1. Major Vertebrate Pests and their PROBLEMS IN AGRI AND HORTICULTURAL 

India is home to many wild animals damaging crop plants. The crop damage is mainly caused by Asiatic elephant, black buck, bengal fox, bear, monkey, jackal, porcupine, rodents and birds. Very little scientific information is available on the genesis of wildlife damage problems and control aspects. The wild animal threats to agricultural and horticultural crops in India are classified in to four categories viz., primates, ungulates, rodents and lagomorphs. Only stray reports exist on the crop losses due to wild animals. Social sentiment is one of the reasons for not seriously considering the potential losses caused by wild animals. Crop raid by different wild animals in particular mammals like Hanuman langur (Presbytis  entellus L.), Elephant (Elephas  maximus), Blue bull (Boselaphus tragocamelus), Sambar deer (Cervus unicolor), Black buck (Antilope cervicapra), Chinkara (Gazella gazella bennetti), Wild boar (Sus scrofa) and Porcupine (Hystrix indica) has been widely reported from all over the country.

The main animals involved in crop damage were elephant, gaur, sambar, wild boar, bonnet macaque, common langur, black napped hare and pea fowl. Among these, elephants and wild boar gave maximum damage.  The highest crop damage (30%) was recorded from the forest ranges coming under the Northern Circle: pineapple (47%), sweet potato (47%), tapioca (42%), alocasia (39%), beans (25%) and plantains (23%) recorded highest percentage of damage. In the intensive study area at Marayur, 28 species of crops were damaged and highest damage was during the summer months. At maximum damage was due to elephant (72%) followed by gaur (62%), sambar (17%) and wild boar (16%). Tiger (Panthera tigris), panther (leopard) (Panthera pardus) and wild dog (Conine alpinus) were the main cattle lifters in the state.

Birds
Farming community in India is aware of losses caused by birds to a variety of crops during vulnerable stages and stored grains. No subjective appraisal of the problem has been made in the country. Only isolated studies exist on the economic losses caused by the granivorous birds. Plant Protection Adviser to the Government of India brought out first status report on avian pest problem in 1963. The extent of damage depends on several factors like crop stage, local bird population, area, and season. Most of the crops are susceptible to bird damage during sowing, seedling, dough and ripening stages. Dhindsa et al (1993a) estimated an annual loss of Rs. 2.4 crore in Punjab to stored grains by weaverbirds, sparrows, doves and pigeons. Cereals are particularly vulnerable for damage at dough stage. Rice damage is highest in Punjab (1-6.5%) and wheat in Rajasthan. Sorghum damage is more in Rajasthan and maize in Gujarat. Sunflower is highly vulnerable crop and the crop could not be encouraged in Gujarat due Roseringed parakeet and house crow. The depredatory birds also affect oil palm from 3 to 33%. These birds do not spare orchard crops also like apple, kinnow, grape and Pomegranate with damages at ripening stage going up to 20%. On the other hand, there are birds predating on insect pests and rodents and need to be encouraged and conserved.

PRIMATES

In India crop damage is very common along the immediate periphery of wildlife sanctuaries and national parks by primates and other wild animals. But there are several primate species, which leaves in and around human habitations on the out skirts of village, towns and cities where they do considerable damage to crops, vegetable fields and orchards. Thus the man-monkey conflict is mainly due to conversation of forests into large-scale monoculture plantation, shifting cultivation, forest cutting and encroachment in the home range of animals, which reduces the availability of natural food to primates. Crop raid by many primate species have are also been reported such as Hanuman langur (Semnopithecus entellus), Rhesus macaque (Macaca mulatta), Assamese macaque (M. assamensis), etc. These primates are highly adaptive. Their ability to learn things quickly and change in their behaviour accordingly, makes them very successful and potential crop raiders, when living close to humans. 

UNGULATES

The term ungulates refer to animals with hooves. Hooves are composed primarily of keratin. Except pigs all ungulates are herbivores. Large wild ungulates like black buck, Antelopa cervicapra, Blue bull, Boselaphus tragocamelus make severe damage to kharif and rabi crops like wheat, chickpea etc. in Gujarat, Rajasthan, Haryana and Punjab States. They also debark the trees during hot months.

Black buck damages important agricultural crops viz., wheat, barley, jowar, bajra, moong bean, mustard and cotton. Crop damage to Sorghum caused by the endangered blackbuck antelope (Antelope cervicapra) was estimated by (1) comparisons between grazed and ungrazed biomass, and (2) the dietary needs of a known population of blackbuck. Blackbuck were observed to penetrate Sorghum fields a mean maximum distance of 4.6 m from the edge. Damage caused to every 100 m of vulnerable edge of a field was estimated to be 228 kg for the Velavadar National Park region in Gujarat, India, during 1989. A population of 300 blackbuck in the vicinity of Latuda and Katuda villages, Surendranagar district,’ Gujarat, was estimated to be responsible for a maximum potential loss of 48 600 kg of the Sorghum crop for one season valued at about Rs.29 000 in 1989.
Sambar deer (Cervus unicolor L.)
They prefers marshy and wooded areas to live. They feed on leaves, vegetation, herbs, fruit, bamboo buds and mushrooms. They prefer Jowar, pigeon pea, green gramgram, chikpea, groundnut, vegetables and fruit crops. The extent of damage ranges between from 10 to 25 per cent. Damage intensity varies from location to location. 

Chital (Axis axis L.)

They are often seen under trees housing Langurs for two reasons. Firstly, due to their higher perch, the langurs forewarn them about approaching danger and secondly, the tidbits dropped by the Langurs make easy pickings for a meal. Their diet consists of all kinds of vegetation. They enters into the crop fields and creates severe damage. Chital prefers wheat, fruits, herbs, flowers and leaves.  In Tamilnadu it is reported to cause damage in the vegetable crops mainly Chilli. They feed for four hours after sunrise and for two hours before sunset.  

Blue bull / Nilgai (Boselaphus tragocamelus L.)

Nilgai is a highly adaptive antelope. Naturally diurnal, it goes for crop-raiding in the evenings and at night. It is found to damage most agricultural crops to a considerable extent. Estimates are being made. However, it shows preference for gram, wheat seedlings, and moong and fruits. In Sirsa, severe damage to millet was observed. Cotton is not damaged much but is widely used as cover. Extent of crop damage is variable, perhaps depending upon the animal numbers and crop protection strategy followed in the area. In Nahar, according to villagers, the damage is up to 58% of total yield and is rarely below 10%. In case of blackbuck, the feeding is maximum in the mornings, and during rest of the daytime the animal is found either grazing in the open areas or resting. Damage caused by nilgai is much more than blackbuck. The coexisting blackbuck is some areas is also partly responsible for crop damage. They also damages the crops viz., wheat, barley, jowar, bajra, moong bean, mustard and cotton and ther damage levels extent of 20-50 per cent. Nilgai were found to be capable of causing extensive damage to most agricultural crops. Damage to wheat (Triticum aestivum), gram (Cicer arietinum) and mustard (Brassica campestris) crops was caused not only by foraging but also through trampling, resting in field and daily movement of the animals. In low density nilgai areas, losses to wheat, gram and moong (Phaseolus mungo) crops were 20-30%, 40-55% and 40- 45%, respectively. Damage to guar (Cyamopsis tetragonoloba) and cotton (Gossypium arboretum) was 20-35% and 25-40%, respectively. Whereas in high density nilgai areas, damage to wheat, gram and moong was 35-60%, 50-70% and 45-60%, respectively (Chauhan, 2011).

Indian Wild Boar (Sus scrofa L.)

Wild boars are situationally crepuscular or nocturnal, foraging in early morning and late afternoon or at night, but resting for periods during both night and day. They are omnivorous scavengers, eating almost anything they come across, including grass, nuts, berries, carrion, nests of ground nesting birds, roots and tubers.
In Himachal Pradesh, wild boar caused maximum damage to maize crop (14%), followed by wheat/barley (6%) and rice (5%). In Rajasthan state, damage to maize crop was highest (32%), followed by damage to guar (25%), oil seeds (17%), wheat/barley (15%), pulses (13%) and jowar/bajra (12%). In Madhya Pradesh, wild pigs caused maximum damage to rice crop (26%), followed by wheat/barley (20%), maize (18%), jowar/bajra (13%), groundnut (9%) and oilseeds (6%). In Uttar Pradesh, damage to madua crop by wild boar was highest (38%), followed by damage to cholai and katu (30%), maize (29%), sugarcane (25%) and jowar, bajra and pulses (23%) 
 Elephant

All elephants are herbivores, which mean that they eat only plants and vegetation. They are also dependent upon cultivated crops, bark, root, twigs, fruits and leaves. They are one among the herbivorous animals. An adult elephant can consume up to 300 pounds of food and 100 to 150 lit. of  water in a single day. Sixteen to eighteen hours, or nearly 80% of an elephant’s day is spent feeding. An adult male elephant can drink up to 212 lit. of water in less than five minutes. A herd of 15 elephants damaged agricultural crops in a village near Hosur in Krishnagiri district of Tamil Nadu on 02.03.2012.The elephants strayed into Lakkasandaram village from the Marakatta reserved forest area and started damaging standing crops in agricultural fields owned by farmers.The villagers tried to chase the elephants away by beating drums and bursting crackers. But instead of going back to the forest, the frightened animals started running helter-skelter and damaged banana crops.They eat less and destroy more. The crops are easily destroyed as the elephants move about in the fields. 
Golden Jackal / Fox (Canis aureus L.) 

