tie acule poisons currently marketed for tie control of rodents have proven to be fairly 
effective but, at the same tine, they are highly toxic to non-target animals such as birds and wildlife of 
national importance. Therefore, there can be high risks of accidental poisoning. They are relatively 
less expensive. Their continuous use, however, can cause bait-shyness and thus adds cost to the control 
operations. Tlere is no good antidote for most of these poisons in case of accidental poisoning. 

Acute rt-rit icidc cause death ias a result of: 

1. Paralysis of central nervous system 
2. Failure in respiration 
3. Cardiac irregularities 
4. (;astro-inicstinal irritation (haemorrhage) 
5. Ilaemnolsis(destruction of red blood cells) 
6. Destruction of kidney and liver tissue 
7. Blocking of citric acid oxidation 
8. Hypolthermia 

B. Brief Description of Acute Rodenticides 

1. Zinc Phosphide 

Zinc phosphide is an inorganic compound, commercially available as a finely divided, dense 
powder, having a black or greyish-black appearance with a strong garlic-like odour. It is soluble in 
dilute hydrochloric and sulphuric acids. When exposed to moisture, it decomposes slowly and releases 
phosphine gas which is highly inPammable. Zinc phosphide is a fairly stable compound when kept dry 
and hermetically sealed. 
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Zinc phosphide iseffective against both urban and field rats. It isgenerally used at a strengthof I or 2%. At higher concentrations it is less acceptable to rodents. Its garlic-like odour appears to beattractive to rodents unless bait shyness has developed, whereas this smell tends to repel man anddomestic animals to some degree- However, carele,,sly exposed baits have proven to be lethal todomestic poultry. Since this compound is toxic to all farm iiaals, great care must be employed in its 
use. 

2. Thallium Sulphatc 

Thallium sulphate is an inorganic stable compound which has limited solubility in water andonly aslight odour and taste. It is supplied as a white powder that is very heavy. Thallium sulphate hasbeen used most effectively for rodent and predator control, due primarily to its ready oral acceptabilityby most species. [-or field rat control, it is used at 1.5% in baits. It has also proven to be an excellentpoison against commensal rodents but should be used only under tightly controlled and protectedconditions because of its widcspread toxicity to birds and non-target mammals.risk poison which It is therefore a highcan give rise to problems of both primary and secondary poisoning of non-targetspecies and therefore, its use, except in exceptional cases, is not recommended. In most Westerncountries, its household use has bccn totally banned. 

3. Strchnine Sulphate 

This organic alkaloid is prepared from the seeds of Sir-hnos ntix-vonica. It is commonly usedfor killing dogs, cats and birds in many countries. Inmicro-doses it is used as a powerful stimulant. 

The commercially available preparation is a white or greyish-white powder. It is quite stable,insoluble in water but solublc in many organic solvents and dilute acids. It is not absorbed through theintact skin. It has an extremely bitter taste which seems to interfere with its success in rodent controlcampaigns. Many rodcnt species, during initial exploratory tasting, learn its toxic effects and reject thestrychnine baits on repeated application. Moreover, the material is hazardous to human beings and todomestic animals. It is therefore rarely used nowadays in rodent control. 

4. RedSuil 

Red squill is one of the oldest known rodcnticidcs.
plant, Urgia 

It is derived from the bulb of an onion-likemaritina. The active "rat killing" ingredients are glycosides of which "Scilliroside" hasbeen obtaincd in crystalline form. Red squill powder deteriorates at temperatures in excess of 800 C.The powder aso looses its toxicity when it remains in contact with moisture. It is extremely irritating
to the skin but is not absorbed by the skin. It is comparatively safe to humans and animals which can
vomit because it acts as its own emetic.
 

Red squill powdcrs and extracts are used primarily for the control of Norway rat. Even withits bitter taste it is fairly well accepted by this species. This bitter taste can cause bait shyness, however. 

5. Alpha-NapithylI Thiourea (ANTILI) 

This compound is i fine bluish-grey powder, stable, non-volatile and insoluble in water and oil.It is soluble in some organic solvents. It is odourlcss and tasteless and not absorbed through the skin. 

ANTU gives cxccllent and safe control of Norway rats but roof rats and house mice are muchmore resistant to its action. It can cause bait-shyness when usedbeen established that the compound may 
over a long period. Recently it hasbe carcinogenic and its use has been banned in USA andsome other countries. It is highly toxic to dogs, cats and pigs. Since the Norway rat is not a major pest

problem in Pakistan, "ANTU" is not suitable for use in this country. 



75 

6. Arsenic Trioxide or White Arsenic 

This is the oldest of all p,,isons ,ind still in use. It is practically tasteless, insoluble in water and 

very stable in baits. At one timc, arsenic compounds were widely used for rat control. Their use has 

sharply decreased in recent years :ithcr due tc replacement by new, more effective toxicants ,,r because 

of restrictions imposed on their use. They are highly dangerous to man and other mammals and birds. 

Because of its high hum :mntoxicity, it is certainly not a material that should be made i vailable 

for commercial purchase nor should it be used in mass rat control operations. Even for its restricted 

use, baits prepared with this compound should also include tartar emetic, which if ingested by humans 

will induce vomiting. 

7. Blariuri Carbonate 

Barium carbonate was used in rodent control for many years and, in fact, is still used by some 
It is a relatively safe rodenticide inGovernment agencies in Pakistan and India for urban rat control. 


the sense that few accidental poisonings have occurred from its use. It is an ineffective toxicant
 

because so much poison is required in the bait to kill rats that they can easily detect it.
 

8. Norbormide 

This compound is unique in that it has very little toxicity for the cat, dog, chicken, duck, 

primates, sheep or swine. This is the safest of all rodcnticidcs but is poorly accepted by rats. The 

technical material was sold commercially as ".ihoxin" and the formulated compound was called 

"Raticate". Norbormide is characterized by a high degree of specificity for Norway rats, and it has no 

effect on other rat species and mice. It is usually used in baits at a concentration of F%. It has been 

shown that Norway rats can detect the presence of this compound in baits almost immediately, 

resulting in very poor bait acceptance and kill. It is no longer markc'cd. 

9. Sodinm Monoluioroacetate (1080) and Fluoroacetanmde (1081) 

These compounds are white crystalline Fpowders, stable and highly soluble in water and 
Thesetasteless. They are relatively insoluble in many organic solvents and in vegetable fats and oils. 

compounds are hygroscopic and should be kept in hermetically scaled containers. A black de is added 

to 108(0 while 1081 is still sold as a white crystalline powder. Black dye is added so that 1080 can be 

distinguished easily from sugar, flour or other food items. Sodium fluoroacctate is o e of the most
 
operators
effective rodcnticides known but should be hand!cd only by h ghly trained rodent contid 


because of its vary hazardous nature to non-target species. Field rats are highly susccptibli: to "lM8)"
 

and it is also used for predator control with high success. Mostly these two compounds are used for
 

dcrating ships as recommended by WIH) for this purpose. 

Fluoroacetamide has some advantage over "1080" because its mammalian toxicity is somewhat
 

lower. It seems to be more effective than "1(18)" in controlling rats in sewers.
 

;0. Phosphorous (Yellow) 

Yellow phosphorous has been used mainly in commercial preparations for home use and is 

quite effective particularly against Norway rats. Before the advent of thallium, it was often mixed with 

cereal grains for control of field rodents. It is hazardous to man and domestic animals. It has been 

replaced by anticoagulants in household use and its sale and use is forbidden in certain countries. 
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11. Pvrinuron (P'r-mlnal pr Vacor)
 

This organic 
 compound is effective againstconsidered initially as having a wide 
a broad spectrum of pest rodents and wasmargin oi safety to non-target animals.shyness and gives no secondary hazards. 

It does not cause baitRecent laboratory tests have indicated that itcarcinogenic effects and affect insulin production in humans and cause 
might produce

high blood pressure to workersduring its manufacture. Consequently, it has been removed from the worldwide market. 

12. Bromethalin 

Bromethalin is a 
different f, om other acute 

unique, highly potent organic compound which exhibits a mode of actionand anticoagulants. Bromethalin provides a lethal dose to rodents in asingle feeding with death generally delayed two to three days and further feeding is inhibited. 
Technical bxornhalin is a 

organic solvents 
pale yellow, odourless and crystalline solid. It is soluble in manybut essentially insoluble in water. Technical bromethalin is stable under ordinarystorage conditions. 

Other acute poisons, not mentioned in this chapter, sometimes used asdieldrin, DDT, endrin, crimidine rodenticides, areand alphachloralose. Information on toxici!y to mammals, birds,humans and their use in baits of the compounds described are shown in Table I. 

C. Anlicoagulants 

1. Description andChemical Strcture 

The deveopment of anticoagulants as rodent control agents occurred during the 1950's, andundoubtedly marked a turning point in urban rodent control. They are gradually becoming widely usedin the control of field rats also. These poisons act cumulativ,-ly after the rat has eaten the poisoned baitfor several days. Rats do not associate poisoning symptoms with the bait material until lethal quantitieshave been ingested. Because of this, more complete control of rodent populations are possible withanticoagulants as compared to acute poisons. 

The majority of the anticoagulants in use at the present time are derived from two groups,based on their chemical structure:
 

a) Hydroxycoumarins, 
 e.g. Warfarin, Toriorin and Racumin. Brodifacoum,
Bromadiolone, Flocoumafen.
 

b) 
 Indandiones,e.g. Chlorophacinonc,Diphacinone. 

Most of the anticoagulants (Table 2) are quite stable compounds while their sodium salts aresufficiently soluble in water to permit their use as lethal liquid baits.commercially as pre-mix and master 
These compounds are availablemix in the form of powder or liquid (oil-based) concentrates
which are employed in the bait formulations.
 

2. Pharmacolotev 

Anticoagulants reduce and ultimately totally prevent the clotting ability of the blood, as well ascausing damage to blood vessels. They cause death by competitively interfering with the synthesis of 
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vitamin K in the liver. When the prothrombin level falls below a critical level, clotting cannot occur and 

the tiny haemorrhages throughout the body become major ones and the animal bleeds to death. 

The mechanism by which anticoagulants 
prevent blood from clotting is more easily 
understood if w,- consider what happens when 
normal blood clots. If blood vessels are damaged 
by a cut or other injury, the liquid blood turns to a 
jelly which prevents further blood from escaping. V.TAMIN K....'ORO .ii4 

What happens is that a soluble protein in the blood, t"sin"
t
o (Dissolved t the Blood) 

" 
callcdfibrinogcn is changed to an insoluble mass of - - I 
thread-like structure called fibrin which forms tile TuRoMi h NASE 

is (Et ..- tld.....clot. This change in the structure of the blood r, t 

initiated by the action of in enzyme ,called .. INRIh 
. Ilot)[i ,ol,-d In the hl od.. S. lid tIrombint. Thrombin is formed from a hilood 

protcin called j n thrombin by the action of anothcr .- J7...... 
enzime called throihnokinasc which is liberated riiiUPh IN 

from tile injured tissues under tle prscrcc of t 
vitamin K. In case vitamnin K is rcplaccd by a., 
anticoagulint, tile whole process is intetruplCd 

(Fig. 1). The rate of blod clotting is gradually Fig. I. Diagram showing changes in the blood 
reduced and blotd is lost until death oCCurs. leading to clotting. 

The general effc-tivencss of most of the antlicoagulants is about the same but some may lie 
slightly better than others aqainst a given species of rodents or those which have deCiopcd resistance to 
warfarin. Examples of such compounds are Brodifacoumn, Bromadioone and Flocounafen. With these 
second generation compounds, r~: (liewith one feeding but the process of dcvcloping lethal symiltoms 
occurs within the same duraton as in case of Warfarin and others of first generatiu rodcnticides. Other 
general inforiation about the anticoaguIants is shiwn in Table 2. 

I). Funitants 

Generally fumigants are used to supplement other rodent control techniques. Commonly used 
fumigants are aluminium phosphide, hydrogen cyanide, methyl bromide, carbon disulphide and carbon 
monoxide. Detailed description of their properties and use will be discussed in another chapter of this 
manual. 

E. Chemostcrilants 

These are mostly organic comlpounds which temporarily or pernianenly sierilize the male or 
female rats. In gencral those working or. feriales arc more cffectivc sin ,Cthey slop the productinl (if 
young ones. Rodents in general are prolific irccdcrs and onc fertile male rat can breed with docins of 
female rats. Therefore, a partial reduction in the fertile male population has no effect upon 
reproiduction. Keeping in view this problcm, a comination of toxic and sterility effects is dcsicd in a 
compound which can be used effectively against urban and ficid rats. Alphaclirohydrin (F1 ,ibh1(ic) is 
such a compolnd. 

Epibloc is both an acute toxicait as well itsa iale stcrilait agent (non-reve siblc sterility). 
Beside killing the rats, it also prevcnt the passage oif sperms in adult nialc rats. This means that those 
rats left alive after feeding on the product are sterile. Fpihloc is ail acute (single dose) rodenticidc and 
does not, therefore, require nulliple feedings. Epihloc is more effective when rats are firstprebaited 
with ,Iesame food stuffs used to formulate the finished iait. It is claimed that Eplibloc is a new 
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concept 	in rodent control. Reports of its use in other countries are still awaited. There are reports of some problems with its acceptance in baits. 

F. 	 Ideal Rodenticide
 

What is required of .n ideal rodenticide? hFire
following are tie desirable factors which shouldbe present in a rodcnticidc and should be kept in mind during planning and operation of any rodent
control campaign. 

1. 	 It should produce painless death. 
2. 	 t lighly selective. 
3. Readily degraded (only in dead animals or in the crop fields).
4. 	 Odourless and tasteless. 
5. 	 Can be easily counteracted with an antidote. 
6. 	 Slow acting.
7. 	 It should not create bait shyness.
8. 	 Its use should not cause resistance or immunity to develop.
9. 	 It should possess a high re-acceptance property.
10. 	 In baits, it shorlJ hm,'c a long shelf-life. 
I. 	 Inexpensive. 

G. 	 Advantaees and )isad ,anta,Lts ofI)iTrt'ent Rodenticidts
 

)uring planning of rodent 
control 	operations, besides considering the various biological andecological factors, the selection of right type of rodenticide is highly desirable. In addition to technicalreasons, hunan relalions (environentatit attitudes) and other socio-econonic factors are involve'the success or faiilurc of rodent control progra inCs. 	
in 

Thcrcfore, advantages and disadvantages ol thepoisons used are always considered. 

I. 	 Acuttc Rodtnticides
 

a) (GeneralComments
 

Miost acute rodenticides currently marketed for the control of rodents have proven tobe fairly effective but, they are at tire same time highly toxic to a broad spectrum of non-pest mammals,birds and other Aildlife of national importance. So, there exists a 	 risk of accidental poisoning ofhumans, pets, livestock and other non-larget species when these poisons are being used by anyone
other than a trained professional worker. 
 Besides 	tie economic losses caused by killing non-targetspecies, accidents create widespread mistrust and misgivings and thus makes it more difficult 	to enlistthe puhlic support needed for the effective implemcntatior of corntrol programmcs. 

There are silttiions where the decision ti rise icute 	,oisons is the most logical, suchas when tie discasc ha/ard from the target species is high or in crop condititr where the damge hastor le prevented irurri:diately sot as to save the crop 	 from total destruction. In field crops, the useacute poisons is prc'crrcd becatise of ls. 	
of

ciist aird 	 replenishments of bait are riot madeanticoagulants. Somet imes in sewer 	
as when using

systems, slaughler-houscs and warehouses, chronic poisonsnot well accepted by rats, because in such 	situations excessive 
are 

noisture 	makes it difficult to maintainchronic baits in atfresh and well accepted comndition, necessary for continuous exposure nceded for a,
effective kill. 

Furthermore, the acute poisons, particularly the use of zinc phosphide, dokills better than iN)% 	 not giveof the population and in such situations the population rec(vcrs and bounces backto its original level in a short peritid. For example, a rat poisoning camnaign reduces the population by 
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about 75%. The population will return to its original level in approximately 6 months after the 

campaign is over. 

b) Bait Shyness 

Acute poisons have the potential of creating bait- shyness. Normally, what happens is 

enough poison bait to be killed. They maythat during control operations, a few animals do not cat 

then develop a partial tolerance or shyness to remaining bait. How this bait-shyness or awareness of 

to offspring or to other individuals is not known. We needtoxic baits is communicated from parent 
and prevention of both bait and rodenticide shyness. There arc more information about the causes 


ways of overcoming bait shyness but overcoming rodenticide shyness may be more difficult.
 

how long can a rat "remember"Related to this phenomenon, it can be asked 
Once bait is put out for field rodents, most of the survivorsunfavourable experiences with toxic baits. 

a few weeks or longer, even when offered to them unpoisoned. Thuswill refuse that type of grain for 


subsequent control operations are not successful. Bait shyness can be overcome as follows:
 

i. Do not use acute poison baits more than twice a year or preferably only once. 

ii. Change both the kind of bait material and the poison, preferably following 

with an anticoagulant. 

iii. Use prebaiting in certain situations. 

2. Antlcoaculant Rodenticldls 

a) General Corn ents 

In a majority of situations in the world, the anticoagulants are used for the control of 

urban and field rats. Because of multiple feeding, the rats show lethal effects and thus these poisons 

are reasonably safe for use around children, pets and livestock. Vitamin K or whole blood 
The rats while feeding on anticoagulant baits do not show anytransfusions arc effective antidotes. 


symptoms which makes it difficult for them to identify the causes of their sickness. Thus they do not
 

stop eating the bait and consequently do not develop bait shyness. Rat population control of better
 

than 90% can be achieved with the use of anticoagulants.
 

b) Reslstan(? to Anlcoaulants 

Since the development of warfarin, this single anticoagulant was widely used till 1958 

was discovered in Scotland and subsequently in otherwhen natural resistance to it by Rattus norvegicus 
parts of Britain, the United States of America, Denmark, Sri Lanka and other parts of the world. 

Resistance is still confined to relatively small population pockets in Europe and is mostly found in the 

house mouse and Norway rat. Such resistance is not an acquired tolerance but is the result of a few 

genetically immune individuals surviving anticoagulant poisoning campaigns, and then passing this 
In any population exposed to continuous useresistance from generation to generation throug" heredity. 

of anticoagulants, 10% survivors is an indication that resistance has developed. In such situations control 

can still be achieved by shifting over to other types of ant'coagulants such as brodifacoum, bromadiolon.; 

etc. For information on how to determine the susceptibility or resistance of rats orand flocoumafen 
mit to anticoagulanta, see guidelines provided by World Health Organization Technical Report Series 

No., 3: pp. 140-147(1970). 



--------------- 

80 

Concluding the discussion, the advantages and disadvantages of the rodcnticides aresummarized as follows: 

Acute e.g. Zinc Phosphide 

-Advantaces 
1. 	Fast action, dead bodies 

are easily located. 
2. 	 Cheap as technical 


material 

3. 	 Small amounts required 
4. Emergency use 

Disadvantages 
1. Poison/bait shyness 
2. 	Prebaiting required 
3. Little selectivity 

Chronic e.g. Warfarin 

Advantages 
1. Highly effective 
2. Specificity 
3. Antidote available 
4. 	 Lack of bait shyness 
5. No prebaiting required 
6. 	 Birds are rclatively resistant 
7. 	 Death is apparently painless 
8. 	 -lazards to other animals 

from a single accidental feeding are little. 

Disadvantages 
1. Slow action 
2. 	1High labour input 
3. 	 High cost of control operation 



Table 1. Toxicity and characteristics of acute and subacute rodenticides.
 

Poisons LD50 * i% a.i. Effective 
against a) 
Rn Rr Mm 

Accept-
ance in 
baits 

Soluble Hazard 
- water Ito man, 
- oil j'stock 

Hazard 
to 
birds 

Not 
advised 
by WHO 

ANTU 6-8 1.5 x Fair Neither Medium Low X 

Arsenic 
trioxide 

13-25 1.5 x x x Fair Water Extreme Extreme X 

Bromethalin 2.5 0.005 x x x Good Neither Medium Low 

Fluoroacet-
amide 

13-16 2 x 1. x Good Water Extreme -

Norbormide 12 1 x Poor Oil Low Low 

Phosphrus, 
yellow 

1.7 
I 

1-3 x x Fair Neither High High 

Pyrinuron 5-12 0.5-2 x x x Fair Neither High Low X 

Red squill 500 10 x Fair Both Low Low 

Sodium 
fluoroacetate 

5-10 j.25 x x x Good Water Extreme High 

Strychnine 6-8 0.6 x Poor Water High High 

Thallium 
sulfate 

25 1.5 x x x Good Water Extreme Medium X 

Zinc phosphid'! 40 1.0 x x x Fair Oil High High 

* LD50 values (mg/kg) for Rattus norveqicus. 
a) Rn = Rattus norvegicus, Rr = R. rattus and Mm = Mus musculus 
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Table 2. Anticoagulant rodenticides 
 and the percent f active
 
ingredient commonly used in baits.
 

Common Name 
 Chemical Name 
 Percent active
 
Ingredient in
 
Baits


Brodifacoum 


Bromadiolone 


Chlorophacinone 


Coumachlor 


Coumatetralyl 


Difenacoum 


Diphacinone 


Flocoumafen 


Fumarin 


Pindone or Pival 


Radione 


Valone 


Warfarin 


3-[3 -(4'-bromol-l'biphenyl]
4-yl)-l, 2 ,3 ,4,-tetrahydro-l-

naphthyl]- 4-hydroxycour.arin
 
3 -[3-(4 '-bromo[l-lbiphenyl]_
 
4-yl)-3-hydroxy-l-propyl-4_ 

hydroxycoumarin
 

2 -(2 -(4-chloroph,nyl)-2-

phenylacetyl]indan-l,3-dione
 

3-[l-(4-chlorophenyl)-3-

oxobutyl]- 4-hydroxycoumarin
 

4 -hydroxy-3-(l,2,3,4-tetra 

hydro-l-naphthyl)coumarin
 

3-(3-biphenyl-4-yl-l,2,3,4_
 
tetrahydro-l-naphthyl)-4
hydroxycoumarin
 
2 -(diphenylacetyl)indan-i 
3-

dione
 

4-hydroxy-3-[l,2,3,4-tetra
 
hydro-3-[4-(4-trifluoromethyi 

benzyloxy)phenyl]-l-naphthyl]
 
coumarin
 
3-(2-acetyl-l-(2-furyl)ethyl)_ 

4-hydroxycoumarin
 

2 -pivaloylindan-l,3-dione 


2 -(l-naphthyl)4ndan-l,3-dione 


2-isovalerylindan-l,3-dione 


4-hydroxy-3-( 3-oxo-l-phenyl 


butyl)coumarin
 

0.005
 

0.005
 

0.005
 

0.025
 

0.0375
 

0.005
 

0.005
 

0.025
 

0.025
 

0.025
 

0.055
 

0.025
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Rodents 

CRITERIA FOR SELECTION OF BAIT MATERIALS,
 
BAIT FORMULATIONS AND PREPARATION
 

By Iftlkhar Hussain
 

Rodenticidal baits in which the active ingredient is mixed with an edible base are the most 
generally effective and widely used means of controlling rodents. Various aspects of bait formulation 
requiring consideration, including the edible bait base, the rodenticides and the use of bait additives. 
i.e. attractants, binders and color dyes, are discussed here. 

A. Bait Materials 

I. Bait Base 

The bait base makes up the largest proportion of the bait and it should be selected on the basis 
of its preference to the target species, ready availability, and acceptable costs. 

All of the cereal grains commonly grown in Pakistan can be used as rat baits. Some are 
favoured by rats. Tests in many countries under free choice situations have shown that maize is the 
best bait material, closely followed by oats, rice, and wheat. In general, the pulses and other food seeds 
do not make good rat baits, apparently not having the correct taste. 

Preparation of grain for use as bait is another important factor for success. Maize must be 
cracked or crushed to the size of wheat or rice grains. Oats Iiiist be rolled or crimped and wheat 
should be crushed lightly or cracked. Only rice, easily available in the market in the broken form, 
needs no special processing, and it is reasonable in price and always available. Wheat prepared as 
"Dalia" is an ideal form for use as rodent bait. The reason for the cracking, crushing or rolling of grains 
is to iid iri the adherence of the poison and/or its mixing in the bait. Poisons stick better to a broken 
suiface. than to seed coats or smooth grains. It is important to distribute the poison as evenly as 
possible throughout the bait, for if it is concentrated on the surface of a large seed, it will taste strong 
in relation to the unpoisoned interior and it may be discarded when the rodent husks or shells the 
seeds. This is the reason for using hulled baits. 

The particle size of rodent baits is also important. The required size is sometimes difficult to 
accomplish without sophisticated crushing and mixing equipment. In Pakistan, the bait size resulting 
from using broken rice works well. Extensive tests have shown that rodents do not prefer flour-like or 
mealy baits. However, the use of flour-liko bait constitcents has the advantage of allowing the intimate 
mixing of poison and bait materials. 

Most of the commensal rodent baits are a blend of two or more grains or cereals. The use of 
two highly preferred grains can be advantageous because such a blend has a better chance of being 
acceptable to a greater number of rodents in the population. Different rodent species may also Prefer 
different grains. 

Very often, especially for use on arable land and where food is in short supply, Poorer quality 
materials may be satisfactory. However, it is usually necessary to use a higher (quality bait to compete 
with the attractions of rodents' regular diet in places such as food stores and grain fields near harvest 
time. 

In dry environments moist cereal baits often work well and water itself can be a very cheap 
and efftctive bait for use with soluble rodenticides. 
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Some of the acute poisons, like zinc phosphide, will kill grain-feeding insects. But the chronicpoisons like Racumin and warfarin are non-toxic to insects so that insect-free grain must be used toprepare these baits, particularly if they are to be storcd. The best way to kill insects in grain or baits iswith fumigants like Phostoxin or Dctia. Chemical contamination in foods will repel rodents. Baitsshould never be stored near strong smelling insecticides as this could adversely scent or flavour them.For the same reason, baits should not be made from grains treated with fungicides or a seed treatment. 

2. Rodentlicides (Toxieants) 

The selection of the grain bait base is rarely influenced by the rodenticide used. However,with other kinds of non-grain baits, the rodcnticide selected may greatly influence the way the baitshould be formulated. For example, water soluble rodenticides can be used in water baits, butinsoluble rodenticides cannot. Perishable baits, such as ground meat, fish or fresh fruits, can be usedeffectively with 1080 (sodium fluoroacetate), red squill, zinc phosphide or other acute rodenticides,since poisoning is generally accomplished in 24 to 48 hours. Perishable baits like these are not oftenused successfully with the first generation anticoagulants, such as warfarin, diphacinone, orchlorophacinone, because the bait deteriorates before the rodents have had sufficient time to make thenecessary multiple feedings required. The use of perishable baits with these older anticoagulantswould require successive applications of freshly prepared baits, which often is impractical or 
uneconomical. 

The amount of rodenticide (i.e. % active ingredient) used in the bait may be very critical andmay vary with the type of bait base used. For instance, baits of high-moisture contentconsumed in greater amounts (by moist weight) 
are always

than are grain-type baits, thus the amount of toxicant
can be reduced proportionately. 
 Whoe grains, if formulated with the hulls intact, may have to beformulated at a slightly higher rodenticide concentration, since some toxicants may be lost when the
rodents remove the hull before consuming the kernel. 
 If a bait is designed for more than one rodentspecies (i.e. Norway rat, black rat and house mice), the rodenticide concentration is usually dictated by

the least-susceptible species.
 

3. Alherents for Rohntcides or Binders 

It is normally desirable to include a binder such as an edible vegetable oil .,m3st baitformulations. The binder serves two main purposes: 

a) Firstly, where the bait base contains course particles such as whole grains, the binderassists in maintaining a uniform dispersion of the rodenticide in the bait and prevents it from settling

out.
 

b) Second!y, the binder greatly increases the safety of baif mixing by keeping a toxic dust
from forming during the mixing o,-.ration.
 

The binder should bo thoroughly mixed with the bait base, so that when the rodenticide isadded it adheres immediately to the bait particles. Alternatively, the rodenticide may be slurried withor dissolved in the binder bef're m.ixing with bait base. Oils are usually included in bait at a 2 to 5%concentration. Water may also be used as a binder at a much higher concentration (50 to 100%),achieved by soaking the bait base as required. Paraffin wax may also be used as a binder foranticoagulant baits, usually a, a concentration of 20 to 40%. The bait is mixed with melted wax andeither cast directly into blocks or pcllcts, or into sheets which are cut up into blocks before the mixtureis set hard. Since anticoagulants are not hcat-stable it is important to mix the bait with melted wax atthe lowest possible temperature. Wax block baits are sometimes found to be particularly convenient
for use against rodents in fields and plantations. 



85 

Binders generally have secondary effects upon the efficacy of the formulation. Edible oils tend 
to increase the palatability of the bait slightly and water usually increases it markedly. If the oil is 
rancid, however, the -palatability of the bait is impaired. Water accelerates the growth of mould and it 
is advisable to replace the moist bait daily. Paraffin wax gives the bait partial protection against attack 
by insects and mould and prevents it from being washed away by rain, but tends to reduce palatability. 

4. Attractants 

Apart from edible oils and water, only sugar, at a concentration of about 5% is well established 
in improving the palatability of bait to commensal rodents. It does, however, increase the attack on the 
bait by ants. additives, such as molasses, meat meal or fish meal are not generally found to increase the 
attractiveness of bait, though they may do so in some cases. Artificial flavourings such as spices and 
essential oils are of extremely doubtful value and are generally more likely to have repellent than 
attractant effects. There is no magic ingredient to guarantee good bait acceptance and it is best to rely 
upon an intelligent choice of good basic ingredients. 

Research is going on in the development of species-specific scent compound, that may prove 
to be highly attractive to rodents. This class of compounds is called pheromones, and these are 
normally produced by a number of living cri",ourcs to aid in species recognition and sex attraction. 
These are usually hormone-associated compounds that have ,niell. Rodents are known to secrete such 
compounds. They are known to be used to denote the reproductive state of female rodents and may 
also assist in the recognition of related members of a particular rat tribe, to assist in interspecific 
identification, and to mark animals' territories. 

5. Bait Preserv tiies 

Paranitrophenol at 0.25% or dehydroacetic acid at 0.1% may be useful to stop bait going 
mouldy in the warm, humid conditions of tropical agriculture. As they reduce the palatability of the 
bait somewhat, they should not be used unless experience has shown that they are necessary. As has 
been mentioned earlier, paraffin wax has a more marked preservative effect. Zinc phosphide and the 
anticoagulant pindone have insecticidal properties. Insect damage to baits is rarely a great problem 
and, as a result, there is no established rol,- for insecticides as bait additives. 

6. Colrpj Dyes 

All rodenticidal b iits should co. vin colouring matter, usually a dye. There are a number of 
feasons for coloring bait, but the two m,.,t important benefits arc to help prevent accidental human 
consumption through mistaken identity, and to reduce the hazard of using rodent baits mistakenly for 
livestock feed. 

Reputable manufacturers invariably include a suitable (lye in all forms of rodenticide offered 
for sale unless the rodenticide has a strong natural colo-. Blue or black dyes are popular because these 
seem least likely to be confused with food, '1-:.agn a red dye is used occasionally. A green dye is 
sometimes thought to have value in protecting bait from granivorous birds or from interference by 
unauthorized persons. The presence of a dye in the rodenticide is very useful as an indicator to show 
when the bait has been thoroughly mixed. 

B. Bait Formulation and Preparation 

1. Calculating the Bait Formula 

a) When using a technical ingredient, such as zinc phosphide (100%), calculations are 
straight forward. To prepare a 2% conceatration of finished bait, simply add 2 kg of zinc phosphide to 
98 kg of bait ingredients. 
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b) 	 When using concentrates, the rule remember is to divideto 	 the percent of theconcentrate by the final concentration desired. The answer obtained vaill be the total ni'mber of partsof bait ingredients needed. Simply substract one part for the concentra~e and the remainder will be the
bait ingredients. 

Examples:(i)a 0.5% concentrate, final mix to be 0.025% 
0.5/0.025 = 20 

Mix I part of concentrate with 19 parts bait 

(ii)Racumin a0.75% concentrate final mix to contain 0.0375% 

0.75/0.0375 = 20 

Mix I part of concentrate with 19 parts bait 

2. 	 Methodj 

We will discuss the methods of preparation of zinc phosphide and Racumin baits as these arethe only acute and anticoagulant registered poisons in Pakistan. 

a) 	 The proportion of the 2%zinc phosphide rat-cake are: 

48% flour (atta)
48% broken rice or wheat or maize 
2%zinc phosphide 
2%cooking oil (vegetable oil) 

A sample formula for field use is: 

2.4 kg flour 
2.4 kg rice, wheat or corn 
100 gm edible oil 
125 gm zinc phosphide (contains only 80% active ingredients)
Plus encugh water to make a stiff dough. 

1) In a clean container, bucket or mixer, place the flour and grain and mix well. 

2) Add the zinc phospiide to the mixed dry ingredients and mix until the 
mixture isan even grey color. 

3) Add the edible oil and mix well. 

4) Slowly add the water and mix until a stiff batter isformed. 

5) Place the bait on a smooth surfac and roll flat till one centireter thick. Awooden form and a piece of pipe or round wood can be used to ensure rapid
rolling and uniform thickness. 

6) 	 Then using a knife, cut the flattened bait into squares about the size of a five 
paisa coin. 
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7) 	 Place ii. the sun to dry for 2-3 days, turning occasionally. Protect from dew 
and rain. 

Store in a cool dry place by packing in plastic bags. The sequence of mixing8) 
the bait isvery important. Zinc phosphide rcacts slowly with water to release 
the poison gas, phosphine. By adding the oil to the dry grain and zinc 
phosphide mix, the oil coats the zinc phosphide particles and reduces the 
contact of the water with the poison. 

a R ,cumin bait use fairly clean broken rice, cracked wheat orb) 	 Racumin: To prepare 
cracked maize. Place 19 parts of the grain in a clean container for mixing. Add just enough edible or 

cooking oil to lightly coat the grain. When the two are mixed, continue stirring whilst slowly adding the 

one part of the Racumin master mix, a light blue powder. Mix till the grain is evenly coated. 

1) 	 A sample formula for field use is: 

4,700 g broken rice 
50 gedible oil 
250 Racumin concentrate 
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Rodents 

BAIT MATERIALS: HANDLING, STORAGE, AND GENERAL SAFETY PRECAUTIONS 

By Iflikhar Ilussain 

We know that most of the toxic chemicals and matcrials used in vertcbralc pest control aie 

potentially harm ful to man, for he is also a mainimal. Special precautions must be observed to ensure 

the health and wcll-icing of those who are involved in any way with handling vcrtcratc pest control 

materials and in carrying out pest control of erations. 

A. Safe Bait Mixing! 

The main risks to be guarded against when 
mixing poison balts are accidenital skin contact with 
the rodcnticide and inhaltion of toxic dust. [he' 
wcaring of rubcr, PVC, or disposable glowes is 
generally quite sulficicnt to l)rccnit skin contact. 
Simple and eflectiC "gl(oss can be made b1 
encasing the hands mll tha~t arein Asic baIICIgs 
tied at the wriS. tIhcy can be discarded Alter use. 

To avoid the spillagC or the inhalation of dust, 
protCti C outer clothing andi a lust mask Should be 
,orn. Accidental skin contamination should be 

washed off at once, and non-disposable glows 
should be thoroughly washcd inside and outside -

after use. It is a good iencral rule to wash hands 
and any exposed skin before eating, drinking or Fig. I. Wear gloves and a dust mask when 
smoking and after v.'ork. mixing baits. 

Addition of a binder to the bait base before mixing in the rodcnticidC is a useful way of 

suppr shing dust. Baits are well mixed in a well ventilated room or in the open air, bul draughty or 

windy conditions most be avoided. Small amounts of bait, ll.'I about 2 kg, can be safely mixed in a 
mixedbucket with a stick, baamhoo spatula or a large spoon. Larger quantities should preferably be 

mechanically in a scaled vcsscl stuch JS at seed d7Cssing drum. Fragile or fresh bait materials can be 

mixed by tossing them lightly with the rodcnticide inside , closcd plastic bag. 

B. Idtntitication of PoIi:,ons 

When using ;ahaardous compound, be sir: of its proper idcntificatior, especially if it is no 

longer in its oi;ginal Ipcking. ('heck iie concLntration of active ingredient ,. that proper proportions 

are used to giscthe correct concentration in the final bait preparation. 

C. vi ,tasai o iaintrs 

At no time and under any circumstances should containers that have been used for toxic 

compounds be ;,sed for other purposes. Such empty containers mmust be broken, crushed1, buried or 

burned to prevent thcir reuse. If buried they must not contaminate sub-soil watcr. If burned, stay out 

of the smoke, for many p.csticitlc vapours are thcmsclvcs highly toxic. 

-, ,,* -,. , 
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D. .Prptetiv'.CothInS 

If dust is generated when a bait is mixed with toxic compound, provisionavoid dust inhalation. must be made toThe use of a dust filter mask or a cloth mask is imperative. ALo dusty clothingmust be changed each day for clean clothes.
concentrated pesticide is added to a bait mix. 

The most critical time for protective measures is when theAt this time the operator should wear a dust mask andgloves. 

E. Warning Cloumlion or Baits 

Vertebrate pest control baits, by their nature,ineffective if they are otherwise. One 
are attractive food sources. They would bemethod of helping to avoid accidentalwarning colouration. leeding is the use of aIn many parts of the world, e.g. Bangladesh, bright colours like red and green arcwarnings that the material is harmful. In Pakistan, cookcl rice must be avoided. Therecmoiniendcd in Pakistan are colours

black, blue, or grey. 

Racumin, a chronic poison, comcs already colourcd blue.conic ouLt grc in Zinc phosphide baits after mixingcolour. Other baits can be deliberately colourcd blackpowdered charcoal, or a blue textile dyc can be added to the mixed bail. 
by using lamp black or 

The colours warn people, butionot effect their acccptance by rats, which are colour-blind. 