Golden Jackals are omnivorous in nature. They feed on small mammals, insects, hares, fish, birds and fruits. It generally consumes around 1 kg of food for every day. They are known to store their food for latter consumption. They damage crops like maize and groundnut.

Indian flying fox 

Face looks like a dog's, so they called as flying fox. They are nocturnal mammal. 14 species of pteropodid bats that are found in India, Cynopterus sphinx receives most of the blame for causing damage to commercial fruit crops. Short-nosed fruit bats inflict serious damage on many of the horticultural crops viz., apple, banana, pineapple, mango, sapota, guava and grapes. The bats have good sense of eyesight and smell to find their food. They also feeds on flowers and nectars and play major role in pollination and seed dispersal. 

RODENTS

Rodents are major vertebrate pests causing damage to various crops/commodities by feeding and indirect damage by spoilage, contamination and hoarding during on-farm and post harvest stages. The annual losses of cereals due to rodents is estimated that 5-15% total produce. The porcupine likes animals eats a variety of plants including their fruits, grains, and roots. Its diet of plant matter makes it an agricultural pest to farmers in some parts of India. It is a pest of agri and horticultural crops in India and Pakistan. It feeds on roots and barks of succulent plants, and in this process girdles trees, and uproots nursery seedlings and planted saplings. It is a serious pest of fruit trees. 5.39 per cent damage to young coconut plantations have been reported in karnataka. 
Palm Civet (Paradoxurus hermaphrodites L.)

The common palm civet or toddy cat as is one of the least studied mammals due to its strictly nocturnal and highly secretive nature. In south India Paradoxurus  jerdoni is predominant The activity of palm civets begins at 18.00h and ended at 4.00h. The palm civets are frugivorous and are considered as very serious pests of fruit crops like cocoa, pineapple, coffee pods, and papaya (Lee, 1996). 

Understanding animal damage problems and their control is the prerequisite of resource management in most manaltered habitats to which wildlife will adapt and often quite successfully. To plan any strategy to mitigate the crop damage problem, it is essential to have adequate information on the population and eco-behavioural aspects of problem animals, the particulars of agricultural lands, their distribution, crops, and the impact on local economy. 
2. Rodent problems in Agriculture, Allied sectors and Public health
In India, rodents are serious pests in fields and in human dwellings, both in the countryside and in cities. They cause serious damage to crops before and after harvest, damage installations and are reservoirs or vectors of serious infectious diseases.



Rodents cause direct damage to various crops/commodities by gnawing and feeding and indirect damage by spoilage, contamination and hoarding during on-farm and post harvest stages. Knowledge of the characteristics, extent of damage and vulnerable period for rodent attack in different crops and situations is important for appropriate planning of management strategies. 

2. Pre harvest Losses

Most of the standing crops are vulnerable to rodent damage in India (Parshad, 1999; Rao and Joshi, 1986). However, the pattern, extent of damage and their level of infestation vary in different crops and geographical regions. Most of the estimates of damage relate to isolated studies in smaller plots and extrapolated to larger areas. They cause damage at almost at all stages of cereal crops from sowing to harvest. Both chronic damage and outbreaks of rodents affect the cereal production significantly in the country. The chronic losses often go un-recognised and these losses are economically more important. Hart (2001) reported that the overall losses of grain to rodents in India were approximately 25% in pre harvest and 25-30% in post harvest situations bringing the loss to at least US$ 5 billion annually in stored food and seed grain in India. 

2.1. Cereal crops


Irrespective of the type of rice production system viz., irrigated, wetland, upland (terrace) or deep water, rodents cause considerable damage to rice crop in India like in other South Asian countries. The analysis of the reviews on pre harvest losses indicates a range of 5-15% damage to cereal crops like rice and wheat. The lesser bandicoot rat, Bandicota bengalenis is the predominant rodent pest in these crops. The vulnerable crop period is boot leaf stage due to availability of sweaty mucilage and crop compensation will be absent after this stage.

2.2. Pulse and oilseed crops

Incidence of moderate to severe damage to the pods of lentil, arhar, moong, soybean and Bengal gram are common because of high protein content of seeds. Changing patterns of agricultural practices made pulses vulnerable for rodent damage. Introduction of summer pulses between rabi and ensuing kharif season makes continuous availability of food for rodents that makes them to breed even during summer, increasing their population and making the area as endemic for these pests. Several areas in the country became endemic to rodents mostly because of this change in agricultural practice. Awasthi and Agarwal (1991) reported a yield loss of 16.5 kg. /ha in soybean crop at green pod stage, which is vulnerable stage of the crop. Groundnut is grown as irrigated dry crop in most of the areas in the country. Rodents damage and remove the pods at sowing time and at maturity and hoard sometimes up to 320 g/burrow. Indian gerbil, Tatera indica and soft furred field rat, Millardia meltada along with B. bengalensis in irrigated fields cause the major damage. 4-7% of damage is documented to pods. During the population outbreak of T. indica, M. meltada and B. bengalensis during 1976 and 1988-89 in Gujarat rodents damaged up to 85.42% of the crop in Saurashtra area.

2.3. Sugarcane
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Sugarcane is grown in 5.3 lakh hectares with a production of 380.71 lakh tones. Rodents damage sugarcane crop by eating buds of seed sugarcane pieces, apical growing points of young and mature stalks and millable part of the cane. 

In addition, their burrowing habits lead to damage to the root system leading to the total cane drying. The crop provides good harborage to the rodents, especially if the crop is lodged or not propped unlike in other crops. Even small damage to cane leads to the infestation by insect pests such as termites and diseases such as red rot.  Rodent damage, thus, leads to either drying of the cane or deterioration in cane quality through fermentation of cane juice. A study conducted by Sugarcane Breeding Institute, Coimbatore shown that CO 6304, COC 671 and COC 8001 had more rodent damage compared to other varieties. The cane damage was reported to be up to 44% and internode damage was 28%,
2.4. Plantation crops
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Rodents, very often attack Plantation crops such as coconut, cocoa, cardamom oil palm etc.

Coconut
 A typical rodent damage to tender coconut consists of a small hole of about 5 cm near the perianth region. After gnawing the husk, they consume the inner contents. The damaged nut may fall on the ground in 2-6 days. Rodents often prefer young and tender coconuts. The damage particularly is more in areas with inter-cropping where environment is congenial.
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Cocoa

The squirrels make damage to the cocoa pods in the centre while the rats cause damage near the peduncle. The intensity of damage to cocoa by rats and squirrels is always at higher side.

 Cardamom: 

Rodents make damage to the capsules at the base of the clump.  The damage incidence coincides with maturity of crop.

Oil palm: 

Rodents damage oil palm at seedling, flowering and maturity stages of oil palm.  The damage will be more for the seedlings and young pods.