Birds are a different matter, since they cc colours well. Whenbirds, colouring the baits may repel then. using poison bails againstFor birds, a natural bait colour is important, and bait securitybecomes a problem of major safety concern. 

F. Bait Stations 

All bait stations must have some marking, to warn people of their contents. This must be donein national language or preferably emphasized with pictorial symbols such as askull and cross bones. 

(G. Bit Placement 

When controlling field rats, placement ofbait must be done carefully so as to avoidaccidental poisoning of livestock or people. Never 

, IM,
place bait stat iins or baits on footpaths or roads. ~ They are ~ most likely to be found by domestic

animals or to bc stepped upon. Place them to one

side oif the path or field embankment and in the
 
grass or crop 
 so they are hidden as much is
 
possible. Another advantage of hiding bait is that it
reduces theft, 
 and the posibility of stolen balls

falling 
 into the hands of uninformed pople
Rodents vho seek their food largely by sniell willfind such ,:onccalc(l bait easily. 

Fig. 2. Bait station. 
It is agood rule to keep the bait points numerous and small, rather than few and large. In this
way risk of an anim.l eating a large doss- at any one time is restricted.
 

If. DeafjRats 

All dead rodents that are found (1dring the course of the treatment should bt picked up tokeep carrion-caters from the risk of sect ndary poisoning. The operator should recover all residues ofbait at the end of !he treatment. These shoui!d be burned or deeply buried. This precaution is, of 
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used and where access by non-target animalscourse, not reqluircd where permanent bait stations are 

can be prevented. In Field trieatments it is often safe to allow bait residues to decay naturally.
 

I. Bait Nixing Utensils 

be used only for mixingWhen possible, reserve speci;Il spoons, ladles, pans aInd buckets to 

Their usc fir anry other purpose i11a cause accidental poisoing. Als all cootuainers and utensilsbait. 
used illballiixingiiust be ithiroughly washe d after use to avoid any subsequent problems when 

handled. They must bc stored inthe saiic plit:ce kept.where poisons and haits are 

J. Washiln lp 

Every person after mixing upi, handling or using ait should wash his iarids and any other part 

of his body that hias conic in colit.act with balit. Always wash hiands before snoking or eating. 

K. General Infornmation for the Public 

When using bait initnew arca, try to inform ee rybody in tilelocality about the presence of 

At the saime time indicate the safety precautions tobait, and that it is dangerous to touch or consume. 
Make sure that each bag or parcel of bait has itlabel withte observed whL n such bait is being used. 

sonie information ibou the action ol the til. 

I. Safety Precautions oin the Ise rf"ilnruiants 

Bccausc fumiigants produrcc poision gasses which can niore easily be accidentally inhaled, they 

must be used with special care. Illlith fichI, finli igatilin must always be done by a team of two people. 
it after the proper amount of the fumigant hasOpen the funrigait contaiier, alid tcn qIickly' close 

been withdrawn. The applicatoi should always stand upwind of the fumnigation site so the fuics blow 

onee's br,ath whn doing both of the abiwc. Stop fumigation ifaway from him. It is prud ent to hiol 

either party feels dilly, and do not eirr,' ot fumigation for long periods of time.
 

or 

have nmore thain re opening. If gre .i tarel is not take ii, adjacent living spaces niy Ileaccidentally 

lipiing CMIiCde powder into a closed space or a rodent's 

Ble vcry carcful if any funierlion is done iri iround buildings, iswell itsrat holes that may 

fumigated with se rioLs results. \Vhcin 

confincd burrow space will force the gas toburrow, reiieniber that tie pressur, %%hichbuilds inside tile 


[indtany sniall Icaks. If the purp n,o/lc isnot well sealed around the entrance to tile burrow, tile
gases 

can escipC IbackwkavIds into tie face of tie operator. 

When uising furntnaints bia.d on the gcneration of phosphine gas, such isaluminium 

phosphide tablets, (niarketed s I)eiila or l'histrxin) there is also a hiaard front fire, because 

chemical forms. If i large imlber of tableis are putph osphris is highly inflammiiable iii most 

metal object or heatcd by uutlue friction, there may betogether and iccidcntally struck lV sonic 

spontlanicois coilust ion.
 

NI. Ieoical lrftormation 

Medical infoirmation on the treat mert of accidental effects of all poisons used must be at or 

*rhis should bC iii the hands rif tire Ilcal responsible officials as well as localnear tilesite fLuse. 

doctors. hicy should be well aware of the toxic coripounds used ind the sy'mptoms from their
 

poisoning and treatiiicnt measures which are appropriate.
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N. Sare S oraLt 

"Tc.hnical;,
gr adc iidcn'id,,cs, cio' .i'clratcs and hatches if pre,par ed hail shotIld le sloredunder lock and key and lahlieLd wilh Ih Iam111.and colicnnration of hel acliv'e inre.tlicnl.site should ihe ell 'nc l tudct The stora,ard dry, ard shouild1 -,K as cool as pi,si hi , laits, iii particulIar, must he
stored away~jvfroml stri s'nit ling chemicals like ins cticidcs so they will nt pickmay ip strugt)ldorLlrsre pel rat and rcndcir the balt that,,jil'ct
i', Thc store shoulhd be kept clean and lidy. Proper acconlkept of all rodCnHiids rcci cici and issucd. 
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BAIT APPLICATION METHODS AGAINST RATS IN CROPS 

By Abdul Aziz Khan 

A. Introduction 

For any field rat control programme, the kind of bait, mode of formulation, time and method of 
application arc integral parts of the success or failure of the programme. Also, these criteria must Fit 

into tie farming systems and socio-cconomic construct of the farmers community. 

Therc arc certain misunderstandings and traditional beliefs which should not be adopted or 
practiccd: I) inc of the most common is the addition of ground glass to rat bait, the idea being that the 
glass will laccrale the stomach and intestine of the rat, causing death by internal bleeding. (;round glass 
is harmless to rats and will not kill the rats as advocated, 2) another traditional belief is that the 
addilon of cement or plaster of paris to rat bait will result in the swallowed food hardening in the 
stomlch of the rat, and that this blockage will cause death. This will not harden in itrat's stomach since 
itis tio acid an environment for such a chemical reaction and 3) another common bait/poison fallacy is 
ihat, "ifa littlc poison is good, then itlot more is better". The use of more poison than is required 
inevitably catuse bait refusal and a poor kill because of bait shyness. Also, this will be expensive and 
dangc rou. 

II. Bait Placement Techniques 

It is csiiial that bait placement techniques and schedules are worked out accoiding to the 
agronomic practices of Field crops. In this chapoer, bait application methods in paddy, wheat and 
sugarcane will be described. 

I. Padd 

In paddy the treatment of the Fields begin 3-5 wecks after the nursery plantation. Loose grain 
bait (If ant icoagulants packed in pollhcne bags (IIX g) ar: placed on the field (likes or bunds (low 
embanknients demarcating the fields) every 15 m when Field size is 0.4 ha. or one bait point halfway 

along each bund and one at every intersection between bunds when field size is smaller, keeping the 
ascragc distance between bait points about 10lm. Treatments with three weeks interval arc made, 
replenishing the first treatment after .3-4 days and the third treatmert being done about 2weeks before 

harvst. lclorc p!acing the polylhcnc bait bags on Intlds, these ;,re S'. 'pcn with a knife. The 
pilvthcne bags gisc the anticoagulant baits adequate protection from t0ic monsoon rains and heasy 

dew. Each an'icoagulant bait point in the FIcld is marked by fixing itnumber flagged stick in the soil. 
This makes successive treatments at the fixed bait points easier. 

loose grain bait of zinc phophidc and other acute poisons are applied in the similar way as of 

anticoagulants. At each bait point Il g of the bait is placed which is checked and repeated twice at an 

interval of a month. Loose grain baits may be attractive and hazardous to birds, however, so they 
should be placed into burrows or bait containers whercvt.-r possible. 

"Rat cake" bait of zinc phosphide, or other acute poisons (bromcthalin) are applied on the 

bunds, 2-3 pieces at each bait point. Placement procedure and time table is the same as in case of 
anticoagulant baits. 
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2. WL,1eat 

Baiting can be conducted in wheat fields
 
about 6-8 weeks after sowing. Anticoagulant baits
 
are applied in 100 g polythene bags, slit open in the
 
middle, one bag each being placed on the bunds
 
halfway along each bund and on
one the
 
intersection of the bunds. Because of the rodent
 
burrowing activity inside the fields, the baiting is
 
done inside the fields as shown in Fig. 1.Treatments are made with one week interval and 3 

-Am.baits replenished where it is recquired. "Rat cake" inside.
bait of zinc phosphide and other acute poison is
 
applied on the field bunds after every 15 
 m interval 
or halfway along each field bunds and at every

intersection of the bunds. 
 Two to three pieces are Fig. 1. Spot baiting inside the fields with Zincplaced at each bait point. In addition to this, pliosphide at wheat flowering time.treatments are made inside the fields by "spotbaiting". The spot baiting is carried out by walking 

Earlemdisheswith n 
Racumnin bait3-4 meters from the intersection of ltln.s and then 

making a transect inside the plots (Fig. 2). The
 
active and open burrows are treated along the
 
baiting lines. In each field, 3 
 such 'ines are made
 
and baited. Inside the fields the bait points 
 are
 
marked with numbered flagged sticks 1.5 m high.

This makes easy the successive treatments at these
 
points.
 

3. Sutarcane J
4 Melres 

Baiting in the sugarcane fields is carriedIutalmost the same way as in wheat plots except Fig. 2. Placement of Racumin bait inside the
that only one baiting line instead of three are 
 fields and alongestablished in the middle of the fields (Fig. 1 & 2).This is extremely difficult. Anticoagulant (loose grain & wax blocks) and "rat cake" of acute poisonsare applied on the bunds and inside the fields after every 10 m intervals. Baiting is conducted with a
one week interval. Some variations are adopted according to the size of fields. 
 An alternative is to
search out the areas of rat activity (cutting stems, etc.) or burrows and bait at these sites.
 

4. Treatmentor Open Burrows 

Treatment of open burrows of Aferiones hurrianaewith different rodenticidal baits is done by"spot baiting". Spot baiting means either putting the bait (rat cake) directly into the burrow or placingthe bait (loose grain, pellets and rat cake) on left or right side of the opened burrow. Merones canbe serious pests in barani wheat, pulses and groundnut fields. 

C. Use ofBaitStations inCroDs 

All rodent baits are susceptible to damage by moisture, from wet ground, dew, or rain. Ratsdo not like damp and spoiled bait. Therefore, for effective control, bait protection is important whichis done by using various kinds of bait stations (Fig. 3). Besides protecting the bait from adverse
weather, their other functions are as follows: 
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1. To minimize the risk of 

aczidental feeding on the bait by non-target species 

and domestic animals. 
I-Pty l with
 

.",'-1

2. To carry a warning on the cover 

r._ D'3"--

or body of the station. This will protect the 

public from accidents by informing them about its 

contents. Use national or regional language for 

this purpose. 

3. In a sustained baiting programme, 

the bait is regularly replenished freshly and this is 

possible only through the use of bait stations. 
....
S-11, t to,

D. Key Features for Sustained Baiting with 

Rodenticides 
Anticoaglant 


..............
1. Because of its gradual action and 

the absence of risk from bait shyness developing, 
anticoagulant beiting can and should begin shortly 
after or even before any rat activity is evident, if 

expected. 

s 0;b, ",,, 1,,
 

2. Baiting in growing crops, suc! 


rice, should be continued against field rats until
 

grain heads are fully developed and hardened,
 
9,,ti,
cot
which is approximately two weeks before the 


harvest in most situalions. If bait consumption
 
remains high during this period, baiting can also be
 
continued. During control campaigns bait
 
consumption generally increases as more and more
 
rats invade the rields from the surrounding
 

Wooden box
unprotected crops. It then usually declines sharply 

v hen grains mature.
 

3. Excess bait must be available at 
all times so that rats consume bait regularly over 
several days. This will also help to decrease the Fig. 3. Bait stations for the use in slres, crops, 

poultry farms.effects of competition of the food source. 

4. A wide variety of bait materials can be used, including most forms of husked rice. 

Highly polished rice or whole maize kernels should be avoided as the toxicant does not stick well to such 

surfaces. Moreover, rodents tend to discard the seed coat of maize and cat only the starchy contents. 

5. Generally, in sustained baiting with anticoagulants, mouldy or fermented baits are 

avoided by rodents. Such defects obviously reduce consumption of the bait and increase the cost 

because replenishment with fresh bait becomes necessary. 

6. Placing bait in suitable bait stations or placement of the bait in plastic bags are 

worthwhile practices, to protect the baits from bad weather and damp groand (excessive ground dew). 
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7. The maximum success with the use of anticoagulats depends upon the cooperatio.of neighbouring farmers. A cooperative effort is an essential clement in controlling field rodents withanticoagulants due to the mobility of these pests. 

8. All of the anticoagulant rodenticides being commercially marketed in different parts ofthe world can be used effectively for Field rodent control or in grain storages. 
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BAIT APPLICATION METHODS IN GODOWNS, SHOPS AND POULTRY FARMS 

By Abdul Aziz Khan 

A. Introduction 

Poison baiting is one of the cheapest, and most effective method of controlling rats on a large 

scale However, in food grain stores and shops when using the more toxic poisons certain precautions 

.riustbe taken. The success of poisoning depends largely upon the choice and skillful placing of baits 

and other poison formulations such as tracking powders and liquid baits. 

B. Godowns and Shops 

Generally two types of poisons are used against rodents in food storage areas; i) acute or 

single dose and ii) chronic or multiple dose. Zinc phosphide (acute), coumatetralyl (Racumin), and 

brodifacoum (Klerat) are the only registered rodenticides available in Pakistan. The acceptance of 

baits made from these two kinds of poisons depends upon a variety of factors. Rats living in a store 

containing laige amounts of spilled grain normally will not eat the poison baits because of their 

preference for their regular diet. The following procedures arc normally adopted to control rats in the 

grain storagcs with varied conditions of infestation and location. 

1. In godowns where hcavy rodent infestations arc recorded, use 5 or ')% zinc 

phosphide tracking powder to knock down the population quickly. This tracking powder should be 

used inside protective wooden bait stations, or inside asbestos or PVC pipe bait stations (45 cm long, 7 

cm diameter) or on steel trays (1 cm deep, 2) cm long and 15 cm wide). These bait stations or trays 

are placed along the walls at an interval , every 10 to 15 m. If the godowns are big, place these bait 

stations in the middle of the godowns besi6e the concrete pillars. conducted for 3-4This operation i,. 
days only and then the zinc phosphide powder :s replaced with 0.75% Racunin tracking powder. The 

,ise of this chronic poison will help in the total reduction of the rodent population in any particular 

godown. Before replacing Racumin powder, clean all the bait stations front zinc phosphide powder. It 

is difficult it)kill 100% of rats with zinc phosphide because of bait shyness. Tracking powder of zinc 
phosphide can be made easily by mix'lg it thoroughly with Fuller's earth (Multani Matti). Mix in a 
pharmaceutical tumbler or in a 2 . g plastic bottle with a screw cap in the ratio of Ipart zinc phosphide 

to 9 parts Fuller's earth by weight. Mix this for at least 15 minutes. Take necessary safety precautions 
while mixing. 

2. In godowns where the infestation is moderate or low, it is only necessary to use 0.75% 

Racumin tracking powder ",!he bait stations or on the steel tiays as indicated above. In the bait 

stations or on the trays, spread smoothly about 25 g of the powder. Cl.cck after 3-4 days and replenish 

the powder if therc is evidence that it has bcn taken up by the rodents on their fur. When no fresh 

foot prints are seen on the powder, the rodents are under control. If foot prints arc seen continue the 
operation. 

3. In our experience in Pakistan, grain baits with zinc phosphide (2%) and Racumin 

(0.0375%) or other chronic poisons (Warfarin) are poorly accepted by the rats in the grain godowns. 
This is because of widespread spilled grain around the stacks of bags. Damp baits, such as fruits, are 

attractive to rats even when they refuse dry grain baits, but they deteriorate quickly due to moulds and 

bacteria which rats do not like to eat. However, you can use Racumin grain bait (0.0375%) in 

residential areas peripheral to the godowns to check the migration of rats into the central storage area, 
especially when the Indian gerbil (Tatera inlica) is present. 
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4. Most godown rats will drin' water and the use of water- soluble anticoagulant baits,i.e., poison which will dissolve in water, has been very successful in Pakistan in controlling rats in thegodowns. Racumin 8% pro-solution is available from which ready-to-use liquid bait can be made. Thiscan be used in automatic poultry water drinking dispensers and placed in the godowns about every 10at suitable places. These dispensers15 m are checked after every 2-3 days for any replenishment.Freshly prepared liquid baits deteriorate after a few days. The chances of success with liquid bait canbe im~proved if the rats' usual water supply can be cut off. This may be done by improving drainagearound the stores and by cutting grass and low vegetation iin order to reduce dew formation. Bettercontrol is achieved in hot, dry conditions. 

C. PoultryFarms 

Rat infestations on poultry farms can be controlled or excluded by using traps, chemicals,making sheds rat-proof and improving sanitation conditions. Each method has its merits and demerits.One should understand that to kill some rats is simple, ?,,t controlling a rat problem requires trainedpersonnel. However, there arc certain control methods whic- can be applied successfully as a result ofwhich economic losses are minimized. Here only chemical mvihods will be olescribed. 

1. Use of Poison haits 

a) Acute Poison Bait 

Zinc phosphide bait can be used when the rat population is high and the damage tothe eggs is severe. Zinc phosphide bait is inexpensive and one can achieve a quick reduction in thepop-dation. It is generally used at a strength of I or 2%. Loose grain bait of zinc phosphide can beused only in areas where layers and broilers are kept in cages or in areas where stores are located. Usethis bait in the protected bait stations and place these stations along the walls at intervals of 15-20paces. In each bait station put 100 gramr .f bait. This bait can also be used to kill rats in openburrows whenever they are found inside or outside the poultry sheds. For each burrow place oneteaspoon full of bait well into the hole. This bait should not be used in the chick breeding and feed mill
 areas because of hazards to the birds.
 

b) Chronic Poison Bait 

Use these baits in all areas of the poultry farm in the bait stations as earlier describedfor zinc phosphide bait. To attain maximum control the bait should be replenished and checked afterevery third day. Within 4-6 weeks the rat population will be greatly reduced. To control the invadingrats from adj(, ning farms, keep the bait stations functioning and checking them every 3rd week.
Racumin (0.0375%) or other anticoagulants baits can be used.
 

c) Poison Tracking Dusts 

The other useful way of controlling rats is the use of poison tracking powders. Themethod of control takes advantage of the instinctive grooming behaviour of the rodents. After pickingup poison dust on their feet and body, rats and mice while grooming ingest lethal amounts of poison.This method is useful in those situations where the rats avoid traps or refuse to eat the grain bait. Thedusts of acute poisons should not be used the poultry farms because of danger to animal health.on 
Only inticoagulant dusts should be used. Racumin tracking powder (0.75%) is locally available andcan be used in the protected bait stations. In each bait station, 25 to 50 grams of the dust is applied.These should be placed along the walls every 8 to 10 meters. Tracking powders can be applied with alarge spoon. Check after every two weeks and replenish as needed. Keep tracking powder stations inoperation throughout the year if you SL pect migration from neighbouring farms. 
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FIELD EVALUATION OF RODENTICIDE BAITS AND CONTROL PROGRAMMES 

By Abdul Aziz Khan 

A. 	 Introduction 

In a fully operational rodent control programme a number of varying and interacting factors 
are involved, such as (1) social attitudes, (2) manpower, and (3) methods and materials. The planning 
and evaluation of the first two factors is the j,)b of sociologists and economists while the third factor is 
handled by an experienced biologist to determine the success or failure of any programme. Particular 
emphasis is given to the need for monitoring not only to measure success, but also to identify those 
elements of a programme that contribute to or detract from its success. Evaluation and monitoring are 
essential management tools to ensure that the programme will achieve its objectives. Generally, 
essential components of a rodent control programme should be: 

1. 	 Obictives and planning 
2. 	 Setting priorities 
3. 	 Evaluation and monitoring 
4. 	 Programme improvement and publication of 'ie results 

When planning, we must answer these questions: 

a) Where are we now?
 
b) Where do we want to go?
 

What kind of information do we get to determine a and b? These are as follows: 

i) What levels of rodent damage or infestation exist before the institution of a 
programme. 

ii) What levels should be existing if the objectives of the programm e are to be 
achieved. 

iii) What actions should be taken to make the plan a success. 

To answer these questions, there is a need for detection or evaluation of rodent control 
programme for which the following three questions are to be asked: 

1. 	 What methods are currently used to detect the need for control and act as a trigger 
for action? 

2. 	 What detection methods should be used? 
3. 	 What actions are needed to improve the existing methods and to introduce new 

methods? 

B. 	 Evaluation Techniques 

The evaluation of the success of any rodent control programme in major crops can be assessed 
by: 

1. 	 Snap-trapping 
2. 	 Rodent activity index 
3. 	 Counting damaged tillers or canes 
4. 	 Crop yields 
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For comparative and economic reasons, similar data should be obtained from untreated areas.In the determination of efficacy of any rodent control materials and methods, snap-trapping or killtrapping contribute negatively to the efficacy data as these two are tools of controlling rats. Therefore,
the other three techniques are uscd in the development of data of the programmcs. Generally, theseevaluation parameters are recorded before and after the rodent control operations, which aredescribed for application in wheat, paddy and sugarcane. 

1. Snay-Tntppinm,
 

Snap-traps 
are set along straight trap transect lines on the treatment and controlthree successive nights. The traps are 
areas forbaited with buttered chapatti and(approx. 15 m) 

are set at 15 pace intervalson the trap lines in the evening and picked up in the morning before sun rise. The firsttrapping is conducted in the week before the first bait placemcnt and again one or two weeks beforeharvesting the crops. The trapping data for each rat species are pooled together for each crop andefficacy of different rodenticidal baits or trcatmcnts is evaluated by using the formula: 

[No. of rats trapped on the treatment fieldsPercent Reduction = X)- [----------------.--------------- 1x 
[No. of rats trapped on the control fields 

The abundance of rat spccies is dctrmined by trap success which is calculated as follows: 

No. of rats trapped 
Trap success =..........-------------------- x 1(W

No. of trap nights 

2. Tracking Activity
 

Tracking activity index is utilized as an evaluation technique in m3jority of the field trials. 
Thisgives an index of relative rodent activity/population of rats and calculated as follows: 

No. of positive plates
 
Activity index = -.------------------------------
1(x)

Total No. of plates laid
 

The procedure involves .he use 
of tin shects (plates) or vinyl tiles of approximately 25square in size. cmThe sheets are half coated with a paint brush (10 cm) by spreading a prepared paintmade from lamp black colour mixed with coconut oil (to prevent flowing) or cyclostyling printing ink.The inked sheets are placed on activity index tracking lines at an interval of 15 m. Plates with rodenttracks on the unpainted half are recorded each morning as positive or negative if there none.Tracks are arewiped off from the uninked portion after taking the observations and then placed freshly inthe evening. Tracking activity is recorded for three nights. The first rodent activity index is recordedbeforc the first bait placement and the last observations are recorded two weeks before the harvest of 
the crops. 

3. lurrowin Activt 

Burrow activity is also utilized as a census technique in fumigation trials against Nesokia indicaand baiting against Aferiones hurnianae. The procedure involves closing all active burrows with soil andthen recording new and reopened burrows for the same 
treatment. Burrows 

length of time both before and after toxicantare numbered and recorded on the data sheet. The success of the treatments iscalculated using the following formula: 
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% reduction in [Post-treatment census data ]
 
animal population = 10)- [ ----------------------------- x 100 ]
 

[Pre-treatment census data ] 

4. Damage Assessment 

Counts of damaged and undamaged tillers, stems and canes are made on the treated and 

untrcated fie!ds along a transcct line. !n paddy and wheat the counts are made of hills at two paces 

(about 1.5 m) intervals. The first and subsequent counts (monthly) are made before the 

population/activity record and bait application. About 25 percnt of the total number of fields from 

the treatments and control sites are usually picked up randomly for damage assessments. 

In paddy, percent rodent damage to tillers is estimated by u:;ing the following formula 

commonly used in Philippines for nation wide rat damage survey: 

No. darnaged tillers x No. damaged hills 
... .. .. X 1(x) Percent damage = ... .. .. . .. .. . .. .....---------------------------------------------

Total tillers in damaged hills 

In sugarcane fields the damage estimates are made by walking through the fields on a transect 

line and determining the percent damaged stalks: 

No. of damaged stalks
 
Percent damage =............................----------------- x 100
 

Total No. of counted stalks 

In cane fields the counts can be made after every two months before taking data on rodent 
activity and placement of baits. 

In all crops the relative percent reduction in damage after treatment is calculated as follows: 

[No. of damaged tillers, stems, canes on treated fields 
Percent reduction = 100 - [ -------------------------------------------------------------------- x 10xI 

(No. of damaged tillers, stems, canes on untreated field:; 

5. Yields Assessment 

The yields of produce of these crops are unhusked rice (paddy), threshed wheat and stripped 
canes. The yield data are obtained from those fields from where rat damage estimates are obtained. 
For paddy and wheat, the data arc obtained directly from the farmers when the grains are still on the 

farmstead. While for sugarcane, the yields are determined and obtained at wcighbridgc of sugar mills. 
All yirlds are obtained in metric tonnes. 

C. Data Analysis 

Standard statistical methods such as "students 't" test, analysis of variance and other test 

analyses are applied to analyze the data on these parameters wherever required. For economic 
analysis of the programme, the current commodity support price., and production statistics are used. 

Current market prices of rodentic'de concentrates or baits registered for use in the country and cx-
Karachi FOB costs of unregistered are considered to determine the cost-effectiveness of preventing rat 
damage to various crops by using differtat rodenticide baits. 
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Rodents 

FUMIGANTS, THEIR PROPERTIES AND APPLICATION 

By Joe E. Brooks 

A. Prorcrties and Application 

Fumigants are used to kill rodents and their ectoparasites living in inaccessible areas in 

tuitdings, ships or in burrows in the soil. Fumigants are quite dangerou:.,, both to the persons using 

them and to other humans or animals in the immediate area. Experience and skill are required 

therefore in their application. Fumigants most commoniy used against rodents are calcium cyanide (to 

produce hydrogen cyanide), methyl bromide, chloropicrin and aluminium phosphide (to produce 

phosphine). More rarely used are carbon dioxide, cartx-i monoxide and sulfur dioxide. 

Fumigants having a molecuiar weight ler than 29 tend to rise to the top of burrow systems 

when used in the soil. Factors that can be important in burrow fumigation are the moiqture content of 

the soil and its pa-ticie size. Hydrogen cyanide, methyl bromide and hydrogen phosphide are 

extremely toic gases and great caution. must be taken *o avoid inhaling them when fumigating burrows, 

confined spaces or commodities under gasproof tarpaulins. Some characteristic, of commonly used 

fumigants are given in Table 1. 

Table 1. Some Characteristics of Rodent Fumigants 

Fumigant Chemical Molecular Physiological LD5Q(rat) flammable 

structure weight action mg7Im e 
... .. .. ... .. ..------...................................----------------------------------- - ---------------------------------

Hydrogen cyanide HCN 27 C.A. 0.4 Yes 

Carbon monoxide CO 28 CA. (0.35%conc) No 

Hydrogen phosphide PH 3 34 1. 0.8 Yes 

Carbon dioxide CO 2 44 SA. (20-30% cone) No 

Sulfur dioxide S0 2 64 1. 1.6 No 

Methyl bromide CH Br 95 1. 3.6 No 

Chloropicrin CCINO2 164 I. 2.0 No 
I------------------

* CA. = Chemical asphyxiant; SA. = Simple asphyxiant; and I. = Irritant. 

1. Calclum cyanide 

Calcium cyanide Ca(CN) 2, is most frequently used in outdoor operations (it should not be 

used closer than 3 m to buildings); it is greyish-white and available in a granular or powdered form. 

The granules or powder are blown or spooned into a burrow and hydrogen cyanide (HCN) is liberated 

when they come into contact with moist air or soil. Hydrog( n cyanide is lightdr than air and the gas 
be sealed quickly.accumulates in all the upper parts of the burrow network; thus all holes must 

Calcium cyanide is usually-blown into burrows using a special commercially available pump. The hcs,; 

is hiserted into the burrow opening and soil packed around it. Five or six strokes are then made with 

the pump handle, the valve switched io "air" and about 10 more strokes appl;ed to blow the powder 

further into the burrow system. Entrances into the treated burrow are then immediately closed with 

soil. A second person should stand by with a stick or other weapon, ready to kill any rats that bolt from 

the burrow system. Holes reopened in a day or so will indicate whether some rodents have survived, 

and the burrow system then should be retreated. 

.-, .....A. . .. . ,-,, 
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Gassing with cyanide should always be done by more than one operator, for HCN is quickacting and a person working alone could become exposed and die without help. Workers using calciumcyanide should carry ampoules of amyl-nitrate as a first-aid measure in case of accidental poisoning. Abroken ampoule is held under the nose of the affectd person for 30 seconds our of every two minutesand a physician should be called immediately. Death may result from a few minutes exposure to 300 
ppm HCN. 

2. Methyl romide 

Methyl bromide (Cl i313r), is an odourless, highly toxic gas used in general pest fumigation,mainly indoors for insect control and, occasionally, against rodents. Methyl bromide cylinders with avalve and hose attached are used to fumigate rodent burrows in the same way as hydrogen cyanide.The hose is inserted into the burrow, soil is packed around it, and the valve opened for several seconds,releasing 15-30 ml of liquid methvl bromide into the burrow. The burrow is then closed and examineda day or two later. Methyl bromide should not be used near roots of Irces or shrubs, as it is toxic toplants. Hazards associated with using met hyl bromide in rodent control operations demand Ihat thework is carried out with care hy experienced operators and precautions taken to prevent tje liquidmaterial from getting in the eyes, mouth or on the skin. The wearing of gloves is not advised since anyliquid penetrating them can become Irapped and cause serious burns to the skin. Methyl bromideshould not be used at low *cnipcratures (below 2-4(C) as the liquid will not vapourize and the valve onthe cylinder may freze up. Funigation of ships and warehouses has been conducted but sonic goods,e.g. flour, may become tainted and should never be treated. 

3. Chloropicrin 

Chloropicrin (CCI3 NO()), somclinies known as tear gas, has been occasionally used to drivehouse mice out of grain sioragre aJreas. Mice die even when subjected to a concentration of less than 32ppm of chloropicrin. Mixed with havy motor oil, chloropicrin has been suggested as a burrow fumigantfor rats and sometimes a small quantity is mixed with methyl bromide to provide an olfactory warnir.g tothe person using that gas. Overexposure to chloropicrin produces severe sensory irritation in thz lungsapart from severe lachryniatory effect and this chemical is also a strong skin irritant. 

4. l|y(trogen lihosiihide 

Hydrogen phosphide (1 113) , also known as phosphine, has b.:en used as a fumigant againstinsects infesting stored products for many years. The gas is liberated froni a highly compressed tabletcompound of ammonium carlonate and aluminium phosphide. When the tablet is exposed tomoisture, it decomposes into hydrogen phosphide, aluminium hydroxide, aninionia and carbon dioxide.A tablet weighing 3 g liberates I g of hydrogen phosphide. Hydrogen Phosphide is a colourless,
poisonous, spontaneously flamnmalc gas, slightly heavier than air, with a sharp garlic-like odour. Theodour may not be a sufficicnt warning, however, to workers accustoned to the use of the gas. Theprepared tablet is relatively sate to harldlc; it is not selfcombustiblc, but should not be exposed to an 
open flame. Workers handling Ihe tablets should wear gloves. 

Hydrogen phosphide is sometnics used lo fumigate burrows ol Rums nor'egicus, Bandicotabenga/ecesis and Nesokia indicta in paris of Asia and elsewhere. Normally one or two tablets are placedinto each burrow entrance and the openings are then closed with soil. The speed of liberation of thegas in burrow systems is dpcolcut ii pi u bot0Ii an c 
lakes several hours to fumigate a b iriow. 

soil Moisture r temperaturc levels but it normally 
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5. Carbon di'oxide 

Carbon dioxide (CO,), has been occasionally used to fumigate cold storage warehouses and 

corn-ricks again.t house mice. It was found that CO 2 concentrations of 23% or greater killed wild 

house mice in less than two hours and that the gas was most easily and economically applied using solid 

CO 2 (dry ice). Dry ice has been proposed for fumigating refrigerated warehouses where low 
the room; an electrictemperatures must be maintained. The ice is crushed and distributcl throughout 


fan is then used to disperse the gas. Approximately 2 kg dry ice/m of space is needed to give a 15%
 

concentration of gas over 24 hours
 

6. Carbon monoxide 

Carbon monoxide (C)), from petrol engine exhaust fumes, can be used to kill rats in outdoor 
inside theburrows. A flexible hose is attached to the exhaust pipe and the other end is inserted 

about five minutes.burrow. All of the buiiw openings are then sealed and the engine run for 
carbon monoxide might bePrecautions must be taken to ensure good ventilation of the vehicle since 

forced back along the exhaust systci and leak into it. 

A carbon monoxide cart ridge has been devclopcd containing sodium nitrate and charcoal that 

has proved useful in control of burrowing rodents. It contains 65 parts sodium nitrate and 35 parts 

charcoal. Another version containing 55 parts potassium nitrate and 45 parts sawdust has also been 

used. 

7. Sulfur dioxide 

Sulfur dioxide (SO,), is a colourlcss. non-flamnable gas with a strong suffocating odour. It iN 

intensely irritating to the eyes and to the respiratory tract. Sulfur dioxide was formerly used to 

preservation of fruits and vegetables.fumigate rat-infested ships but Mw it is mainly ucd in the 

Sulfur, mixed with potassium nitrate (s:itpctre) and a small amount of tallow constitutes the so-called 
"smoke ferrets"; the smoke produced on burning has been used to make rats run from their burrows 

when they can be kilied by force. This method can also be used for the rapid collection of live rats, 

needed for labozatory and other experimental purposes, such as the examination of ectoparasites. The 

use of SO2 as itgeneral burrow funigant is not recommended, however. 
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ECTOPARASITES AND ENDOPARASITES OF RODENTS 

By Rafla Rehana Ghazl 

A. Fleas 

These are highly specialized, wing-less insects in the holometabolous order Siphonaptera, in 

feed on the blood of vertebrates by means of piercing-suckingwhich the adults of both sexes 
mouthpaits; the larvae develop on proteinaceous matter. The adults are long-lived, the females lay 

their long life. Most of the 2000 odd species and subspecies.,'ccessive batches of eggs throughout 
eminently fits them to transmit bacterial orhabitually leave the host from time to time, this habit 

rickettsial disease organisms. Fleas arc. found on mammals of all types, but the majority and the most 

important species parasitize burrowing or nesting rodents, lagomorphs and insectivores. Some 30 

species in the genera Echidnophaga and ttectopsyllus re'.,ain permanently attached to the host as 

c a:oparzsites, while the small genus Tunga is almost endoparasitic. 

1. Basic Bioloev 

A flea's life-cycle has four distinct stages; egg, larva, pupa and adult. The female lays 100-200 

eggs in small batches, loosely on the animal host or in animal bedding, cracks of floors and other 

favoured places. The small white eggs have a shell that protects them from damage, desiccation and 
on organic matter in soil andpesticides. Within 48 hours they can hatch into flea larvae, which feed 

debris. The larvae spin cocoons which are very small and sticky, thus attracting dirt which makes them 

to see. The cocoons lie hidden in cracks and under carpets. While inside, the pupaeimpossible 
develop into adult fleas. The total flea cycle can take months; however, under warm and humid 

conditions, it can be as rapid as 14 days. 

The adult flea is strongly sclerotized and laterally compressed. It is ready to feed 24 hours
 

after leaving the cocoon. It can leap with its metathoracic legs to a height of 65 mm and a length of 180
 
absent in some species. Upon arrival
mm e.g. Xenopsylla cheopis. Eyes are usually very small or even 


on the host, the flea inserts its styletto-like paired mandibles (Laciniae) and unpaired epipharynx into
 

the skin. The blood is sucked directly from a capillary blood-vessel. A blood meal is necessary for
 

maturation of the eggs. 

2. Common Rat Flea Species Attackine Man 

A dozen species, ;i! of which attack commensal rats to agreater or lesser degree and nearly all
 

of the old world origin have become cosmopolitan or are in the process of becoming so, due to
 

association with man, his 7cts, livestocks and his rodent pests.
 

Xcnop..Illa cheopis, the oriental rat flea, is the most important vector of urban plague and 

It has been distributed to all parts of the world in ships and cargoes, particularly in themurine typhus. 

serond half of the 19th century. It is characteristically found in buildings, parasitizing R. rattus, R.
 

noril"egicus and other species of Rattus.
 

X. astia, a parasite of gerbils and rats, ranges from Arabia and Iran through India to southeast 

Asia. Less domestic and a weaker plague vector than X. cheopis. 

X. brasiliensis is native to all Africa south of the Sahara, but it has spread to all parts of the 

world. It is an effective plague vector, especially in rural environments, and infests rats riot only at the 

ground level but also in walls and roofs. 
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Nosopsyllusfasciatus, the northern rat flea ;s prevalentAustralia. Presence has been noted 
on rats in Europe, North America andon R. norvegicus and R. rattus in 'akistan. It is a less importantvector of plague and murine typhus. 

Mo.'opsyllus anisus is a common rat flea of temperate east Asia, extending from China, USSRto Japa:. 

Leptopsyllasegnis, the mouse flea, which probably originated on Mus and Apodemus, is moreabundant on rats than on mice in Egypt, Malta, and Gulf States of USA. It is a weak vector of plagueand murine typhus. 