Extent crop loss due to rodent pests, pest species and their distribution in India

	S.No.
	Name of the crop
	Extent of loss (%)
	Rodent pest species
	Habitat of species

	1.
	Rice
	1.1 to 44.5
	Bandicota bengalensis

Millardia meltada

Mus booduga

Rattus nitidus

Rattus rattus brunneusculus
	Irrigated fields 

Semi irrigated fields

Irrigated fields

Jhum fields in North east

Jhum fields in Mizoram

	2.
	Wheat
	2.7 to 21.3
	Bandicota bengalensis

Millardia meltada

Tatera indica

Meriones hurrianae
	Irrigated fields

Irrigated dry fields

Rain fed fields 

Desertic soils in Indian desert

	3.
	Sugarcane
	2.1 to 31.0
	Bandicota bengalensis

Nesokia indica

Millardia meltada
	Irrigated fields

Irrigated fields in Punjab

Irrigated fields

	4.
	Groundnut
	2.9 to 7.3
	Tatera indica

Millardia meltada

Bandicota bengalensis
	Irrigated dry fields

Irrigated dry fields

Irrigated fields

	5.
	Coconut
	4.5 to 55.0
	Rattus rattus
	Throughout India

	6.
	Cocoa
	30-50
	Rattus rattus wroughtoni

Funambulus palmarum

Funambulus tristriatus
	South India

Andhra Pradesh and Tamil nadu

Kerala and Karnataka

	7.
	Oilpalm 
	11.2 to 57.3
	Bandicota bengalensis

Hystrix indica

Tatera indica
	Fruits in S. India and Andaman

Seedlings in nurseries

	8.
	Vegetables
	1.4 to 30.6
	Bandicota bengalensis

Millardia meltada

Tatera indica

Meriones hurrianae

Funambulus pennanti
	Irrigated fields

Irrigated dry fields

Dry fields

In Indian desert soils

Northern India

	9.
	Fruits
	Varied
	Funambulus pennanti

Funambulus palmarum
	Northern India

Southern India

	9.
	Storage
	2.5
	Rattus rattus

Mus musculus
	Residential premises and farm level storage


2.2.1. Public Health
In addition to the depredations caused to the agricultural crops and commodities in storage, rodents also transmit various diseases to humans as well as livestock. They serve either as vectors of diseases to man through the direct transfer of disease causing organisms or as reservoirs of diseases which are transmitted to man by arthropod vectors. The frequency of disease transmission is facilitated by the close association, which rodents have with man, living in the houses and consuming and contaminating human food.  A proper understanding of their role in transmitting diseases provides means of the prevention of the public health diseases. The rodents transmit bacterial, viral and protozoan diseases

1. Bacterial diseases

a. Leptospirosis
Leptospirosis is a bacterial disease affecting human beings as well as livestock.  It is caused by Leptospira interrogans, which are parasitic in rodents and other animals. There are 26 serogroups with about 140 serovars within the species of L. interrogans. This infection is carried by wild vertebrate animals, especially, rodents and transmitted to man. Without laboratory diagnosis of leptospiral infection, this disease cannot be diagnosed with certainty.  Therefore, Leptospirosis is a hidden disease officially not documented in number of states since scanty diagnostic facilities are available. It is reported as endemic in the States of Kerala, Karnataka, Gujarat, Tamil Nadu, Maharashtra and UT of Andamans and Nicobar. However, reports exist from several other states, viz., Orissa, Madhra Pradesh, Delhi UT, Andhra Pradesh etc. The clinical features may resemble those of fever, influenza, typhoid fever, dengue hemorrhagic fever, viral hepatitis, bacterial meningitis or acute renal failure.  Illness lasts from few days to 3 weeks with low human mortality 

Pathogenic leptospires survive for long periods in the convoluted tubules of the kidney in natural hosts, multiply and are shed in the urine up to 100 million leptospires per 1 ml. of urine.  They survive in moist warm soil and stagnant waters, particularly if the pH is on the alkaline side.  Wild and domestic rodents, carnivores (jackals, dogs), herbivores (cattle, sheep, goats), pigs, hares, frogs and humans are infected by contact with soil or water contaminated with these organisms. Therefore, the disease is common among rice and sugarcane field workers/farmers, fishermen and sewer workers and is considered as occupational hazard.  

The limited work in India so far indicated only three rodent species i.e., Rattus norvegicus, Rattus rattus and Bandicota bengalensis, as important shedders or vectors of the leptospirosis. The disease is more common than ordinarily diagnosed and many so-called fevers of unknown origin are due to it.  Further, the denser the rodent populations, greater will be the risk of infection to man. As leptospirosis results from contact of skin or mucosa with urine contaminated water, general measures of prevention such as rodent control, disinfection of water and the wearing of protective clothing contribute to its prevention.

b. Plague

Recently in late 2004 incidence of plague in Uttaranchal was noticed by NICD. Definite records of plague incidence in India exist from 1896 onwards with rodents as vectors/reservoirs for this bacterial disease. Rodents are primary hosts of the causative bacteria, Yersinia pestis, for the plague disease through oriental flea, Xenopsylla cheopis. In India the sylvatic plague foci are recognized in the foothills of the Himalayas (Jammu and Kashmir, Himachal Pradesh, Uttaranchal, Uttar Pradesh, and Bihar), in the watersheds of the Vindhyas (Madhya Pradesh) and in the Deccan Plateau (Maharashtra, Karnataka, Andhra Pradesh, and Tamil Nadu). Recent report is from Uttaranchal during 2004. 

Among rodents, some species are susceptible to the disease leading to high mortality, while others are relatively tolerant to the disease.  The Indian gerbil, Tatera indica is resistant to the disease and as such act as permanent reservoir host in many foci in India. The T. indica lives in wild and away from human habitations.  However, summer periods or prolonged dry spells compel them to go near the fields around human habitations. During this period the commensal rodent species like the Lesser bandicoot, Bandicota bengalensis in these fields will get infested with the plague-infected flea, Xenopsylla cheopis. When this species interacts in the domestic areas the infected flea will reach the House rat, Rattus rattus.  Both R. rattus and B. bengalensis are susceptible to infection, disease, and rapid mortality; they act as links between wild rodent infection and human plague. Sick and dying rodents may fall of from roofs or on the ground.  As the body temperature of these carcasses fall, fleas escape and find other warm-blooded hosts such as dogs and humans around the vicinity.  . 

c. Salmonellosis

Salmonellosis caused by Salmonella bacillus is characterised by acute gastroenteritis in man. Contaminated water and foodstuffs do the transmission by faeces of an infected person or animal, and rodents are very frequently a source of such infection. Although rats are not the only animal source of salmonellosis infection, worldwide information on this disease indicated them as one of the major sources.

2. Viral infections
Although viral infections are reported to be highly prevalent in Asian countries, India has no reported vectors for transmitting the hemorrhagic fevers caused by arbo and arena virus. The virus of Kyasanur forest disease is widely distributed in India with human infections only in Karnataka State. Transmission is by Haemaphysalis ticks and the disease is maintained in small mammals, such as Suncus murinus and Rattus species, while monkeys in forest areas serve as amplifying hosts. 

3 Rickettsial infections
There are five diseases in this group of zoonoses caused by rickettsia and all have rodents implicated, at least in part, as reservoir hosts. Among them, Murine typhus is a very widespread, acute, febrile rickettsial disease caused by Rickettsia typhi. The reservoir hosts of the disease are primarily Rattus spp., Rattus norvegicus and R. rattus. Through fleas, which are vectors from rat to rat or from rat to man. The most important flea vector is Xenopsylla cheopis. This disease is most common in cities with high rat populations and a relatively high incidence of the vector flea. Due to the difficulty in its diagnosis the disease is under reported in tropical areas where it may be confused with a number of other febrile diseases.

4. Helminth and Protozoan diseases

Leishmaniasis is caused by protozoan parasites belonging to the genus Leishmania. Cutaneous leishmaniasis caused by Leishmania tropica is very widespread. The cutaneous ulcers of varying degrees of severity are common in areas where sand fly vector, Phlebotomus species are not controlled.  Visceral leishmaniasis is caused by Leishmania donovani and widely known as kala azar. The vector is Phlebotomus sandflies. The reservoirs include man himself as well as dogs, other canines and a number of wild rodent species. The exact role that rodents play as reservoirs of the disease is not clear.

3. MAJOR RODENT PEST SPECIES AND THEIR DISTRIBUTION IN CROP LANDS

Order Rodentia makes up almost 40 per cent of mammal species and represent the largest order of mammals, comprising >2000 species in 34 families that include 389 genera throughout the world. In India, 4 families (Sciuridae, Dipodidae, Muridae and Hystricidae), 43 genera, and 104 species represent rodents. Among them about 14 species are of economic importance.  
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Rodents are agricultural, storage and household pests throughout the country causing direct damage to various commodities by gnawing and feeding and indirect damage by spoilage. They are the most important ones among vertebrate pests due to their high adaptability to live successfully in man-made environments. The group is given the name due to their gnawing teeth (Rodere = to gnaw; dent = teeth), which provide them access to closed places and packaging material and food sources. 

The major groups of rodents, which have economic importance in India are bandicoots, rats, gerbils, voles, and mice.  The major pest species in these groups are discussed below:

1. Squirrels

The bushy tail of these animals characterizes the squirrels under Family Sciuridae. The State has wide distribution of 3 -striped squirrels. 

Southern palm squirrel (Funambulus palmarum)

It has bushy tail with dorsal surface having three distinct white stripes. Hence this is also called as 3-striped squirrel.

Distribution:
In the plain region of the state the species are scattered.

Habitat:   It inhabits horticultural and plantation crops.

Habits:      It is a diurnal rodent and lives in the trunks of trees/rocks and orchards.  It breeds from March to September with a litter size ranging from 1-5.  The gestation period is 42 days and maturity period is four months.

Pest status: It is a serious pest in cocoa. It is also reported to make losses in cardamom and dwarf varieties of coconut. 

2. Gerbils

Gerbils represent the subfamily Gerbillinae under Family Muridae. They are characterized by the presence of tassel (a tuft of hair) at the end of the tail. Only Indian gerbil is distributed in the state.

Indian gerbil (Tatera indica)

It is a medium body weight rodent (100-250 g.) with light brownish dorsum and longer tail (120%) than head and body.  The eyes are large, rounded ears and bicolour tail with terminal black tuft.  Feet are whitish and with eight mammae.
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Distribution:
In the plain regions of the state Indian Gerbil, Tatera indica has normal distribution.

Habitat:
Inhabits dry land crop fields, fallow, and wastelands.

Habits: 
Nocturnal and fossorial.  The burrows have semi circular openings with zigzag shape and 2 to 4 openings and emergency exits.  These gerbils prefer making burrows mostly sandy soils. They are dry rodents and can tolerate water stress and hence became pests for dry land crops.

            They are gregarious in habit. Seeds of grasses are eaten mostly during post monsoon and winter seasons and, leaves and flowers all though the year.  It breeds throughout the year with peak activity during post monsoon months with a litter size ranging from 1 to 9 (mean 4.8). The annual productivity is 17.72 young ones per female.

Pest status: It is a known pest in South Tamil Nadu affecting cotton and groundnut crops. It is also a reservoir for plague disease and hence it has more public health value. 

3. Bandicoots

Among bandicoots, the Indian mole rat, Bandicota bengalensis is reported as major pest in the State, although the Larger bandicoot, Bandicota indica can be seen in cities.

Lesser Bandicoot Rat (Bandicota bengalensis)

This Indian mole rat is a robust rodent (around 200 to 300 g body weight) with a rounded head and a broad muzzle.  

Tail is shorter than head, body, and dorsum with dark brown colour and coarse hair.
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Distribution:
It is transported through human agencies and established in the field as well as in houses. 

Habitat: B. bengalensis although found in various ecological conditions is a wet rodent and hence depends on mesic conditions. As a result it is seen on the embankments around rice cultivation and irrigated fields.

Habits:
 It is a nocturnal and fossorial, lives in self constructed burrows.  It hoards the grain.  The burrows are characterised by the presence of scooped soil before the entrance.  Sometimes these openings are closed with soil plugs for regulating temperature and relative humidity inside the burrows.  
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They breed throughout the year with peak activity coinciding with the maturity of kharif and rabi crops.  However, males are reportedly fecund all through the year.  The oestrus period varies from 3 to 5 days and gestation period is 22 days. Litter size range from 1 to 11 (mean 6.2).  It litters 9 to 11 times a year producing about 70 young ones per annum per female with a post partum period of 30 days.  

Pest status:
It is a major pest in the state. It is also a vector for leptospirosis. Incidence of Leptospirosis is reported in few districts of Tamil Nadu. 

4.  Rats

These are the most predominant animals under Sub family Murinae in Family Muridae. There are several pest species in this group.  

1. The Norway rat (Rattus norvegicus):

This short tailed brown rat has blunt nose and small eyes distributed in port towns of coastal areas.
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Habitat:
Nocturnal and digs extensive burrow systems along foundation of buildings, under concrete or near rubbish piles in soil.

Habits:

They are omnivorous and breed all through the year.  Gestation period is 24 days with 3-7 litters per year.  Litter size range from 6-10 youngones.  Sexual maturity attained in 3 months.  

Pest status:
It is more a vector species for Leptospirosis than pest. 
1. The House Rat (Rattus rattus)

Medium sized (80-120 g.) rodent with bicolour and ringed tail that is longer than head and body length.  It is also called as Black rat or Roof rat. It has bicolor tail and nocturnal in habit.
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Distribution:
This is the most prevalent house dwelling rodent living with Mus musculus in the residential premises and storage units. They also live in colonies on the crown of coconut trees in the state.

Habitat: This rat is partially social and lives inside residential premises and storage areas. 

Habits:  It is generally nocturnal. It is a good climber with longer tail to balance and lives on roofs of residential premises. It breeds throughout the year producing 5 to 7 litters a year. Gestation period is 22 days with a litter size of 6-14 young ones. 

Pest status:
It is one of the most important pests of stored grains and fruits in the state. It is also a vector plague and leptospirosis diseases. It is a serious pest in coconut and cocoa. 
3. Soft-furred field rat (Millardia meltada):

It is a small rodent (40-60 g.) with soft fur, dorsum light Grey and bicoloured tail equal or shorter to head and body. It occurs in regions where moderate soil moisture is available to the vegetation all the year round.
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Habitat: Inhabits irrigated fields, in clear patches and in hedges and grasslands.  It is a semi mesic rodent and hence found mostly in semi arid areas.  It is associated with T. indica and Mus booduga in Northern India, while in Southern India it occurs in association with Bandicota bengalensis.

Habits: It is nocturnal and fossorial with simple burrows.  The burrows are small. It thrives upon crop plant parts and grains, which constitute about 63.3 per cent of the total food intake.  It has oestrus cycle of 4-5 days and gestation period of 20 days.  The litter size is 2-10 with an average of 6.  The annual productivity is 52.5 young ones per female.

Pest status: It is comparatively a minor pest.  However, it is associated with damage to cotton at sowing and boll stages and in groundnut at pod formation stage.  

5. Mice

Among all rodents, mice are the smaller animals with more resilience and reproductively making them not only as pests, but also as nuisance animals causing damage to non-edible articles due to their nibbling behaviour.
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House Mice (Mus musculus sp.)

Dark house mouse, Mus musculus homourus with whitish under surface is found in the fields as well as in the houses, living in burrows, below rocks and in crevices. It is omnivorous and causes lot of damage to grains and stored food material. They are small rodents (15 g.) with bicolour tail longer than head and body.  The dorsum is dark brown to sandy.

Distribution:
They are pests in all places of the State.

Habits:
They are nocturnal, fossorial and highly active and have nibbling habit, which result in damage to sacks and foods. Breeds throughout the year with a litter size of 1-8 (Mean 5.6) young ones, oestrous period of 5.7 days, and has a gestation period of 18 days. Young ones reach maturity in 45 days. 

4. Ecology and behavior of rodents in relation to their management
Understanding of rodent behaviour is a  vital for planning eradication of long-established rat populations in agricultural as well urban ecosystem. They have many ecological and behavioural adaptations which are given below: 

Habitat

They adapt to a wide range of habitats. Bandicoots are fossorial (live inside the burrow) they are good diggers. The borrows will be occur only in irrigated croplands the burrows having a scooped soil at the entrance with pebbles. Major channels and around village gardens are prime habitats during fallow. The squirrels are arboreal. They live in tree trunks and make nest. House rat in urban areas they are found around warehouses residential, buildings, and other human settlements. In cities their preferred habitats are in dry upper levels of buildings, so they are commonly found in hollow places in wall cavities and false ceilings. In the wild conditions they live in cliffs, rocks, the ground, and trees. R. rattus are excellent climbers and found in trees, such as pines and palm trees. Their nests are typically spherical and made of shredded material, including sticks, leaves, other vegetation, and cloth. The Norway rat lives in the underground. It is strong burrowing animal sometime the burrowing activity may lead to collapse the building. Porcupine make shelters in caves, rock crevices, dark holes, or dens / burrows, excavated by the species along the side of a hill / hillock or in the plains. The burrows are usually self constructed and extensive with a long entrance tunnel, multiple exits and large inner chamber. It is essential to understand the spatial distribution of rats and their burrow for management of rodent populations.

· For example, in Indonesia, monthly trapping of rodents in 5 different habitats indicated that village gardens and the banks of main canals were important breeding habitats (source habitats) for rats. Rat campaigns conducted the week after the rice crops are transplanted are directed at these two habitats. This is when rats aggregate into these habitats following the disturbance of cropping lands during land preparation and planting of the rice crop and before the rats begin breeding.

Food Habit

Rodents like to live near water of any sort, and prefer foods rich in carbohydrates and protein. Rodents are omnivorous and can eat a wide range of plant and animal foods. Fruits, seeds and invertebrates are also included as a major portion in the diet. Larger bandicoot main food items are Invertebrates particularly insect larval, arthropods, reptiles, birds, and cockroaches. Unlike mice, rats cannot survive without open water requiring about an ounce of water daily. The physical capabilities of rats are extremely alarming. They can climb stairways, pipes, wires and even bare walls with a rough surface. Most rat populations are nocturnal operating between dusk and dawn. They will adjust, however, to feed during times which food is the freshest or most available.