There are some more fleas which attack man; these are: 

a) Ctenocephalidesfelis, the cat flea. It is also present on dogs and jackals in India. Italso occurs on rats and other rodents. 

b) C. canis, mainly parasitizes dogs and other canidae. Both species of Clenocephalidescan transmit disease organisms to man by his domestic pets. 
Echidnophagagallinacea is common in Africa. It is abundant on a wide variety of smallmammals and it remains stuck to a single host individual. It plays a minor role in disease transmission. 
Investigators have recorded instances of humanCerratophyllus gallinae, the western 

infestation by European hen flea,hen flea, C. niger, and the wild-bird flea, Dasypsyllus gallinulae.Hoplopsylus anoinahs,a vector of plague among ground-squirrels, is also known to attack man.hedgehog flea, Synosternus pallidus is a suspected plague vector. 
The 

Slivalius cognatus, which attacks ratsand man, was the most abundant flea in plague focus in Java. 

B. Fleas and Diseases 

1. Pae 

Plague is mainly an infection of wild rodents, caused by the bacillus Yersiniapestis. Effectivevector species are those in which blood-meals frequently cause blockage, e.g., X confomiis, X. cheopis,X. skrjabini, Oropsyllasilantiewi,Pu/er irtitans,and Ctenophthalmusspp. 
Plague epidemics among animals (epizootics) were first recorded in 1850's among themarmots of Mongolia and Transbaikalia, USSR.


only by the rodent fleas, X cheopis,X. astia and 
Urban plague in cit-es and towns is transmitted not
 . brasiliensis,as well as Nosopsyllusfasciatus,but also
by other cosmopolitan commensal fleas, Pulex and Ctenocephalide. 
 The number of flea species knownto be implicated in plague transmission totals more than 200, with many others suspected. 

2. Murine us 

This disease is due to Rickettsia mooseri. Murine typhus is an infection of commensal rodents.Fleas are associated with murine typhus transmission. Human infection results from contaminationfrom the dried feces and crushed bodies of fleas. 

3. Fever 

The causative organism of Q fever, Coxiella burnetiiCtenophthalntisassinilis infesting mole 
has been found in the fleanests in the central Slovakia. These fleas were alsopositive for spotted-fever ricketisias which are probably R. siberica(agent for Siberian tick typhus).

found 
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4. 	 Tlarym!N 

caused by the bacillus, Francisellatularensis. It is present inThis is an infection of man 

rodents and lagomorphs. Ticks and fleas are involved in its transmission. It was first found in 1911 ia 

California; by 1938 more than 2000 cases were recognized in America, with 5% death rates. 

5. 	 Salmone'losis 

in rats caused by Salnonella enteritidis and S. typhimnurium,This is an enteric disease 

transmitted by the rat fleas X. cheopis and Nosopsyllus sp. 

6. 	 Panisitic Worm Infection 

a) l)ou Heartworm 

This disease is due to infection by microfilariae of nematode worms. The heart worm, 

Dipetalonema reconditum, is transmitted by fleas. 

b) Tapeworms 

Fleas act as intermediate hosts for three kinds of cestodes, the dog tapeworm and two 

species of rat tapeworms. 

C. 	 Ticks 

About 	300 species of ticks are blood sucking ectoparasites of vertebrates, chiefly mammals, 
Certain species are vectors of important diseases and few areand nearly all are capable of biting man. 

numerous in warm countries.known to transmit human diseases. Cosmopolitan in distribution but 

Nocturnal in habit. 

convex dorsally, bearing four pairs of six-jointedThe body is flattened dorsoventrally, slightly 

legs and a false head or capitulum, consisting of a basal plate, the basis capituli (the shape of which is 

of taxonomic value) and the mouth parts (hypostome, chelicerae and pedipalps). The hypostome, 

covered with transverse rows of recurrent, file-like teeth of variable pattern, anchors the parasite to the 

host. The lateral paired chelicerae are long cylindrical chitnous shafts, they act as cutting organs to 

permit the insertion of the hypostome. 

1. 	 Bioloy 

During the larval, nymphal and adult stages, most ticks are intermittent parasites of mammals 

on the ground in areas covered with shrubs. The larvae andand spend the main part of their existence 

Both sexes are blood suckers; only the
nymphs feed on small mammals and the adults on larger ones. 


The female deposits 100-200 eggs in small batches. Ti,:ks
hypostome and chelicerae enter the wound. 

are divided into two large families; the Argasidae or soft ticks, with four genera, and the Ixodidac or 
morehard ticks with several genera. These are more specialized and more highly parasitic, produce 


progeny, and infests the hosts more readily.
 

vectors 	of local types ofGenus Onidthodonis or soft ticks: Several species of the genus are 
severe pain and inflammation. The bites of both relapsing fever throughout the world; the bite causes 


the nymphs and adults produce hard red wheals which remain painful for 24 hours.
 

Several species of Ixodidae are injurious to man. 
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a) Genus Haemaphysalis
 

The immature ticks are parasites of birds and squirrels, while the adults infest rabbits,
hares, cats, woodchucks, chipmunks and rats. It is a vector of tularemia and Rocky mountain spotted
fever among animals. 

b) Amblyomma Spp. 

Amblyomnma americanum is an experimental vector of Rocky mountain spotted fever.A. cajennense is an experimental vector for yellow fever. A. hebracurn is a vector of heartwater fever ofcattle, and the African tick typhus of man. 

C) Dermaccntor Spp.
 

The host for immature forms are small 
 rodents. They transmit rocky mountainspotted fever and tularemia to man. 

d) Genus Hyalomma 

Species of the genus aie parasites of rabbits and burrowing rodents in Africa, Asiaand Eu ope. They transmit African tick typhus to man. 

2. Pathogenicit
 

Ticks injure man and lower animals in three ways
producing (1) by the irritation of their bites, (2)tick paralysis through their poisonous secretions and (3) by serving 
by 

as vectors of bacterial,rickettsial, viral and protozoan diseases. 

3. Human Diseases Transmitted by Ticks 

a) Rickettsial Diseases
 

1) American spotted 
 fever (R. ricketsii), vectors are: Dennacentor sp;
Haemaphy)salis sp; and Onithodoros sp. 

2) Boutonneuse fc\'er (R. conorii), vector is: Rhipicephahs sp. 

3) African tick fever, vectors are: Rhipicephahts sp; and Hvalonmua sp. 

4) Russian tick typhus, vector is: Dennacentorsp.
 

5) 0 fever (Coxiella buniei), vectors 
are: Dennacentor sp; Amblyonuna sp;
and Haeniaphysaissp. 

b) Viral Diseases 

1) Equine encephalitis, vector is: Dernncentorsp.
 

2) Yellow fever, vector is: 
 Onithodons sp. 

3) Lymphocytic choriomeningites, vector is: Dcnn acentorsp. 

4) Co'lorado tick fever, vector is: Denacentorsp. 



c) 	 Rickettsial and Spirochaetal Diseases 

1) 	 Tularemia, vector is: Demiacentor sp. 

2) 	 Relapsiag fever, vector is: Omithodonis sp. 

d) 	 Protozoan Diseases 

1) 	 American trypanosomiasis (Trypanosoma cnzi), vectors are: Amblyomma 
sp; Rhipicephalussp; and Onithodonissp. 

D. 	 Mites 

The term 'mite' is applied to members of the order Acarina. The parasitic species either cause 
direct injury to man or transmit human diseases. Species of major medical importance are found in 
Trombidiformes, Mesostigmata and Sarcoptifo.mes. The Trombidiformes includes the family 
Trombiculidae with several species. The Mesostigmata contains family Dermanyssidae and the 
Sarcoptiformes contain the important family Sarcoptidae. The larvae are known as Chiggers. They are 
annoying pests and certain species are vectors of tie disease 'Scrub' typhus. 

The symptoms caused by the attachment and feeding of Eutroinibicula sp. are itching, 
increasing in intensity to maximum on the second day. Severe infestation may produce fever and 
nervous symptoms. 

The rat mite, Omithonyssus bacoti, is prevalent in warm countries. It requires four blood 
meals to complete its life cycle. Its bite produces a vesicular dermatitis with urticaria and subsequent 
scratching, particularly in children, may cause secondary infections. This mite serves as a vector for the 
transmission of endemic typhus from rat to rat. Rickettsia mooseri (typhi) has been iso!ated from this 
mite. Leptotrombidiun akamushi and L. deliense are considered to be important transmitting agents in 
Pakistan in addition, L. pallidum and L. scutellave are considered as vectors in Japan. The former is 
also considered a vector of scrub typhus in southern Korea. Isolations of R. tsutsuganiushihave been 
reported from various wild chiggers in various parts of Asia. 

Natural infection with R. tsutsugamnushi was demonstrated from tissues of rodents in almost all 
the habitats in Pakistan. 

The itch and mange mites are of medical and veterinary importance. These minute, globular, 
white mites have a finely striated integument adorred with bristles. Most of the genera are non
burrowing mites that produce a many layered 'scab' by irritation. The genus Sarcoptes causes itch or 
mange by burrowing into the skin of man and other mammals while the genus Notoderes produces 
similar lesions in cats and rodents. 

E. 	 Lice 

Lice are small, degenerate, dorsoventrally flattened wingless insects. They are parasites of 
birds, mammals, and man and comprises two orders (1) Mallophaga (biting lice) and (2) Anoplura 
(sucking lice). The biting lice are ectoparasites of birds, their mouth parts are adapted for mastication. 
They never suck blood directly but feed on cuticular material, hair and feathers. The sucking lice have 
mouth parts for piercing and sucking. The Anoplura comprises of 225 species. The parasitic lice of 
man belongs to the family Pulicidae and genus Pediculhs. 
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Lice are also regarded as vectors of animal diseases, as they transmit diseases among loweranimals. Tularemia is spread in rabbits, plague in marmots; bartonclla infections in rats and mice;typhus in rats; and the tapeworm, Dipylldint caninitn, in dogs. Lice are known to play ainimportantrole in the transmission of typhus infections. The most common genus found on rats is Polyplax sp. 

F. Endoparasites of Rodents 

Rodents are cosmopolitan in their distribution and they constitute the largest group ofmammals. Helminth parasites are commonly reported from theserepresenting more than 200 genera, with several hundred 
rodents. Adult helminths 

species, have so far been reported as
naturally occurring in rodents. 

Helminth parasitic fauna of rodents is dominated by the nematodes. The most commongroups of nematodes encountered inrodents belong to the orders Spirurida. Oxyurida and S.rongylida.The spirulriods arc represented by the genera Spinira, Protospirura, Gon~ylonemna, Physaloptera,Abbreviata, Rictula/a, Ptergodlrnatiles, Seurratum and others. The Oxyuriods are species of thegenera Passalunis, Enterohius, Citellina, Aspicularis, Syphacia and others. Species of the generaNentatospintroides,Nippostrongylus, Longistronhits,Lon istriata,Heligmnosomun and others representthe Stronklida. Trichinella and Capillana are also encountered, but to a lesser extent. 

Ces:odcs constitute the second largest group of helminth parasites of rodents. The cestodefauna of rodents is dominated by the hymenolepids and the anoplocephalids. Species of the generaHymnenolepis, Rodentolepis and tVamnpirolepis arc the main tapeworms encountered. Species of thegenera hleonzicapsifer,Maftheotaenia,Citotaenia and others represe:nt the anoplocephalids. Davanidsand diiepidids are found to some lesser extent; these are represented by the genera Raillietina and 
Choanotaenia. 

The digencan trematode parasites are comparatively few. TheseEchinostornatidae where species representing several genera 
represent the family 

are found. Species belong to the familyNotocotylidae, Brachilaimidac, Hcterophyidae are reported. 

Rodents are poor hosts for acanthocephala, wLhre parasites of few genera have so far beenreported. Species of the genus Monilifonnis are most common. 

Seeral species of helminth parasites are common to both man and rodents. Some areaccidental infections and have little public health importance, some occur naturally in numbers ofrodents and play a significant part in the epidemiology and prevalence of some of the important human 
parasites. 

The rat lungworms of the genus Angiostrongyhts are of considerable public health importanceas they can be transmitted to man and produce eosinophilic meningitis or cerebral angiostrongyliasis.These lungworms utilize certain molluscs and prawns as intermediate hosts. Human infection occurswhen raw or undercooked molluscs or prawns containing infective larvae are ingested. 

Nematodes of rodents recorded in Pakistan are: 

- Physalopteraqadri
 
- Pseudophysalopterasindensis
 
- Aspicularis sp.
 

Trichiuris, sp.
 
Protospintra sp.
 
Rictulariasp. 



113 

Pterygodennatitessp. 
Streptopharagussp. 
Seurratum sp. 

Cestodes of rodents reported fiom Pakistan are: 

- Hymenolepis diminuta 
- H.jacobsoli 
- H.mujibi 
- H. nana 
- Mathevotaeniasp 
- Raillietina sp. 
- iCatenotacnia sp. 

Trematodes of rodents recorded: 

Catatropis pakistanensis
 
Echinostoma bengalensis
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Rodents 

COMMENSAL RODENTS AND ECTOPARASITE CONTROL 

By Joe E. Brooks 

A. What are the commensal rodents? 

With the sole exception of man, the most successful and abundant mammals on earth today are 
never have enjoyed this success without mans' inadvertentthe commensal rats and mice. They would 

Commensal rodents have taken advantage of human transport and trade routes and in this wayhelp. 
they spread from their ancestral homes in Asia to all the continents of the world. 

to the fact that these animals live atWhat are the commensal rodents? Commensal refers 

mans' expense, invading his home, eating his food and damaging his commodities; they are also capable 

to man, who thus derives no benefit from the relationship. Three species ofof transmitting discascs 

worldwide occurrence are the most i nortant of the commensal rodents: the Norway or brown rat,
 

Rattus orvcgics, the roof rat, R. rauw,, also called the black or ship rat, and the house mouse, Mus
 

mlnuscuhts.
 

B. Where are they (listributed? 

The roof rat is primarily a rat of the tropical regions of the world (Appendix 1). Its' ancestral 
From there it spread by way of shipping andhome was probably the Southeast Asian mainland. 

From there it was carried intocaravan routes across the Indian subcontinent and into the Middle East. 


Europe in the 1 th or 12th centuries. Finally, it has been carried by ships to all the continents of the
 

world: North and South America, Australia and into the South Pacific islands. It is still spreading into
 

inland areas in Africa and the Pacific islands.
 

is primarily a rat of the temperate regions of the world (Appendix 2). Its'The Norway rat 
lying mostly within the borders of the Sovietancestral home was the steppes of central Asia, now 

slowly than the roof rat, moving mainly westwards, following the tradeUnion. It spread much more 
as they opened up in the 14th through 17th centuries. It didn't reachroutes between China and Europe 

Europe until early in the 18th ccntury, appcaring first in sonic Baltic seaports and then rapidly 
It was carried by shipping into most of the majorspreading throughout Europe in the next I(X) years. 


seaports of the world during the next two centuries. It remains mainly restricted to seaport areas in
 

much of the tropical world.
 

The house mouse was originally found in the area between Iran and the Soviet Union, living as 
It now has the a mouse of grassland areas. It has been spread around the world, mainly by ships. 

widest distribution of any animal except for man. It lives in the high latitudes of the Arctic, in Siberia, 

and is found on islands in the Antarctic Ocean. It lives not only in mans' houses, villages, towns and 

cities, but occurs as a field rodent in many cropland areas. 

C. Ilow are they identilied? 

rodents are given in Appendix 3.The identifying field characteristics of the three commensal 

Norway rats are stocky, medium to large-sized rodents and the tail is usually shorter than the head and 

body length. The snout is blunt, the ears relatively short and thick and the fur is coarse, being 
The female has 12 mammaries; threebrownish-grey on the back and whitish-grey on the belly (Fig. 1). 


pairs in the groin and three pairs on the chest.
 

8 ..... .. . *-.... , -, , - . .'j 4,.. 



116 

The roof rat is a moderate-sized, slender,

agile rat. 
 The black rat, which is a color variant of
 
the roof rat, has a slate-grey to black colored back
 
and a dark grey belly. Although the brownish-grcy

and the black color variants were earlier referred to
 
as separate subspecies, this is no longer considered
 
to be valid, with both color variants commonly

occurring in the same 
litter. The snout is slender,

the ears are large and thin and 
 the eyes are
prominent (Fig. 2). The tail is unicoloured and
generally longer than 	the head and body length.

The female has 10 mammaries; two pairs on the
chest and three pairs in the groin, although an extra 
 Fig. 1. Norway rat.
pair may occur on the chest on rare occasions.
 

The house mouse 	 is a small slender
 
animal with prominent eyes and ears (Fig. 3). 
 It is
quite variable in color and many different forms ,
have been recognized. The ancestral stocks are
 
generally the smallest 
 forms and they have a tail L -
considerably shorter 	 than the head and body %>$;"
length. They live almost exclusively outdoors.
 
Several forms have evolved living in close 

association with man and 	

-, 

his dwellings.

Commensal mice tend to be 
 larger than tihe
ancestral forms, the 	 length of their tail being X 
almost equal to that of the head and body. Thebelly color is dark grey, shading almost Fig. 2. Roof rat.imperceptibly into thc brownish-grey of the back.
 
The female has 10 mammaries; three pairs on the
 
chest and two pairs in the groin.
 

D. BioloaandEcoloffy 

Rats and mice are primarily nocturnal
 
animals and need special skills in order 
to move

about and finid food and shelter in the dark. They

have a keen 
 sense of smell, continually moving

their heads and sniffing when active. They use the
 sense of smell to locate food, in identifying friendly 
 Fig. 3. [louse mouse. or unfriendly mice or other animals and in findingmates. They have a well-developed sense of touch, primarily through the use of the long whiskers onthe snout called the vibrissac. They use the whiskers tc warn them of voids and objects in the darknessand use the body hairs in order to maintain contact with the walls and floor. Rats and mice can hearsounds in the ultrasonic range, much higher than that of man. They can make sounds in the ultrasonicranges also, which helps them locate young mice that have strayed from the nest or keep track of eachother in the dark. The rat and mouse eye is specialized for nocturnal vision; it has high light sensitivitybut poor visual acuity. 

of taste is much more 	
They can detect motion very easily under very low-light conditions. The senseacute than mans; mice and rats cani detect bitter, sweet or acidic substances intheir food or drinking water in extremely small amounts, measured in I or 2 parts per million (ppm).This ability to detect very minute strange tastes is what helps them in avoiding poisons when they first 

encounter them. 
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They have excellent physical abilities. The Norway rat is a prolific burrower, digging elaborate 
burrow systems in the soil. The roof rat and the house mouse have excellent climbing abilities, often 
living in the upper parts of houses and buildings. All can jump amazing distances for their size. 
Norway rats can jump vertically upward a distance of 70 cm and house mice can easily escape from a 

container 15 cm deep. They can drop a distance of 50 feet without harm. They are able to gnaw their 
way through wood, soft aluminium and soft brickwork and concrete. They have this ability because the 
incisor teeth grow continually and the outer layer weirs away more slowly than the under layers, 
leaving a chisel-like cutting surface. All three commensal rodents are good swimmers and the rats can 
cross bodies of water like rivers and lake.. 

They are mainly omnivorous, that is capible of eating a wide variety of foods. The Norway rat 
prefers cereal grains, meats, nuts, some %egetables, crustaceans and molluscs, roots and tubers and 
garbage. The roof rat feeds on nuts, seeds, fruits, field crops, sugarcane, coconuts, stored foods, insects 
and some meats. The house mouse will feed on most any stored food and causes field damage to 
maize, wheat, oats and other gains. It can live on the moisture content of the grain in storage 
facilities, having no necd for a water source. 

All three species are socially aggressive, being able to live in large colonies where the members 
known to each other get along tolerably well. Howcver, adjacent colonies often will not tolerate 
members from other colonies, fighting with animals that wander over in their territory and running 
them off. They apparurtiy recognize each other by a common odor which the stranger lacks. 

They have a brief period before becoming sexually mature. In the house mouse it is 42 days, in 
the rocif rat 08 days, and in the Norway rat is 75 days. short, 19 to 23 days andThe gestation period iL; 
the young are weaned in 21 to 28 days. 1ittcrsize ranges from 6 in the house mouse to about 9 in the 
Norway rat and the number of young per year is in the order of 35 to 45 per female. These are 
considered high reproductive production figures and the commcnsal rodents are capable of rapid 
population growth when conditions are favorable. 

Rats and mice live very short lives. The average life expectancy for house mice is in the range 
of 100 to 150 days (3 to 5 months), and for Norway rats and roof rats, most of the animals rarely live 8 
months to a year before dying. 

E. iow do they affect man? 

The commensal rats and mice have had a profound effect upon man. They brought the 
plague, called the Black Death, upon Europe in the 14th Century, killing between one quarter and one 
third of the then existing population before the disease ran its course. Besides plague, they spread 
murine typhus and rickettsialpox through their mites and fleas, leptospirosis through their urine and 
rat-bite fevers through their salivary secretions. They can contaminate our foodstuffs with bacteria that 
produce salmonellosis, a form of food-poisoning. They spread internal parasites, such as tapeworms, 
nematodes, cestodes, and protozoa, which can contaminate food and water. 

They cause economic losses of stored foods throughout the world. Here in Pakistan, the 

common mouse in food storage facilities is the house mouse and it also occurs in farmers housing as an 
unwanted guest. The common rat in food storage facilities, grain markets and farmers houses is the 
roof rat. The Norway rat in Pakistan is restricted almost entirely to Karachi and a small population is 
reported to occur in the vicinity of the railway station at Lahore. The economic losses caused by 
commensal rodents in food storage facilities in Pakistan is fortunately low, but in many other parts of the 
world they are thought to destroy billions of dollars worth of stored foods. 

Besides the losses of stored foods, are the damage to mans' structures, fiber and fabrics. The 

commensal rodents gnaw their way through barriers to obtain food and shelter, damaging doors, 
windows, walls and floors. They destroy storage bags, clothing, furniture, books, cartons, soap and 
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other commodities. They burrow into railway embankments, causing rails to sag, and ditches and dikesto wash out. They are known to start fires inside walls by gnawing on clectrical wires and making shortcircuits. 	They damage c :pensive electrical equipment by gnawing the insulation off the wires, causing it 
to short out or burn up. 

F. 	 Lctomra.__siles( o._nmninsa. Rodents
 

The ec:;parasits of coinensal rodents 
are 
ones are 	

fleas, lice, mites and ticks. The most importantfleas ;-,d mites, since these transmit the organisms causing plague, murine typhus, scrub typhus
and rickcttsialpox. 

The common fleas of rats and mice are given in the Quick Guide to Conuown Fleas, attached atthe end of this article. The most important from a disease standpoint are the two species of Xenopsylla;A cheopis and X. astia, both of which arc capable 	of transmitting plagu, and murine typhus through
their bites. 

Several mites are of disease imporlance: the house nouse mite, .'IlU)dCrnutyia'1ts sangUineus,which transmits rickettsialpox and several species of mites known as chiggers, Leptotrombidium species,
which transmit scrub typhus. 

G. 	 Ectoparasite jontrol 

Control of cctoparasitcs (fleas, lice, mites and ticks) is essential to prevent transfer of rodent
diseases to man. Ectoparasitcs feed on 
 the blood of their rodent hosts and can thereby becomeinfected. When the hosts are killed by trapping or poisoning, their ectoparasitcs somctimes, by chance,select a person as temporary host. If the ectoparasitcs are infected, they may transfer the diseasecausing organisms to that person. disease
When is ihought
ectoparasitcs should 	

to be prescnt in a rodent population,be killed beforc or concurrnt with rodent control measures. To carry out
 
ectoparasitc control:
 

I. 	 Inspect the arca for signs of rat or mouse aciivity, especially for rubmarks at the base
of walls and for evidence of pathways and burrow openings.
 

2. 	 Select an appropriate insecticide for cctoparasite control. Since it is mainly fleas thatare j be controlled, use either 5% carbaryl, 5% malathion, 1% propoxur, 2% fcnitrothion or 2%
pirimiphos methyl. 

3. Treat all runways and burrow openings with one of :he insecticidal dusts mentionedabove. Dust the vertical surfaces against which rodents may brush, using a dust gun or hand shaker.When anticoagulant baits are laid in bait stations, apply insecticidal dusts at the openings to the stations. 

4. 	 Rats that come into contact with the insecticide dust carry it on their feet and fur intotheir burrows and nests. Fleas are normally killed within 48 hours following dusting. 
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Appendix 2. Distribution of Rattus nor'egicus. 
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FIELD CHARACTERS AND MEASUREMENT OF COMMENSAL RODENTS
 APPENDIX-3: 


Character Norway rat Roof rat House mouse 

Weight 150-600 gm 80-300 gm 10-21 gm 

Head and 
body 

nose blunt, 
heavy, stocky 
body, 18-25 cm 

nose pointed, 
slender body, 
16-21 cm 

nose pointed, 
slender body, 
6-10 cm 

Tail shorter than head 
plus body, darker 
above and lighter 
below, with 
short, stiff 
hairs, 16-21 cm 

longer than 
head plus 
body, 
uniformly dark 
coloured, 
naked, 16-25 
cm 

equal to or 
little longer 
than head plus 
body, 
uniformly dark 
coloured, 
naked, 7-11 cm 

Ears relatively small, 
close-set, 
appeared half 
buried in fur, 

large, 
prominent, 
thin and 
hairless, 

prominent, 
large for size 
of animal, 15 
mm or less 

rarely over 20-23 
mm 

stand well out 
from fur, 25
28 mm 

Fur brownish-grey on 
back, greyish on 
belly 

brownish-grey 
to blackish on 
back, belly 
may be white, 
grey or 
greyish-black 

one subspecies 
brownish-grey 
on back, 
greyish on 
belly, another 
greyish on 
back and 
greyish-white 
on belly 

Habits burrows, swims 
and dives easily, 
gnaws, lives 
indoors and 
outdoors. in 
sewers and drains 

agile climber, 
gnaws, often 
lives off the 
ground in 
trees, shrubs, 
etc., lives 

climbs, 
sometimes 
burrows, 
gnaws, lives 
indoors and 
outdoors 

indoors and 
outdoors 
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A QUICK GUIDE TO COMMON FLEAS 

Pronotal and genaI 
combs absent 

Front margin of 
head with two 

angles 

CINPAIS 
ECHIDNOPHAGA 

gQllinacea 

Front margin of 
head rounded, 
ocular bristle in 
Spermatheca in 

female partially 
pigmented 

XENOPSYLLA 
cheopis
cho* 
astia 
brasiliensis 

vexabilis 

Front margin of 
head rounded, 
ocular bristlebelow eye, 

Spermatheca in 
female unpigmented 

PULEX 
irritans 

Pronotal combs only 
NOSOPSYLLUS 

tasciatus 

Pronotal and genalcomb present 
Genal comb withmore than 5 teeth 

___ 

" 
CTENOCEPHALIDES. 

eIse i 

canis 

Genal comb withonly 4 teeth, 
eye absent 

LE PTOPSY LLA 
segnis 
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PORCUPINE: BIOLOGY, DISTRIBUTION AND BEHAVIOUR 

By Ejaz Ahmad 

A. Bloloav and Behaviour 

The crested porcupine is the largest rodent found in the 	Indo-Pak subcontinent. Normally 
The popular name is derived fromthey weigh from 15-18 kg but they can attain weight up to 27 kg. 

the long wiry hairs on the neck which can be erected to form a crest. Porcupines have powerful limbs 

with four digits on the forefeet and a vestigial thumb. There are five digits in the hind feet and the sole 
The headis naked. Each digit terminates in a very powerful long claw which assist them in digging. 


terminates in a broad blunt muzzle. Ears and eyes are relatively small. The lower part of the body is
 

and these situated along the lower flanks 

thinly covered with dark brown and black bristle-like hair. 

powerful, being coated with pale yellow enamel. 
The incisors are extremely broad and 

From the fore part of the crown to behind 
the shoulders the hairs on top of the body are 
modified into very long slender spines generally of 
an all black colour and measuring up to 35 cm (Fig. 0/ 
1). These spines can be erected in the form of a 
prominent crest when the animal is excited or 
angry. From the mid-dorsal region and down the 
lower flanks the hair is further modified into the 

, 

well known porcupine quills. These are 
characteristically banded alternately with black and 
white. The tail is quite short, rarely more than 
1/5th of head and body length and clothed with 
modified quills which are generally all white in 
color, very short and broad, being attached to the 
body by needle like points. These short quills are 
open-ended and when the animal wishes to warn of 

an enemy it produces a rattling or rustling noise by 
Fig. 1. Crested porcupine. 

arequivering its tail quills. The female has six mammae 
with all other rodents. This makes ii possible for the babyinstead of under the belly as is the case 


porcupines to suckle whilst the mother is standing, lying on her belly or sitting.
 

seem to be very cautious and shyPorcupines are strictly nocturnal in habit. In fact they 

rodents, emnerging from their burrows only well after dark. Porcupines generally dig their own burrows 

and these can be very extensive (sometimes upto 18 m) with side entrances and descending to 

considerable depths underground. Often two or three individuals appear to share the same burrow 

system and will occupy such a burrow for several years if not disturbed. They appear to be partly social 

in living habits. 

PorLupines are herbivorous, but prefer the bark of certain tree species and also certain roots, 
They also feed on ripe fruit. They are very destructive of agricultural cropsbulbs and succulent tubers. 

and do extensive damage to maize, groundnut and occasionally to sugarcane in the Punjab. They also 

like potatoes and sweet potatoes as the tubers are maturing. In Baluchistan they are notorious for 

Food is located by hearing it fall (they have excellent hearing), smelling it orstealing ripe water melon. 
via long vibrissae. 
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Porcupines will wander over considerable distances in their nightly foraging and can travel asfar as 16 km to feeding areas. It has been reported that porcupines carry bones to their burrows andhave the habit of gnawing these. Perhaps they obtain minerals necessary for quill development. 

Evidence of their presence in certain areas
ispresence of their burrow openings (Fig. 2), their 
 !
foot prints, their quills and sometime their feces
Porcupines produce very characteristically shaped

elongated feces, often in clusters and these readily
betray their presence. 

Females often excavate a separate burrow

in which they produce their young. The gestation 

M
 

period is comparatively projonged at about 112 ':. .days. Generally 2 to 4 young are born and they are ;f.
well developed at birth and have their eyes open.

Young leave the nest after 
a week when quills ;have hardened. The spines are comparatively shortand quite soft for the first few days. Males may
share the same burrow when the young 
are born.
In some regions litters generally seem to be
 

produced in February and March. 
 Young arecA)mparatively slow-growing and remain fox 
I 

several .f '
 months w;th the mother. 
 The young are weaned at16 weeks. 
Fig. 2. Porcupine burrow. 

Porcupines are well protected against predators, yet they appear to be a favouied foodamongst many of the larger carnivores. They are provided with an audible warning deviceWhen threatened with danger the porcupine will often erect its quills and rattle them together as wellas making grunting noises. If the attacker does not 

on tail. 

heed these warnings, it then often runs rapidlybackwards or side ways into the aggressor. Its quills arc immediately shed if they become impaled onany object. The old belief that a porcupine can actually shoot out its quills itan aggressor is without
foundation. 

In the wild, they can survive for more than eight to twelve years. 

B. DltlbtonEolc 

In Pakistan they are found in most parts of 

the country (Fig. 3). They 

V
 

occur in steppemountain regions of upto 2900 m elevation. They
 
are found in sandhill desert areas, 
as weil as in theHimalayas. They are common in Las Bela in the
Kirthar Range, throughout the valleys 
 of K &>

-

Baluchistan and into the outer hills of the j W_Himalayas. They arc found commonly in the Salt
Range, throughout the Murree hills, Hazara 
district, and even upto 2770 m elevation in theforest above Shogran. They are also found in the Mmain valley of lower Chitral as well as in the Vale 
of Swat. They occur around Bannu and in the ..Kurram valley. 

Fig. 3. Distribution map. 
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The crested porcupine seems well able to hold its own even with the increase in human 

population and gradual dcstruction of wilderness areas. Cultivation of crops such as sugarcane, maize, 

etc., and the creation of irrigated forest plantations may even have fostered its spread and increase in 

the Punjab. It is common in Baluchistan and causes serious damage to orchard fruit trees, gnawing off 

the bark and even cutting right through the tree hole. 

C. Damage Pattern 

1. Groundnut 

Porcupines damage and kill the plants by clawing out the groundnuts from under the roots. 

The damage extends into the soil about 2.5 to 7.0 cm. The clawed area generally resembles loose soil 

under the plant. Intact, partially consumed and empty groundnut shells are scattered about the clawed 
, 

area. The attack usually is on a series of plants in a restricted area such a a corner of a field and as 

many as 30 to 40 plants may be damaged in one night. 

2. Maize 

Porcupines cannot reach the maize cobs because of their small size, so first they cut the stem 

from the base and when the plant is in reach of the animals, they will cat the cobs. Porcupine damage 

to maize is not restricted to corners of field, it can be found any where in the field. 

3. Forestry Seedlinas 

Porcupines damage forest trees. They cut the plants at early stages when they are plated and 

also debark the older trees. They prefer some trees and do not damage others even in the same 

enclosure. Their preference varies from place to place. In Azad Jammu & Kashmir it is noted that 

porcupine damaged all the seedlings of Chir pine and Robinia, and did some damagc to plants of wild 

damage was observed to the plants of Alianthus, Eucalypttts and Ipilapricot, poplar and walnut, but no 
!n Lehri Nature Park near Jhelum, porcupine damage was noted to Ipil ipil and Parkinsoniaipil plants. 


plants. The plarts were cut 6 inches above ground. In irrigated forest plantations of Punjab Malia
 

azcdarach is the most preferred tree followed by Afons alba and Dalbergia sissoo. 
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Rodents 

CONTROL OF PORCUPINE AND MURREE VOLE IN CROPS,
 
ORCHARDS AND FORESTS
 

3 y Abdul Aziz Khan 

A. Control or Porcupine 

Introduction 

The crested porcupine (Hystrix indica) is the largest rodent found in Pakistan although it looks 
very different from a rat or mouse in appearance. The adults weigh upto 18 kilograms. They are 
nocturnal and omnivorous and inflict heavy damage to potatoes and root crops, maize, sugarcane, fruit 
trees (citrus, mango & peach), forest nurseries and plantations, particularly mulberry, shisham, bukain 
and simbal. They also cause breaches in link canals and minor irrigation channels. Rccently, in the 
Hazara division and A::ad Kashmir, porcupines have become a limiting factor in the reforestation 
programme of the forest departments. 

The areas where they are most abundant and troublesome are adjacent to foothill regions, such 
as Dadu and Larkana in Sind; Quetta and Ziaiat in Baluchistan; Jhelum and Mianwali districts in th:-
Salt Range of Punjab and both Mardan and Peshawar districts of NWFP. Their other favourite habitats 
are the irrigated forest plantations of Punjab and Sind and along the embankments of link canals of 
Indus basin system and old barrages of Punjab and Sind. 

Before taking up any operational control measures against porcupines, particularly in irrigated 
forest areas, it is highly desirable that surveys be carried out to map out exact locations of porcupine 
dens. This will help in planning and selecting the correct type of materials and methods and in the 
evaluation and monitoring of the whole programme. 

Control Methods 

I. Fumigation 

One of the ways of controlling porcupines is to locate an occupied den and fumigate this to kill 
the occupants. An occupied or active den can easily be recognized by the characteristic foot tracks, 
elongated fecal pellets and the dropped quills. Generally, fumigation can be done with cyanogas, 
cymag, phostoxin or detia. There may be two or more entrances to the den. So, it is advisable to select 
one active entrance and close the other entrances with dirt and vegetation. Fumigation is easily carried 
out in daytime when the porcupines are known to be inside their dens. For cyanogas and cymag 
fumigants, the foot pump is commonly used for this purpose with a 1.5 meter long and 1.3 cm diameter 
rubber hose pipe. Insert the hose deep into the tunnel, then around the hose place a sufficient 
quantity of brushwood and then dirt to close the entrance. Apply 10-20 strokes on the pump and then 
carefully pull back the hose. Put some more dirt on the already sealed entrance so as to avoid any 
leakage of gas. Check fumigated dens after 24 hours and if they have not been reopened, one can 
assume asuccessful kill. Refumigate all burrows that are reopened. 

!f a foot pump is not available, Phostoxin or Detia tablets can be used. Insert 10-15 tablets in 
the active den with the help of a long-handled shovel. Then pack the entrance with brushwood or 
vegetation and seal it firmly with dirt. A new burrow or one in hard stony soil may require only 5-10 
tablets while the old and deep burrows need 15 tablets for effective fumigation. 

7 . 
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A two-ingredient pyrotechnic device has been successfully eva'aated in Pakistan. This deviceis simply a gas cartridge containing 65% by weight of sodium nitrate and 35% ground charcoal.Devices weighing 200-250 grams of ingredients gave 80-95% reduction of porcupines in field trials.After igniting, the device is placed deep into the burrow. The burrow is sealed with brushwood anddirt. As a result of the burning of ingredients, carbon monoxide is produced which kills the porcupines
in the dens. 

2. Baitin 

Baiting with strychnine and sodium monofluoroacetate (1080) using potatoes and apples asbait results in a quick kill. A very small quantity of these poisons at the end of a thin stick is smearedon cut potatoes and apples and then placed deep into the burrow in the evening. The operator mustwear rubber gloves when using these poisons. Also, the stick, after baiting should be burnt or leftdeep in the burrow. Trhe following morning baited burrows should be inspected. Fresh foot trackswill not be observed 24 to 48 hours after baiting if the bait was eaten. Baiting with strycLnine and 1080has proved very effective along link canals in Punjab and in 'Karezcs" in Baluchistan. These poisonsshould be used only by experienced and qualified professional persons, such as Plant ProtectionaOfficer or Range Forest Officer. Permanent bait stations with strychnine treated (5.65%) salt blockshave been used effectively in forest areas. Porcupines have a liking for salt taste. 

Recently, anticoagulant rodenticides have been used to control porcupines with considerablesuccess. Trials in Azad Jammu and Kashmir, using coumatetralyl as the rodenticide, were entirelysuccessful. Baits were made of wheat flour made into a dough, using molasses as an attractant, and thecoumatetralyl at 0.0375% concentration. These were made into 80 to 100 g dough balls and 2 to 3 ballswere placed into each active den through the burrow openings. Baiting was done daily for 5 to 7 days.Brodifacoum baits (0.005% concentration) were used the same way near Fateh Jhang, but dens were
baited only for 3 days. 