FOSSORIALITY 
Generally rodents live in fossorial (live under the ground) but in Indoors, rats prefer to nest on ground levels, though they will move to upper levels and attics when populations are large enough. Squirrels live in arboreal habitats, live in tree holes/cracks and crevices. Nests may be located in wall voids, underneath floors, in crawl spaces, underneath and behind stationary equipment, and in stored pallets or piles. These rats have even been found nesting within furniture in rooms which the occupants frequent. Outdoors, nests are often burrows located around the foundation of the structure. These burrows will become expanded and enlarged as the rat population grows. Many burrows may interconnect with one another forming a complex network of underground tunnels. These burrows will contain one main entrance, as well as two bolt holes which are used for escape purposes. Constant environmental conditions will be maintained inside the burrows, facilitated by soil. The depth normally depends on the atmospheric temperature 

· Porcupines – make crevices between rocky areas; the crevices are normally tapering; complex of crevices due to gregarious living. 

· Bandicoots – scooped soil exists before the burrows with soil pebbles. 

· Soft furred field rat – vertical burrow, which extends laterally 

· Gerbils – the burrow is complex in nature 

NOCTURNALITY 

They are crepuscular (Active mostly after dark), but are adaptable if warranted by circumstances; indoor mice are generally nocturnal but less predictable than rats. The spontaneous activity starts at evening hours after sunset and have exploration, feeding and feeding rhythms; the activity will be minimize by 9.30 pm. Again they become active in early morning having exploratory and feeding activities. 

EXPLORATION 
Rodents have a habit of checking the environment during the spontaneous activity period. This is to guard the area where they live to check any incursions or change in the environment. This is an in born instinct of all rodents. 

THEIGMOTAXIS 
Prefer to travel along, and in contact with, vertical surfaces rather than in the open; wary of crossing open spaces that provide no cover. In field conditions they prepare to move side of the bund. Hence, the baits placed on the bund are not accepted. Territories of most of the rodents ranging from 50 to 150 feet from the burrow, however, rats will travel up to 300 feet to a food source. As rat populations grow, competition, conflict, and fighting begin to increase. Large males will become dominant and any given territory can be divided up into several social orders where subordinate males also maintain an smaller area. Many rats will often be seen during the day, as they must feed when larger dominant rats are inactive. 

AGONISTIC BEHAVIOR 
Agonistic behavior refers to the complex of aggression, appeasement and avoidance behavior that occurs between members of the same species. Agonistic behavior is a much broader term than "aggression," which refers to behavior patterns which serve to intimidate or damage another (for more, see McFarland, 1982). 

SOCIAL AGONISTIC BEHAVIOR 
Agonistic behavior involves several actions, or motor patterns, including chasing, sidling, boxing, biting, and kicking, as well as audible and ultrasonic vocalizations. Agonistic behavior can occur between rats in a colony, and between resident rats and intruders. 

Urine Marking 
Urine Marking in rats refers to the deposit of drops or smears of urine in the environment, sometimes accompanied by secretions from preputial sebaceous glands (Birke 1978). Urine marking is a type of scent marking, a form of chemical communication, in which one rat, the sender, generates a chemical signal (the drop of urine) and transmits the signal by depositing the drop in the environment. Another rat, the receiver, identifies, integrates and responds (either behaviorally or physiologically) to the signal. It is assumed that the sender-receiver relationship is the result of natural selection, such that the sender's signal produces a response in the receiver that benefits the sender in some way (e.g. the signal attracts a mate for the sender etc.), while the receiver assesses the signal and responds in a way that most benefits the receiver (Agosta 1992). Urine marking is very common in mammals, and it has become adapted for use in a variety of contexts and may have more than one function in any given 

species. In addition, it may have different functions in different species (Johnson 1973). Chemical secretions contain an enormous amount of information (Agosta 1992). A rat who smells a urine mark can determine all sorts of things about the rat that produced it: its species, sex (Brown 1977), age (juvenile vs. adult), reproductive status (Carr and Caul 1962), familiarity (Krames and Shaw 1973), social status (Krames et al. 1969), individual identity (Brown 1988, Carr et al. 1970), and current stress level (Mackay-Sim 1980, Giesecke 1997, Valenta and Rigby 1968). In addition, rats can tell how long in the past a urine mark was deposited. 

NEOPHOBIA 
Rats constantly explore their territories and are very wary of new foods, new objects, or changes in their environment. This behavior is known as neophobia and can last up to several weeks. This has definite impacts on the Control of Norway Rats. They exhibit bait shyness , often not returning to food which makes them sick after taking little nibbles in initial tasting. These are extreme neophobic rats which avoid all baits and traps. The neophobic response can be one of the most pertinent obstacles to efficient rat control (Lund 1988). Barnett (1958) defined neophobia as the avoidance of an unfamiliar object in a familiar place. It causes problems in poisoning programmes because neophobic animals will avoid new foods and even foods previously eaten if they are placed on or in a novel object (Barnett 1988). The response varies not only between species (see below) but also between populations of the same species (Mitchell et al. 1977) and between individual animals (Cowan & Barnett 1975). 

 Neophobic periods: 

R. rattus – 3 days 

B. bengalensis – 1 day 

M. meltada – 5 days 

T. Indica – 3 days 

BAIT SHYNESS 
Aversion towards the poison bait is called bait shyness. A number of researchers, especially in India, have looked at the role of various food characteristics in the development of conditioned food aversions, and aversions to different poisons (e.g. Howard et al. 1968; Bhardwaj & Khan 1978; 1979a, b; 1980; Rao et al. 1980). Thomas & Taylor (2002) noted that either bait shyness or poison resistance was apparent in the rat population on Ulva Island. Cowan et al. (1994) recommended micro-encapsulation of poisons as a way of reducing the formation of learned aversions, 

by delaying the symptoms of poisoning. Sub lethal doses of acute rodenticide will not kill the rodents, but the minute quantities of phosphine generated in stomach will give stomach disturbance. Rodents will associate this discomfiture with bait material ate. Consequently they avoid eating the food item- Bait Shyness. It is temporary phenomenon. 

 Persistent periods: 

R. rattus – 75 days 

B. bengalensis – 21 days 

M. meltada – 135 days 

T. Indica – 75 days 

RESISTANCE TO RODENTICIDES 
Rats can also be physiologically resistant to poisons (Thijssen 1995; Taylor et al. 1996). This is a genetic trait that has been selected for over generations of exposure to certain rodenticides (Greaves 1994;). Warfarin-resistant mice, Norway rats and ship rats have been found in England and Europe (Boyle 1960). Warfarin resistant rats can be also resistant to difenacoum (Greaves et al. 1982). The issues of bait avoidance and the efficacy of poisons against warfarin- and difenacoum-resistant rats were discussed by Quy et al. (1992). Cleghorn & Griffiths (2002) found no evidence of resistance to brodifacoum in mice from Mokoia Island. Chronic rodenticides are reported to result in development of resistance over a period of time one more number of treatments. Bromadiolone has so far not shown proven anticoagulant resistance 

MIGRALITY 
Rodents inherently have migrality behavior - the movement in search of food sources. There are two types of migaration occur in rodents 1. Emigration – outward movement after the harvest in search of food available areas and 2. Immigration – inward movement of rodents to the crops under establishment. The range of movements depend largely on location between food resources and suitable harborage. Under stable conditions their movement is limited. Bandicoot the home range between 55 meter to 50 meter. A Norway rat will move within a diameter of 100 to 150 ft., a roof rat, 45 to 150 ft., and a house mouse, 10 to 30 ft. This range may expand when conditions are unstable or changes, such as a construction site. They may also expand their range in protected areas such as in sewers, in passages between buildings, and under groundcovers and during seasonal or climatic change 

REPRODUCTIVE BEHAVIOUR 

Concerning reproduction, a pair of adult rat will produce 6 young one (average litter size), sometimes they give with a maximum of 14 young one in favorable situation. One female can potentially produce 36 young in one cropping season.  Basic breeding biology – pregnant  for 19-21 days; post-partem oestrus 90; young reach maturity around 6 weeks of age. Breeding associated with stage of the rice crop.The male courting and mounting behaviour coincidental with ultrasound calling. It can be induced by female urine. Rodents have two types of reproductive behaviour is given in the below table.

	Normal Breeding (k-type)

	Abnormal breeding (r-type)

	· Sex ratio (M:F)- 1:1

· Avg. Litter size – 6
· Post partum oestrous- 90 days.
· Maturity period- 90 d
· This is seen in normal un-disturbed agrarian ecosystems

	· Sex ratio (M:F)- 1:2

· Avg. Litter size -20
· Post partum oestrous- 2 days.
· Maturity period- 75 d
· This is seen during unexpected favourable climatic situations


Factors influence the mortality

· Minimum of 2 month fallow between crops (food and cover) reduces the amount of favorable habitat in an agricultural landscape for rodents to survive between breeding seasons.