3. Flooding the Burrows 

Flooding the burrows used to be practiced only in irrigated forest plantations where suchfacilities can be made available. This usually consists in diverting the irrigation water from the smallwater channels into the burrows. The porcupines are thus flushed out and then killed manually. For
this purpose, it takes at least 10-30 minutes before the den is completely filled. Also, this operation
requires a large quantity of water which is usually needed somewhere else. Generally, when the den isflooded, it collapses with a heavy rush of water into it. Since most of the burrows are located inunommanded areas, the application of this method is difficilt and impracticable. In such cases
fumigation and baiting should be done. 

4. ThInn~Ing 

Trapping by forest departments has been practiced by means of "Duplex traps" and the VPCLhas used cage traps. Baits used were vegetables, sweet potato and meat. Experience has shown thattrapping is the least effective measure in controlling porcupines. The capital cost of the traps and theirmanagement, added to their transportation, are some of the limiting factors in using them on largescale. Keeping th.s in view it can be concluded that this method is net recommended. 

S. Huntina andShooting 

Expert hunters (shikaris) are attracted when reasonable bounty rates are offered. Presentrates are very low and this method will not prove successful unless bout'tes are increased. 
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6. Use of Repellents on Nurseries 

The use of some chemical repellents is one effective means to protect the forest nurseries 
from porcupine damage. Forest departments have achieved high success in preventing damage by 
spraying endrin, although this method would not now be recommended. Other possibilities could be 
the use of some kinds of fungicides such as "Thiram" and bone tar oil. These repel the animals on the 
basis of taste and/or odour, making the treated plants less preferred. Effectiveness of repellents 
therefore often depends on the availability of other natural food for porcupines and the degree of their 
hunger. 

B. Control of Mnrree Vole 

Introduction 

The Murree vole, Hyperacriuswynnei, belongs to the family Microtinae of which many species 
and forms are distributed throughout the cooler regions of the northern hemisphere. This is a small 
burrowing rodent adapted to live in the pine forest zone at high elevations in the Punjab and NWFP. It 
is a serious pest of apple trees, maize and potato crops. It gnaws the bark of apple trees below ground 
level and in winter forages upon the vegetation and grasses. With complete debarking, the trees are 
killed or, when partially debarked, fruit oroduction decreases. 

Control Methods 

Various control measures can be adopted successfully to prevent the losses caused by voles. 
These are described here based on the experience of the Vertebrate Pest Control Laboratory and 
knowledge gained in European countries. Basically, the fundamentals of integrated pest management 
(IMP) are put into practice in these vertebrate pest problems. 

1. Balitin 

In the case of voles, baiting with acute or anticoagulant rodenticides is conducted starting by the 
end of December and can be continued until the end of February or middle of March if sufficient snow 
cover is still there. The voles during these months are highly active, making tunnels in the snow and 
feeding on the surface vegetation. If baits are broadcast or laid in bands or placed in the tunnels, the 
vole population can fairly well be controlled. The best bait material is oat-meal used as it is marketed as 
a breakfast cereal. Oat-meal is mixed with 1% zinc phosphide and a limited quantity (1-2%) of 
vegetable oil as a sticker. Pelleted baits (0.005%) of second generation rodenticides, i.e. brodifacoum, 
can give a high reduction in vole populations and protection to orchards, crops, etc. 

2. Protective Repellent Coatings 

Rodents do not like to get their fur sticky or to gnaw on highly viscous material. Removing the 
top 6 inches of soil around the base of apple trees and painting the exposed portion with a band of 
"OSTICO" brand (ICI Product) or a specially prepared sticky paste developed by Vertebrate Pest 
Control Laboratory, are highly effective as repellents. The basic ingredients of this paste are rosin, 
paraffin wax and castor oil. For details contact the Vertebrate Pest Control Laboratory, in Karachi. 
Voles come into contact with these non-toxic compounds when burrowing underground and are 
repelled. After pasting the tree trunk portion, the dirt is put back, and leveled as before treatment. 

3. Protective Stone Collars 

Voles can burrow through gravel soil but will avoid very closely packed stones and this method 
of putting a physical barrier will stop damage to trees. The method involves the removal of dirt around 
the tree trunk to a depth of 9 inches without damaging the root system. The cavity thus excavated 
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should extend all around the tree to a radius of 18 inches. This cavity is then filled in with crushedstones and carefully packed around large exposed roots. Voles will not attempt to burrow through such
stones. This protective layer will last for the life of the tree. 

4. Oter Possible Control Measures 

In general, fungicides have some repellent action to rodents and rabbits. Of these, Thiram,trade named "ARASAN", is the most effective, and is used elsewhere in the world as a rabbit repellentby painting it on tree trunks but this product has not been evaluated in Pakistan against voles. 

Spray of insecticides like endrin oi dieldrin on vegetation will drastically reduce the volepopulation but these insecticides tend to persist in the soil and are not recommended. Reducingground cover can be another alternate in the management of vole populations. Herbicides, such asatrazine or 2, 4-D can be used to reduce early vegetation growth. Low vegetation can also be reducedby disking or other mechanical means or even Iv burning. Providing alternate foods to voles in thewinter months may be one method to prevcnt tree damage and should not be overlooked. The role of"catch" crops has yet to be explored in sufficient depth to make it an acceptable method. 
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Diseases 

VERTEBRATE PEST - BORNE DISEASES 

By Rarfi Rehana Ghazi 

A. Rodent Borne Diseases 

The economic aspects of rodent infestations have in many instances over-shadowed their public 

health significance. Rodent pests that destroy field crops and stored food are also of considerable 

importance in public health. Traditional and newly emerging rodent-borne diseases shall continue to 

threaten man who is changing the environment aiming at a better life. Rats eat about 10% of their 

weight in food each day and contaminate a great deal more with their droppings and urine, thereby 

rendering it unfit for human consumption. 

A few diseases transmitted by rodents are: 

1. LA,ptospirosis 

The actual disease organism is a spirochaete. RodentsThis is a disease of domestic rodents. 
as the house mice, Mius muscults; the roof rat, Rattus rattus;and the Norway rat, R. non'egicus;such 

are known to be capable of transmitting the disease. Rodents transmit the disease organism through 

their urine. The disease is also known as Weils disease or infectious jaundice. Humans get infection by 

handling infected rodents or contacting mois, soil on which rodents have urinated. Further it is 

important to note that cattle, swine and dogs are also able to transmit this disease (in the same way). 

Serological diagnosis of the disease was carried out at the Vertebrate Pest Control Laboratory. 

Representative rodents with positive sera were: 

a) Tatcra indica 
b) Meriones hurfianae 
c) Rattus rattus 
d) R. norvegicus 
e) Nesokia indica 

In addition serum samples of sheep, goat and buffaloes were also found positive for the 

leptospirosis disease in Pakistan. 

2. Salmonellosis 

This disease is due to food-poisoning by Salmonella bacteria of which more than 30 species 

are known to survive in humans. Salmonella typhimuriumn and S. enteritidis are the two salmonella 

bacteria associated with rodents. Rattis rattus,R. norvegicus and M. musculus are known to be capable 

of transmitting the disease. In addition serological diagnosis for salmonellosis gave positive results for 

the following rodents sera: 

a) Meriones hurrianae 
b) Tatera indica 
c) Rattus rattus 

and goat's sera were also tested, which gave positive result:; for theBuffalo, cow, sheep 

disease.
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The bacteria are transmissible to humans by the rodent feces, unrefrigerated food, improperly
cooked meat of an infected animal, and unsanitary conditions. 

3. Lymhocytlic choriomeningitis 

This is a viral disease. It is associated primarily with house mice. The virus is transmitted by
the mice usually through its nasal secretions, urine, and feces. The disease begins with an influenza
like attack and after two days meningeal symptoms suddenly appear. 

4. Tick borne encephalitis
 

This is aviral disease. Serological diagnosis were positive for R. rattus serum. 
 Buffalo, sheep
and goal's sera were also positive for the disease. This disease is transmitted by the bite of an infected
tick or by consumption of raw milk from infected cattle. The fever is associated with the central 
nervous system. In addition, human sera were also reactive with tick-borne encephalitis antigen. 

5. 0 fe 

This is an acute disease of rickettsial origin, the rickettsia being Coxiella buneii. Natural
infection has been demonstrated in at least 40 species of ticks. In Australia, Africa and North America 
the organism has been isolated from wild mammalian hosts of infected ticks. 

Man usually contracts 0 fever by inhaling dust particles contaminated with rickettsiae
originating from livestock and by the excreta of other mammals. Complement fixing antibodies against
Coxiella bunieti were detected in Pakistan in 3 of 65 rodent sera, representing 6 species. It is also
important to note that positive serologic reactions were obtained in 5 out of 18 tested human sera.
 
Four of the 5 human sera were found in persons between 20 - 30 years of age.
 

0 lever organisms appear to be prevalent in Karachi and Sind, infecting commensal rodents,
domestic animals, and man. Inhalation of dust, contaminated by the excreta of infected animals, can
 
also lead to infection of humans and livestocks.
 

6. West Nile fever 

This is an acute, mild, febrile disease. Occurs in South West Asia, Middle-East and tropical 
and subtropical Africa. 

The virus is introduccd through the bite of a Culex mosquito which produces a generalized
systemic infection characterized by lymphadenopathy and some times accompanied by amaculopapular
rash. The virus may produce fatal encephalitis in older people who have low or delayed antibody 
response. 

Ticks may play a role as reservoir vectors. Nymphs of the ticks acquire infection by engorging 
on viremic mice. The virus multiplies inside the nymphs body and persists into the adult stage. The 
ticks, in turn, can pass the virus to the mice. 

7. Scrub typhus (Chigger-borne Rickettsiosis) 

This is an acute, febrile, typhus-like disease transmitted by larval trombiculid mites (Chiggers)
which parasitize the rats. The disease has a wide distribution in eastern and southern Asia and the
Pacific. Rats of the genus Rattus serve as prime hosts of the Chigger Leptotrombidiurn. Other 
mammals and shrews are known to serve as secondary hosts. 
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Rickettsia tsutsugamushi (R. orientalis) is a small obligate intracellular bacterial parasite, which 
grows free within the host cell cytoplasm. Man acquires the disease by the bite of an infected Chigger, 
when he intrudes into an endemic foci. In temperate zones most vector chiggers are active during the 
warm months and hence the disease is seasonal. It is more prevalent in the tropical and subtropical 
regions. 

Khan and Gilani in 1961 reported an outbreak of Scrub typhus infection in the Border Police 
and the Army troops in Sialkot. This was the first report of the disease in Pakistan. The vector 
reported was Trombiculadeliense. Later Traub and Wisseman in 1967 reported the occurrence of the 
disease at some unusual habitats in Pakistan. The authors discussed the presence of Scrub typhus 
infection in rodents or trombiculid mites at (1) Alpine terrain at 10,500 ft. elevation in the Kaghan 
Valley of the Himalayas, where the snow remains on the ground for 9 or 10 months of the year; (2) in 
the mountain deserts of Gilgit Agency; (3) in the semi-deserts of Multan; and (4) in the plains of 
Lahore district. In these areas Leptotrombidium deliense is known to be -b1'nd1"!. 

Natural infection with R. tsUsugamiushi was demonstrated in almost all habitats, virtually all 
from tissues of rodents. The highest rate of positive isolations was from the temperate coniferous 
forest zones of the Kaghan Valley (29 out of 119, or 24%) primarily from the indigenous mice such as 
Apodemus, Alticola and Hyperacrius. 

The scrub typhus rickettsiae were isolated and documented for the first time from the 
following mammalian hosts: 

a) Alticola roylei (Vole) 
b) Hyperacriusfertilis(Burrowing vole) 
c) H. wynnei (Burrowing vole) 
d) Millardiaineltada (rat) 
e) Nesokia indica (Burrowing rat) 
f) Tatera indica (Gerbil) 

8. Leishmaniases 

The leishmaniases comprise a group of several different diseases which are widely distributed in 
tropical and subtropical areas, ranging in severity from skin lesions to severely mutilating mucocutaneous 
involvement or visceral infections which are always almost fatal if not treated. 

Kala-azar: Caused by Leishmania donovani (or visceral Lcishmaniasis); if untreated, this 
is a highly fatal disease. It is transmitted by sand-flies of the genus Phelobotoinus. Rodents are regarded 
as important reservoirs. The disease is found in most tropical and subtropical areas of the world. A 
recent major epidemic has occurred in north east India. 

Cutaneous leishmaniasis (Oriental sore): Caused by L. tropica: It is found in Soviet Asia, 
Middle East, and the Mediterranean, including North Africa. Cases have also been observed in Uthal, 
Baluchistan and Kai achi, in the Sind province. Several of the gerbillinae are the proven reservoirs of 
the disease. Incidence in some countries of the Middle East is 100%. 

Cutaneous leishmaniasis (Chiclero ulcer) of the New World, (L. braziliensis). This form may 
give rise to a much more serious disease. It has heen reported from a number of cricetine rodents which 
appear to serve as reservoirs. 

Until recently the extent and severity of this group of diseases as a major public health 
problem was largely unrecognized. The Leishmaniasis Steering Committee has recently estimated that 

there are 400,000 new cases each year, but the number of people with chronic and long-standing 
incurable forms of the disease is unknown. 
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Human Leishmaniases are known to be caused by at least 13-15 different species andsubspecies of parasite of the genus Leishania. These parasites are transmitted to man from otherinfected persons or mammals by sandflies when taking a blood meal. Leishmaniases have been 
reported from about 80 countries. 

9. Plaeu 

Plague is primarily an infection of wild rodents caused by the bacillus Yersinia pestis. Fleassubsisting on wild rodents and frequenting their nests and burrows become "blocked" by the bacilliaccumulating into a plug which blocks the proventriculus. Part of this plug is regurgitated by the fleawhen its again attempts to feed, thereby infecting the bitten rodent. Effective vector species are thosein which blood-meals frequently cause blockage, e.g. X. confinnis, . cheopis, X. skdahini, Oropsyllasilantiewi and Pule irritans, whereas Ctehnolthalnius spp. very seldom become blocked. Likewise,strains of plague bacilli characterized by a more viscous cell wall are more virulent because they cause 
a higher proportion of fleas to become blocked. 

Plague epidemics among animals (epizootics) were first recorded in the 19501's among themarmots of Mong6lia. Sylvatic, rural or wild-rodent plague was subsequently discovered among sciurid,cricetid, murid and dipodid rodents in many parts of the world, constituting reservoir foci of .p-stis. 

Meanwhile, human plague, involving domestic (or commensal) rats and micc, originated ininterior China in the mid-19th century, and reached Canton and Hong Kong in 1894. It quicklyinfected the major sea-ports of the world by passage in ships infested with rats and the oriental rat flea,
X. cheo1)is, having already reached Calcutta and Bombay by 1898. Urban plague in cities and towns
 came to be transmitted not 
only by the rodent fleas X. cheopis, X. astia and Y. brasiliensisas well asNosopsyllus fasciatus, but also by other cosmopolitan commensal fleas such as Phdr andCtenocephalides. The number of flea species known to be implicated in plague transmission totals more 
than 2W0. 

ItO Rat-bite fever 

Rat-bite (or Sodoku) is, as its name suggests, istransmitted to man by the bite of infected rats,the bacteria causing rat-bite fever being found in the teeth and gums of rats. The latter show nosymptoms of the disease but in man the symptoms are a relapsing fever and muscular cramp. Thefever is caused by a spirochaete, Spirilluni ininus,present in the salivary glands of infected rats. 

11. Murine typhus 

Murine typhus is caused by Rickettsia mooseri. Murine typhus, also called flea-borne typhus, isan infection of commensal rodents in the subgenus Rattus, although R. mooseri is occasionally found inMus, Suncus and even cats and opossums. Fleas and sometimes lice are associated with murine typhustransmission, which is essentially of the contaminative type, even possibly by the aerosol route. Humaninfection results from contamination from the dried feces and crushed bodies of the fleas. The great
majority of murine typhus outbreaks have been associated with the presence ofX. cheopis. 

12. Tularemia 

The infection of man by the bacillus Francisellatularensis,present in lagomorphs and rodents,was first found in California in 1911. Tularemia was found to be transmitted primarily by the deerfly
Chrysops discalis. Ticks and fleas are also involved in transmission. 
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13. Parasitic worm infections 

a) l)no heartworin 

This disease is due to infection by microfilariae of nematode worms. In some cases 
the heartworm is Dipetalonemna reconditimn, is transmitted by fleas. 

b) Tapeworms 

Fleas act as intermediate hosts for three kind of cestode infections, which can 
accidentally infect children, namely the dog tapeworm and two species of rat tapeworms. The most 
important is the dog tapeworm, Dilpvidittn caninum, a parasite of dogs and cats. The tapeworm eggs 
passed in their feces are ingested by flea larvae, usually Clenocephalides or Puler. By the time the flea 
has reached the adult stage, the tapeworm eggs have developed into cysticercoids, which grow into 
tapeworms when such infected fleas are eaten by the dog or cat during grooming. Actually a score of 
Dipyaditmn species are known, and it is [)robable that several of those are also flea- transmitted. 

The two rat tapeworms, t1ymenohpis diminuta and 11. nana, have a similar life-cycle. Eggs 
ingested by larvae of the rat fleas Nosopsylhus fasciatus and X. cheopis, or by (ienocephalides and 
Pulav, develop to the cysticercoid stage in the fleas, which are then ingested by commensal rats and 
mice and develop into tapeworms. Other insects may serve as altcrnatc hosts for ttymenolepis spp., 
and domestic beetles such as Tribolium have proved to be more effective than rat fleas as alternate 
hosts for H. diminuta in Egypt. Nevertheless, three other ticnoh'pis, namely t. mnurina, H. 
microstoma and IL citelli, have been found in flea larvae. Cats infected with (o'noceplalidesfelis fleas 
in Jordan carried the tapeworms Tuenia taeniaefonnis and Echinococcus tultioculanis as well as H. 
dinninuta. 

B. Bird Borne l)iseases 

Most of the birds have potential for transmission of diseases to humans and domestic animals 
as have been evidenced by numerous laboratory tests and documentations. Specially the pigeons, 
starlings and English sparrows are known to be capable of transmitting certain microbial and parasitic 
disease. They carry the disease agents, create health hazards, produce pollution and above all they 
cause staggering economic losses by damaging agricultural crops. It would be interesting to quote that 
hungry birds can literally wipe out a farmers crop if allowed to feed for a few days or a few weeks. On 
the other hand most of the 8,000 bird species are very beneficial and a great pleasure to observe. 

One of our foremost desires is good health. Protection from disease is also important to 
domestic animals and poultry. Pest birds often create conditions for growth of organi.ms that cause 
disease. Dermatitis (skin-infection) caused by the ectoparasitism may result in a great variety of 
diseases. A review of literature reveals more than sixty transmissible diseases associated wth most of 
the pest birds. 

1. Bacterial )iseases 

Erysipeloid, fowl cholera (Pasteurellosis), fowl typhoid, infectious coryza, listeriosis, 
paratyphoid, pasteurellosis, pullorum disease, salmonellosis, spirochaetosis, tuberculosis, ulcerative 
enteritis, vibriosis and yersiniosis can be transmitted by birds. 

2. Mycotic )iseases 

Aspergillosis, blastomycosis, candidiasis, cryptococcosis, histoplasmosis and sarcosporidiosis. 

http:organi.ms
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3. Protozoal Diseases 

American trypanosomiasis, coccidiosis, haemoproteus, leucocytozoonosis, toxoplasmosis and
trochomoniasis. 

4. Rickettsial and Chlamydial Diseases
 

Chlamydiosis, prioplasmosis and Q fever.
 

5. Viral Diseases 

Encephalitis, eastern equine encephalitis, venezuelan encephalitis, west Nile encephalitis,meningitis, new castle disease, pox and transmissible gastroenteritis. 

6. Parasiticcestodes 

Davania proglottina, Raillietina tetragonaand Taeniasis. 

7. Parasitic Nematodes
 

Capillariasis (3 spp.), uispharynxiasis, eye worm, tape worm and tetramariasis (2 spp.).
 

8. Parasitlc Trematodes
 

Szhistosomiasis. Brachylaenius colnoutatus, B. f 
scatus, Collyriciulm faba, Cottunts connutus,Cryptocotyle convacmon, Echinopayphiumi paratthm, E. rectrvatwm, Echinostoma rcvohitun, Haplorchispunilio, Hypoderaeum conoideumn, Plagiorchis tnunts, Posthantostomitin gallinium, Ribenola ondatrae,
Talnerlaniabragai, Dermatosis and Acariasis. 

Some of the above listed disease; are briefly described here:
 

a) Ersieloid
 

This is a skin disease. It affects humans, cattle, horses, 
 sheep, goals, chickens,turkeys, ducks, dogs, cats and swines. The disease usually appears as an eruption of skin, being slightlyswollen. It generally starts as a wuund in the skin and is accompanied with a sensation of burning,throbbing pain, and intense itching. The infection starts on the face but it may be on any part of thebody. There may be headaches, chills, pain in joints, fever and vomiting. The disease is sometimes
 
fatal to young children.
 

b) Fowl Typhnid 

This disease is caused by Sahnonella gallinanan. Symptoms include loss of appetite,increased thirst, weakness, drowsiness, yellowish-orange diarrhoea and anemia. 

This disease affects chickens. It is caused by a bacterium, Haentopilts gallinananz.Symptoms include sneezing, wheezing, cough accompanied by mucous discharge from the nose, andabnormal breathing due to respiratory tract infection. 
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d) Listerioses 

It is caused by the bacteria, Listeria mcnocytogenes. This disease causes changes in 
the nerve cells and nervous system. It can also cause meningitis in newborns and still-birth. 
Transmission occurs by air-borne infected dusts and by contamination of feed. Cattle may become 
nervous and walk in circles. The disease has been isolated from pigeons. It may also be transmitted by 
oral or fecal route. 

e) Parat'phoid 

The disease is caused by many types of Salmonella sp. It affects humans, cattle, 
horses, poultry, dogs and cats. Symptoms include increased thirst, loss of appetite, and watery 
discharge. 

I) Pasteurellosis 

This disease affects humans, cattle, swine, rabbits, horses, chickens, several avian 
species, dogs and cats. The causative organism is Pasteurella,nltocida. In humans infection occurs at 
the upper respiratory tract, inflammation of the inner surface of the eye-lids, infection of the lower 
respiratory tract or bronchitis or pneumonia and infection of internal organs takes place. 

g) Pullorum 

This has been repotcd in humans. It is a bacterial disease caused by Salonella 
pullontm, infective for chickens. 

h) Salmonellosis (Food poisoning, gastroenteritis, paratyphoid, typhoid): 

Salmonellosis affects humans and all domestic animals. Salnonella bacteria exist 
everywhere in nature. 

i) Gastroenteritis 

Intestinal infection or food poisoning is a most common manifestation of 
salmonellosis. The onset of the disease is usually sudden with headache, abdominal pains, and 
vomiting. There may be nausea, high fever, diarrhoea, chills, restlessness, muscular twitching and 
drowsiness. Faintness and thirst are often evident. The problem usually lasts for 2 to 7 days. 

j) Spirochetosis 

This bacterial disease is caused by Borrelia anserina. It affects chickens, ducks and 
pigeons. The main vector is a fowl tick, Aigas persicus. 

k) Tuberculosis 

This bacterial disease, avian tuberculosis, may affect humans, chickens, turkeys, swine, 
cattle, horses, sheep, dogs and cats. Infection in humans is caused by Mycobacterium tuberculosis. 

I) Cryptococc'isis 

This disease affects humans, cattle, swine, horses, dogs and cats. The disease is 
caused by a pathogenic yeast called Cryptococcusneofonnans. Infection in humans begins as aprimary 
infection of lungs. When the involvement becomes apparent the symptoms include cough, chest pain, 
weight loss, fever or dininess. The disease may be in lungs, mucous membranes, bones, and joints. It 
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very frequently involves the brain covering as cryptococcal meningitis. The central nervous systeminvolvement usually follows the pulmonary disease. Pigeon excreta is the mostneofonnans. common source of CThe yeast develops on the creatine (nitrogenous substance) in pigeon manure. The yeast
is carried in the intestinal tract of pigeons. 

m) Coccidiosis 

Coccidiosis is a serious disease in poultry, cattle and sheep.a protozoan parasite called Eilne:ia sp. of which over 500 species are known. 
The disease is caused by
Coccidiosis in chickens isusually associated with bloody diarrhca. 

n) Toxonlasmosis
 

Toxoplasnmosis may he 
one of the most widespread zoonotic diseases.a intraccllular protozoa, Toxoplasma gondo. It is extremely common 
It is caused by

in humans and can infect cattle,
dogs, cats, turkeys and pigeons. 

C. Wild BoarBorneDiseases
 

!. Health and )isease Risk
 

The wild boar is subject to many infectious disease. These include diseases specific to pigs(swine fever, foot and mouth disease, etc.). Wild pigs constantly exchange infections (a) with domesticpigs, (b) with other domestic livestock and (c) wild animals. Wild pigs contract infections morefrequently than other species of wild animals, and since it covers large areas in its wanderings andmigrations, it plays a particularly important part in natural
erysipelas, etc. 

disease, swine fever, pastcurellosis,Further it is host to many parasites and plagued by a number of ectoparasites (ticks, piglice, mosquitoes and gad- flies). The ccoparasitcs are also source of several infections. 

2. Bacterial and ViralI)iseases
 

Cross infection between wild pigs and 
 livestock is frequent. The potential for wild pigs toharbour diseases transmissible to man or domestic animals is considerable. Cholera, swine brucellosis,trichinosis, and foot and moutli disease arc all diseases that may be transmitted by wild pigs. From 19731977 there werc 24 reported cases f"trichinosis in humans in the U.S. that had been contracted from
wild boars. 

a) Brucellosis: A disease transmissibl, to man, occurs in feral pigs in SouthCarolina, Florida and Ilawaii. Wild boars also serve for transmission (if parasites and diseases to man,
livestock and wildlife. Various types of Factcria can cause brucellosis. In pigs Bntcella suis is the usual
casual agent. Man may catch the disease by contact with infected organs of dead animals. Abattoirworkers, veterinarians, butchers and farmers are most at risk.
 

b) Foot andNotiDiseases: 
 This is a viral disease, highly infectious to clovenfooled animals; cattle, pigs, sheep and goats are most frequently affected. The occurrence of thedisease is characterized by vesicular eruptions in the membranes of mouth and the skin around thefeet. The disease regularly affects animals (cozootic in parts of Europe, Asia, Africa and South andCentral America) as the virus is easily transmittcd by infected animals.
 

c) African Swine Fever: 
 This is a viral disease specific to pigs. The risk ofinternational spread of [te virus is considerable. The virus is present in infected pigs, ;n the blood,tissue fluids, internal organs and all excretions and secretions of infected animals. 
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virus, it is prevalent in mostd) Swine Fever: Swine fever is also caused by a 

parts of the world. The virus is transmitted by direct or indirect contact with infected animals. 

e) Vesicular Stomatitis: This is a viral disease confined 	 to Amcica. This 
biting flies can alsodisease is clinically indistinguishable from foot-and-mouth disease. Mosquitoes anu 

play a role in spread of the disease. 

The disease is caused by various species of ieptospirae. The
f) Lentsirosis: 

disease infects dogs, cattle, pigs, sheep and goats and is transmissible to man. The bacteria invade the 
While the infection is

blood stream of affected animals and eventually become localized in the kidneys. 

in the kidneys, the animal sheds large number of bacteria in its urine anc this is the source of infection 

cause death in young animals.for other animals. The discase can 

g) Anthrax: The disease is caused by Bacilhts antiracis and affects a wide range 

of animals including cattle, horses, sheep, goats and wild herbivores. Pigs and humans can be infected. 

Feral pigs contract the disea.e by feeding on animals that died of the disease. 

disease is caused by the bacterium Erysipelothrirh) tysipelis: '[he 
occur via wounds. There are various natural hosts for the disease

rhusiopathiae. Infection in man can 
including feral pigs. 

i) Tuberculosis: Feral pigs are infected mostly by the bovine, aian or human 
Ilumans can

types of tuberculosis. Infection by the bovine type, Mycobacterium bovis, is most common. 


be infected with tuberculosis by eating the inadequately cooked flesh of pigs suffering from the disease.
 

3. 	 Parasites of Wild Pius 

hosts for a number of internal and external parasites. Pigs carry sparganosis andWild pigs are 

hydatid cyst which can pose public health problems.
 

(nematoda),a) Trichinosis: This is caused by a parasitic round worm 

The inain hosts for this parasite are humans, pigs and rats. Infection occurs byTrichinella spiralis. 
worm. Theeating uncooked or inadequately cooked meat containing larvae (cyst- form) of the trichina 

cyst develops into worms in the small intestine. There the fertilized female worm produces new larvae 

which enter the blood stream of the host and eventually invade the muscles, creating new cysts. 

This is caused in pigs and humans by invasion of body tissuesb) SNarMansis: 
Pigs become infected by eating an intermediateby the spargana of the cestode Spironitra crinacci. 


host, such as frogs, toads, etc., and, in turn, man may acquire sparganosis by eating inadcqualcly
 

cooked pork.
 

c) 	 lldatid: Pigs may act as an intermediate host for the hydatid tapeworm, 

The eggs of the parasit, may accidentally be ingested by man. The resultingEchinococcus granulosis. 
disease is considered as a most serious parasitic disease affecting man. The eggs ingested by the 

intermediate host (pigs, sheep, goats, ox or man) develop in the intestine of the host and penetrate the 

intestinal wall and migrate to a suitable part of the body, its liver or hngs to form a cyst. 

d) Pork Tape Worm: Tacnia soliunm. Man is the primary host for this 

tapeworm and pigs are its intermediate host. In the primary host the parasite attaches itself to the 
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intestinal wall and sheds eggs that arc passed out and may be ingested by pigs. A cyst develops in pigs.When meat containing cysts is eaten by humans, the tapeworm develops in the intestine, and the cyclerepeats itself. 

4. Ecto-Panisites of Pies 

Pigs may become infected by the bush-tick, Haemaphysalisbispinosa, and sometimes can carrysarcoptic mange, Sarc,tes scabiei,and the pig lice, Haematopinussuis. 
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Lagomorphs 

LAGOMORPH PESTS: BIOLOGY AND BEHAVIOUR OF PIKA AND DESERT HARE 

By Abdul Rauf Khokhar 

A. Pika or Collaryd Pika (Ochotona nifesccis) 

D.scrintlon: The collared pika is a 
lagomorph, related to hares and rabbits. It has two 
pairs of incisors in the upper jaw, one pair behind 
the other. Pikas have no tail. They are attractive in 
appearance with soft silky fur of a reddish-grey 
color and furry rounded ears (Fig. 1). The under 
fur is dark blue-grey. The distinctive feature from 
which it derives its name is the presence of a paler 
sandy-buff collar of hairs just in front of the . 
shoulders. Its feet and toes are well furred. The 
hairs, which almost completely cover the toes and 
soles, give them protection against the severe 
winter cold. Adults can weigh up to 300 g and Fig. 1. The collared pika. 
measure about 190 mm in body length. 

Distribution: lis distribution extends Ck 

throughout the higher mountain ranges of central ' 
A,,HANWAMand northern Baluchistan including Ziarat and Fort 

Sandeman. They also occur in higher mountain 
ranges of Waziristan and upper Kurram va'ley (Fig. 
2). 

Itubitnl:Pika is associated with mountain 
steppe forest normally at elevations about 1300 m., 
and even upto 4000 m. They occur in Junipcnis i 
macropoda forest as well as on the edge of patches -- A 

of cultivation in the higher remote valleys and 
particularly favour stone walls and embankments 

ARAIA5A SEAsuriounding cultivated areas. 
tabits: Pikas are diurnal in habit. Inspite W,-

I..$ .of living at high elevations and in severe winters, .. " d. ~ 
,,b-9.pikas do not hibernate. They live either in self 0 

Fig. 2. Distribution map.excavated-burrows under juniper tree roots or in 
earthen embankments. Natural cavities, between 
rocks or stones forming the boundary wall of plots of cultivation, also provide habitat for them. Their 
burrows are quite shallow and seldom exceed 60 cm in length. 

During the summer season these animals are active mostly during the early morning and early 
evening. During cloudy days they are active throughout the day and generally sun themselves by sitting 
on exposed rocks. They are herbivorous and live on a variety of food items. They, however, prefer 
stems and green leaves of various shrubs and grasses, including young wheat. During summer, collared 
pikas cut green vegetation and carries it to their burrows. Sometimes they leave fresh cut green 
materials at the mouths of burrows to dry before dragging them into the burrows. 
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Pikas inflict considerable damage to green wheat 
most serious losses caused by this animal occur when they 

as 
feed 

well as fodder and vegetable crops. The 
on the bark of fruit trees. This occursmostly when winter snowfall covers the ground and green fodder is not attainable. During one of thesurveys, 20% of all apple orchard trees were found damaged by pikas in Ziarat valley. 

In some years their population density increases dramatically and apple orchards suffer severedamage due to their attack. There is some evidence that when a large number reproduce in a goodyear, there is heavy mortality in the subsequent winter when the harsh weather conditions and lack of green food results in a population crash. 

The female has four pairs of mammae. They start breeding in March and can produce uptothree litters during the period up to early October, having four to eight young per litter, the average
being five young. 

B. Desert 1are (Lepus nigricollis) 

Descriptlon: The desert hare has very
long broad ears and greatly developed long hind

legs (Fig. 3). The fur is relatively short and harsh
 
and is banded with 
 pale cream and black. The
 
belly fur is long, soft and creamy yellow in the chest

and throat region. The 
ears are folded inwards on
 
their interior margin and in 
 bright sunlight ore
 
semi-translucent. 
 "The head and body length 
averages 480 mm (range 330-528 mm) with the tail
 
averaging 77 mm (range 64-90 mm).
 

The position of the eyes on the head isvery high up and far back so as to give the animal a Fig. 3. The dcscrt hare.wide angle of monocular vision. With this position 

of the eyes the animal can 

- CHA
 

see the approaching 
enemy from above and behind without turning its
head. Sense of smell, hearing, and sight 
 are very It,,rM, AFGN
acute in hares. They can rotate their large cars
independently. They cai run at a speed of
 
approximately 50 km 
an hour. 

Distribution: The desert hare occurs _J

throughout Sind, Las Bela, Sibi and the Punjab. 
 ItThai and Thar. In NWFP, it extends through 

0i,, 

Peshawar and lower part of Kurram ualley. It also
 
occurs in Dera Ismail Khan (Fig. 4).
 

Hanblaq:lt can be found in cropland 3
through the Indus Basin as well as in extensive ,...sand-hill desert. It ascends into low rocky hills in 

-, 

. . ......regions west of Indus as well as scrub forest in Fig. 4. Distribution map.regions such as Salt Range. It does not, however,find permanent shelter in cropland but prefers waste lands on the border of cultivation. Its preferredhabitat is in the uncultivated tracts of the riverine zones where there are extensive clumps of
Sacchariun munja grass. 

i 



143 

Habits: The desert hare is a non-social species. It does not excavate burrows and normally 

shelters in the holes excavated by other animals. Usually it emerges to feed just before dark and is 
more active in the early hours of night, resuming a second period of feeding just before dawn. The 

desert hare grazes on grass roots when these are available. It also attacks tie green leaves of different 

crops, such as chickpea, rice, wheat, etc. In groundnut field. it does not damage the plants or roots 

but paws out the nuts from shallow diggings and opens the shells leaving empty groundnut shells 
scattered among the plants. 

Males remain reproductively active throughout the year. Young ones are produced only 
during spring and summer months. Most of the litters, however, are produced during early spring and 
at the beginning of the monsoon. These periods coincide with a more abundant food supply due to 
vegetative growth. Litters vary from I to 4 with an average of 2. The young are active and well covered 
with fur. They have comparatively large heads with relatively short ears. Females show post-partum 

estrus like rodents. But unlike rodents, the gestation period in desert hare varies from 42 to 44 days. 
Nothing is known about the age at which the hare attains sexual maturity. The sexual maturity in 
European hare however, is not attained until two years of age. 
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CONTROL OF AFGHAN PIKA AND DESERT HARE 

By EJaz Ahmad 

roduction 

The collared pika, Ochotona rufescens, is also referred to as mouse-hare, rock-hare or the 
,ing hare" because they belong to the hare family. They are generally confined to alpine rocky 
ions of Baluchistan and Gilgit. The pika cuts, dries and stores forbs and grasses for winter use. 
ring winter in Baluchistan, they debark the apple tree trunks and this damage often kills trees or, in 
case of incomplete girdling, reduces apple production. Also, pikai damage winter wheat, maize and 
ato crops. 

The desert hare, Lepus nigricollis is a large greyish-brown animal with long well developed 
s. The tail is short and tipped with black. The hind lee; are elongated for a speedy bounding gait 
Dn running. It occurs throughout Sind, Las Bela, Sibi and the Punjab and also in the desert regions 
Cholistan, Thai and Thar. The desert hare is a minor pest of groundnut and chickpea in barani 
as of Punjab. 

ntrol Methods 

Various control measures can be adopted successfully to prevent the losses caused by 
omorph pests. These are described here based on the experience of the Vertebrate Pest Control 
ject, Vertebrate Pest Control Laboratory and knowledge available in the European countries. 
;iially, the fundamentals of integrated pest management (IPM) are put into practice for control of 
se vertebrate pest problems. 

Afrhan Pika 

1. Balting 

Pikas, being forb and grass feeders, do not accept grain baits except rolled cereals like oats. 
sh green bait like lucerne (Mcdicago sativa) is not too effective. However, apple chops are highly 
ferred. Baits with zinc phosphide (2%), when prepared with freshly cut apple pieces, can be 
.ctive in reducing the pika population by 40 to 60%. Brodifacoum (0.005%) with rolled oats can 
D90 to 100% mortality of pika. 

Poisoned grain baits are placed in small piles of 10-15 g into the active burrows or nesting 
ces or into stone crevices and, in the case of apple fruit baits, one piece is placed at each bait site. 

2. Protective Repellent Coatines 

A sticky compound called "OSTICO" brand (ICI Product) or a specially prepared sticky paste 
,eloped by Vertebrate Pest Control Laboratory, can be used for pika control. The basic ingredients 
[his paste are rosin, paraffin wax and castor oil and is highly effective as repellent. It can be used 
we khe ground level and coating at least 45 to 60 cm of the tree trunk. This paste band will also 
itect the trees from crawling insects and provide protection to the tree trunks from fungal attack. 
als conducted a few years back in Ziarat valley have shown that these compounds effectively 
luced damage and had no effect on the normal growth of the trees. However, applying paste to 
dlings should be avoided. 
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3. LndienpyLMethods 

Various methods have been used by orchard farmers in Ziarat valley areas, to protect apple tree
trunks from pika damage. In areas where juniper forests are found, long strips of this tree's fibrous bark 
are stripped from their trunks. These arc then v,apped around the lower trunks or lower branches ofapple trees. This isa very laborious operation. This bark will provide total protection for the portion of
the tree covered but pika can climb over the bark and feed on a higher uncovered portion. In addition to
th" as the bark wrappings do not stretch, they must be removed each spring to avoid choking the tree 
growth. 

Another form of protection is the use of twig bundles of a local Areternesia shrub (wormwood) tied around the apple tree trunk. This banding iseffective upto a height of 45-60 cm, about the
maximum length of the twigs. In winter, when the snow cover is heavy, pika can climb over the twig
bundles to chew on the bark of tree branches. One good point isthat these twig bundles are elastic and 
can be left on for several years before they tend to choke the trees. 

4. Tree Guards 

Tree guards (e.g. vcxar tubing) can be used to protect trees from pika damage. These cannot
 
be used against voles to prevent underground damage.
 

Recently, Nippon Kohan K. K. (Japan) developed "Foil lath", which islike mesh net, to protect
fruit trees against mice and rabbits. This consists of ultrathin (0.15 mm thickness) cold rolled steel

sheet. The covering of the tree isdone in the late summer and there isno need to remove them in the
early spring as lath covering rusts and falls off the trunk, thus not inhibiting the growth of the trees.
Another advantage isthat the lath is cheaper than other plastic materials. 

5. Other Possible Control Messures 

In general, fungicides have some rodent and rabbit repellent action. Of these, Thiram, tradenamed "ARASAN", is the most effective, and is used elsewhere in the world as a rabbit repellent by
painting it on tree trunks but this product has not been evaluated in Pakistan against pikas. 

Reducing ground cover can be another alternate in the management of pika populations.Herbicides, such as atrazine or 2, 4-D can be used to reduce early vegetation growth. Low vegetation
can also be reduced by disking or other mechanical means or even by burning. Providing alternate
foods to pika in the winter months may be one method to prevent tree damage. 

B. Desert lfre 

1. ExClusion 

Exclusion is most often accomplished by the construction of fences around the area to be
protected. Woven wires of poultry netting should exclude all desert hare from the area to be protected.
To be effective the fence must be of mesh not greater than 4 cm, 75 to 90 cm high, with the bottom 15 
cm turned outward and buried at lea:,t 15 cm below ground level. 

Exclusion by fencing isdesirable for small areas of high value crops but most often impractical
and too expensive for large acreages of farm land. 

2. Polson 

Both type of poisons i.e. acute and chronic can be used. Zinc phosphide (2%) or Racumin
(0.0375%) can be applied on some baits. The best bait is carrot cubes but green leaves are also 
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acceptable. Prebaiting can be done. The baiting should be done between the field bcing damaged and 
fields where the hares normally live. Place pre-bait and bait around the edge of the field being damaged. 
Place 100 to 300 g of bait in areas visited by hares. Cheek the bait daily and add bait as needcd. 

A single feeding of zinc phosphide will control the hares but singlc feeding of anticoagulant 
bait will not control them. Anticoagulant bait must bc eaten on five or more successive days. Bait 
should not be scattcred in the crop. 

3. Shooting 

Damage may be suppressed or eliminated by shooting, where it is safe to do so. Effective 
control may be achieved using a spotlight at night when hunting. 
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Wild Boar 

WILD BOAR. IDENTIFICATION, BIOLOGY AND BEHAVIOUR 

By Mohammad Haflz Khan 

A. Identification 

The wild boar is a mammal which is a member of the super family Suidae in the order 
Artiodactyla, the even-toed ungulates. There are two families: the Suidac, or old world pigs, and the 
Tayassuidae, or Peccaries of the Americas. There are 8 species of pigs distributed throughout Europe, 
Asia and Africa. Out of these, the wild boar or Sits scrofa has twenty one sub-species. 

The number of such species attributed by taxonomists to Sits scrofa has varied over time. The 
animal found in Pakistan, in the light of research done so far is Sus scrofa cristatus. The identification 
marks of this sub-species are a longer bulky animal with a very short thick neck. deep body and rather 
slender legs. The head has a long sloping mu,,le terminating in a special flattened disk. Large ear: 
are pointed and set forward, being thickly fringed with hairs. Small eyes are set far back in the skuh 
close to the base of the ears. The short tail usually terminates in a tuft of longer yellowish brown 
lateral bristles. 

The skin colour is dark grey varying to pinkish brown. It is sparsely covered all over with 
coarse black and brown bristles. Longer bristles on the nape and over the shoulders form a crest. The 
bristles on the cheeks are also longer and often a yellowish or horn colour. The head and body length 
varies from 115-160 cm and the tail length from 18-28 cm. In the year 1987, 117 animals were killed by 
gun shooting under USAID research programme at Faisalabad and the largest animal killed in Chak 
No. 195/R.B. Faisalabad weighed 135 kg (297 Ibs) with 153 cm nead and body length. A second 
animal killed in Faisalabad Airport weighed 118 kg (260 Ibs) with 163 cm head and body length, 28 cm 
tail and 92 cm shoulder length. 

Dumber Brander recorded the heaviest male as weighing 165 kg with a tusk length of 25 cm. 
In Pakistan no organized work on the bio-systematics of this animal has been done so far. In 1987, a 
research programme under USAID Vertebrate Pest Control Project was started and data for the 
comparative external morphometric of wild boars are being collected. 

The data collected comprises: head and body length, tail length, hind foot length, shoulder 
length, snout length, snout to mid eye, crarnium length, body weight, eye lenses, lower jaw, testes from 
male and ovaries from females. These data are to be compared with the measurements taken from 
wild boars from Poland, Czechoslovakia, France, Germany, Malaysia and the U.S.A. to determine how 
Pakistan wild boar may differ. 

B. Biolo! 

Wild boar are normally social animals, resting and feeding in small groups, though adult males 
will usually forage individually. The animal is sensitive to intense sun because the sweat.glands are few. 
The boars spend the day in the densest cover near some water source. 

When wild boars are disturbed, they give rapid low grunts and an adult male will clatter his 
tusks together in an audible and menacing manner when angry and about to attack. Their sense of 
smell is particularly acute and they find their preferred food by this means. Wheat , maize, groundnut 
and gram are subject to their depredation at two stages. The first attack occurs when wheat is freshly 
sown and until it sprouts. The wild boars will open dead-straight furrows with their snouts, eating all 
the grains deposited by seed drill, doing this so precisely that it is hard to imagine such parallel open 
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furrows were not made mechanically. They damage again when the ripening wheat and maize grains 
are at milky stage. 

They have a strong, rather acrid, body smell which is especially noticeable when they havebeen lying up during the day. This body smell may be a Wildfactor in maintaining social contacts.

boars have long been recognized 
as dangerous and aggressive animals worthy of the huntsmans' skill.In 1986 at Faisalabad there were 15 separate cases of men being seriously attacked and three of tUese 
were killed. It should be mentioned that in 1978 wild pigs opened the grave of one frerhly buried deadbody in the village Gehrian near Gojra, District Toba Tek Singh. The villagers approached the writerand a well organized shooting party was arranged and 17 animals were killed from the graveyard of that 
village. 

In the sub-continent of Indo-Pakistan, studies have shown that the breeding of wild boar can occur throughout the year but there is probably a peak breeding period before or during the monsoon 
season. In Pakistan most litters are born between April and October. Under the USAID Project, data
collected so far reveal that out of the 32 females shot from August, 1987 to January, 1988 not even asingle female was found pregnant. Oogenesis started in the month of December and January in most
of the females. On January 10, 1988 first mating of wild boar was observed at 11:00 pm. at FairalabadAirport. All females killed after January 1988 were pregnant except one, although in some cases there was very early pregnancy. The litter size as found during autopsy appears to be from 4 to 10 young
ones depending upon the age of the female. In young females mostly there were 4 young ones but inthe older females it ranged from 6 to 10. One very big female killed near Gutwala in June, 1971showed 13 embryos when the hunters opened the belly out of curiosity. It has been also observed fromthe data collected from Faisalabad region that after littering, wheat grains are available to the piglets inthe fields, followed by sorghum heads, millet ears, rice and maize at milky stage. The young of thelitters of May and June 1987, after having a rich diet upto November, the females reached puberty inthe months of February to March 1988. These findings will be confirmed in the next year's breeding
season as these are not in conformity with earlier work where it has been mentioned that females 
reach puberty at the age of 1-2 years. 

The gestation period ranges from 110-115 days. The females havc an irregular number of mammae varying from 8 to 10, although 5 pairs are rost normnal. The female builds a rough nest by
cutting grass, sugarcane stems, wheat plants etc., heaping this together. The young ones oorn in this 
nest which usually is well concealed. 

C. Behaviour 

Wild boar is known to be a nocturnal animal but it has been seen moving about in day time,where there is no human disturbance. In lonely parts of the jungle the hunter often comes across several
wild boars searching for food. Generally they wait for ceasing of human sounds for coming out. As soon 
as human movement ends with the coming of darkness, they are in the crops. Its tendency is to spoilmuch more than it could eat. An additional factor is that a flock of boars emits a peculiar smell onto the
damaged plants such that no cattle would touch them even as fodder. 

For its abode it need not go away from the cultivated fields. It does not require heavy bush to move in; for rest just a little prickly plant for shade and nearness of some water is enough. Although its
tendency is to avoid human presence, yet it does not mind the nearness of a farmer when out in the crops. The poor cultivator may cryout or beat drums and it will go on Itmarauding as if undisturbed.
will avoid a crowd but never mind a single worker. Its smell is acute, eye sight is weak, and hearing ismoderate. Old tuskers have been found practically deaf but instinctively their reactions were as good
as not being deaf. The general behaviour of its flock is not different from that of sheep, but there isalways a lone tusker behind, who is generally a killer. He keeps a constant conduct of annoyance
because of being deprived of female company by the intimidation of younger males. Another factor forhis being peevish is that he must have faced few strokes from a grass cutter or a famer in the past.a 
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This has given him hatred for humans. A dominant natural gift on him is courage, intelligence, and 
fortitude. Even tigers are said to avoid tie ma.ture furious adults. When a boar is lh'ased from its 
habitat it will return to the saime place the follo iig night or it few days later. Its teinpci is capricious 
and, when wounded, may becomc savagc aIi vindidictive. It has been ohserved in the field that tie 
boars single out white or bluc-clad persons for charging out if" hunting party. It does not lose spirit 
when cornered. If attacked by dogs or t man on horse back it behavcs its if used to such fun. It rct'iCs 
as a professional fighter. Mr. Dumber Brander of the Indian Forest Service in 1931 killed a well known 
killer. It bore several scars and was so ill tepniered that it would charg,- any one to be seen and once 
the victim was down, went on giving cuts. ()ne of" his victiis had 42 u runds oniihis dcad body. 

Let me tell you that I sho t a wild boar in 190) on lie service road attitched to the (ogera 

Branch canal leading fron Jtramala to Satiana. This boar .attck,-; a beldar without provocatioin, 
namely Wali Moliarirned, while the poor Iman had just sal, down to cat his latc morning meals on the 
-canal bank. I was leading a shooting party in that vicinity. A man caic un aibicycle to inform about 
the incident. I hastened towards the site, almost 1/2 mile to the north of th, syphon. The iian was 
lying unconr cious and the boar was sitting beside loking iwilrls the pedestrians who stiod at it 
respectful distance, having blocked the road on both sides. oiThe boar's over con fiderince gave 11i1 iiesy 

target and lie was doiwn by one shot in the head. I fired with .12 bore gun using a nylon ball made by 
Seller & Ballot. The ball was 3/4 o/. in weight, backed by thc standard 2.5 drais (if smokeless gun 
powder. The distance was almost 311 meters. The bcldar survived the attlack, returning to his senses 
five dlays after. 
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Wild Boar 

DAMAGE PATrERN OF WILl) BOAR IN I)IFFERENT CROPS 

By Iftikhar Ilussain and Joe E. Brooks 

A. INTROI)UCTION 

a major pest affecting agriculturalThroughout much of Pakistan the wild boar (Sus scrofa) is 
They will consume a wide varietyproduction. Though omnivorous, they are largely vegetarian in dict. 


of seeds, fruits, young leaves, tubers and succulent stems as well as fungi, carrion, bird's eggs, reptiles
 

and insect larvae. It is also reported in Pakistan that wild boars damaged ripe sugarcane, potatoes,
 

grains and again at milky stage) and rice in the milky stage. Wild boars killedwheat (both newly sown 
roots and tubers of Scirpus and Cvpems,while cropsfrom riverain forests were subsisting mainly on 

were found only in a few stomachs. Animal matter, such assuch as sugarcane, clover, and mustard 
insects, annelids, fish, snails and rodents, constituted about 10% of all stomach contents. The stomach 

contents of 48 wild boar!. killed in Faisalabad District were examined :nd it was found that wheat and 

molasses scum were the most common items, followed by Q7),t, s tubers, marize, sorghum, colton, 

mesquite pods and leaves, sugarcane and rice. Animal remains consisted mainly of earthworms, snail, 
Wild boar are onte of thc mostcrickets and a few frogs, fish, rats, lizards, one bird and carrion. 

and maize, while of lesser importance inimportant vertebrate pest species in sugarcane, wheat 


groundnut. Their damage patterns in sugarcane, wheat, maize and grorndnut are described here.
 

1. Snuarcane 

Wild boar damage sugarcane by tearing 

away the rind with their incisors, on stalks they : 

knock over or those already leaning over or on th 

ground (Fig. 1).The rind is stripped away from 1) -, . 

to 50 cm lengths of stalk, andboars consume the 

soft juicy inner pith. Wild boar damage is easily 

differentiated from rodnt damage by the presence 

of large pieces of rind; also the damage includes 

the nodes, which are rarely touched bv rodents. 

Some damaged plls ire seen on the field 

periphery but most occur in large patches in field 

interiors where the animals bed down during tile 
Damage to sugarcane.

day light hours and along pathways they use il Fig. 1. 


coming and going from field interiors. Once '
 

damaged, the stalks usually withcr and die.
 
they .Farmers leave them in the fields because 


report that these are useless as animal lodder as ,
 

cattle and buffaloes will not eat the stalks because '11Z
 

of the boar smell. 
 '
 

2. Wheat 

Wild boar damage to wheat is of several 

kinds. The depredation is at two stagcs. When , . 1w,,ill -'
freshly sown and until it sprouts, boars Open 

dead straight furrows with their snouts, eating all 
Fig. 2. Wild boar damage to wheat showing thethe grain deposited by the Need drill, doing this so 


regurgetated fibrous material
precisely that it is hard to imagine such parallel 
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open turrows were not made mechanically. Againwhen the ripening wheat grains are 
W' 

at milky stage, " the animals make bedding areas in the field

interiors by wallowing and then spreading cut stems
 
to make a mat 
 to rest upon. Stems arc often
 
trampled into the 
 ground by wild boar activity.

Ground surfaces are laid bare due to wallowing and
rooting activities. Finally, the stems and panicles 
are consumed, the boars cutting them from 20 to 40 
cm above ground (Fig. 2). 

3. Maim 

Wild boar biegin consuming maize when
the cobs have kernels in the milky stage. Stems are

knocked over with the body or snout (Fig. 3).
kernels are consumed from 

The
 
the cobs and . .' ,sometimes the cobs also are c(,nsunied if they are	 

., 

sweet and soft. Wild boar also trample the maize Fig. 3. Damage to maize cob,,.stems into the ground and damage can be found 
anywhere in the field. 

4. ,troundnut 

The wild boar root out groundnuts from
underneath the plants (Fig. 4), generally a ' depression from 5 to 10 cm deep and as much as 30
 
to 40 cm in diameter. 
 Very few empty groundnut ,shells are found, since most nuts are consumed
with the shells. The trail of the wild boar can r1

sometimes be followed through the field from plant
to plant. Some plants are 
uprooted and die, while
others simply have the nuts removed but the plants j,
survive. 
 Wild bozr prefer the groundnuts in the

soft, fresh growth stage before 
 the shells harden.
Positive proof of wild boar is the finding of the foot
prints in the field.
 

5. 	 OherCrom Fig. 4. Damage to groundnut. 

Rice, potatoes, sweet potatoes, peas and clover are other crops damaged by wild boar. Wildboar eat the grain of rice while walking through the field. Potatoes and sweet potatoes are damaged bydigging the ground with the snout. Peas and their pods are eaten from the plants. Clover is damagedby the animals digging in the gr'ound. 

B. DA L eSnMethod 

1. Pigkin the Fields 

The selection of fields usually boils down to a randomized method of selection, which gives theleast biased samples, or a road transect method. The randomized sample may be spreadarea 	 over a largeand this makes reaching all the fields difficult but is worth the extra time.method means a large number of fields can 	
The road transect

be sampled in a relatively short time. A third method is 



155 

the stratified random sample, where, for example, villages may he selected at random for visit, 
eliminating those that are difficult to reaci, by road. At each village. /; to 8 fields arc selected using tile 
four compass directions from the center of tilevillage and picking fields encountered while walking 
north, east, south and west. Usually using this method, 4 to 6 villages can be sampled each day, giving a 

total of 16 to 32 fields surveyed per day. 

2. Methods in Fields 

a) SugLarcane: Once i decision is 
made on which method to use, the fields are visited 
and the damage data taken. Damage in sugarcane, 
both rat and wild boar damage, tend to be clumped 
(Fig. 5). Wild boar use the field interiors and A- A 

pathways in the ield and this is where the most", 
damage is seen. Likewise, rats tend to create m'ost 
damage nearest their burrows, so this is where their 
damage is found. The best ictlhod to use to find 

damage in a field is to use transects crossing the 
field at several places. Sam ples are taken along the 
transect at a given num er of paccs from the ficld 
edge, making sure Ihat sonmc samples arc taken 
near the field cdges. The average distance between / 
sampling points may best be determined in the field 
but as a guide, use at least I1)mctcrs between I 
points, perhaps more. )amage is recorded on a 2
meter sector of the line where it falls across the 
cane stalks. Search the arca for rat-damaged stalks 
and record the number of damaged and Fig. 5. Damaged areas in sugarcane fields and 
undamaged stalks on the 2-in sector. Note the transect sampling points. 
presence of rat burrows within or near the sampled 
area. Likewise, for wild boar damaged stalks, record the number damaged and undamaged. Since wild 
boar may be bedded down within the field interior, it is best to make these surveys in pairs of observers 

and it would be helpful for one person to have ishotgun loaded with shells of hcavy shot or slugs as a 
precaution in case wild boar charge. Surveys for damage can be done when the damage first starts and 

cumulative damage may be recorded by visiting the same fields repeatedly for several times during the 
maturing phase. Or, if damage at harvest is to be estimated, visit the fields just before they arc cut. 

b) Maize: In maizc fields, the damage may bc found anywhere in the field. The use of 

transects crossing the field is again suggested, taking enough sampling points per field (4 to 6 are 
suggested) to cover the area well. At each sampling point, using a rope or piece of cord, lay out a 
quadrat of 5 by 5 meters in size and within this area count and record all boar and porcuirnc damaged 
stalks and all bird damaged cobs and all undamaged stalks and stalks with undamagcd cobs. Generally 
two observers can do a field in this way in 21 minutes. 

3. Ilnmaue Calculations 

Percent damage for both sugarcane and maize is computed as number of damaged stalks 

divided by the total number of damaged and undamaged stalks times I(X). In the case of boar

damaged sugarcane stalks, each dead or dying stalk represents a direct loss in sugar yield. Rat damage 
rarely kills the stalk and tile loss in yield of sugar is computed isa percent of the damaged stalks, usually 

taking 32 to 43% of the percent of damaged canes as the loss in sugar yield. These figures were derived 
from regression equations between percent loss of sugar per acre and percent of rat-damaged cane stalks 
calculated for J;maica and tile Philippines. 
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In maize, the wild boar- and porcupine-damaged maize stalks represent a direct loss oi yield,,vhile the losses due to parakeets and crows can be computed by measuring the actual loss of kernelsin the damagcd cobs. This is done by measuring the rows of maize kernels actually eaten. The lengthof the cob kernel rows is measured and t'he number of rows per cob is counted. The length of thekernel rows eaten is calculated as a pcrccntagc of the total row-lengths
damaged cobs (Fig. 6). In the examplc shown, the total length of kernel 

of kernels present on the 
rows is 7.0 cm x 12 = 84 cmwhile 8 rows x 2.3 and 1 row x 2.0 and I row x 1.5 = 31.9; damaged area 31.9/84 (toial) x 1(X) 38% 

damage to that cob. 
12 kernel rows 

23 r 
(8 rows) 

7.0 cmi 

Fig. 6. Count total kernal rows and amount of kernal rows
 
eaten to compute bird-caused maize losses.
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Wild Boar 

NON-CHlEMICAL METiiODS OF WILD BOAR CONTROL 

By Mohammad Hafiz Khan 

Wild boar arc of agriculture concern in Pakistan because of their current impact on 
agriculture, such as crop damage and wastage of canal water, threat to human lives, and in 
disscminating diseases. Damage occurs when wild boar walk through or camp in a crop, and when they 

cat the plants or grain both prior to and at harvesting. There have been reports of damage to 

sugarcane, maize, wheat, sorghum, potato and rice, etc. 

There arc nine methods of wild boar control, i.e., poisoning, pig sticking, trapping, shooting, 

fencing, netting, explosive bomb, hounding and habitat destruction. Wild boar poisoning has been 
discussed in a separate paper. The other methods are discussed as under: 

A. ig!Stickin 

Apart from the necd for wild boar control, pig sticking is an appreciable game. Utmost fun is 
enjoyed by the sportsman on horse back with a spear. The pig continues to charge back on the running 
horse and often inflicts disabling wounds on the legs and stomach of the charger. So, pig sticking is a 

game not to be lightly taken. Experienced riders and veteran horses could only bear the brunt of the 
game. The pig hardly feel, fatigue in a moderate run. Mostly its courage gives a chance to the hunter. 
I laving felt dcs:'wrate of an unending chase it will turn back to hit the nearest horse, at the same time 
avoiding the sprklitrg blades of a number of spears. At this juncture the horse is saved only by an 

experienced hand. Amatcur riders and freshly trained horses often yield casualties. If an experienced 
rider does not coru,- to the rescue, a new hunter isbound to lose his limbs and his horse. No amateur 

should attempt to chase a wild boar single-handed. In district Sargodha alongside the river Jhelum and 

Chcnab,wild boar chasing (n horse back with a lance in hand is a pet game and horsemen from the 

country side have a passion to take part in such sport. 

AS,.It. TrajpfLe 

Trapping can be an effective means of 
reducing wild boar numbers. There are four types 

of traps: 1) A panel trap, 2) Silo trap, 3) Double 
spring trap, and .1)Double spiing trap with spikes. 

I. A Panel Trap: Steel bars are 
placed on tIhe side of centic of each panel, except 
the traps gate. The corners of the trap are held 
together by wire. The trap door is tied, at the top, 
to the wall of the trap. 

2. Silo trap showing two entrances. 
Normally only one entrance is built; two are shown 
to illustrate altcrnativcs. The entrance is formed by 
the two cnds of the mesh springing together. The ".' , NrR, 

ends arc tied at top with wire and rope. The boar 
forces the bottom of the ends apart and once in the 
trap, the enls spring back together. Panel and silo traps. 
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Panel entrances: one panel is fixed, the other can swing out at the bottom as the boar pushesin. The top of the swinging "anel istied to the fixed panel. 

In traps I and 2, if properly built, 12-15 boar can be caught in each trap each night. If trappingis to be used, it should be undertaken prior to sowing the crop, when green feed isscarce. Once acropisin head, trapping isnot successful, as the boars will not eat the bait. 

3 and 4. These two steeljaw trps are of the same type and in this trap one animal is trappedat one time. In the first case animals upto a weight of 50 kg can be trappedleave a part of the limb and break away. 
as the heavier animais may 

this case 
In the second case even heavier animals can be trapped. Inthe animal will not be able to escape as one leg is trapped in the spring and two spikes enterup to 8 cm into the animal's body from lateral sides. 

Successful trapping depends on the boars acceptance of the bait. It is important to offer theboars plenty of free bait prior to trapping.
breads, etc. 

The best bait is wheat, sorghum, rice, apples, oats, andSpread the bait inside the trap and trail the bait for 10-100 meters out side the trap. 

C. Shootin! 

Unless shooting is extremely intensive it is only effective on a small population where theboars are accessible, such as in regions with a few watering points. A variety of weapons are used toshoot the wild boars. Large calibre bullets such as .308 are best at long range but only small calibres orshot guns are needed at short range. In the peculiar conditions of our country side where cultivation isall the year round aod the farmers are working in thu. field through out the day, use of rifle isheld to i'edangerous. The double barrel shot gun, preferably .12 bore, is the bestinstantaneous second shot. to use. It provides anBuckshot like LG, SG, SSG and one Ball cartridges are deadly effectivewithin 40 yards. 

The wild boar leaves four basic forms of signs for the benefit of the hunters. 

a) Their deep, boxy tracks are found in soft soil and mud near feeding, beddingand watering areas, allowing houndsmen to start the chase or still hunters to plan a strategy. Dogs areuseful to flush boar fiom areas of thick cover. 

b) Their soft dung is found every where in mesquite plantation and otherfeeding grounds as another sign of their presence. 

c) Large dishes and mud holes betray where these water-loving animals have
wallowed in creeks. Spring and water holes are another solid indicator of boar activity.
 

d) Perhaps the most easily located of these are rooting patches where boarhave rototilled the soil with their shovcl-like noses in search of subterranean foods. Wild boar leave
plenty of signs a hunter can use to his advantage
 

Wild boar are best shot through the shoulders 'o anchor them quickly and destroy their vitaltissue. A close second is a shot low through the ribs di'ectly behind the shoulder, especially if a shotangles forward and breaks the shoulder. A boar gencralby has enough fat to prevent abundant externalbleeding, so hits in the abdominal and high chest cavity often allows the animal to escape into densecover where locating them isnext to impossible. A wild boar that does not drop immediately should behammered with abackup shot until it falls. 

Shooting from helicopters has proved successful in removing wild pigs from inaccessible areassuch as swamps and marshes. in Moree region of New South Wales 516 pigs were killed in an area of11 sq. km. in 5 hours at an avei0.ge cost of $ 1.57 per pig. In our country wild boars were killed 

http:avei0.ge


159 

successfully from the river banks and marshy areas in 1987 with a helicopter but my experience is that 
in irrigated forests and mesquite plantations killing is extremely difficult due to thick cover of the trees. 

D. Electric Fencing 

Electric fencing has been used in sorne area in order to protect the crops, but this method is 
still under investigation. The main consideration in electric fence design for wild boar is the 
arrangement of the live and earth wires i.e., the type of insulators used and the earthing arrangement. 
Generally the wire used is 2 mm or 2.55 mm high tensile wire. 

In fences with iardwood posts and no steel posts, existing wires can be electrified. One design 
is: the bottom and the third bottom wires live and the second and fourth wires earth return connected. 
In dry soil conditions, it is essential that wild boar contact both the live and earth wires simultaneously 
for the fence to be effective. One extra wire can be added nearly at ground level and used as an extra 
earth wire. In dry soil conditions it is necessary to use extra earth stakes along the fence to ensure 
adequate earth return. If there is an existing fence with steel posts, an extra, electrified wire can be 
added. This is located on the outside of the paddock from which the boar are to be excluded. The wire 
should be 15 cm off the ground and 15 cm out from the existing fence, held in position by stand off 
insulators of creosoic-trcated hardwood posts driven into the ground. This arrangements is better with 
ringlock fences, which boar cannot easily get through. The existing fence is earth return connected. 
All paths or tracks under the fence must be blocked with logs or sticks that have been tied to the fence 
with wire to prevent the boar moving them. All tall vegetation under the fcnce needs to be cleared to 
prevent it from shorting the fcncc. 

In 1979, the Punjab Government also provided generators to the Forest Department for 
fencing. However, this method could do more harm than good. Many useful species of wildlife, such 
as blue bull, hogdeer and Indian gazelle, were killed. This was obviously experienced in Chakku 
Forest, District Faisalabad. In addition to these animals, mapy deaths of human beings and domestic 
animals were also on record. The ratio calculated after installation of the electric fence at Chakku 
Forest was almost 1(X) wild boar, 10 domestic animals and one man. 

In 1987 farmers of Chak Chatha and Maqboolpur in District Toba Tek Singh set electric 
fencing towards the side of a marshy area. They killed 26 wild boar and were able to protect the rice 
crop from wild boar by this method. 

A suggestion is to be submitted th ., while fencing, a nearby channel must be dug with standing 
water in it. This will make the hooves of the animals fully conductive after having been dipped. It will, 
therefore, give much better results. 

E. Netting 

Netting is also used in this country. In areas beyond the river Indus, nets are used to catch the 
boar. Having been caught, they are tied with ropes then bull terrier dogs are let loose to see the game, 
if we can call it a game. I have tried anylon net and caught a pig weighing 50 kg. This method can be 
used on asmall scale to collect animals for experimental purposes. On large scale it is not feasible. In 
North Queensland, netting fences have prevented feral pigs from damaging sugarcane crops. 

F. Explosive Bombs 

I must admit that explosive bombs are acruel part of the transaction in question. If this device 
can bring immediate death to a creature any explosive can be counted as a graceful and easier means of 
eradication. Unfortunately, it is not so. 



160 

Only small balls can be made. These are to be placed on tracks at dusk with an expresscaution to be rcmoved before dawn in order to avoid any apprehending harm to the livestock. Small,because the temptation to be given is for eating. Any other type will not do. Our need is to avoid
injured boar. 

We have experimented with the following formula: Potassium chloride and sulphur are mixedin equal quantity. Before this, each is ground separately. Some glass dust is then mixed in, toaccelerate friction and assure the mixture to be inflammable. About a dozen iron pieces are added.All this is covered in flour dough in the shape of squash balls and these are dried in the sun. Acovering with full cream dry milk powder oi cyperu, powder, sex pheromones can be added. 

This coating will serve as an attractant. The harder the ball, the more the pressing with jawsand more readily it will explode, scattering away teeth, tongue and jaw bones, thus practically shatteringits mouth. The ensuing shock is immeasurable. The resulting haemorrhage and inability to drink andcat is bound to make him die in a few days. And (luring these days it shall not do any harm to anyone.Its mouth weaponry is its tusks and snout and the mini bomb will remove them. The surviving boar willbe a mouthless goat ready to die any time. This device has an advantage. The number of victim boarswill be exactly counted due to the exploding sound. 

G. Itnnnding 

In our cropland where riding is not possible, the wild boar is hunted more favourably with thehounds. A pack ,f various breeds of dogs is collected and a noisy track hunting starts with a littlediscipline. The sco.c is scarce but there is a lot of fun. If instructed properly, the dogs could do better.Most dashing dogs often fall victim to the wild boar. I have seen half a dozen bull terriers being struckone after another by a single boar which was ultimately brought down by a gunman. Keeping that inview we use a bull terrier and a greyhound cross-breed. A pair of one each will riot let the boar escapeand at the same time will not allow themselves to be hurt like their blindly courageous sires. 

If. Swine Fever Virus 

In 1967, an experiment was made in our area. A team from Veterinary Departmentdeputed to use wassome virus and netting was arranged through a local chairman in Chak No. 45/G.B.That gentlemen caught a few piglets by using a net borrowed from the fishermen. These piglets were
inoculated with swine fever virus and the sickness prevailed. 
 There was seen some population scarcity.But next year, it was reported that the swine had become immune. The Sartaj Sugar Mills got the
services of Seth Sarwar, a renowned veterinarian. Despite repeated efforts, he found the virus was 
nolonger effective. Anyhow, inoculation was stopped on a protest made by FAO. They were perhapsapproached by the neighbouring country, where the swines are row a commercial property. 

1. Habitatl)estruction 

In some areas wild boar are dependent on areas of thick vege*tation such as reeds andmesquite plantation for shelter and hiding places. Villagers should be encouraged in doing away withthese. Reeds and mesquite are useful to the common folk who are always in bad need of fuel and somekind of wooden substance to use in roofs. In some areas, swamps and marshes with typha growth havebecome permanent hiding places. These could be cleated up by installation of tubewells and somedrain canals. This is being done on government level and some swamps are being minimized. If suchabodes are eliminated, the boar would have to seek shelter on river banks. There the young one will beexposed to predation by jackals and wolves. This is bound to diminish their populations. 
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Wild Boar 

CHEMICAL CONTROL OF WILD BOAR 

By Molammad Haiz Kln 

The wild boar not only plays havoc with crops like maize, sugarcane, rice, groundnut and 
potato, etc. but constitutes a menace for human life and safety as well. Instances of attack on farmers 
reslting in serious injuries and even deaths arc not uncommon. Heavy infestations of wild boar have 
been responsible for reduction in area under maize cultivation, and, near rivers and jungles, reduction 
in sugarcane cultivation, thus adversely affecting the agricultural economy. 

Many control methods have bccn tried all over the world, in countries where wild boar are 
economically a serious problem for agriculture. Out of all these, chemical c, ntrol is an effective 
method of quickly reducing the wild boar population. It is betlcr if this method is used in conjunction 
with other methods that provide follow up control work. For cffeclivc wild boar control it is essential 
to know certain facts about hoar biology - what the animal eats (so a good bait can be chosen), what 
area they roam (so control work can bc done over a large enough arca), how quickly they breed and 
die (so any gains by reductional cont ol arc not quickly lost), and what areas or habitats they prefer (so 
that most of the boar can be found and killed). Prior to 178, endrin and parathion baits were Lised in 
Changa Manga Forest against the wild boar but these did miore harmito other useful wildlife than to 
wild boar. Therefore, the poisoning programme, which w,s under the control of' Forest Department, 
was discontinued. After that, successful experiments were conducted by Vertebrate Pest Control 
Centre, Karachi and Univcrs;ty of Agriculture, Faisalabad. Now, poisoning has been shown as an 
effective method of wild boar control. 

There are several poisons which kill the wild boar. The poisons which have been used in 
Pakistan successfully are: 

1. Sodium Monofluoroacetatc (1080) and Fluoroacetamide (1081) 
2. Aldicarb (Tcmik) 
3. Phosphamidon (Dimccron IX)) and Carbofuran (Furadan S.T. 35%) 
4. Arsenic Trioxide 
5. Zinc Phosphide 
6. Strychnine 
7. Anticoagulants (Warfarin, Coumatetralyl) 

1. Sodium Monoll uoroacetate (1 )80): 

Sodium monofluoroacetate is t white tasteless odourlcss powder, highly soluble in water. It is 
readily absorbed through the stomach. tISt blocks the use of glucose in the body thereby reducing the 
energy. Death in animals results from cihcr heart failure or depression of the central ncrvous system. 
To the technical material of 1080, a warning colour is alded. 

For the peeparafion of hails, 25 grams of 1018) dissolved in 5 litres of water arc mixed with 75 kg 
of wheat grains. Before pultting this bail at thc bailing slation or baiting point, 3 to , days of prebailing 
in newly dug furrows is very important in order to make sure boars arc coming to th, spot. This method 
is no doubt very effective with high mortality of the boars, but the risk involved is that poisoned grains 
are spread all over the area ts the animals move. The affected boars start vorniting. These poison grains 
cause hazards for useful wildlife and grazing cattle. 

Moreover, farmers want a single dose poison without prcbaiting for three to six days, which to 
them is an expensive and laborious job. This method has been improved and the latest method of 
encapsulation is adapted as it has many advantages over the other. Capsules containing 50 mg to ( mg 
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of 1080 with 100 mg of Plasil are put in to flour dough of squash bdll size. These balls -ire dusted withfull cream dry milk powder, or dried ground cyperus tubers, or sex pheronones are placed at theanimal tracks or where presence of animals is suspected. This method can be used even for a singleanimal in the sugarcane field and is less expensive, less laborious and safer for the user. 

2. Aldicarb CTen ik) 

Aldicarb (Tcmik) w s first used 1y the writer in 1978 after conducting i series of experimentson poisons and food preference of wild boar. [or poison baiting against wild boar, heaps of boiledmaize weighing approximalcly 1/2 kg arc put on tihe tracks of wild bitoar or on the sides of waterchannels of crop fields. E-ach heap is covcrcd over with 15 - 20l grams of Temik and 50 gm of fullcream dry milk mixed with powdcr of cypcrus tubers and brown sugar. This simple method is used bymost of the farmers theniselvcs in F'unjab. A second ine od of using Tcnik is that it is dissolved inacetone and, after filtration, the filtratc is dried by putting the container ovcr a sand bath. The driedmaterial is 10I% aldicarb which can very easily be used in the IM) ng capsules in the samt manner as 
we have used 11)80. 