· Flooding of major habitats in lowland environments may lead to poor survival of rats during the monsoon season. For example, flood waters are critical in re-setting the system at low rat population densities each year in some provinces of the south India.

· Predators –Barn owls can have an important impact on rodent populations, especially when artificial nest boxes have been provided. However, these studies lack appropriate controls and have not examined possible compensation of rodent populations through better survival and breeding performance of those rats that survive.

· Many factor is responsible for the reproduction it influenced by mainly peromonal communication. Here some of chemical communication responsible for reproduction they are a) The Bruce effect, or pregnancy block, refers to the tendency for female rodents to terminate their pregnancies following exposure to the scent of an unfamiliar male. The effect has primarily been studied in laboratory mice (Mus musculus), but is also observed in deer-mice, meadow voles, and collared lemmings. The Bruce Effect has also been proposed, but not confirmed, in non-rodent species such as the lion. In mice, pregnancy can only be terminated prior to embryo implantation, but other species will interrupt even a late-term pregnancy. B) In Whitten effect it refers to the male mouse pheromones will synchronize the estrous cycle of group housed females. C) In Vanderbergh effect referees to exposure to male urine pheromones will induce earlier first estrus in pre-pubertal females.

5. Rodenticides and thier safe and judicious use
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5.A.  RODENTICIDES 
The rodenticides registered under the Insecticides Act, 1978 broadly belong to two categories based on their route of ingestion - oral and respiratory.  Between oral rodenticides again two types exist - (i) fast acting or acute, which bring mortality within 24 hours and (ii) slow acting or chronic, which bring mortality after 3-5 days based on the toxicant. Among oral toxicants, six rodenticides exist registered under the Act, while only one fumigant can be classified under respiratory poison category.  Two rodenticides exist under the acute rodenticides, while four comes under the category of chronic rodenticides.

1. FAST ACTING OR ACUTE RODENTICIDES

Acute rodenticides are fast acting thereby bringing the mortality within 24 hours normally.  Two inorganic chemicals come under the acute rodenticides.

1.1 Zinc phosphide
Zinc phosphide is greyish black, garlic like smelling powder, produced by direct combination on zinc and phosphorus.  It is the most commonly used acute rodenticide in the world.  It is insoluble in water and alcohol, stable when dry, but decomposes gradually in moist air.  Acids decompose it quickly leading to the production of lethal gas Phosphine, which is very toxic to mammals.  The acute oral toxicity of zinc phosphide to rodents are as follows:  Tatera indica (35mg/kg), Rattus rattus (40.1 mg/kg), Bandicota bengalensis (25.0 mg/kg) and Mus musculus (250 mg/kg).  This poison is widely used against field rat and mouse infestations.  Baits with two per cent are generally recommended. Zinc phosphide when used as bait reacts with water and Hydrochloric Acid in the gastrointestinal tract of rodents to produce phosphine gas. This gas kills the animal through failure of cellular respiration, especially in nerve cells. If ingested accidentally, severe gastro-enteritis with nausea, vomiting and severe abdominal pain will result followed by cough, dyspnea, and pulmonary oedema.  Severe poisoning may result in liver and kidney failure.  Death is due to shock and peripheral circulatory failure

1.2 Barium carbonate

It is a white amorphous powder and inorganic salt recommended for usage at 10-20% in the baits. The toxicity for B. bengalensis was 446 mg/kg., while for R. rattus 750 mg/kg.  Erratic results have been reported while using this rodenticide.  Further, the bait material carrying this rodenticide should not contain more than 10% protein; otherwise it sill reduce the efficacy.  These limitations made this rodenticide ineffective. 
In case of accidental ingestion, nausea, vomiting, diarrhoea, abdominal plain, paresthesias, profound muscle weakness, trembling, faintness, paralysis of arms and legs, hypokalemia leading to ECG abnormalities and dysrrhythmias, acute renal failure and pulmonary dysfunction.  Death may result from hypokalemia, dysrrhythmias, cardiac and respiratory failure.

2. SLOW ACTING RODENTICIDES

As on now the slow acting rodenticides are all belonging to the category of anticoagulants, which act primarily, preventing the blood coagulation.  The earlier anticoagulants, which have been introduced in the initial years, are first generation anticoagulants. However, with the advent of resistance among the residual populations, anticoagulants that are more potent have been developed.  These are called second generation anticoagulants with added advantage of effective kill of even resistant populations with reduced quantify of poison baits.

1. Warfarin

Warfarin belongs to the first generation anticoagulant category and kills rodents after uptake of 4-5 daily doses of 0.2 mg/kg per day. Its acute toxicity is 173 mg/kg. It was extensively used for controlling rodents in storage.  It is recommended at 0.025% a.i. in cereal baits and in liquid bait.  However, warfarin is not available in market at present.

2. Coumafuryl

It is also a first generation anticoagulant, is stable, and persists in baits.  It has a high toxicity for dogs and pigs.  Its acute oral toxicity is 900-1200 mg/kg. for rats, but repeated administration for 14-21 days at a rate of 0.1 to 1 mg/kg. It gives considerable control success due to anticoagulant mode of action.  It is recommended at 0.025% a.i. in solid baits. However, it is used in limited level in India. It is not available in the market.

3. Coumatetralyl

Coumatetralyl is an improved first generation anticoagulant and is a bluish amorphous powder. In market, it is available in 0.75% a.i. concentration. The acute toxicity is 16.5 mg/kg., while the chronic toxicity LD 50 for rats is 0.3 mg/kg. daily for five days. Hence, it is recommended in 'saturated baiting' technique with alternate day replenishing. It is formulated as tracking powder (0.75 per cent) and as ready-to-use bait (0.0375 per cent). It is recommended at 0.0375 per cent a.i. in solid bait for controlling rodents in storage situations. It is now not available in the market.

4. Bromadiolone

Bromadiolone is a second-generation anticoagulant and kills the resistant rodents. The acute oral toxicity is 3-5 mg/kg. It has no chronic toxicity. Single feeding of the baits also brings mortality of rodent population (40-60%) three days after the application. Hence, it is recommended in 'Pulsed baiting' technique. It is formulated as concentrate powder (0.25 per cent) and as ready-to-use bait (0.005 per cent). It is recommended at 0.005 per cent a.i. in solid bait by mixing 1 part of the concentrate in 49 parts of bait mataerial for controlling rodents in storage and agricultural situations. Application in 10 paper packets gave significant results in field conditions. Under domestic situation usage in simple bait stations yielded good results. The ready-to-use cake is coated with thin layer of wax to protect the bait from weather. These cakes are recommended to use in in-accessible situations in field conditions.

3. Respiratory poisons

Aluminium phosphide 0.6 g. pellets are recommended for rodent burrow fumigation @ 2 pellets per burrow.  This is a restricted rodenticide to be used under the supervision of technically competent persons.  The pellets can be procured by the Government Departments directly from the manufacturers. The burrows of B. bengalensis can be effectively treated with this fumigant. One pellet per burrow will be effective to control field mice. The pellets release phosphine gas in the atmospheric conditions, which is lethal to the rodents inside the burrows.  Due to this care is required to be taken to insert the pellets deep inside the rodent burrows and burrows are to be plugged to prevent leakage of the toxicant gas from the rodent burrows.

5.B. Application techniques
For any field rat control programme, the kind of bait materials, formulation, time and method of application are integral parts of the success of the rodent control programme. Also, these criteria must fit into tie farming systems and socio-economic construct of the farmer’s community. There are certain misunderstandings and traditional beliefs which should not be adopted or practiced: I) one of the most common is the addition of ground glass to rat bait, the idea being that the glass will lacerate 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 addition of cement or plaster of Paris to rat bait will result in the swallowed food hardening in the stomach of the rat, and that this blockage will cause death. This will not harden in it rat's stomach since it is too acid an environment for such a chemical reaction and 3) another common bait/poison fallacy is that, "if a little poison is good, then it lot more is better". The use of more poison than is required inevitably cause bait refusal and a poor kill because of bait shyness. Also, this will be expensive and dangerous.
Bait Placement Techniques


It is essential that bait placement techniques and schedules are worked out according to the agronomic practices of Field crops. The, bait application methods in paddy, wheat and sugarcane is described below;

Paddy

Proportion of zinc phosphide poison bait:


ZInc phosphide:   

Broken rice/wheat 


96 pans 

Coconut oil/any other edible oil 
2 parts 

Zinc phosphide 


2 parts 


Give two days pre-baiting of rodent burrows (5 gm burrow) with ordinary bait and then introduce the line phosphide baits for one day at the rate of 6-10 gm active' burrow of rodents. As it is highly toxic, insert them deep inside the burrows to avoid accidental feeding by non-target organism.
Prepare Bromadiolone poison as follows: 

Bromadiolone powder 


2 parts 

Crushed rice/wheat 


93 parts 

Coconut oil/any other edible oil 

3 parts 

Jaggery 




2 parts 


In paddy the treatment of the Fields begin 3-5 weeks after the nursery plantation. Loose grain bait (If anticoagulants packed in paper (100 g) acres: placed at the side of the field bunds (low embankments demarcating the fields) every 10 - 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 average distance between bait points about 10 meter. Treatments with three weeks interval are made, replenishing the first treatment after 3 - 4 days and the third treatment being done about 2 weeks before harvest. Each anticoagulant bait point in the Field is marked by fixing it number flagged stick in the soil.  This makes successive treatments at the fixed bait points easier. The paper will not give the protection from the monsoon rains and heavy Dew. So the bait should be given in the better containers or Bait stations. Loose grain bait of zinc phophide and other acute poisons are applied in the similar way as of anticoagulants. At each bait point 10 g of the bait is placed which is checked and repeated 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 wherever possible. 