3. Phosihainidlon MI)ini'cron 10ll) nd arhond r i rin ST35) 

Mammalian toxicily of t)iinccron is 2(1mig/kg vcight and ihat of Furadan ST is 14 mg/kgweight. These poisons, wh ich a e in a liquid l irm, ire alstirled In wheat bran or gram flour. G;rantflour or wheat bran is dried under shadc for a day or two.Thcn the material is filled in capsules of 5I)mg. It can vcry safely be used in flour (lough balls. This powdler can Also lie used with boiled maize,guava chips and in inolasses scu.rn 11I Is ,ccn oiscrved in the field thai there is quick knock down ofthe animal, like occurs with Temik, and the animals which have laken a lethal (lose candistance, seldom more tIhan 2))) not go a longvards. The tcidcncv o t' [ic farmers is that they demand those poisonswhich give quick results and they can observe lic dlead animals with their own eyes. In case of 1080,although a very strong poison, it does ilot show an inmediate knockdown. Therefore, farmers are
demanding other kinds of poisons. 

4. Arsenic Triidde 

Arsenic trioxide is a iclatively cheap polison and is easily available anywhere. A 1/2 tea-spoonquantity of powdcred malerial is sufficient to kill a wild boar ofI any size. I have used arsenic trioxidemixed with molasses scum. It does kill the wild hoar but there is no quick knockdown. An animal
taking a lethal (lose of arsenic trioxide can iravel a long way before it (lies.
 

Arsenic trioxide was ilso used successfully for the control of feral pigs in Australia using carcasswhich were duslcd with 2 oz. of poison Iygiving cults ontlie body. These were put on the tracks of theferal pigs. In the sec,mnd case, apples \were used as thc bait. After 5 - 6 days prebaiting, apples werebtred through by using a cork borer and 112 tea-spoon of poison was filled in. The hole was filled withlie pilp of tle apple. This incilid also worked in the eradication of feral pigs in some areas of New 
Zealand. 

5. ZincPh sphid 

Zinc phosphide is a goo(il rodenlicide aid this can also lie used against the wild boar withsuccess. This poison has a garlic-like odotur and strtong taste, therefore, it cannot bc used like 1081Temik in bait. orThis poison was used in capsules (if 5I) mg quanlily and then such capsules were put inflour (tough, guava, apple o,- in cobs tif maize at milky stage. The response of the animal was quitereasonable. In this case shyness in the animals is devehiped if tin bait is not changed every time. Itwas also observed during use that poison gave colour and some odour to tie flour balls. To overcomethis difficulty the capsules are dipped in paraffin wax of vcry low melting point. 
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6. Strychnine 

Strychnine isone of the alkaloids processed from raw dried seeds of Stychnos ntLV-volnica, a 
small tree native of India, north Australia, Viet Nam and Sri Lanka. The seeds were used for killing 
dogs, cats and birds at least as early as 1640. Its toxicity for hogs is 10 mg/kg weight. 

This poison was used in capsules of 500 ing and three such capsules were put in flour dough 
balls with a coating of attracting material. This poison is very costly as compared to other poisons of 
the same grade. This poison has not been found very effective in the field, therefore, its use is not 
recommended for wild boar control. 

7. AnticoaL'ulants 

Since 1950, great advances have occurred in mammal pest control. This has been due to the 
introduction of anticoagulant rodenticidcs. Anticoagulants kill wild boar in a manner radically different 
from acute toxicants. Their action is cumulative and they must be consumed over a period of several 
days to be effective. Anticoagulants inhibit one of the clotting factors in the animal's blood, with the 
consequence that the animal bleeds to death from massive internal hacmorrhage. The anticoagulants 
possess two main advantages that acute poisons lack: 

a) Anticoagulants do not produce poisoning symptoms that cause feeding to stop before 
a lethal dose is consumed by wild boar. Thus they avoid sub-lethal dosing and hcnce bait shyness. 

b) The hazard of the poison to non-target species is greatly reduced and if accidentally 
any poisoning to man or domestic animals or non-target animals does occur, an effective antidote, 
Vitamin K1, is available. 

There are many anticoagulants like Warfarin, Fumarin, Pival, Diphacinonc, and 
Chlorophacinone. Warfarin and Racumin have been used on a large scale against rodent pests in 
Pakistan. Last year the Vertebrate Pest Control Project, NARC, used anticoagulants in a preliminary 
field trial in Fateh Jhang area, resulting in high mortality of the wild boar. Anticoagulants can be used 
in the form of baits like other poisons in the concentration of 0.025 to 0.05% or in water solutions. 
Anticoagulants need several days treatment to be effective. Farmers are busy around the year, and 
generally they do not have the time for a lengthy treatment with anticoagulant baits. Field experiments 
with anticoagulants are underway, however, since they are relatively much safer to use than are most of 
the acute toxicants. 
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Birds 

PRINCIPLES OF ORNITHOLOGY 

By Joe E. Brooks and Ifikhar Ilussain 

A. Characteristics of Birds 

Birds are unique animals, adapted to a wide range of habitats while retaining basic 
characteristics which make them recognized as "birds". Like mammals, they are warm-blooded. 

1. External Features 

Birds are the only animnals to possess 
feathers. Feathers are derived from the epidermal 
scales of reptilian ancestors and Iiave adapted to i a 
variety of functions: flight, insulation, display, 
camouflage, water-repelling, insect-catching, etc. -

B~ I 
The structure of the feather is very simple. 

A feather consists of a main shalt from which the 
barbs arise (these make up the vane of the lcather). .hofl-
From each barb there arises barbulcs, bhoth forward 
and backward (Fig. 1). Each barbule has a series Fig. 1. A clost-up look at a feather. 
of hooklets which attach onto the flanged edge of 
the barbules on the next adjacent barb. The barbule:;, with their hooks, act much like zippers. This 
mechanism gives the bird a struclurc which affords lightness (the shaft is hollow), flexibility and air
worthiness. 

The birds' body has becn streamlined so it is aerodynamically efficient. This is done by the 
feathers overlapping and smoothing the angular air-resistant surfaces. The feet also can be withdrawn 
into "bays" when in flight. 

2. Internal Features 

Birds achieve lightness internally also. They have lost their teeth ;:nd thc heavy jaws needed to 
support them. Instead, bids have a beak which is composed of bone overlain wit1 horny keratin. The 
beak is hollow and the whole head is relatively lightweight. The skeleton has been reduced by a 
hollowing, thinning, and flattening of the remaining bones. The intestine has been radically shortened 
and the urinary bladder has been eliminated. There are air spaces in the bones, body cavity, and 
elsewhere. 

Since birds have no teeth, the digestive system niust accon inof atc with i a grinding inechanism. 
Food swallowed whole is slored in the elastic crop and released into thc muscular gizzard, which 
performs the same funclion as hunan teeth and stmutch combined. Birds swallow small stones so 
there will be some abrasive material in the gi//aid. 

The body has been balanccd hy posilioning all locomolor muscles toward the bird'; center of 
gravity-leaving the wings to be controlled by tlendon-likc strings. Wings and legs contain relatively little 
muscle. Body organs are gathered in a mass in the center of' the body. 
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Birds have large eyes and a wide visual field with remarkable distance determination, and by a 
brain with greaty enlarged visual and locomotor centes. This gives birds excellent visual acuity and 
rapid control of muscular reactions. 

Breathing in birds is accomplished in flight and at rest by the contraction movements of the 
pectoral muscles. There is no diaphragm muscle as in mammals. The lungs of birds are very dense 
and relatively small; extensions of lung tissue permeate long bones and some body cavities. These air 
sacs add to buoyancy and also help regulate body temperature. 

B. Classification of Birds 

Birds arc classified on the basis of the possession of certain external and internal features. 
The Class Ayes (birds) includes a!! those warm-blooded animals with a four-chambcred heart which
have an external covering of feathers. Other features of the class include a hollow bony beak with 
horny covering, scaled legs with (usually) four functional toes with claws. 

There are presently accepted 27 orders of birds. Those orders most important in vertebrate 
pest management in Pakistan arc: 

Columbifornics: pigeon-like birds 
Psittaciforrmes: parrot-like birds 
Passcriforrmcs: perching birds (this order includes many of the pest species, such as 

sparrows, larks, bulbuls, finches, mynas, weavers, starlings and 
crows). 

We are interested in two other orders of raptorial and scavenging birds because they may
become secondarily poisoned by cating rodents or other animals that have fed upon toxic pesticides. 
These are: 

Strigiformics: owls
 
Falconiiforncs: vultures, eagles, kites and hawks.
 

C. Rlroducion and Development 

I. Mating and Nesting 

Mating varies front promiscuous copulation and little parental tare to high degrees of parental 
care and of individual birds paircd for life. 

At one end of a continuum arc some kinds of fowl which bury their eggs in places like compost
leaps, which heat up and incubates the eggs. The young, upon hatching, are precocial and able to
gather food for thcmsc l/es. Other birds mate toigether for periods of several years or for life, even
though they may not remain together during the non-mating period. They return to the same breeding 
areas eath year, mate and build the nest together. After the eggs hatch, the young are cared for by the 
parents until ready to fly. 

Nests vary from simple depressions in soil or gravel to clabrately woven structures swinging
from tree branches. Woven nests may be solitary or communal. Weaver birds commonly make their 
nests together, with emany hanging from one tree. 

Nest building is a stereotyped behavior of birds. Materials gathered are usually typical and
specific for each bird species. Also the placement of the nest is species-specific. Some may nest in 
crotches in trees, sonme in grassy depressions on the ground, while others prefr cavities in trees or 
holes in cliff banks. 
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2. Egivs. EI!!-IayingiL and Inuhation 

Eggs are laid in the nest, usually one al a [line, line each dav for several days, until the number 
of eggs for the particular species is reached. This number of eggs is knowr. as the clutch size for that 
species. If one egg is removed daily Iw a hunan observe'r be fre the ppiniii number is reached, tlhe 
female will continue to lay one egg each day foir many more days bfcflrc quilling. 

Birds eggs are unique 
structures. They are incubalcd by Eo 
the heat of the pareni birds, 
except for a few gallinaceous (KE[S YOLKUPRIGH)

birds. The germ cell is susp~ended 
upon the yolk and enclosed in YOLK AIRSAC, 

albumin. The 'olk is suspended EG MEMBRANES 

by white chalazac, which are THIN ALBUMIN ---- - EG SHELL 

ribbons anchored in the egg wh:c. 
Chalazac keep the germ cell 
upright even when eggs arc 
turned, nearest to the body heal 
of the incubating parents (Fig. 2). Fig. 2. A bird egg. 

Incubation is accomplished \%lhei epgs arc in contact \ilh b,re' kil of the parent birds. Bare 
skin is produced either by plcking the fcalhcrs from blood irwa h\ the rlil OIiniftalhcrsli or t 
away from the brood area. Gencrally tW ca bo Ies IddcnCd and inlulsCd wilh bloodllt hLr brea reai 
so that the temperature approxinalCs the parhlsl bo'dy tellLe'raltrc (len lt0 degrees F. or more). 
Brood patches are pressed directly again tic cteg shcll stjin ace. Inctibatin lnic is highly variabhl and 
even varic within a species when lirei arc ciirannicntal ciangis. (icnerally inYpasserinc birds it 
averages abutl 12 days; larger birds have been known to incubalt lilp to 80 days. As a rule, birds which 
hatch fully developed (prccocial) youn, hake longcr incithuin lincs; those which arc altricial (hatch 
bare-skinned and e)rs closed) and rely tlli parents halch sooner, burit msl depend on the parents 
for an additional time period - a wkeck oir Itu. 

3. Parent.l ('are 

Parental care consists of feeding, war rning, protecting, clcaning, and instructing the young. 
Parents feed the young with ia varicly of Ilialcria ls. IPasscrines ofeicn collect high protein insect larvae, 
which they feed whole to the nestlings. ()ther parent birds permit the young to have access to their crop, 
where the young may get partly digested food. 

Altricial youlg are brooded bencall the parent birds whein nights are cool. Since their feathcrs 
are not fully developed and thc have Iot de'vClpcd Ilc ability to regulate their own body 
temperatures, this is essential. Prccocial vont ;are also brooded. piobaly more for proicclion than 
for warming. 

Prolcclion of' yotng lYay take stkera! forlns. Nales Iia exethde tLther species besides their 
own from their territories by aggressive ations. ()ther species maliy defend only the iinincilate nest. 
Protection may be direct, such as atlack wilh bcak or cfii\s or the dclccaling by gulls on humians when 
nearing a nest. It may be indirect as wicn a1nllthcr plover fc'igns injury of' the wing to lure potential 
predators away from the nest area. 
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D. ehavior 

1. Migriltion 

Migration is the regular, cyclic or seasonal movcmcnt:, of large nlLber of birds froif abreeding ground to a wintering ground or vice versa. While we undersland some of the reasons whybirds migrate, there are still many reasons for migratory behavior Ithat we do not know. 

In gcncral, migration occurs along a north-south axis. This is CspciallV true in the WesternHemisphere. In the Old World, however, thor,: are more examples ol southerly movemcnts by way ofeastward or westward p-thways. It is thout.ht that birds Iravel such Ag-vag routcs to avoid crossing largebodies of water (Medilcrranean Sea), or dcscrts (Saharar) or mountains (llin ;,!,as). In contrast, manyof the migrants moving betwecn North and Soulh America have only to cross the Guulf of Mexico and the 
Caribbean. 

Migration patterns vary. Sonic sl)c-ics .e iN li:rrge. h0Iorogt-neoruts Ilocks; others in highlyorganized flight patterns (geese). Still olhcr,, nwic in al(ng b:hroid Iront. 

Movement of birds itlwpar, lrirniri!s, relIctl to daylength (lhitolproid). The lengtheningdays in late winter slimulates the sex glands, Thi, bring:, on t ICslsCines d the birds btgin morefeeding to increase their body wcighl. NoIlh,.rrd migration i, c(oordinacd with mtveencnt of weatherfrontal systems. In spring, birds ,r.miil 1uMprcssurc s.v"tlr', %hich brine, southcriv warm fronts.Migratory flights proceed most ripidlY bchind a11i, dincing wtrm Iro t 

In autumn, the sex glands have gross.n smaller, deciccting the territrrial dislancc individualbirds maintain toward each other. This pCrmits, Ilocking SpciCs to( bcComC integrated into organizedflocks. As polar air masses come southward and cold air fronts IIFcccLC low pressure systems, birds fly

off in a southcrly direction.
 

There is general agrcmecnt that inigraumry birds have Ihc ability to orient using a compass. Themore familkir orientational cues used by birds for simple compasses are tie sun, the stars and the earth'smagnetic fic'. The position of the sun it relitirin to the birds' biological clock (circadian rhythm)provides c'mpass informatioi and the posilii i Ihc selling sun can be used by nocturnal migrantscrmpass at about the time Ihcv 
as a

be gin thu;r ni'ghtlh Ilighlt,. There is abundant evidence that the starsfunction as a simple compass for ti rds. Time cmo'irensali n is noit required beccause tIhe star patterns canprovide directional information. For xtmpilc, Volari, the North Star, i . always to the north in thenorthern hemisphere. Finally there is increasing evidence that birds can detect theearth's magnetic field

and use it to direct themselves almng ;I north-south axis.
 

2: Territ__ 

Any area defended hy a bird agaisnt irdividuals of rt s own species is f'rnim iv. Most bird
species show at least some type of icrriloialim. Tcrrilrir is rrourghl cla:sificd into bIre'ding tenirvand totbrt'edingotfitorv. Breeding tcrrilorv i,, u,,cd Iir tIre nilling, nesting and feeding area for theyoung birds and their parents. This is the ciirin nnslm tspc. Soicii species have only a mating andnesting (but not feeding) areal. ()thers rise atratling arca only, iilinlair-.l apart from the nest. 

Nonbrccding territries are oflenlinics feeding areas omtsih: tIo breeding territory but whichnevertheless are defended. Some areas may lie defended in the winter months, particularly bypermanent-resident birds that may or niav not use the same tecrriorics during the breeding season.Some other species have roosting areas, specific sites used fir night roosting. Srome bird species will 
defend such areas. 

http:thout.ht
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Male birds usually establish the breeding (erritory, advertise this to other birds of the same 
species and defend it against males of its own species. Females may or may not participate in defense 
of the breeding territory. Methods used to establish and delen, territories involve agonistic behaviors 
threat displays, physical encounters, appeascmcnt displays, pursuit-flying and singing or other 
vocalizations. 

E. Bird Populations and Tliyir Regulation 

1. Longevit 

Birds have a capacity for longevity in captivity of around 20 to 30 years. But it is not common 
for birds in the wild to live to this age. Birds are subject to agreat variety of environmental factors which 
shorten life span: diseases, parasites, predation, unfavorable weather, competition, and accide!nts, etc. 
As a rule, the larger the bird, the longer it is likely to live. 

2. Bird Numbers 

How many birds are there? Nobody knows with any certainty. One expert placed the 
numbers at 100 billion but it could be higher. Only two countries have tried to count their bird 
numbers. In Great Britain, from bird censuses in selected habitats, the number of breeding land birds 
totalled 120 million. In Finland, the total number of birds was estimated to be 64 million. 

Probably the domestic fowl (chicken) is the most numerous bird in the world, and i, has been 
suggested that the house sparrow and the European starling may be as numerous. 

3. Bird Populations 

A population is the total number of individuals in an area. Although the term is usually 
applied to a single species, it is commonly used to cover all the species in an area. Since interactions 
between bird species sharing a tract of habitat are close and complex, studies of birds oftea focus on 
the entire bird community as a unit. Bird communities vary both in composition and size, and 
population studies cover both the diversity and abundance aspects of their structure. 

Studies of bird p, pulations are required in vertebrate pest management. Control of pest 
species such as house sparrows, European starlings, rose-ringed parakeets, and occasior.ally other 
species requires information on densities, feeding strategies, flocking behavior, and appropriate 
management procedures. 

The size and structure of a bird community dcp ds upon the environmental conditions in the 
area, the climate and particularly the nature and richness of the local food and habitat resources. 
These factors change from place to place and frorn season to season. Bird communities typically are 
dynamic, changing as the environmental conditions change. 

4. PopulatIon Regulatlon 

Although they are sensitive to fluctuation in weather and other irregular and erratic variables, 
bird populations in stable environments rarely dcviate appreciably from the local "norm" and tend to 
return quickly to that norm after a disturbance. 

Agro-ecosystems, however, are not stable habitats in (.e classical sense. They are highly 
unstable and changing rapidly from growing season to growing season. Here bird populations may 
undergo striking changes in both numbers and composition of species. 
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F.ctors 	that control and regtulate bird ptpulalions in the wild can bc divided roughly into twocategories: densiy- ilh(nd,,eedt factrs (such as Weallher, naLuraI catastrophes, habitat alterations andman-induced disturbances) and densitv- deptl ht fiiors (those factors 	that intensify their effectswhen population densities are high and relaxing when densities are lov). Density-depenldent factorsinclude 	 food availability, nest site availability, territories available for use, 	 predation, diseases an(parasites. In general, dcnsity-indeprid enl fatht irs arc those that comprise tie physical aspeCt:; of theenvironment while dinsity-dcpicent taclt(rs iret ihe biogical aspects.
 

The population level attained and malintaicd byia species 
or a group of species is thought ofas the resource level of the local environmenl - i.e., its carrying capacity. To meet the requirements ofthis system, i.e. to fully replace themselves in Ihe next generation - breeding adults must lay more eggsthan can bc expected to survive as breeding adults. The margin between number of eggs laid andnumber of breeding adults is generally large. 

It is generally acceptcd that a female bird will lay as many eggs as she ani her marc can raiseto independence under the local circumstances. This reproductive potential is in rough balance withthe mortality rate of that species. 

The mortality rate of votng among nidilugous birds (those that leave the nest soon afterhatching) is about 75 percent, which is no[ surprising when tic considers the hazards thal chicks aresubjected to during the long period bctwecn haliching and fledging.
 

The mortality rate of young among 
 tlthricial 	 species is much lower -	 roughly 45 percent because the period between hatching and fledging is ,pcnl as ncstlings with grcalcr protection. 

F. 	 Birdsas Pests
 

A listing of damage ,atuscd 
 by birds would include damage to crops, buildings, livestock andornamental plants. Some have been responsible for contamination of fotod and other commoditiesstored 	in warehouses. In recent years raipid jet aircraft have collided with birds in flight and some havecrashed with loss of human life. The solutio i ihis protlem is not fully known.
 

Simple or simplistic solutions Ito 
 pest bird problems ire often proposted. Damage controlthrough 	 exclusion is often advised, as for example to prevent fecal contaminationcommodities. Sometimes this may be 	
to stored

impossible, is for cxclu.,itn of birds from hundreds of acres of

croplands.
 

Lethal 	control, direct killing of birds, has bcen shwn ttocontrol against have little long-term effect. Lethal
a species with high reproduclivc potential is bitologically 
unsound because populations
will breed and :rIurn to their former numbers quickly.
 

It is the job of vcrtcbrate pesl nagn t specialists prinmarily it) carry out damagemeasures. 	 controlWhen direct control measures arc to be taken against a iird species, it is cssential that thepopulation of birds lie considered, and the p tenial impact t f the control measures carefully weighed. 

This caution is made because there mav ie iw very different situations in whichdamage. 	 iirds causeOne could say that there are (1) i irds, and 	 (2) birds which be.c..e pests sometimes bybeing in the wrong place. A definittiotf opet" will make thiis clear. Pests have these qualities: 

1. 	 A high toierance for and adaptaiilily to external changes. They are not highlysensitive to minor chaii',,-in wealhcr, bfotd supply, available nesting sites, etc. They 
are flexible. 
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2. 	 Low requirements for living. They can survive on minimum food of rather low 

quality. Their diet can vary as to what is available. Their needs are simple. 

3. 	 The ability to reproduce large numbers of offspring after the population has been 
be long after drasticdrastically reduced. Recovery periods of some species can 

reduction. Not so with a pest species. Drastic reduction simply, makes breeding 

conditions better for survivors, and they reproduce quickly. 

Note that not all birds fit these definitions. A non-pest bird species can create problems for 

humans by: 

1. 	 Disease transmission 
2. 	 Crop damage 
3. 	 Aircraft-bird strikes 

some4. Other incidents where a bird population may be in the wrong place and cause 

damage. 

Clearly "pest populations" of the first two types must be dealt with differently. 

a 	 that it classify bird as a pest orThis definition of pest species suggests is not easy to a 
behavior and populationnonpest without detailed studies on the life history, biology, ecology, 

before bird control piograms aredynamics. Ideally, all these studies should 	 be brought together 
Too often, the solution, temporary at best, is to kill theundertaken. In practice, this is rarely done. 

While this approach is politically expedient, it is not biologically sound.offending birds. 

Greater success will come from population management methods that rely on habitat 

management to decrease the carrying capacity of the environment. Alteration of cropping patterns, 

planting dates, etc., may give some relief, but will require re-education of the public (farmers) and 

changes in attitudes. Often, the crux of the bird problem is a people problem. Some fault or mistake 

or habit of humans often causes bird damage. 
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firds 

PEST BIRDS OF PAKISTAN: IDENTIFICATION AND DISTRIBUTION 

By Joe E. Brooks and Ejaz Ahmad 

A. Introduction 

Birds have become of concern to farmers and agriculturalists because some species are 

ds which are needed for food by the human population, whilegranivorous, feeding upon grains and se 
other species are frugivorous and feed on fruit crops which are of economic importance. These few 

species out of the total bird fauna are considered as "pest birds" and require some action to prevent or 

reduce the damage they are capable of inflicting on Field crops. 

The seriousness of crop damage depends upon the growth stage at which the crop is attacked 

by birds. If the preferred stage is the sprouting and ripening crops, then serious damage often occurs; 

both the period of attzck will be long and many plants will be destroyed, with consequent loss of yield. 

If the preferred crop stage is the mature crop, then less damage is likely to occur. At harvest, most 

bird damage comes to a halt and the birds are then welcome to glean the waste seeds from the fields. 

When the birds' breeding season comes to an end near the time that crops are ripening in the 

fields, then crop damage can incr--ase. This is because bird numbers are at their annual peak at this 

time and the food demands of bird populations are at peak also. The energy reserves of adult birds are 

minimal because they have just gone through a long and energy-demanding breeding season. 

Birds usually have a minimal effect on the physical characteristics of the habitat. It is mainly 

through their feeding and foraging habits that they conic to have an impact on the agro-ecosystem, 

particularly on cereal grain crops. Birds must secure enough energy each day to meet their normal 
needs imposed by the effects of adverse climate andmetabolic requirements plus any additional 

temperature extremes or the effects of migration, reproduction and moulting, all of which are very 

energy demanding. As a general rule, reproduction, moulting and migration do not overlap. 

Food consumption depends on the birds' energy demands but also is modified by the 

composition of the diet, food preferences and availability of various food types. The dietary 

composition may change due to breeding, at which time the parent birds feed themselves (which may 

consist mainly of grains and weed and grass seeds) and also forage widely for high-protein foods (like 

insects) to feed the young. Food preferences also play a role; some birds prefer the sprouting crops 

and seedlings, while others prefer the ripening stages, particulaily grains that are at the "milky" stages. 

Sometimes the same species attacks several growth stages, as crows do on both sprouting and ripening 

maize. The availability of foods may determine which crops are attacked. Some crops may be damaged 

more by structural damage (i.e. breaking of wheat stalks) rather than actual food consumption. 

Sparrows can cause as much damage by breaking stalks of ripening wheat and barley as by picking out 

grains from the seed heads. 

It may seem surprising that few bird species, even among granivores, have become pests of 

cereal grains. Reasons are simple: there are few situations where granivorous birds can rely on an 

abundant supply of cereal seeds throughout the year. Between periods of superabundance, when the 

crops are ripening and until the gleanings disappear, are interposed months when the birds must rely 

solely on wild seeds for their survival. Unlike insect pests, birds have no non-feeding stage in their life 

cycle and, unlike rodents, their limited powers of reproduction prohibit a rapid increase in numbers 

within a single crop growing season. 
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If granivorous birds are generally precluded from rapid increase in population size in relation toexpansion of cereal production, how can any of them become seric!is pests? The answer seems to lie in(1) the mobility of certain r::zcies and (2) their habit of concentrating in large numbers within fairlysmall parts of their overall feeding area. These local concentrationsflock-feeding habits. occur as a consequence of theirThis flock-feeding, along with the formation of large communal roosts, leads topest species (e.g. Quelea, Passer, Psittacula kralnei). 

Control of pest birds is necessary to minimizeUsually a variety of techniques are 
crop damage; and to maximize crop yields.needed to deter birds from feeding on crops; rarely is one methodalone effective. 

B. PestBirdsin Pakistan 

The majority of granivorous birds tend to be gregarious and gather together in small or largeflocks for foraging and feeding. Frugivorous birds also tend to occur in groups, although not in suchlarge numbers as the grain-eating species.
whatever is at hand, even 

Some species, such as crows, are omnivorous and feed uponon carcasses of dead animals. In Pakistan, the following species of birdscould be classified as pest birds of particular importance. Their descriptions and habits are given indetail. 

1. House crow (Cormus splendens)
2. House sparrow (Passer dolnesticus)
3. Rose-ringed parakeet (Psitactda kruneri)
4. Baya Weaver (Ploccusphilippinus)
5. Blue rock pigeon (Cohmba ivia)
6. Collared dove (Streptopelia decaocto)
7. Red-vented bulbul (P'ycnnotus cafer)
8. Rosy slarling (Stunns roseits)
9. Jungle crow (Corvus Inacrorhyizchos)
10. Crested lark (Galerida cristata) 

1. ilouse Crow (Corvus spItidens) 

Lescripilon: The house crow is one of the commonest birds in Pakistan. The striking blackcolor of its body, beak, forchead and legs is in sharp contrast sexes are to its grey neck and breast (Fig. 1). Thealike in external appearance. It is a medium-sized bird, measuring about 43The bill is stout and powerful. It emits a short, sharp raucous 
cm in length.

call, in flight, on the ground, or whileperched. 

!kbit_.s: Perhaps the most familiar bird oftowns and villages of Pakistan. It lives in close

association with man and 
 is almost totally
dependent on mans' presence. It is, like thesparrow, bold and confiding; but also wary a. the
 same time, ever ready to snatch a morsel of food or
fly quickly off at a hint of danger. Audacious,
cunning and uncannily wary. Crows have noparticular food preferences and will cat almost
anything: dead rats, offal, carrion, kitchc., scrapsand refuse, locusts, termites, fruit, grain and eggs
or fledgling birds stolen from other species nests.It is highly gregarious and has communal roosts inselected trees or groves where large numberscollect every night. 

Fig. 1. House crow. 
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Nesting: Nesting-season is principally April to .1uc. the es[ is a bulky platform of sicks and 

twigs frequently intermixed with iron wirc, with , ctip-like depression lined with soft grasses, vegetable 

fibres, feathers, wool and rags. Sometimes several nests may bc located in the sanme tree. Nests are 

located at least 3 meters or more up in the trees. tUsually there are 4 to 5 eggs to a clutch, pale blue
green, speck!cd aInd streaked with brown. Both scxcs sharc incubatin andlnest- fee ding. Eggs hatch 

in 15 to 17 days. The nest is guarded and crows \iIl ItrioLsly altlack any intruder. 

Crows invade freshly sown mai/c, b'trlev, and \vhcal ihelds and dig ou1 the emerging seedlings.h 
The late-sown fields are usually the worst hit. )am;iage is gcncrallv more severe to finds nearest the 

crow's roosting sites. They also damage ripening crops, cspeci:ly mai/c and groundnut. Maize cobs 

are attacked whea the kcrncls ire in the soll, swc't "milky" stage. 

2. 1 ouse Suarrows (Passer domesti'tts) 

Descrintion: This faiiiar town dwe11cr is one uf tile corn iest and best known birds in 

Pakistan. It is closely associalcd wit in ara and his structures. It is a siii (15 cii length) bird. The niale 

has black streaks on brown wings, a grey ctrwn, a black Iirt at and an ash-grey rumnp, while the fenale 

has pale grey-brown back, dark brown ings ant; liaks the black palch on tile throat (Fig. 2). Most of 

tle popilation is resident in Pakistan but in tli spring tn h,.r subspecies may Migrate through N.W.F.P, 
Northern Punjab and al3:uchistan. 

labits: IHouse sparrows 
rootst coin iii unatty in noisy 
chatteri:g flocks in thick bushes 
or trees. During the day they 
ftorage in small to large flocks. 
They are common street hirds in 
towns and cities. They occur in 
large numbers around grain mills, 
drying yards and around grain 
storage godowns, where they fly in 
al out of the opened structures, Fig. 2. House sparrows. 
fecding upon waste grain mainly. 
They are, however, omnivorous, cating grain, insects, fruit buds, flower nectar and kitchen scraps. 

They sometimes collect in large flocks and dmiiagc grain crops, like wlhcat, rice, and millet. 

Nesting: They arc capable of breeding arid iestiiig almotl anytime of" year but the main 

breeding seasons are from March to .uly and agtin in September to ()clober. They nest in holes in the 

wails of houses and in thick bashes and tre s. "w nest is made from grass, straw, wool, rags, pieces of 

paper and any other material at hand. The nest is ;t ratier shapeless structure and the egg chamber is 

thickly lined with feathers. The clutch usuallv is 4 or 5 cggs uof ratlicir noniscript greenish or greyish 

color uniformly spotted with dark and light shadcs oif aishy-rvcy tand irownt. Incubation Pcriod varies 

from 13 to 15 days and tlie nestlings are depiendeit upon their parcnirt' Ir food for about three weeks. 

Sparrows are both beneficial and litir i! Ir rn inans' vicwptint. In much of the year they 

feed mainly on harmful insects and wccd sceds, Ihiis rendering atservice. But they nced to be kept 

from crops during the damage periods, i.e., in rice and wheat att milk stage and from millet and rice in 

the fall. Reducing populations to it level where they arc not causing economic crop losses probably is 

not feasible since they are so widespread and atundtinl. Instead, protection of crops at the vulnerable 

s'ages of ripening by use of repellents, scaring mcthilids, etc. pronbabily is a more effective means of 

,:ducing economic losses. 
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3. Rose-rLneted Pr rkte (Psittacula kramcri) 

k, serID-'tlon: The most abundant and well
known 
 of the parrot family in Pakistan, this

parakeet is found throughout Pakistan except for .

purely desert or high mountain areas. It isabundant in light woodland, parks, gardens and
cultivated areas. Lage population., are seen in old
 
cantonment cities in the Punjab 
 because of the
 
abundance of trees in these cities.
 

The patakeet is a medium-sized (40 cm)

bird with bright green plumage (Fig. 3). The male
 
has a distinctive 
 black collar extending from the

throat and below the checks where it 
 turns into a 
rose-colored ring around the hind neck. Females
 
are colored-similarly 
 but lack the black throat
 
collar as well as the rose-colored ring on the neck.
The bill is red, short, round and strongly hooked. 
 Fig. 3. Rose-ringed parakeet. 

Habits: Parakeets are beautifully adapted for climbing about in trees, with two toes pointingforwards and two behind. They sometimes visit the ground, walking along with a rolling gait on theirshort legs. The flight is swift and direct, with rapid wing beats, the long tail streaming behind. Gives asharp call both in flight and when on a perch. The birds are gregarious, living in flocks most of the yearexcept for the breeding season, when they live in pairs. They are in the habit of flocking together in largenumbers in the evening roost, usually a patch of trees where they roost together with flocks of crows and 
mynas. 

The parakeet bands itself into large flocks and feeds in the countryside from dawn until midmorning and again in mid-afternoon until dusk. It is very destructive to maize, wheat, sunflower,sorghum and other grain crops and to soft fruits, such as guava, mango, orange and loquat. 

Nesting: Breeding takes place mainly
from February to April. Tree holes and cavities are
preferred for nest sites, although sometimes the 
birds themselves excavate a cavity. Holes in walls

of buildings are 
 also used. The nest consists oflittle more than the bare bottom of the cavity or at 

most a few chips of wood or debris in the bottom. 



Egg-laying begins in March. 
 The clutch consists of 
3 to 6 eggs, pure white, roundish ovals. Both sexes 

M 

share in the incubation, with the male often
gathering food and feeding the female. Incubation
varies from 19 to 24 days and nearly all eggs hatch. 

4. Bara Weaver (Ploccusphilipphnus) Fig. 4. Baya weave. 

Descrlntion: A small (15 cm) bird, dark streaked fulvous brown above, plain whitish fulvousbelow, with a stout conical bill (Fig. 4). The males only acquire the yellow plumage on the crown, neckand breast and the dark mask on the throat in the breeding season. 
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Habits: A gregarious bird, found throughout the area in plains, grassland and cultivated areas. 
Not abundant. Occur in flocks in open cultivation. Resident. Gleans paddy and other grains in 
harvested fields. Roosts in reed beds bordering tanks. In riverain areas, inflicts considerable damage 
to standing wheat and other ripening crops. Also eats insects but mainly subsists on grass seeds. 

Nesting: Breeds in large colonies, usually in wet areas. Makes marvelous woven grass nests 
hanging down from palm fronds or the branches of trees. The long hanging entrancc tunnels, up which 
the birds have to shoot in full flight, makes the nests virtuall' predator-proof. Nesting season is May to 
September, coincident with the monsoon and paddy cultivation. The clutch consists of 2 to 4 eggs, pure 
white. Male alone builds the nest; female alone incubates. Each male has several nests and females at 
the same time. 

5. Blue Rock Pigeon (Columba livia) 

Descrittion: This is a dark slaty-blue colored, stout-bodied bird with a paler greyish white 
rump and a broad black terminal band around its tail (Fig. 5). The sides of the neck are a glistening 
metallic green and purple. There arc two dark bars on the wings. The bill and legs are crimson red. It 
is medium-sized (32-33 cm). Its flight is fast and straight. 

Habits: Abundant around cities and towns 
in Pakistan. There are still wild populations of this 
pigeon, which live around ruins or cliffs, feeding in 
nearby fields. In the wild state it affects open 
country with cliffs and rocky hills. It is mainly seen 
as a commensal of man and is largely hybridizcd 
through interbreeding with domestic pigeon strains. 
This semi-feral form has become thoroughly 
adjusted to the din and bustle of urban life and 
pigeons are now well-established in most Pakistani 
towns. Grain warehouses, railway stations and old 
or disused buildings are their favorite haunts. They 
tend to forage in flocks and fccd on cereals, millets, 
pulses, groundnuts, etc. They are serious pests at 
threshing yards just after harvest while the bundles 
are still lying in the fields. Fig. 5. Blue rock pigeon. 

Nesting: The nest is a fairly flimsy platform of sticks or twigs with a slight depression in the 
center. It is usually placed on a ledge or in a crevice in a cliff, or on rafters and ceilings of houscs, 
occupied or not, in any situation thzat affords shelter, sides of walls, etc. Breeding may occur at any 
time of year, although the main breeding season is March/June and Septcmber/Deccmbcr. Normally 
a clutch comprises 2eggs, white and elliptical in shape. Both sexes share the domestic duties. 

6. Collared )ove (Streptopelia decaocto) 

Description: A pale pinkish-grey and brown, medium- sized (30 cm) dove with a prominent 
narrow black half-collar or ring on the hind-neck (Fig. 6). A rather round, plump body with a 
comparatively small head and a conspicuous yellow eye ring. The bill is brownish with a swollen base 
in which the nostrils are located. The feet are crimson red. 

Habits: A very common and familiai bird. I i: gregarious, gathering in flocks to feed on the 
stubbles, and flying up with strong, noisy wi.-g beats. The population is resident and wide-spread 
throughout the Indus plains and the desert border regi4ons. Affects open well-wooded and cultivated 
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country, avoids arid tracts. Becomes quite tame
 
and confiding if unmolested, freely entering
 
gardens and verandas of houses. Its relatively weak

beak is adapted for picking seeds from the ground.

It is a pest of post-harvest wheat and mustard 
on
the threshing grounds and also is a pest of . !, 

sprouting maize in Multan District. 

Nestine The nesting season is undefined;
practically all year. The nest isa fliosy structure of
 
sticks and twigs, low down in a tree or bush; also
 
under eaves and on cornices and beams, etc. in

verandas of occupied houses. The clutch consists 
of 2 white eggs. Both sexes share in the domestic
duties. Fig. 6. Collared dove. 

7. Red-vented Bulbul (P)ycnonotus cafer) 

Description: A small (20 cm), perky smoky-brown bird with partially crested black bead (Fig.7). The under tail coverts are a crimson red (hence its name), black head with a short brushy crest,while the body plumage ismostly grey-brown with awhite tipped black tail. The sexes are alike. 

Habits: One of the most familiar of
Pakistan birds. It abounds in gardens, towns,

cultivated country, and scrub throughout the plains

and hills up to about 1700 m. Bulbuls are mainly

arboreal birds, and search among the twigs and
 
foliage for beetles, grubs or fruit, sometimes

imitating a fly catcher as they swoop out over the
 
grass after an insect. The red-vented bulbul is a
 
wary bird, and one of the first to give warning cries
 
when a predator appears. It isa pugnacious bird.
Travels in pairs or small gatherings. Common in 

gardens and light scrub jungle, both near and far
from human habitation. 
 Large numbers collect to 
feed on banyan atid peepul figs and winged termite
 
swarms. 
 It is a serious pest of vegetables and soft
fruits, particularly in Mardan and Peshawar Fig. 7. Red-vented bulbul.Districts. It occurs throughout the Indian plains
and sub-montane areas, being replaced in the desert and montane areas by the white-checked bulbul.Insects, fruits and berries, peas and flower nectar are the main dietary items. 

Nestin: The nesting season is chiefly between February and May, varying with localconditions. The nest isa cup of rootlets, sometimes plastered outside with cobwebs, in a bush or tree,one to 10 m up. Two or 3 pinkish-white eggs are laid, profusely blotched with purplish-brown or claret
Both sexes share parental duties. 

8. RoyjStarli. (Stunnis roseus) 

Description: A rose-pink myna-like bird (23 cm) with glistening black head, neck and upperbreast, wins; and tail (Fig. 8). The bill is rose-colored. It has a long recumbenit, pointed crest on thecrown and nape, sometimes erected. Sexes alike. Young birds and adults in winter plumage (non
breeding) are duller and browner. 
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Ifabits: It is i late spring and post
monsoon migrant, arrivhig in huge flocks to attack
 
millet in Sind province. Migrates in large numbers
 
through north-west Pikistan to and from its
 
breeding grounds in western Asia. It is highly
 
gregarious during migration and occur mostly over 
Sind and southern Punjab provinces. It is 
omnivorous, eating ripe mulberries, is well as
 
cereal seeds but can be of great benelit in feeding
 
on young locusts when swarms are hatching. It
 
begins arriving in early August, dcpauting by mid-

April. Small flocks or Clouds of 11P to Stoolbirds or
 
more keep in the vicinity of cultivation, particularly
 
sorghum, and do considerable dam1nage to ripening
 
grain crops. 
 Fig. 8. Rosy starling. 

NIVILe: Brcuds in castcrn Eutope and wcstcrn and central U.S.S.R. on stony hillsides and 
amongst ruins in May and Jtn. The breeding grounds overlap those of migratory locusts whose 
hoppers and other stages providc the staple food of hoards of rosy starlings and their young from the 
time the latter hatch out. 

9. jinle ('rim ((rtomt oIItIIOIIhos) 

I)scripion: A glossy black, large (51 cin)
 
crow with a hcay bill (Fig. '9). Sexes alike. T"he
 
bill sometimes is light cobhrcd.
 

Ilabils: Chicly a bird of the countr,.Nide
 
but small numbers can be sccn in towns and
 
villages. Found in the montane areas of Pakistan
 
up to the treeless slopes of the high I imalayas. 
Feeds on carrion and, like the hou,c crow, is 
omnivorous and highly dcstructive to eggs and 
chicks of other birds. Descends to tIe northern, 
plains and lowlands of Pakistan with the advcnt Of 
cold weather in the moutnains. Singly, in pairs or 
in large flocks in winter. Can ic a secondary pest 
in groundnut and maize and will attack sprouting 
maize in the winter. Fig. 9). Jungle crow. 

Nestinu: Breeding season is March to May. Nests and eggs are like the house crows. Both 
sexes share parental duties. 

10. CresttdI .ark tGalerit,cri.Iuta) 

Dyscrintion: The perky crest, pale tawny brown coloration and slightly larger size (18 cm)
distinguish this t ird from the other larks (Fig. Ill). The sexes are alike. Its coloration helps it to blend 
perfectly with plOUghcd ground, which it frcquents. 

Habits: Found across northern and central Pakistan as a resident of dry or sandy open country
in the plains. Occasionally flocks in winter. Affccts open, sandy or stony semi-desert with scant grass 
ground cover. Runs about in search of food; gras-, s,:cds, small beetles and other insects. Gives a short 
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pleasant song during its display flight which consists 
of soaring a few feet ahove the ground on leisurely 
fluttering wings. Also gives the song while on ,ie 
ground on a clod of dirt or from a bush lop. Hlas 
been known to damage the succulent leaves of 
rapeseed plants and chickpeas and to dig up and 
open freshly sown sunflower seeds. Minor pcst. 

Nesting: Breeding scason is March to 
June. The nest is a shallow cup of gra'ss, lined wilh 
hair, feathers, etc. in open country at the bt se of' a 
grass tuft or clod. The clutch consists of i to 4 
eggs, dull yellowish white, Notched with bron and 
purple. Both sexes sharc in building the nest and 
tending the young. Female alonc is bclicvcd to 
incubate Itc eggs. 

-

Fig. 10. Crested lark. 
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DAMAGE PA'TTERN OF PEST BIRDS AND ASSESSMENT MnETiODS 

By Abdul Aziz Khan and Ejaz Ahmad 

A. 	 Introduction 

Bird pests of crops and orchards are a chronic problem for the farmers, particularly following 
the introduction of high yielding cereal varietics. In Pakistan, a few species are granivorous, that is they 
feed upon grains and seeds which arc the needs of humans, whilst others are frugivorous and feed upon 
fruits which arc of economic importance. Thus they come into potential or direct competition with man 
for limited and valuable commodities. The di..nagc pattern and assessment mcthods will be described 
here of those .;pccics which cause cconomic losses in crops i.e., wheat, mai e, sunflower, groundnut and 
citru.,.' Recognition of the type of bird damage, identifying the targ,'t species, together with the study of 
the feeding habits and foraging bchaviour of different species, is very important from ,a point of view of 
control 	measures. 

B. 	 )anmaue Patterns 

The techniques used by birds to obtain food are extremely variable and even a single species 
may use several methods to to this. Feeding patterns of major bird pests of P'akistan can be outlined 
and classified is follows: 

1. 	 Birds feeding by direct perching and pecking at standing crops e.g. sparrows, weavers and
 
starlings.
 

2. 	 Birds feeding by direct perching or indirectly reaching a food item from an adjacent perch. 
The seeds are then cx*ractcd, or whole fruiting parts arc cut off by a pincering action of the bill 
e.g. parakeets feeding on mai/e, sunflower :nd fj uit crops. 

3. 	 iBird feeding by cutting off a food, flying with it in the bill to a convcnient perch ard grasping it 
by the foot for ealintin, e.g. pa, . Cct s feeding on wheat ears, rape-seeds and small maize cobs. 

4. 	 Birds picking up seeds from ihe ground or digging out seeds and secdlings ,Aer sowing e.g. 
turtle doves, rock pigeons and house crows. 

5. 	 Birds directly pe: ching and p,:cking t ripe fruits or vegetable leaves e.g. red-vented bulbuls 
and parakeets 'ccding on soft fruits a:nd vegetables. 

1. 	 Parakeet I),nmee 

Parakeet has two distinct feeding habits (Fig. 1): 

a) By perching on crop hacads or hanging upside down to feed gnawing on inaccessible 
food objects. 

h) By cutting off a food object, taking it to a high tree and using the digits of its foot as a 
hand to grasp it for cating. 

Parakeet damage to maize, sunflowe, and fruit crops occurs during the ripening stage. 
Sunflewer becomes more vulnerable during the last two weeks when the seeds reach their stage of 
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development before the heads are
 
completely dry. Rose-ringed parakeets
 
have developed a flock-fecding habit
 
particularly at early morning 
 and late
 
afternoon. They fc-d directly perching
 
on a maize cob or sunflower head or
 
indirectly approaching it by at hangin

down manner. 
 In the case of maizc, fhe
 
cob spathes are torn off and cds
 
extracted by a pincer-like action of

lower mandible. Characteristic signs 

the
f.
maize damage can be noted by [ti
 

appearance of torn off spatlies, extracion
 
0t seeds from cobs and the presence of  ' 
scattered black cobs on thle ground.A
parakeet can also completely seer
 
through the husk of a maize cob or
 
horizontally cut the stei of a Mhcat, rice
 
or rapeseed pod and carry the sccrcd 
 Fig. 1. Typical feeding methods and types of damage hy
portion in its bill to a trcc %shere it is parakeet to crops.
grasped by the foot and seeds extracted. 
Weaver birds and house sparrows do not h,,c sufficiently strong bills to tear open maii.e cob spathes
but will attack and cat corn already exposed by parakeets. 

Sunliower seeds are also cxtritcted from hulls in the same manner and signs of damage can benoted by the appearance of seeds being re moved and sonmet ime. the petals being eaten. Parakeets hullthe sunflower seeds before eating. Scattercd black hulls are found on the ground as well is on the headsand their immediate surrounding,,. Paakcct damiage to fruit e.g. oranges can be recognized by the appearance of irregular cuts made into the oranic skin by the pincer action of the mandibles while thefruit is attached to its branch and contents are eaten. Signs of the use of mandibles can be detected on
the edges of the cuts. Soft fruits like peaRs and guava are directly consumed. 

2. BillpijlDalmige 

Red-vented bulbuls peck at ripe solt fruits such as persinimons, and, after initial damage byparakeets, on citrus fruits. They also peck at leaves of vegetables like cabbage and cauliflowers.Collared or turtle doves and blue rock pigeons are adapted for picking up seeds and fruits from ihe
ground or digging out seeds or seedlings after sowing. They cannot perch and peck at heads of
standing grain crops, with the exception of sorghum, because of their heavy weight 
 and weak bills.Their feeding is mainly confined to threshing grounds or around bundles of freshly harvcsted grain
 
crops, as well as around the loading and unloading ba,. of grain stores.
 

3. Sparrms )atmigq2 

Sparrows damage %%hcalby perching on the stems just below the panicle and pulling the wheatgrains loose one by one (Fig. 2). Sornetinmes the stems break under the weight of the birds. Sparrowdamage to wheat occurs over a period of 5-7 weeks during the ripening stage dcpcnding on the varietysown and date of ripening. TIme crop is not attacked while the ears showing pollen grains andare
feeding starts as soon as the grain develops and the milk stage is reached. It gradua'ly decreases afterthe grains become hard. Damage is relatively heavy and localized around the edges of the fields and inthe close vicinity of roosting trees and mud walls surrounding such fields. Damage may be particularlyheavy within 50 to I1M ncters of Irces and fences. With tie ripening of the grain, and as the crop
malurcs, damage gradually spreads from tlie cdges into the interior of the fields. 
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Sparrows feed intermittently throughout 
the day in scattered small flocks, comprising u-.:.attv 
20 to .30birds. But feeding is intensified during the 
early morning and late afternoon hours, ctpccially 
as the weather gets hotter, when flocks of up to NX) 
birds can be observed. 

When the wheat is still green, sparrow 
damage to wheat in the field can often be . 
recogni/ed from a considerable distance by the " 
relative pale yellowish appearance of the empty . 

ears, Other grain-eating birds c.g. common 
weavers (Bayas), which are related to sparrows, 
also feed by pecking it standing cereal crops but - r 
they tend to e more locali/ed in distribution and 
more gregarious in their feeding habits, with 
damage being rare outside the immediate riverine Fig. 2. Typical fe:ding methods and types oif 
tracts. damage Iv,' s to cereal crops.hOlSCsparroi 


It has been recorded that Maxi-.Ak wheat variety suffer: the highest damage followed by 
Chenab-70, while the indigenous varicties are not preferred 1) the sparrows. The probable reason for 
a more severe bird attack on Maxi-Pak and Chcnab-70ias compared with the indigenous varieties is the 
presence of relatively lose grain coverings in the case of the~e tw,.ovarieties. 

4. Indian Iloust!('row I)amaia 

It has been observed th:it the crows damage the wheat fields either by remioing seeds or 
seedlings. They dig out hurriedly the grains with their beaks and eat them. how, they iocate the seeds 
in the soik, is worth investigalion. In the case of seedling, the crows pull them out and cat the grain-. 
The mode of damage is interesting and skillful. Seedlings (2.5 - 7 cm) after being pulled out are 
thrown aw.y and the grains then uncovcred with the beak are swallowed 

Cro s can be serious pests locally when their populatioin V,high and suitable roostings are 
available around. Also, crows damage groundnut in sandy areas whcre it is easy for them to pizck the 
pods from the soil with their beaks, digging not more than 2 to 5 cm deep. They make a small hoic at 
one side of the shell and can easily take out the nuts without Living to open all the shell and sometime; 
shells remain atllachcd to the plant. Crow d]amage occurs throughout the field. 

C. I)amainc Assessment Mt'thods 

Estimating bird damage to crops can be done by any of several methods depending on the time 
at on.s disposal, tihe ,i/c of the area to be sampled and the number of persons available for sampling. 
Each method has advantages and disadvantages. Meaningful estimates of losses from birds are only 
possible on thc basis of samples taken at random in which the damage can be quantified. Measuring the 
extent of damage caused 1y birds is a formidable task because of the wide variance obtained bctwccn 
fields, districts and provinces and the fact that birds rarely feed on crops in a systematic manner. 
Nationwide surveys are mostly done based on production and area data for each crop and usually a 
stratified sampling procedure is adopted to pick up the rcquircd si/c of sample. For most, general 
estimates can be obtained simply by transvcrsing a field sc,'cral times and scoring randomly selected 
heads as damaged or undamaged. 

http:Maxi-.Ak
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l. EstimatinR Damag~e t Cereals Such as Wheat or Rive 

This can be done by using either visual or weighint; methods. There are two methods ofmaking bird damage estimates visually. 

a) Visual Methods 

One of these involves the transect counting method, in which a line through the centreor diagonally across a selected crop area is followed. A count is made every 3 to 5 paces of the numberof partly or totally damaged heads in a complete plant. The other method involves throwing awooden,square meter frame alrout 25 times at random into different portions of the selected field and thencounting the number of damaged and undamaged heads that come within the square. 

In both methods the percentage damage- is calculated as: 

Damaged head 
-..- .........-------------------------
 x (M 
Total No. of heads examined 

The estimate can be further rcfincd by visually scoring the percent damage to ,.ach
head in general categories such as:
 

Category I (16% level) damage estimated between 1-20% 
2 (30% " 21-40% 
3 ((1% - ) " 41-60%
4 (70% ) 61- 80%
5 (0(% ) 81-100% 

b) The Ziu-Za" SamlinL ,lthod 

We recommend the zig-zag method for visual sampling of bird damage. It eliminatesbias and gives a representative sample in the case of bird damage which tends to occur in clustered areasnear edges of the crop or convenient perching trees. This involves taking samples at random points byzig-zag walking. Starting in one corner of the field and traversing 5 paces a)oi:g the edge, a firstpoint is taken. -ampleThe second sampl.: is taken after walking the same numl'er of paces at b.:. angles intothe crop. Then again walking parallel to thc field boundary in the original diruction in order to take thethird sample. Zig-/agging continues and samples are taken until the opposi. field boundary is reachedand then a rcvcrse direction is followed. At each 'ampling point, a stick is thrust into the ground and the5 heads (sub sample) whose tips coic nearest to it are selected and percentage damage is estimated. A
total of 15(1 heads thus counted from ?4)sampling points gives a better estimate for an area
hectares. of about 0.25As indicated above this mch(l avoids bias towards or away from the crop edges where mostof the damage, if inflicted by birds, is likely to occur. 

C) Weiuhine Melthod f D)amage Estimation 

A more accurate and Jaborate method involves taking a 1/4 of a hectare plot in whichthe harvest is underway. Plots should bc chosen from
distribution to the damage estimate as possible. 

all parts of the field so as to give as wide a
About 2X) heads are randomly selected along a zig-zagroute through the plot at the rate of 5 heads (cars or panicles) every 4 to 5 steps. Each head is cut offjust below the first node below the panicle and immediately placed into plastic bags marked as"damaged" and "undamaged" and taken to the laboratory for weighing. From the mean weight ofundamaged heads a theoretical undamaged weight for the whole sample is calculated. The difference 

estimate of the damage level in 
each plot. 

between this weight and the actual weight of the whole sample gives an 
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Example 

Weight of bag containing damaged grain heads = 62 gin.
 
Weight of bag of undamaged grain heads 280 gin.
 

Number of panicles or heads in damaged bag = 38
 
Number of panicles or heads in undamaged bag = 96
 

Weight of one undamaged panicle = 28/96 = 2.9 gm.
 
Theoretical weight if all the 134 panicles
 

had been undamaged = 134 x 2.9 = 38 .6 gm. 

Actual weight o,2 2'M 342 gm.
 
Therefore total loss - 38. - 342 = 46.6 gm.
 
Therefore total % loss - 46.6 x 1(W) 12.0%
 

A more suitable method for estimating damage to maize involves measuring the length of 

damage in each cob with reference to the total length of that cob in a large sample, (see page 156), to 

allow a better overall estimate of damage. Follow rest of the procedure for sampling individual fields 

as in the visual method for sunflower damage estimation. 

2. )amage Estimate to Fruits Such is Citrus or Mangoes 

This is a visual method whereby 20) trees arc randomly selected from a one-hectare plot in 

each orchard. Each tree is marked and a sub-sampflc of 3( fruits is selected from a bunch of randomly 

chosen branches from the top, middle and lower parts of the same tree. Approximately 10 fruits : ,,m 
is then scored witheach of the three zones per tree ,irc examined in the total sample. Each fruit 

reference to damaged and undamagLd and the percent of such damage is calculated. The product of 

the percentage of fruits damagcd and t,"-- level of' damage will give an overall estimate of damage for 

that particular orchard. Fruits missing o: '.l n frim branches or otherwise damaged by fungus or 

insects attack can be discarded. A long bamboo stick equipped with a hooked device can be used for 

pulling down the higher branches, when counting fruit on bigger trees such as mangoes. In the case of 

citrus trees if it is possible to count all the fruit on one tree, which is not difficult when the trees are of 

small size, this would give a more reliable basis for sampling. 

3. l)anae Estimate to Sunflower 

a) The Visual Method 

In the randomly selected fields, heads are examined at random. From the selected 

field at least 10% of the rows are picked up randomly with the halp of random tables and these are 

then marked with masking tape so that we do not lose the selected row. Then, within each row, heads 

are examined after walking 1(3paces starting front the edge of the field, i.e. from the selected row No. 1 

or head of every 20th plant is examined in the roy'. I zcextent of damage to each head is determined 

by a visual estimate. Damage, thus, is estimated in classes of 0, 25, 50, 75 or 1(X% loss of seed due to 

parakeets. It is then calculated as cumulative percentage for individual fields. 

b) The Template Method 

The template method uses a semi-circular clear plastic overlay template mark,:d ,,'f in 
scr 4ionssuccessive concentric tiers at 2 cm. intervals (Fig. 3). Each tier is further marked off into 5 cm' 

to provide reference marks. The template is then centered against a sunflower head and the total head 

diameter, the diameter of the undeveloped centre portion of the head, and the extent of damage 

(removed seeds) arS estimated in square cm. Total terccntage loss for each head can be determined 

by dividing to il cm- area of bird damage by total cm' area of seed originally available on the head. 
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I -- ~ 16 cm 

Fig. 3. Plastic template with 5 cm2 sections and placement on sunflower 
head to estimate damaged area and total seed area. 
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TRAPPING, NETTING AND SCARING TECHNIQUES FOR BIRD CONTROL 

By lftlkhar Ilussaln 

Birds damage agricultural crops, may create health hazards, and in a variety of ways can be a 

nuisance. The management of bird populations or the manipulation of bird habitats to minimize such 

conflicts is an important aspect of wildlife management. 

Traditional control methods aimed at scaring or chasing birds from the crops usually depend 

upon noise-making devices but are costly in human labour terms and furthermore have largely been 

unsuccessful and time consuming, as to be effective, they require human patrolling before and after 

normal working hours. They provide at best only temporary relief. We will discuss here the non

chemical methods of bird control. 

A. Trn in~ 

Pilot control trials have shown that a decoy trap based on the modified Australian crow trap 

(MAC), which is proposed to call the PAROTRAP, is effective in capturing live parakeets and 

sparrows in the field. 

1. i)vsipn or Pa rot rap 

The PAROTRAP adapted from the MAC trap meaiures 1.65 m long x 1.2 m wide x 2.4 m 

deep and has the following features (AppendLx 1): 

It consists of six separate pieces, together with one entrance board in which has been cut 2 

longitudinal slots designed to allow parakeets to enter the trap without being able to fly out again. Bolts 

and nuts arc used to enable traps to be easily assembled or dismantled in 10-15 minutes. The trap when 
in use must also be provided with 2-4 decoy birds (both sexes), a locally manufactured one-gallon poultry 

drinker, and enough food (both cut fresh fruits and millet seeds). Water and food, must of course, be 
replenished as required to sustain decoy and trapped birds. Tree branches should be placed in trap 

corners to provide perches. Traps should be located at the edge of ripening crops or at sites likely to 
produce a good catch such as observed favo ritc pci ching and roosting sites. 

Four basi. adaptat;oris are essential in thfe design of PAROTRAP which are as follows: 

,) The width of each longitudinal slot in the top entrance board should measure 4.4 cm for 
parakeets and 3.8 cm for house sparrows. 

b) The length of each slot should be shortene,.. to measure 15 cm less (7.5 cm on each 

end), a difference which creates a barrier against the side walls of the tra'p, so as to prevent parakeets 
from climbing their way out at the end of the board, adjacent to the wire mesh walls. 

c) Light gauge sheets of galvanized iron are cut into four strips, 15 cm wide. Two of 

the:;e strips are fixed along the inner longitudinal length of the two out-most edges of the slots so that 

they hang vertici_ y inside the trap at about 45o angle, and the other two shorter pieces across the inner 

width of the enti. ce board. This deprives the entering parakeets frorm using their feet and hooked 

bills in climbing th. :way anywhere along the length of the slots. Cut rectangular pieces of welded 

wire should also be fixed on outside top corners of the trap for further reinforcing the ordinary chicken 
mesh wire corners, as we fo I that the birds tend to try and cut their way out of the trap from these 

top corners. 
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d) A large wooden or me'al food tray (1 m x 30 cm x 5 cm), provided with fresh fruit anddry millet seeds aas bait should be placed inside the trap, by hanging itentrance board at from the bottom of thea well exposed and high position not more than 30 cmorder to make the food more from the opening. This is invisible and attractive to parakeetsapproach the tray through landing 
as they have been observed toon the roof ridges looking for food.food tray has proved to be This higher placement of themore effective in attracting more birds as mostobserved climbing all over of them previously werethe outsides of the trap walls attempting to reach the feeding site when thetray was either placed on the floor of Ihe trap or at a lower level. House sparrows, by contrast, preferto forage on the ground and wcrc equaily attracted by food trays placed on the floor of the cage. 

3. Advantaes ofParor i. 

The advantage of this technique over other bird control measures are that: 
a) It is a non-lethal, portable and sclf-operating trap which strongly attracts birds whichtend to feed gregariously by the vi;ibility of the food bait as well as the feeding behaviour and differentcombinations of calls uttered by the decoy birds. 

b) It is economical, casy to operatecontinuous source for providing pet birds (in 
and can be used both as a control method and as acase of parakeets) and protein rich food (in case of housesparrows). 

c) It can be casily manufactured by a local carpenter using own plan drawings. It can beused for a number of years if well maintained. 

if. Nettinu 

1. Mist Net: Nets may be bought invarious sizes and mesh sizes. For sprrow sized

birds a mesh of 1.5 
 cm is suitable. These netsnormally have three or four shelves. Nets 20 In in 

length 

. -, 'x 3 m7high provide a very large catchingarea. Shorter nets ( 9 x 2 m), arc / 
/ 5 *'''.' 5also of vaiue for 

use in . "'.'Nnarrow vallevs and confined places. Single- .... ... 
 ...
shelf nets, only one meter high have a relativelysmall calching area but are of value in open areas ' " where the birds arc flying low among tall grasses. 
- ; -.Nets are attached to (4 m) long poles of bamnboo,

wood or metal (Fig. 1). It is mosi convenient to
 carry poles of light alloy, cut into short 
 length (1.5m long) that can be joined as required. Fig. 1. Mist net setting. 

Before crecting 
than the 

the nt, a clear space for it must be found or prepared. This should be longernet and at Least 3 in wide. In a strong wind the net can be blown far cut from the centre line.The ground should be cleaned of broken branches because when the ne.t becomes full of birds it hangsdown and becomes badly entangled with any thorn branches. The poles should be placed in holes duginto the ground or poshed in if ground is soft. 

strong cords tied to metal 

Pole.s at each end of the net should be supported by two
tent-pegs driven
horizontal shelf-strings should be 

firmiy into the ground. In a correctly erected net, thetight and the v rtical strings quite loose.should be 25 cm The bottom of the netabove the ground. TIhe exact posi:ioning can be determined by watching the net froma distance and adjurting it according to the birds behaviour.stand a little away from it, on either side and 
To test that the net is properly adjusted,

toss a light object (i.e. a tightly knotted handkerchief) at 
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the net. It should fall into a pucket and hang well below the level of one of the shelf strings. If it 
bounces back or goes into a shallow pocket (from which a bird would escape) the vertical spacing of 
the shelves should be reduced by moving them up or down the poles. 

After erection, the net must be watched continuously from a distance or at least visited 
frequently. Small birds die very quickly if left hanging out in the sun and large birds if not liberated 
quickly will tear the net. Other predators may attack birds on lower shelves and large animals may 
walk into the .ct. It isgenerally recommended to remove the net at night. 

The technique for removing birds from a mist net can only be learnt by working with someone 
who Ls well experienced in the procedure. A bird can only be taken out of the net on the side, on which 
it entered, it cannot be pushed through the netting. First the feet are cleared of the netting and held by 
one hand to prevent the birds from gripping the net, then the loose netting round the bird is peeled 
forward ovei the wings, body and finally over !he head. Release of badly tangled birds require; much 
practice. Other unrequired specie., must be removed with great care and liberated immediately. 

The net is taken down by feeding it into a cloth bag. This is done by two persons, one to keep 
the net off the ground while the other feeds it into the cloth bag. 

2. _Cl!aNet: In some situations, netting by using a local made clap-net (12 x 4.5 m) 
equipped with a pull cord and provided w;th tethered decoy birds and a suitable bit can effectively 
reduce a local parakeet population, ovided that this method i being used before the onset of dat a.ge 

and throughout the ripening stage until harvest. 

C. Scarin, Devices 

The use of scaring devices can be extremely effective in manipulating bird concentrations. The 
three k-.ys to asuccessful operation are timing, organization and diversity. Useful scaring devices include 
broadcast alarm and distress calls, exploders and other miscellaneous auditory and visual scaring devices. 

1. Exploder: The exploder produces 
a loud explosion at timed intervals, and has been 
used in a variety of bird problems (Fig. 2) To be 
effective, this device must be moved oftun, 
preferably every 2 or 3 days and regular 
maintenance is needed for proper function. To 
project the sound over agreater area, the exploder 
may be mounted on a platform or tower, changing 
the time interval between explosions to prevent 
birds from becoming accustomed to the exploder. 

2. Shell Crackers: These are used 
to move birds out of problem areas. These shells 
are fired from a 12-gauge shotgun, and shoot a 
projectile which explodes approximately 65 to 70 m 
away. Care should be taken not to set dry 

Fig. 2. Timed bird-scaring exploder.vegetation on fire. 

3. Rockets: These are also used for the purpose of scaring birds. The rockets do not 
require a shotgun; however for better accuracy, they should be launched from a launching rod. The 
rocket has a much greater range than shell crackers, and the hissing sound, as it travels through the air, 
adds to its frightening power. 
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4. Scarecrows: The scarecrow 
can be fairl: effective. 

is one of the oldest control devices, and if used properly,The larger the number used, the better. The scarecrows may be made fromvariety of materials; old clothing, grain sacks stuffed with straw, or a black plastic flag hung from 
a 

pole. The important thing is that it a tallmoves or swings in the wind. Like the exploders, it is importantthat the scarecrows be moved every 2or 3 days. 

Other physical repellents involve the use of traditional scaring devices such as various rattlesconstructed from pots, bamboos or tin cans which can be strung across fields to combine noise with thevisual effect of a human manipulating the strings. 

5. Relecting Tite: This is a material fabricated and marketed in Japan.elastic, transparent, synthetic resin film This tape is anto which a silvcr metal layer is applied by vapor deposition,then coated with a colored synthetic resin. 
is used in wedding ceremonies 

In Pakistan the local made tape is also available. This tapefor decoration of cars and rooms. At the eve of Eid Milad-un-Nabi(Birthday of Holy Prophe'., Peace be Upon Him) this is used for deccration of mosques. 

The tape reflects sunlight to produce i flashing effect and, when stretched, it pulsates andproduces at loud, humming, or sometimres thunder-like noise in the wind.
heads of the crop or by erecting the bamboo polcs 
The tape is tied to the tallest


about one foot aboveinterval perpendicular the crop heads with a 5 mto the prevailing wind direction. Our experience of use of this tape at NARC onthe sunflower and groundnut crops against parrots and jungle crows have produced very good results. 
6. Electronic evices: Alarm and distress calls of birds recordedtapes are very effective on 8-track or cassette 

The calls are 
in scaring many spccics of birds and are useful in both rural and urban situations.amplified and broadcast. Mobilily of broadcast units enhances the effectiveness of suchcalls. However, if stationary units are 

produced sounds, such as 
used, increased volume results in greater responses. ElectronicallyAV-alarm or other sound generators willare not as effective as amplified recorded bird calls. 

scare birds, but usually these sounds
This should not discourage their use, however.greater the variety arid disruptiveness of sounds, the more 

The
noticeable the repellent effect will be. Anyscaring devices used in the field should be removed after harvest. 
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Appendix I
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CHEMICALS FOR BIRD CONTROL 

By Joe E. Brooks and Iffikhar Hussain 

A. Lethal Control 

1. Poison Baits 

Starlicide (3-chloro-p-toluidine hydrochloride) is a slow-acting, highly toxic (to starlings, 
blackbirds, and crows) avicide, used in grain baits for lethal control of starlings, blackbirds and crows. 
it has been used to reduce starling damage at cattle feeding areas in the United States of America 
(USA) and to reduce crow and raven damages at sheep lambing areas in the Western USA. 

Starlicide is highly toxic to starlings, blackbirds, crows and ravens, is generally much less toxic 
to other birds (such as house sparrows and hawks) and relatively non-toxic to mammals. 

The toxic nature of starlicide is slow-acting and apparently painless to the birds. In starlings, the 
time between eating the poisoned bait and death is between 3 to 50 hours, depending on the amount 
ingested. It is not possible to reduce this latency period even by giving 25 times the lethal dose level. 
Toxic symptoms include listlessness, inactivity, and slightly increased and difficult breathing. 

Death occurs without convulsions or spasms. At death, the dead birds usually have their 
feathers fluffed and feet tucked innide the feathers of the lower breast. 

Starlings nietabolize the compound completely within 2.5 hours and the metabolites are 
excreted completely by this time. These metabolites are non-toxic. All are excreted while the bird is 
still alive and there is no secondary toxicity to scavengers eating dead birds. 

Starlicide is used at a 1% concentration on grain or pelletized poultry feed baits. The Ireat, I 
baits are generally mixed with untreated baits in the ratio of I part treated to 9 parts untreated bzfjre 
applying. Crows and ravens were killed using 200 cubes of 1.5 cm raw mutton dusted with 1 g of 
starlicide (75% concentrate) mixed with 5 g of powdered sugar. This gave an approximate amount of 
3.75 mg of starlicide on each cubed bait. Baiting should be continued for about 6 weeks to achieve a 
99% kill. 

2. Contact Polsons 

Typically, a bird will not r'y diu.ctly to a nest, perch, or food source but will perch briefly at a 
convenient peripheral point to survey he situation. Control with contact chemicals take advantage of 
this behavior. The contact, toxic wick perch was developed to provide temporary perches. 

The wicked perches are esserailiiy hollow metal tubes with a permeable wick that contacts the 
perching bird's foot an permits transfer of the toxic solution to the foot surface. The chemical is 
absorbed through the skin, entera the bird's body and causes death some hours later. 

Two insecticides have been used as contact toxicants to poison birds. These are endrin and 
fenthion. They are used in perches that contain wicks soaked with a solution containing one or the 
other of the two materials. Both are readily absorbed through the skin. Sirce endrin is a chlorinated 
hydrocarbon ind fenthion is an organophosphate material, fenthion is less hazardous to humans and 
other non-target animals and is much less persistent in the environment. Fndrirn is used at a 9.4% 
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concentration and fenthion at 11% concentration. The artificial perches are made to take 1 oz. (30 ml)of the toxic insecticida! solution. 

B. Frilhtenin, Agents and Repellents 

1. Friulitening Chemicals
 

Avitrol (also known as 4 -arninopyridine) is 
a highly toxic bird management chemical for use asa frightening repellent in social birds that feed in flocks (such as parakeets and crows). It is usuallymade up as a grain bait. Treated bait is generally diluted with untreated bait so that only a few birds in 
a flock eat a treated bait. 

Birds eating the treated baits become disoriented, give out distress calls, exhibit erratic flights,tremors and convulsions before death. Affected birds generally die. Distress usually begins in about 15minutes and lasts 20 to -30 minutes. The affected bird's erratic behavior and distress calls frighten theother birds in t'ie flock, causing them to leave the area.
 

Avitrol is used at a 3% 
 concentration on the treated grain (cracked corn) and the treatedgrains are then diluted with 9' parts of untreated crackel corn In the field, this material is broadcast 
at the rate of 1.1 kg/ha. 

Avitrol is highly toxic, both to bird, and mammals. The LD 50 values generally are less than 10mg/kg. All precautions used when handling a highly toxic poison should be followed; wear gloves whenplacing the treated baits, do not smoke or cat after handling poison baits until washing thoroughly,store poisons in a lock-ed room or cabinet, dispose of used baits by burning or burying it, the soil. 

2. RepellentChemicals 

a) Nktthiocarl
 

Methiocarb ( 3,5-Dirnethyl-4-(mchylthio) 
 phenyl methylcarbamate)repellent used to reduce is a chemicalbird daniage to certain fruits and to treat certain seeds (wheat, rice, maize)prior to planting. Methiocarb, when eaten by birds, ipparently causes physiological distress whichresults in avoidance of the treatod food by some bird species. Methiocarb is a carbamate insecticidethat is fairly highly toxic for both birds and mammals The LD 50 values forvariously as 15-35, 60, 100 and 130-135 mg/kg; for mi,:., 
rats has been reported

it is 34 mg/kg; and for pigeons and ducks is
given as 13 mg/kg. 

Mcthiocarb is appli-d as a sced dressing to wheat, rice andconcentration to prevent bird damage to these crops 
maize at 0.25% 

as they sprout. It is applied to certain ripeningfruits, such as cherries and grapes, just before harvest to reduce bird damage. 

Methiocarb is poisonous if caten, inh,2ctd or absorbed through skin, so allprecautions, such as gloves and dust mask, should be used and worn when handling the 50% or 75%
 
concentrates.
 

b) Oilier Materials
 

Other chemicals have been used as 
 bird repellent materials onThese seeds of cereal grains.are fungicides, such its copper oxalatc and copper oxychloride. Refined coal tar is used also toprotect sprouting maize seedlings. Copper oxalate and copper oxychloride are used at 0.5 to 1.0%concentrations when used to protect wheat or maize seedlings from damage. Trimethacarb, a chemicalrelative of methiocarb, was shown to be an effective repellent but was not registered by the manufacturer 
for this use. 
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C. Chemosterilants 

A product named Ornitrol(R) has been used as a reproductive inhibitor or chcmostcrilant for 
pigeons. It is used at a 0.1% concentration on treated mai/e. It causes a temporary sterility in the 
pigeons. The effects of one good bailing may last for six months or longer so Irealnient twice per year 
is adequate to give best results. Scatter the Irea'.ed bailts daily for 10 das in areas frequented bypigeons. Best results may be obtained when as many pigeons as possible are treated at the same time. 