(iii) Pulsed Baiting

The technique of pulsed baiting was introduced with the new single-dose anticoagulants, such as bromadiolone and brodifacoum (Dubock 1979, 1984). This contrasts with saturation baiting, in which bait is available to rats continuously over long periods until the population has declined to near zero. Pulse baiting is not necessarily more effective, but it is certainly cheaper, because the amount of labour and the quantity of bait required is much lower than in saturation baiting.


As mentioned earlier, death is delayed by three or more days after ingestion (depending on the species of rat and the type of rodenticide). This means that rats will continue to feed on bait even though they have received a lethal dose, which would be a waste of bait. In addition in some species (e.g. R. norvegicus), animals of lower hierarchal ranking cannot feed until 'higher' animals are removed from the population.


This behavioural characteristic is exploited by baiting in pulses. Poisoned bait is laid for 13 days (depending on the rodenticide) and discontinued for about a week, allowing the first batch of animals to die and thus be removed from the population. The next baiting pulse will remove another batch of rats. Normally three baiting pulses are sufficient to remove almost the entire population. The intensity of baiting periods (pulses) depends on the rat population in and around the building and the rate of immigration from neighbouring areas. In spite of the above the intervals between and number of pulses has to be decided each time based on the results of monitoring.

Wheat


Baiting can be conducted in wheat fields about 6-8 weeks after sowing. Anticoagulant baits are applied in 100 g with the bait stations or burrow baiting by paper, 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. Treatments are made with one week interval and baits replenished where it is required. Zinc phosphide and other acute poison is applied at the side of the field bunds after every 15 m intervals halfway along each  fields bunds and at every intersection of the bunds. Two to three pieces placed at each bait point. In addition to this, treatments are made inside the fields by spot baiting.  The spot baiting is carried out by walking 3 – 4 meters form the intersection of bunds and making a transect inside the plots. This  makes easy the successive treatments at these points. The active and open burrows are treated along the baiting lines.

Sugarcane
The first baiting should be I00 bait points per hectare. This can be done first by placing the bait in the 3rd or 4th row from the edge of the field, not inside the furrow but near the base of the cane. Place I bag every 10-meter or every 25-30 steps within the row. Skip 7 rows and place baits on the 8th row. Do this until all the 100 bags of baits have been evenly distributed in the I-ha area. The second baiting should be done seven days after the first baiting. This time use 50 bags per hectare. Place I bag every 14 meters or every 35-40 steps. Skip 9 rows and place bait on the I0th row. The 3rd baiting should again be I00 bags per hectare 14 days after the second baiting. (Repeat the first step.). Succeeding bait applications however may be determined by monitoring bait consumption. Continue baiting as long as bait consumption is up.

Baiting with zinc phosphide is most effective when rat population is high. This may be used in an area wide rodent control especially just after harvest.  Follow the mixing procedure indicated in the label. Do not alter the proportion as this may greatly affect bait acceptance by the rats. Prebaiting for 2-3 days should be done in order to increase acceptance of zinc phosphide baits and also reduce the bait shyness behavior.

Two 2nd generation rodenticides have been tried in sugarcane locally: brodifacoum and Bromodiolone. Both are formulated as wax block baits and one block is sufficient to kill one rat. The advantage of these compounds is that once rats have ingested a lethal dose equivalent to a wax block, they die within 5 days or less. prebaiting is not needed for anticoagulants. One major disadvantage though is the higher risk of accidental poisoning especially to domestic animals e.g. dogs. 

It is important that bait application should start when ratoon crops are 3-months old and in 4-5 months old new plantings or as soon as the level of rat activity is over 10%. The level is determined through census baiting or live burrow count method. If baiting is done early, the population of the rodents is greatly reduced even before they are established inside the sugarcane fields. It is at this stage when the standing crop may still be less attractive to the rats. As the cane stalk gets older and sweeter, it becomes more attractive to the damaging animals. There are two ways by which baiting with this group of anticoagulants is accomplished. The first one is for a need-based application that depends on the level of rat population or rat activity, while the second approach is the calendar or monthly application which is a regular blanket application at 40 blocks/ha/application.

Before initiating baiting in sugarcane, make sure that there are sufficient materials to use, especially with anticoagulant rodenticides. For instance, one rat should eat at least 25-35 grams anticoagulant bait. With acute rodenticides such as zinc phosphide, one rat must eat at least 4-7 grams of the zinc phosphide bait. As any pesticide is potentially toxic to human, do not inhale the fumes when mixing the bait especially with zinc phosphide poison. Refrain from smoking or eating while mixing baits. Wash hands thoroughly after handling baits. Rush suspected persons affected by rodenticide baits to the nearest clinic and inform health workers of the possible source of poisoning. Keep all mixing containers, rodenticide containers and other materials locked. Make sure that these are out of children's reach.

Coconut and cocoa


It is estimated that about 20-70% of damage in coconut and cocoa crop due to rodents in India. The main species is involved causing damage to the pods are Rattus rattus and Funambulus sp. If the plantation is near the hills regions the Porcupine cause damage by debarking the root and trunks.  Bromadiolone in the wax cake form can be effectively used to control rodents inhabiting coconut crowns or damaging cocoa crops. "Rat cake" bait of anticoagulant poisons (bromodiolone) is applied on the grown of the coconut trees at the rate of 2-3 pieces /tree. Thirty such bait points per hectare should be established for the effective control of rodents. 

Use of bait stations in crop fields

The type of bait container, wherein baits are placed to the rodents, plays a key role on the consumption of the baits; thereby affecting the overall control programme. Different types of such bait containers are being used since time immemorial. In spite of this, no standard bait stations are being used for the rodent management except in Philippines, USA, and European countries. Although the prototype of the bait stations are available for usage in other countries, some of them cannot be used either due to cost of the material or due to species variance. 


All rodent baits are susceptible to damage by moisture from wet ground, dew, or rain. Rats do not like damp and spoiled bait. Therefore, for effective control, bait protection is important which is done by using various kind of bait stations (Fig.  ). Besides protecting the bait from adverse weather, their other functions are as follows:

· To minimize the risk of accidental feeding on the bait by non-target species and domestic animals.

· To carry a warning on the cover 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.

· In a sustained baiting programme, the bait is regularly replenished freshly and this is possible only through the use of bait stations
a) Banana stalk

This bait station is made with a banana stalk and is effective for rodent control. Two banana stalks are arranged to a stick, one will be the bait carrier and other will protect the bait from rain, heat etc. This station is useful, cheap and very easy to use.

b) Palmyra basket

A conical Palmyra basket with a triangular mouth serves as a bait container as described by Rao (1984) with three bamboo, sticks supporting in edges of mouth of the basket. One is long enough to plant the basket in the field at the desired level.

c) Grass hut 

The bait station are made up of with locally available grass and reported to be effective bait stations. In addition to the above, broken pitchers, curved tiles, rain water pipes and porcelain pipes, P.V.C pipes, Drain tubes and cement pipes, earthen pots were reported to be useful as convenient bait containers in rodent control programme.

d) PVC pipe

          Bait stations can be made from 2- to 3- inch PVC pipe constructed in an L-shape or upside-down T-shape. The horizontal pipe should be at least 12 inches long. Bait stations can also be made from rolled tar paper, mailing tubes, or similar durable materials.
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Application Procedure

Day 1: 
Make a survey in the area to locate rodent burrows on the bunds and no mans lands around the fields.  Identify the live rodent burrows, through the presence of soil plugs and faecal pellets.  