Avoid unnecessary exposure to rair. since Ornitrol is water soluble. Estimate the number of pigeons to 
be treated, then for each I(X) pigeons, scatter 7 1/2 lbs. of ()rnitrol daily for 10 days. 

http:Irea'.ed
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INDEX OF SCENTIFIC NAMES 

Acacia arabica,30 Funambiuspennanti, 17, 24, . 37, 55 
Albizz.ia lebbeck, 36 Francisellatularensi.v, 10), .134 
Allodennanyssus sanguineus, 118 
Alticola roylei, 133 Galeridacristata, 174, 179- ISO) 
Amblyomnina amnericanum, 110 
A. cajenLense, 110 IHaematoiinus si.%, 14-1 

A. hebracum, 11) utacinapli.wlis bivpinnoa, 41 
Ai'as persicus, 137 HIaoinloilusgallinanon, 1.1, 

lfaplorchis ipmilio. 130 
Bacillus anthracis, 139 herpe.t-v u nctatt.%, 25 
Bandicota bengalensis, 1, 12, 17, 18, 24, 27-28, 1cpliolhmil/in 'Jomt l.us, IS 

40, 41, 4), 50, 104 t'imenh'jns,Iteli, IY5 
Borelia anscrina, 137 II. dininuta, 113, 135 
Bracliylacmus commutatus, 1,3 I. jacobsomi. 113 
B. fuscatus, 136 It. microstoma, 135 

Bnicella suis, 138 H. inujibi, 113 
If. murina, 135 

Canis aureus, 25 II. nana, 113, 1.35 
Catatropis pakistanensis, 113 1-typotderaewPt coiIoidet'nm, I., 
Ceratophyliusgallinae, 118 typeracriusferiilis, 133 
C niger, 118 H. iv,tnei, 2, 17, 24, 38, 12')-130, 133 
Crysopsdiscalis, 134 tvt.dri indica,2, 17, 24, 37, 123-125, 127-121) 
Colericultun faba, 13) 
Colutmb livia, 55, 174, 177 Ipil ipil, 125 
Corusm,'crorhynchos 174, 179 
C. splkndcns, 2, 174-175 Ju'ipen s macroppda. 141
 
Cotvv.-uis conuats 136
 
Coxiclla burnetti, 108, 111, 132 Leishmania donoani,131
 
Cryptocotylc convaciun, 136 L. fropica,133
 
(Oypococcusneofornlans, 137-138 Leptopsvlla scgniv, 118, 122
 

Ctenocephalidesfelis, 108, 122, 135 Leptotromnbidium akamushi, II I
 
C canis, 108, 122 L. deliense, 11, 133
 
Ctenophithalmus assimiis, 108 L. pallithun, 11
 

L. scutellave, I II 
DaLpsylhl" galliuae,10)8 Lefus nigricolli, 17, 25, 142-143, 145 
Davaniaproglottina, 1.30 Listeria nonocvtogenes, 137 
Demnostachya bipinnata, 59 
Dipetalonerna recondition, 109, 135 Mcdicago sativa, 145 
Dipylidium caninutn, 112, 135 Aferiones hurrianae, 1, 17, 24, 21, 34-35, 4). 50, 

51, 55, 94, 1(M, 1.31 
Echidnophaga gallinacea, 108, 122 M. libycus, 17, 24, 2'), 35-.V), 49, 50, 51 
Echinococcus multiocularis , 1 5 Millardia neltada, 1, 17, 24, 341,40), 50), 133 
E. granulosis, 139 Monop.svl/us anisus, 118
 
Echinopatyphiutn paraulum, 136 Mus mu.wulus, 2, 17, 24, 2), 31, 4'), 51, 55, 115,
 
E. tecurmatum, 136 121, i31
 
Echinostoma bengalensis, 113 Afobactcrium tuberculos s, 137
 
E. revolutum, 136 Al. bovis, 139
 
Erysipelothrixrhusiopothiac, 139
 

, r t' . .. . 

http:Albizz.ia
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Nesokia indica, 1, 17, 24, 31-32, 40, 41, 4), 50, 

51, 94, I0M), 104, 131, 133 


Nosopsylhusfasciatus, 108, 122, 134, 135 


Ochotona nifrscns, 2, 17, 25, 141-142, 145 

Onjthony'
vssus bacoti, IiI 

Orop vl/a silan 108ti134
l)1, 


tPasserdoesthci.L, 2, 55, 174, 175 

Pasteturella nultoctdla, Is() 

Physahuteraqadri, 112
 
Plagiorchis taunts, I. 

Ploc"us )hilipplfnus, 174, 17(,-
177
 
Posi/amtostotl,galli,1in, IX'nops 

Praomvs nata/ensis, It) 

Ps(eIud0IlhY.talopthra ndctt.vris,112 

lkvittacula kra:,', 2, 174, 170A 

PUth'r irinfas, 108, 122, 134 

',o/OttS ca/cr, 174, 178 


Raillictina ittragonja, 1.3) 
Ratits" autlans, 18
 
R. orvegicus, 2, 17, 24, 33-34, 39, 79, 104, 107,
 

108, 115, 120, 121, 131
 
R. raltus, 2, 17, 24, 2'), 32-33, 41, 51, 55, 107, 108,
 

115, I11, 121, 131, 132
 
Riberioh ondatrac, 13P
 
Rickettsia colnoni, 110
 
R. m'oseri, 108, 11I,134
 
R. owientalis, 133
 
R. fickeftsii, , 110
 
R.siberica, 108
 
R. sutsagan ushi1 I, 133
 
Rousetus ackvpticus, 25
 

Salnonella enferitidis, I1N),131
 
S. gallinanim, 1.3) 
S.pullonn 137
 
S. tphinuritni, 109,, 131
 
Sarcoptesscabiei, 1-4)
 

Sciqrns ntaritimtus, 49
 
Sorghun hahlapense, 59
 
Spiillum minus, 134
 
Spiromctra erinacei, 139
 
Stivaliu vcognatus, 108
 
Streptopelia decaocto, 174, 
 177-178
 
Stn'chnos nttv-vcmnica, 74, 163
 
Stunus roscus, 174, 178-17 )
 
Suncus mturinus, 17, 18
 
Sus scrofa, 2, 17, 25, 149, 153
 
Synostenjus pallidus, 108
 

Tacnji solim 139
 
T.taeniaefonis 14
 
Taeaiabragi, 1, 
'Taincrlatiabragai, 1I1, 

Tatera brantsi, 10
 
T.indica, 2, 17, 24, 28-M, 41), 51, 55,57,97, 131,
 

133
 
Toxoplasina gondii, 13,8 
Trichinella spialis, 13') 
T rpanoso nm I I I
 a c rnizi, 

Urinea naritina, 74
 

'vla astia, 107-108, 118, 122, 1.34
 
X.brasilietsis, 107-108, 122, 134
 
X. confornis, 108, 1.34 
X.cheopis, 107-108, 118, 122, 134, 135
 
X. philwcra, 1
 
X.skrjabhii, 108, 1.4 

Yersina pestis, 108, 134
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SUIECT INDEX 

Aboitic, 9 materials, 3, 83-84, 161 
Acute poison (s), 3, 7, 73, 76, 78-79, 84, 93, 94, placement, W, 93-90, 97-98 

98, 163 poison, 42, 8), 0,97, 98 

Additives, to baits, 84-85, 89-'X rodenticidal, 85, 100 
Adherents, M shyness, 73, 74, 76, 78, 79, 95 
Afghan pika, (see collared pika) stations, (h), 94-95, 97, '98, 1-I 
Aggressive behaviour, 27, 2'. 34, 6, 117, 15SO, warning dyes, W,) 

167 Baiting, 2, 3, 47, (4-,5, 97, 10n), 128, 12'), 145, 
Agroccosystcm(s). 1,5, 1, 14-16, 169',173 147, 161, 102, 193, 195 
Aldicarb (Temik), 4, 161, 1r02 Bandicoot rat, (see Bandicotabcngalnsis), 1.9), 
Alkaloid, 74, 163 12, 14, 17, I, 1), 21124, 27--S, .3), 32, 
Alpha-Naphthyl thiourca, (ANTU), 74, 81 40, 41, 42, 4,, 49), .50, 59) 
Alphachloralosc, 70 Barium carbonate. 75, sl 

Alphachlorohydrin, (EPlI31-0C), 77 Barley, 174, 175 
Altricial, 39, 167, 170 Bat(s), 7, 1), 21, 23, 25 
Aluminium phosphide (Cclphos, Detia, B,.ya(s), 174, 1761, 183 

Phostoxin), 77, 91, 1013,104, 127 Beak, 165, 16(, 167, 174, 178, 183 
4-Aminopyridinc, 194 Behaviour, exploratory, 21, 41-42 
A igiostrongyliasis, ccicbral, 112 foraging, 181 
Anthrax, 139 fossorial, 32, 44) 
Anticoagulant(s), 3, 7, 70, 73, 76, 77, 79, 80, 82, grooming, 98, 135 

84, 85, 84, '93,93, 94. 95-96, 98, of wild boar, 150-151 
118, 128, 147, 161, 163 social, 21, 41 

antidote for, 79 Binders, 83, 84, 8S 
re.,istance to, 7) Biotic, 9, 11 

Antidote, 73, 78, 79, 8, 163 Bird-proofing, 68, 7(-71 
ARASAN, (see Thi-:tm) Bird(s), around grain stores, 182 
Arsenic trioxide (whitc arsenic), 75, 81, 161, 162 behaviour, 168-16 9 
Artiodactyla, 17, 23, 25, 149 charzictcristics, 165-100 

Aspergillosis, 135 classification, 16o 
Assessments, (see Damage) control, bird-proofing, 71-71 

Atrazine, 13(0, 146 cultural methods, W0-61 

Attractants, 85, 10 chemical methods, 193-195 
Avicide, 193 netting, 188-189 

Avitrol (4-aminopyridine), 194 scaring devices, 18')- ') 
trapping, 187-1,M 

Bait(s), damage, by bulbuls, 182 
additives, 83, 84-85, by house crows, 183 

anticoagulart, 70, 76, 84, 93, 94, 95-96, by parakeet, 181-182 
118,, 147, 163 by sparrows, 182-183 

attractants, 83, 85, I(A) to fruit crops, 181-182 
cake, 93,94 to maize, 156, 181, 182 
census, 47 to sunflower, 181, 182 
food, 47 to wheat, 182, 183 

formulation, 83-87 diseases, bird-borne, 135-1.8 
grain, 84, 145, 161 infestations, survey of, 57 
liquid or water, 5, 76, 98 migration, 168 
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parasites, 1.36 smoking, 66
populations, 169-170 
 watering, 66
reproduction and dcvelopment, to
107 


Blackbirds, toxicants for, 193 

Boar, wild, (see Sits scrofa), 2, 3, 4, 16, 17, 21, 


22, 23, 25, (4), 1-38, 14), 150I, 

151, 153, 154, 155 103 


behaviour, 150-151 

biology, 149. 150 

classification, 23, 25 

control methods, 157- 13 


chemical, 101-103 

non-chemical, 157.1641 


cultural methods, (')

electric fencing, ISO 

cxp)losic bomb:,, 159,
 -


164) 
habitat dcstruction, 

1IN)
hounding, IA) 

netting, 150) 

pig sticking, 157 

shooting, 158-15') 

swine fever virus, ;(4) 

trapping, 157-15S 


damage assessments, 154-15(1 

in maivc, 155 

in sugarcane, 155 


damage it)
groundnut, 154 

to ma/c,2, 154 


to pcas, 154 

to sugarcanc, 2, 153 

to wheat, 153 


discas s, 13S-1-14 

cctoparasitcs, 14) 

identification, 14')


Brodifacoum, i/O, 77, 7), S2, 97, 12), 145 

Bromadiolonc, 7),, )
77, 7(,82 

Bromcthalin, 7,, 8t, ')., 

Bruccllosis, 1, 1.S 

Bulbuls, red-vented, (scc t.(ffotU. cafcr), 


IN), 174, 	 178, IS , 182 

Burrowing activity, indrf I(N)- 1()l
Burrow(s), baiting, '4, 1-, 145 


dusting with insecticide, 118 

fumigation, 91, 103-1045, 127-12-4 

of bandicoot rat, 27-', 41) 

of gc'bil, 29, 51 

of j; ds, 314-3 , 51 

of Murrcc voL., 38 

of Norwa- rit,34 

of porcupinc, 37. ;23 

of short-tailed mole rat, 32, 5(1 


Calcium cyanide, 103-104
 
Candidiasis, 135
 
Cane, sugar, 
1, 2, 3, 9, 25, 27, 28, 2), .31,),
.6,49
 

51, 52, 53, (0), 60, '13, 94, I(M), 101, 117,
 
123, 125, 127, 
 150, 153, 155, 157, 15'),
 
101-102
 

Capillariasis, 13
 
Capture-Mark-Rclcuzc (CMR), 44-45
 
Carbaryl, 118
 
Carbofuran, 161, I62
 
Carbon dioxide, 103, 105
 

disulphide, 17
 
nonoxidc, 4,77, 113, 105, 12'
 

Carnivorcs, 1), 23, 25. 124
 
Ce lphtos, (svc alurninium phosphidc)
 
Census baiting, 47
 
Cereal, bails, 83-87, 121)
 

crops, 173, 17'), 1, 182
 
grains, 117, 1'04
 

(Ccstodcs, I10N, 
 112, 113, 117, 135, 1.36, 13'1)

Change-in-t i, 
 CIR),41)-47, 57
 
Chemostcrilants, 7, t'3, 73. 77-78. 
 1'5
 
Chiggers, 111, 118, 132
 
Chiroptera, 23, 25
 
Chloro-p-toluidinc hi.drochloride 
 (starlicidc), 

19'3
 
Chlorophacinonc, 7 i, 82, "4. 103
 
Chloropicrin, 10.;, 1(4
 
Cholera, foI1, 135
 

hog, 13S
 
ChoriomeningiliI, rpht cic
I.i 11,(1 132
 
Chrornic I-oisons 3, 
 7.7S,S4, '1,.'17, '98
 
Clap-Nct, I81
 
('lassi ficatlon, oll hi,,.1tl')
 

of' mmiini,, I 1, 2,-25
 
of r'lent1S, 23-24
 

Coccidiosi, 13 ', 13S
 
Collared dovc, 17-1, 
 177- 17,',,
I12
 

pika ',c_ ()11t011ioa ni-t/(,]c),17, 21,
 
25, 141-1.12. 1-5-144) 

Comr.,csal(s), bird,, 177
 
flcai5
1(8, 134
 
rodcnls, ,;,
325'), (,4,65, 74, 83, SS,
 

117,115-11S, 132. 135
 
shrcs, IS
 

Cotmmunit.N(ics), ,0,12
 
bird. I(,,)
 
farming, '3
 

Compel 	liton, intcrspccific, 14, 18, I), 2t), "3,41,
 
'95, lt)t,
181
 

Conlaminale, 50, 55, 117, 131, 
 12
 

http:141-1.12
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Contamination, 66, 84, 89, 108, 134, 137, 170 Desert jird, (see Aferiones hurrianae),1, 17, 20, 
Control, 24, 2;, 34-35, 49, 51, 55 

cultural methods, 59-61 Dctia, (see aluminium phosphide) 
in grain godowns, 07-71, 97-98 Diastema, 24 
in poultry houses, 98 Dieldrin, 76, 131 
in rice, 93 Difenacoum, 82 

in sugarcane, 94 Dimecron, !61-162 
in wheat, 94 DiphacinonL:, 76, 82, 84, 163 
of brds, 187-195 Diseases, bird-borne, 135-138 
of lagomorphs, 145-147 rodent-borne, 131-135 
of rodents, 93-%, 97-98, 127-131 swine-borne, 138-140) 
of wild boar, 157-163 Distress calls, 7, 18), I'XI, 194 

Copper oxalate, 194 Dove, collared, (see Streptope'ia decaocto), 174, 
oxychloridc, 194 177-178 

Coumachlor, 82 Dust(s), insecticidal, 118 
Coumatetralyl, 4, 82, 97-98, 163 repellent, 194 
Crimidine, 76 poison, 98 
Crow, house, (see Corus splendens), 174-175, tracking patches, 48 

183 Dyc(s), warning, 75, 85, W,1 
jungle, 174, 179 

Cryptococcosis, 135, 137-138 Ecological, characteristics, 1(1-11 
Cultural methods, 59-61 efficiency, I1 
Cyanogas (cymag), 127 indicators, 12 

niche, 9 
Daily activity, 21 tolerance, 18 
Damage assessment, Economic losses, 2, 3, 4 

bird, 181-186 Economic relationships, mammals, 22 
in farm storage, 57-58 Ecosystem, 9, 10-12, 15, 16, 61 
in maize, 155, 156 Ectoparasites, 15, 103, 105, 107, 112, 118, 138, 
in postharvest situations, 55-58 140 

in rice, 52-53 control, 118 
in sugarcane, 53, 155 of rodents, 107-112, 118 
in sunflower, 185-186 of wild boar, 14(1 
in wheat, 52 Electric fencing, for wild boar, 159 
in wholesale grain markets, 57 Embankments, burrows in, 22, 29, M, 32, 34, 37, 

parakeet, to maize, 156 66, 9), 93, 118, 127, 141 
to sunflower, 185-186 Emetic, 75 

wild boar, 154-156 Emigration, 5, 6,40 
Damage patterns, Encephalitis, 110, 132, 136 

apple orchards, 142 Endemic, 111, 133 
ii forestry seedlings, 125 Endoparasites, of birds, 135, 136 
in groundnut, 125, 154 of rodents, 112-113 
in maize, 125, 154 of wild boar, 139-140 
in peas, 154 Endrin, 4, 76, 129, 1), 161, 193 
in rice, 49-50 Enzootic, 1.38 
in soft fruits, 185 Epibloc, (see alpha-chlorohydrin) 
"n sugarcane, 51, 153 Epidemics, 12, 14, INS, 134 
in sunflower, 185-186 Epizootics, 108, 134 
in wheat, 50-51, 153-154, 182-183 Estimation, of populations, 43-48 

Density-dependent, 170 census baits, 47 
-independent, 170 CIR method, 46-47 
-limiting, 14 CMR method, 44-45 

Dermatitis, 111, 135 consumption at bait sites, 48 
Desert hare, 16, 17, 25, 141-143, 145-146 linear regression, 46 
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tracking patches, 47-44 
tracking tiles, 47-48 

trapline, 45-40 

trapping to extinction, 44 

visual survey, 43 


Estrus, 19, 31, 143
, 

Exphodcrs, 189, IIA) 

Feathers, structure of, 165 

ir i boar, I5')Fencing, 1, 146, 157, 15'1 

Fcnitrothion, 

Fenthion, 13, 14 

Feral pigs, L3S, 131,), 159, 102

"Ferrets, smoke, 105 

Fibrin gen 77 

Finchec!, IN)16 

Fea-borne diseases, 134 

Flea(s), 15, 
 16, 33, 107-1IN, 118, 122, 134-135 
Flocounafcn 76, 77, 7'), 82Fluoroacetaride, ( 1081), 75, 81, 161

Food-poisoning, 117, 
 131 
Foot-aind - fl oulh discae.., 131) 

Fossorial, 27, 32, 4

Frui s, 2,2317..174 

, 

1Fruit hat, 25 

Fumarin, 163 
Fumigant(s), 3, 7, 55, 73, 77, 84, 91, 103-105, 127 
Fumigation, 7, 68, 6), 91, 103, 104, 127, 128 

Fungicides, 73, 84, 121), 
 1.M, 146, 194 

Furadan, 161, 162 


G as, foot purnip, 127(iastronleritis, 0'6, 1.36, 1.37 
Gerbil, Indian, (see latera indwa) I, 16, 17, 20, 

24, 28, 2'), 30, 33, 34, 4, 51, 55, 57, 97,
117, 133 


(ieslit ion, 11), 20, 27, 
 ;5, 3'), 41), 117, 124, 14.3,1511 

Glue boards, 06 

(naw(ing), 24, 3, 43, 52, 5,,, 64, 117, 118, 124, 


125, 12'),Grain-eating, 174, 181183 

(;ranivorous, 2, 8M, 173, 174, 181 

Grills, 70, 71 

(;rooming bchaviour, 98, 135 

Groundnuts, 2, 3, 51),94, 123, 125, 143, 145, 140,


15. 154, 16,, 175, 177, 171), 181, 183,
I '0 

(;roundsuirr l, 108 

Giuava, 25, 102, 176, 182 

llabit at manipulation, 3, 63-64 
l laemorrhage, 73, 77, ](1, 163 

Halophytic, 3o 
Hares, 16, 17, 23, 24, 25, 110, 141-143, 145, 146, 

147 
Itawks, 8, 9,1), 193 
HCN, (see hydrogen cyanide) 
Helminths, 15, 112
 
Ierbicdes, 73, 1.1, 14t
 
Herbivores, Q, 139
 
Herbivorous, 32, 123, 141
 
-iist oplasm osis, 135 
Home ranges, 21, 28, 3), 33, 37, U), 45
lHouse mouse, (see 
Mus muscuhus), 17, 18, 20,

24, 3 , 31, 33, 49, 50, 7 , 115, 117, 118, 
121 

House sparrows, (see Passer domte.ti'u ), 2, 4,155, 69, 1t19, 174, 175, 182, 187, IN, 193 
House-type godown, 55, M 
Hydroxycouinarins, 76
 
Hydrogen cyanide, 77, 103, 
 104 

Immigralion, 5, 6, 41)

Incisor(s), 23, 24, 38, 3'), 117, 123, 141, 
 153
 
I dndiones, 76
 

Infestation(s), by birds, 55, 57, 67, 71by rodents, 43, 55, So, 57, 51), 63, ()4(, 71, ')7, Q8, 9), H, 
67

by wild boar, 161
Insecticidal dusts, 85, 1IS, 194 
Insecticide(s), 73, 84, 85, ')2, 118, 1 ), 193, 1'4 

ior bird control, 19)3-194 
for ilca contr(l, 118 

for vole controIl, 131) 

Jackal(s), 8, ), 22, 23, 25, 2-8,30, 108. 10)

Jird(s), desert, (see Afeno,ws hurrianae). 1, 17,
 

20, 24, 'l 35, 51, 55
 
libyan, (see M('nnes li,'Vus), 17, 21'.
 

24, 35- V, 1
 

Kala-azar, 133
 
Klerat. (brodifacouny, 
 )7 

Lagomotph(s), 17, 23, 24, 107, 109, 131, 141
143, 145-147
 

Lark(s), 166, 174, 17')-18)
 
I-D50 , 103, 194 
Lishmauiiasis, 13.3-13-1 
Leptospirosis, 117, 131, 1310 
Lesser l)andico,)l rat. (sec Ramiota 

bcngalciis) 1, 1), 17, 11),2)), 24, 27-28, 
42, 49, 50-51, 51) 

Lcthal, diseases, 15
dose, 21, 73, 76, 77, 7'), 98, 102, 1(3, PO3 
methods of control, 8, 64, 1701, 193 
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to domestic poultry, 74 Norway rat, (see Rattus norvegicus), 2, 14, 17, 
Libyan jird, (see Meriones libycus), 17, 20, 24, 35 18, 19, 20, 21, 24, 33-34, 41, 42, 74, 75, 
Lice, 15, 111-112, 118, 134, 138, 140 79, 84, 115, 117, 120, 121, 131 
Life-cycle, 107, 135 
Listeriosis, 135 Oats, 83, 117, 129, 145, 158 
Lucerne, 7,145 Omnivores, 25 

Omnivorous, 31, 34, 117, 127, 153, 174, 175, 179 
Malathion, 118 Opossums, 134 
Mammal(s), behaviour, 21 Ornitrol, 195 

characteristics, 17 OSTICO, 3, 129, 145 
classification, 17-18, 23-25 Owlet, 31, 33, 37 
distribution, 18 Owls, 8, 9, 28, 32, 166 
populations, 20 
reproduction, 19-20 Palatability, 60, 85 

Mango(es), 25, 37, 127, 176, 185 Palm squirrel, 17, 20, 24, 36-37 
Marmots, 108, 112, 134 Paraffin, 84-85, 129, 145, 162 
Masking, 185 Parakeets, rose-ringed, (see Psittaculakraneri), 
Mating behaviour, 150, 166, 168 i, 2, 3, 4, 7, 60, 156, 169, 174, 176, 181, 
Meningitis, 112, 136, 137,138 182, 185, 187, 188,189, 19,, 
Mesquite, 153, 158, 159, 160 Paranitrophenol, 85 
Methiocarb, 4, 194 Parasites, bird, 135-138 
Mice, house, (see Mus nusclths), 12, 14, 18, 41, rodent, ectoparasites, 107-112 

55, 57, 58, 66, 68, 74, 84, 104, rodent, endoparasites, 112-113 
105, 117, 131,132 swine, 138-140 

diseases of, 131, 1.34 Paratyphoid, 135, 137 
fumigants for, 103-105 Parotrap, 187-188 

Millet(s), 2, 7, 150, 175, 177, 179, 187, 188 PASSCO, 55, 67, 68 
Mite(s), 15, 16, 111, 117, 118, 132, 133 Pasteurellosis, 135, 137, 138 
Mole rat, short-tailed, (see Nesokia indica), 14, Peanut butter, 65 

17, 20, 24, 31, 32, 49, 50, 51, 53, 59, 65, Pears, damage by parakeets, 182 
66 Peas, damage by wild boar, 154 

Monestrus, 19 in diet of bulbuls, 178 • 
Mongoose, 8, 15, 22, 23, 25, 28, 30, 31, 33, 37 Peccaries, 149 
Monocultural, 15, 60 Pellets, 51, 84, 94, 127 
Mouse, flea, 108 Perch(es), 69, 174, 176, 181, 182, 187, 193, 194 

house, (see house mouse or mice) Perching, 7, 166, 181, 182, 184, 187, 193 
multimammate, (see Praomys Persimmons, 182 
natalensis) Pest-proofing, 67 

Mouse-hare, (see Afghan pika) Pesticide(s), 7, 73, 89, 90, 107, 166 
Movement(s), 13, 28, 37, 39, 40, 41, 150, 166, Pheromones, 85, 160, 162 

168 Phosphamido.i, 161, 162 
Mulberries, 179 Phosphine, o8, 70, 73, 87, 91, 103, 104 
Mynas, 166, 176 Phosphorus, 9, 75, 81, 91 

Phostoxin, (see aluminium phosphide) 
Nematicides, 73 Physical abilities, rodents, 117 
Nematode(s), 109, 112, 117, 135, 136 Pigeon(s), (see Columba livia), 55, 57, 68, 69, 
Neophobia, 42 135, 137, 138, 166, 174, 177, 181, 182, 
Nesting, 33, 69, 107, 145, 166, 168, 170, 175 194, 195 
Nesting season, 176, 177, 178, 179, 180 Piglets, 150, 160 
Nestlings, 167, 170, 175, 177-178 Pig(s), (see Sus scrofa), 19, 22, 52, 74, 138, 139, 
Niche(s), 9,14, 18 140, 149, 150, 151, 158,159, 162 
Nocturnal, 12 21, 25, 27, 30, 31, 34, 37, 109, 116, Pika(s), Afghan, (see also Ochotona nifcscens), 

123, 127,150, 168 1, 2, 3, 17, 20, 23, 24, 25, 39, 141, 142, 
Norbormide, 75, 81 145, 146 
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Pindone, 82, 85 
Pirimiphosmethyl, 118 
Pival, 82, 163 
Plague, 13, 16, 22, 33, 107, 108, 112, 117, 118, 

134,138 
Plumage, 176, 178 
Poison(s), acute, 3, 73-76, 78-79 

avicides, 1, 193-194 
avoidance of, 194 
baits, 3, 42, 79, 83-87, 89, 90, 93-96, 97, 

98, 161-163, 193, 194 
chronic, 3, 7, 76, 77, 78, 84, 90, 97, 98 
evaluations, 99-101 
for ectoparasite control, 118 
for wild boar control, 16i-163 
rodenticides, 73-82, 84 

Polyestrus, 19 
Polythene, 70, 93, 94 
Population(s), 

characteristics, 12-13, 40-41 
age distribution, 13 
birth rate, 12 
death rate, 13 
density, 12 
dispersal, 13 
dispersion, 13 

composition, 20-21 
ecology, 12-15 
growth, 6, 13-14 
size, 5, 20 

Porcupine(s), crested, (see Hystr&." indica), 1, 2, 
3, 17, 20, 22, 23, 24, 37, 52, 123-125, 
127-129, 155, 156 

Porcupine wiie, 69 
Porcupine damaged, 156 
Post-harvest losses, 2, 4, 50, 55-58, 178 
Potatoes, damage to, 2, 25, 37, 123, 127, 128, 

153, 154 
Prebaiting, 4, 79, 80, 147, 161, 162 
Precaution(s), 89, 90, 91, 97, 104, 105, 155, 194 
Precocial, 39, 166, 167 
Predation, 14-15, 160, 169, 170 
Predator-proof, 177 
Predator(s), 14, 15, 20, 21, 22, 30, 31, 32, 35, 37, 

61, 66, 74, 75, 124, 167, '78, 189 
Pregnancy, 19, 32, 41, 150 
Pregnant, 12, 19, 28, 29, 40, 150 
Preharvest losses, 2, 4, 50, 55-58, 178 
Preparation(s), 74, 75, 83, 85, 86, 89, 161 
Preservatives, 85 
Propoxur, 118 
Prothorombin, 77 
Pyriminyl, (pyrinuron), 4, 76, 81 
Pyrotechnic, 3, 128 

Quadrat, 52, 155
 
Ouills, 37, 123, 124, 127
 

Rabbit(s), 15, 23, 24, 110,112, 130, 137, 141,146 
Rabies, 22 
Racumin, (see coumatetralyl) 
Radione, 82 
Rainfed, agriculture 1, 15, 29, 35. 50, 51, 68 
Random 13, 52, 53, 155, 183, 184,185 
Randomized. 154 
Randomly, 52, 53, 55, 101, 183, 184, 185 
Rapeseed, 180, 182 
Raptors, 14 
Rat-bite fever, 117, 134 
Rat-cake, 86 
Rat-damaged, 155, 
Rat-guards, 70, 71 
Rat-proof, 98 
Raticate, (See norborm'de) 
Rat(s), lesser bandicoot, 1, 9, 17, 19, 20, 24, 27

28, 42, 49, 50, 51, 59 
Norway, 2, 14, 17, 18, 19, 20, 21, 24, 33

34, 41, 42, 74, 75, 79, 84, 115, 
117, 120, 121, 131 

roof, 14, 18, 19, 24, 30, 32, 33, 34, 41, 
42, 55, 57. 58, 68, 74, 115, 116, 
117, 131 

short-tailed mole, 14, 17, 20, 24, 31-32, 
49, 50, 51, 53, 65, 66 

soft-furred field, 20, 24, 30, 49, 50, 51 
Red squill, 74, 81, 84 
Red-vented bulbul, (see Pycnonotus cafer), 174, 

178, 181, 182 
Reforestation, 127 
Regression, linear, in population estimation, 

46, 57, 155 
Reinfestation, 13 
Repellent(s), 4, 7, 63, 66, 85 

birds, 175, 190, 194 
lagomorph, 145, 146 
rodents, 4, 63, 66, 129, 130 

Reptiles, 5, 17, 23, 25, 153 
Residual, 44, 59, 64, 71 
Residues, 90, 91 
Resistance, to anticoagulants, 77, 79 
Resistant, bird 7, 60 

rodent, 63 
Rhizomes, 40, 50, 59 
Rickettsial, 107, 110, 111, 132, 136 
Rickettsialpox, 117, 118 
Rickettsiosis, 132 
Rock-hare, 145 
Rodent(s), baits, 83-87 



205 

behaviour, 41-42 Shyness, bait, 73, 74, 76, 78, 79, 80, 93, 95, 97, 

characteristics, 23-24 162, 1u3 

classification, 23 Signs, 43, 49, 50, 53, 63, 118, 158, 182 

commenvsal, 115-118 Smeared, 65, 128 

control, 63-66, 93-96, 97-98, 127-130 Smoke, 66, 89, 105, 194 

damzage asscsment, post harvest, 55-58 Smoking, 66, 89, 91 

damage reduction, 59 Snakes, 10, 14, 28, 32, 35, 66 

to rice, 49-50 Snap-trapping, 99, 100 

to sugarcane, 51 Snap-traps, 64, 100 

to wheat, 50-51 Snout, 25, 115, 116, 149, 153, 154, 160 

gestation period, 20, 39-40 Sodium mono fluoroacetate (1080), 3, 75, 81, 

incisors, 24 84, 128, 161-162 

population dynamics, 40-41 Sodoku, 134 
growth, .10 Soft-furred field rat, !see Millardia meltada), 20, 

estimates, 43-48 24, 30, 49, 50, 51 

rcproduction, 39-40 Sorghum, 7, 60, 150, 153, 157, 158, 176, 179, 182 

scxual maturity, 39 Sparganosis, 139 

signs, 43 Sparrows, house, (see Passer domesticus), 2, 4, 
7, 10, 55, 57, 68, 69, 135, 166, 169, 173,Rodent-bornc, diseases, 107-113, 131-140 
174, 175, 181,182, 183, 187, 188,193Rodent-guard, 08 

Rodent-proof(ed), 59, 64, 68 Spillage, 43, 59, 64, 89 

Rodcnticidal, 83, 85, 94, 100 Spotted-fever, 108 

Rodenticidc(s), 1, 2, 59, 73-82, 83, 84, 85, 89, 92, Squill, red, 74, 81, 84 

95, 96, 97, 9), 101, 128, 129, 162, 163 Squirrel(s), 1, 17, 20, 21, 23, 24, 36, 37, 55, 108, 

Roof rat, (see Rattus rattus), 14, 18, 19, 24, 32, 110 

33, 34, 41, 42, 55, 57, 58, 68, 74, 115, Starlicide, 193 

116, 117, 119, 121, 131 Starlings, rosy, (see Sturnus roseus), 174, 178, 

Roosting, areas, birds, 60, 61, 69, 168, 175, 182, 179 

183, 187 Statistics, 2, 101 

communal, 174, 175 Strychnine, 3, 74, 81, 128, 163 

Rose-ringed parakeet, (see Psiftacula kraincri), Sub-lethal, 21, 163 

(), 169, 174, 176, 182 Subtropical, 132, 133 

Rosy starling, (see Stunns roseus), 174, 178, 179 Succulent, 35, 49, 123, 153, 180 
Sugarcane, damage assessment, 53, 101, 155Runways, 41, 42, 43, 48, 49, 5(1, 118 

damage by rodents, 1, 2, 3, 28, 29, 30, 
36,49, 51, 52, 117, 123Salmonellosis, 10), 117, 131, 135, 137 

Sanitation, 21, 63,98 damage by wild boar, 2, 3, 25, 150, 153, 
161Scarecrows, I(X) 

Scaring devices, 7, 18, 190 rodent control in, 66, 94 
wild boar control in, 60, 162Scavengers, 193 

Sunflower, damage assessment, 185Schistosomiasis, 130 
Scrub, area, 16, 59, 64 damage to, 1, 23, 60, 176, 180, 181, 182 

forest, 142, 178 Survey(s), postharvest losses, 55-58 

habitat, 29, 30 Swine(s), 75, 131, 136, 137, 138, 139, 160 

typhus, 111, 118, 132, 133 

Scum, 153, 162 Taeniasis, 136 

Scmi-dcsert(s), 36, 133, 179 Tapeworms, 109, 112, 117, 135 

Shooting, 128, 147, 149, 1,, 151,157, 158 Temik, (see Aldicarb) 

Short-tailed mole rat, (see Nesokia indica), 14, Temperate, 38, 108, 115, 133 

17, 20, 24, 26, 31-32, 49, 50, 51, 53, 65, Territorial behaviour, 21, 41, 168 

66 Territories, bird, 167, 168, 169, 170 
mamnial, 21, 34, 35, 41, 117Shoxin, 75 
pheromones, to mark, 85Shrew(s), 17, 18, 20, 21, 23, 132 
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Thallium sulphate, 74, 81 

Thiram, (ARASAN), 129, 130, 146 

Tick-borne, 132 

Ticks, biology, 109 


control, 118 

disease transmission, 109, 110, 111, 132,
 

134, 138 

pathogenicity, 110 

vector, 15, ;6, 118,137
Tolerance, to anticoagulants, 79 

ecological, 11, 18, 170 

LawI, 1 


Toninto, 36 

Tomorin, 76 

Toxicant(s) acute, 73-76, 77 


birds, 193-194 

chronic, 76-77 

wild boar, 161-163 


Toxoplasmosis, 136, 138 

Tracking, activity index, 48, 100 


dust, 4, 98 

patches, 43, 44, 47-48 

powder, 43, 97, 98
 
tiles, 46, 47-48, 57


Tra::-.ect(s), 45, 52, 
 53, 94, 100, 101, 154, 155, 

184 


Transmission, of diseases and parasites, 16, 108, 

109, 111, 112, 134, 135 137, 138,171


Trapline, as index of abundance, 45-46 

Trapnight(s), 48 

Trapping, for birds, 187-188, 191 


for porcupine, 128 

for wild boar, 157-158
 
in godowns, 64-65 

in pouhry farms, 98
methods of, 44-17, 64-65, 99'. 
 100, 1?9, 


157-158, 187-188

Treatment(s), baiting in crops, 93-% 


evaluations of, 99-101 

Trichinosis, 138, 139 

Trimethacarb, 194 

Trophic, 5, 10 

Tropical, 85, 115, 132, 133 

Trypanosonoasis, 111, 1-3 

Tub-.rculosis, 135, 137, 139 

Tabers, 40, 49, 50, 59, 117, 123, 153, 162 

Tulacemia, 22, 109, 110, 111, 112, 134 

Turkeys, 1.30, 137, 138 

Turtle doves, 181, 182 

Typhoid, 135, 136, 137 

Typhus, murine, 22, 33, 107, 108, 
 112: 117, 118,
 

134
 
scrub, 111, 118, 132-133
 
tick, 168, 110
 

Ultrau !c sound(s), for rodent control, 4, 63,

66
 
hearing by rodents, 116
 
use. of by bats for echolocation, 25
 

Urticaria, 1i I
 

Vacor, (pyriminyl), 76
 
Valone, 82, 105
 
Vector(s), disease, 
 16, 33, 107, 108, 109, 110,
111, 132, 134, 137
 
Ventilators, 63
 
Vertebrate(s), characteristics, 5
 

classification of, 23
 
growth patterns of, 13-14
 
pest control materials, 89
 
postharvest pests, 55
 
predators of, 8, 14-15
 

Vexar, 146
 
Vinyl, 69, 100
 
Vitamin K, 77, 79, 163
Vinyl, 9,1
 
Vole(s), 2, 3, 17, 24, 38, 127 129, 130, 133, 146
 
Vultures, 166
 

Walnut, 125
 
Warfarin, 4, 76, 77, 79, 80, 82, 84, 97, 161, 
 163
 
Warm-blooded, 165, 166
 
Weaver(s), 166, 174, 176-177, 181, 182, 183
 
Weedicides, 73
 
Wick, contact-toxicant, 193
 
Wildlife, 73, 78, 138, 159, 161, 187
 
Wolves, 160
 
Woodchucks, 110
 

Yersiniosis, (plague), 135
 

Zig-zag, survey method, 184
 
Zinc, phosphide, 4,81
 

advantages, 78, 80, 84, 85, 90
 
bait application, in crops, 93, 94
 

in godowns, 70, 97
 
in poultry. 97
 
preparation, 85-87
 

description, 73
 
disadvantages, 80
 
in desert hare control, 146-147
 
in Murree vole control, 129
 
in Afghan pika control, 145
 
in wild boar control, 4, 162, 166
 

Zoonoses, 16
 
Zoonotic, 138
 