For using acute rodenticide like zinc phosphide keep pre bait of approximately 20 g. broken grain of staple food with little amount of vegetable oil.







Or

Prepare poison bait of Bromadiolone at 0.005% a.i. in cereal base. Keep the bait approximately 15 g. wrapped in paper packet inside the burrows.

Day 4: Prepare zinc phosphide poison bait at 2.5% using broken grain of staple food with vegetable oil as binding medium.


Keep bait deep in the burrows.

Day 5: Close all rodent burrows.

Locate dead rodents and bury them.  Normally most of the rodents die inside the burrows.  Hence, mostly dead rodents cannot be seen.

Day 6: Treat the residual burrows with anticoagulant like Bromadiolone based on the situation.


Place 1 piece of Bromadiolone wax block (16.6 g.) or 15-20 g. of loose Bromadiolone bait (0.005% a.i. Bromadiolone mixed in bait material) in packets in all the reopened burrows. With Bromadiolone, rodents die between 3-10 days after the placement of bait material.

In rodent endemic areas or when the rodent problem is quite serious, fumigant like Aluminium phosphide can be used to treat all the residual rodent burrows in the field conditions.  The residual burrows are the reopened burrows after closure of the burrow entrances with mud one day prior to the observations.

· Cover the nose and mouth with a cotton cloth.

· Cover hands with gloves/polythene cover.

· Take a tube/pipe.

· Take two Aluminium phosphide pellets.

· Insert the tube deep inside the rodent burrow.

· Leave the Aluminium phosphide pellets inside the tube.

· Remove the tube/pipe and close the burrow.

Fumigation should be done under the technical guidance and strict supervision of officials from the State Department of Agriculture.
6. INTEGRATED RODENT MANAGEMENT


Integrated pest management is a system which in the context of the associated environment and the population dynamics of the pest species, utilises all suitable techniques and methods in a compatible way and maintains pest populations at levels below the economic injury level. Rodent control is a problem of applied ecology and the control measures should be based on proper translation of ecological factors into management polity. 


The primary aim should be to reduce damage, rather than to kill the pest. However, most often this is achieved by use of a lethal chemical. However, if lethal control is followed by rapid immigration then the damage reduction may be short lived. Thus it is important to take account of spatial dynamics of the pest. Simple ecological theory treats a population as a group of organisms in one place at one time, the number of which change through time according to the number of births, deaths, immigrants and emigrants.  Although rodents have potentiality for fast breeding, the geometrical progression is countered by various limiting factors operated by nature. Implantation failure, intra uterine mortality, maternal cannibalism and postnatal mortality due to social strife etc. limit their number. However, the higher carrying capacity of crop fields result in maintaining more number of rodents resulting in significant crop losses.

6.1. Factors for rodent incidence

Climate affects the food supply in nature. Based on this the rodents exhibit unimodal or bimodal peaks in breeding activity often coinciding with the crop maturity periods. Bimodal pattern of breeding is observed in Bandicota bengalensis, Funambulus pennanti, and Tatera indica. However, wherever single cropping is practised unimodal pattern of breeding is reported for these species.

Harbourage or cover is an important parameter that limits the rodent infestation. Weeds afford both shelter and food to the rodents. Bunds with more volume have more weeds; thereby more rodent infestation. Similarly, denser fields with more tiller density afford cover and energy, which enhance reproductive activity of rodents. 

        Wider spacing and even maintenance of alleys in rice fields prevent rodent damage. Cover/shelter in storage of commodities is one of the major factors influencing the rodent population.

Rodents are highly mobile and form limited social structures based on a hierarchy. These home ranges depend on food reserves, cover, and presence of other individuals of it or other species. Home ranges change with altered resources. Rodents emigrate from their ecosystems once the food source is removed or shifted. This is particularly important since rat control is done in some places at harvest time. They also immigrate very fast. Sustained trapping and poisoning which may reduce 80-90% of rodent infestation often fail to prevent the damage because of constant immigration from un-trapped and un-poisoned areas nearby. 

In cereal crops booting stage attracts rodents, which on arrival settle in the field and start breeding due to abundant availability of quality food. This is one of the factors to planning timing the rodent control operations. Pre seasonal rat control operations are vogue in some of the States. Such control may have limited result due to this dispersal behaviour. Further the compensatory capacity of the cereal crops before booting stage also makes it imperative to take up rat control operations at late tillering stage.

6.2. Monitoring rodent incidence
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Since the aim is primarily for damage reduction, but not individual rat killing, there is a necessity of monitoring the situation in different ecosystems through either their damage or through their levels of infestation. 


Looking at National perspective it is recommended that efforts for periodic monitoring of rodent infestation in crop fields at tehsil levels be made based on the number of active burrows per hectare (25 burrows per hectare: low intensity; 25 to 50 burrows/ha: medium intensity and more than 50 burrows/ha.: severe intensity). The control decision may be taken depending on the monitoring surveys. Limited work undertaken on monitoring indicated that damage index of 15% of rodent affected hills or 2% tiller damage may be taken as threshold value. 

6.3. Rodent management measures


Different methods exist in controlling rodents. However, each method has its own limitation. The methods that are in vogue and limiting factors are given below:
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6.3.1. Role of predators


Snakes and owls have been the natural predators for field rodents. Bird perches of 3 meter height with a 2 ft cross bar are employed for attracting owl perching in the nights to facilitate hunting the colonising rats. The perches should be used at tillering stage of the crops to tackling immigrating rodents. However, if these perches are continued in later stages, granivorous birds will cause damage to the panicles. Since most of the predators of rodents are general feeders, they often tend to feed on food other than rodents. 


A study made in Nagapattinam district during 1995 revealed that Tyto alba (barn owl) utilized these perches to the tune of 70% during kuruvai and 60% during thaladi seasons. It was further noted that during day time insectivorous birds (Black drango, King fisher etc.) perched on these perches and shown significant consumption of insect pests.

         Declined rodent population after harvest of the crops makes these predators to leave the area on emigration. There is also sometimes a possibility of predation triggering increase in rodent populations after partial removal of the rodents.  


Attempts were also made with parasites and pathogens to bring successful rodent control. However, the efforts are so far not fruitful since they also equally affect human populations. Attempts are in progress to use immuno-contraception through viral vectors (VVIC) among rodents. However, the trials are at infancy stage only.
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6.3.2. Physical methods


Trap Barrier System (TBS) is being tried in different countries employing fences to the rice farming and fixing traps at different intervals. 


Trap crop is also is added to attract rats to immigrate by growing a small patch of the crop on the periphery. However, looking at the cost of fencing and land holdings, it may not be appropriate in Indian conditions to use this method, although the preliminary studies yielded significant results. However, in North-eastern States this method can be followed in jhum cultivation. Non-lethal electric fencing as a barrier method was found to be cost effective and has limited extension value.

Other physical methods include burrow digging, smoking rat burrows with hay stack smoke etc.

6.3.3. Ultrasound devices


The sense of hearing among rodents is above 20 kHz thus extending well into ultrasonic range. Ultrasound devices are being used as deterrents to rodent immigration. However no convincing evidence was found them as effective against rodents. Similarly little scientific support was found for use of electromagnetic devices. 

6.3.4. Chemical repellents


There is no effective chemical repellent available that is not also toxic. Although pheromones appear to be promising, lot of scientific work is required to identify, isolate and bring out the pheromones for extension purpose. Recently, a castor based repellent – Ecodon, exhibited significant repellent effect on B. Bengalensis in rice fields, when applied as granules or sprayed on the boundaries of rice crop. Rice tiller damage is less than 5% in treated fields, while untreated had more than 25% loss.

6.3.5. Trapping
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Trapping is one of the oldest methods of animal control. A variety of traps can be used against rodents- live or snap. The efficacy of trapping, whether live or snap trap, depends on operational conditions of the trap, number of traps set, type of bait, place and time of placement. 


Scientific literature has seldom proved trapping as effective method against rodents as a measure of reducing their numbers. However, they can be employed in controlling localized infestations effectively. Tanjor kitties, bamboo Palmyra traps are highly effective for localized infestations. They help in maintaining rodent numbers at a low level once they have been reduced by other methods. In a study during 1995, setting 17,900 Tanjore kitties (in 70 he.) yielded 4,029 rodents (25.33% trap success) in Kuruvai season and 4,176 rodents (24% trap success) in Samba and Thaladi season. About 70% of trapped rodents are B. Bengalensis and 30% are Millardia meltada. The trapping cost per rodent is about Rs 1.50.

6.3.6. Use of rodenticides


Generally rodenticides are used for mass scale rodent control campaigns. Application of rodenticides and environmental manipulation should be considered as complimentary to each other rather than alternative approaches. Amalgamation of various methods, as above, results in reduction in rodent damage in different situations.
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