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Introduction

This chapter is a revision and update of
material presented in the first edition
(Fiedler and Fall, 1994). In 1994, we be-
lieved that examples of long-term successes
in reducing rodent damage to tropical crops
were very limited. At the time, the situation
was blamed on insufficient information that
had, over previous decades, precluded spe-
cific recommendations. Beginning in the
late 1960s, several research projects, pri-
marily focused in Asia, investigated import-
ant crop loss situations and demonstrated
several effective rodent-control methods.
Moreover, these findings and some control
recommendations were published and in-
corporated into extension programmes in a
number of areas. Most of the publications
concerned were in widely available ‘grey
literature’ or in conference proceedings
because few journals were available with an
interest in applied vertebrate pest control
research — and even those were not avail-
able to managers, researchers or extension
personnel in problem areas. Despite this
progress in the development of rodent-
control methods, the adoption of new methods
by farmers has been slow, even in areas
where intensive efforts were made to intro-
duce new procedures (Quick, 1991). Prob-
lems associated with changing traditional

rodent-control practices paralleled those
encountered with the introduction of other
new crop production technologies to trop-
ical agriculture.

In updating our chapter, we searched
the literature published since the 1994 edi-
tion, using the databases ‘Wildlife & Ecology
Studies Worldwide’ and ‘Google Scholar’.
We used the search terms ‘rat control’ and
‘rodent damage control’, successively com-
bined with ‘cacao, cocoa’, ‘coconut’, ‘fruit’,
‘maize’, ‘corn’, ‘oil palm’ and ‘rice’. Because
much of the post-1994 literature on rodent
control in tropical crops has been generated
by just a few investigators and their col-
leagues, we also searched selectively by au-
thor names and further searched the Rice
Bibliography of the International Rice Re-
search Institute (IRRI). Collectively, these
searches resulted in several hundred thousand
entries, though of course, with much redun-
dancy. We examined the first 100 entries in
each search, removed redundancy, then fur-
ther eliminated papers that by title or key-
words focused on damage observation or
description, strategic or philosophical dis-
cussion, or anecdotal or promotional mater-
ial rather than on the evaluation of actual
control methods. We added several older
papers to the list that we did not examine in
1994, resulting in about 200 new publica-
tions that we then read for content. We were
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surprised that relatively few papers focused
on the practice of rodent control compared
with the large number devoted to describing
an already well-known problem of rodent
damage to crops or promoting anti-pesticide
approaches to problem resolution.
Practical rodent pest management
methods are now available for tropical crops
in many areas, usually involving combin-
ations of cultural practices and the strategic
use of environmentally safe rodenticides.
However, rodent species differences and
ecological differences in crops and crop-
ping practices in different areas still require
the evaluation of methods in new practical
use situations (Wood, 2001). In our earlier
review, published work on rodent control, a
reflection of the overall research effort, was
minimal, particularly in Central and South
America, the Caribbean, Africa, the Middle
East and the Far East (Kaukeinen, 1987).
While the amount of new, practical infor-
mation has increased somewhat, most cur-
rent work continues to emphasize problem
description or re-description rather than
moving forward with the development of
new practical rodent-control methods, thus
leaving the continuing use of rodenticides
the primary method of rodent damage con-
trol (Buckle, 1999; Singleton et al., 1999a;
Stenseth et al., 2003). Although relatively
more publications, particularly on African
rodent damage problems, have appeared
(Leirs and Schockaert, 1997; Makundi et al.,
1999), there are still a number of important
crop damage situations for which no generally
accepted rodent-control methods appear to be
available or widely used (ICRBM, 2006).

Rodent Problems
Annual chronic losses

Rodent damage situations can be highly
variable, often seasonal, unevenly distrib-
uted and difficult to predict (Fiedler et al.,
1991). Many rodent species are inactive
during the day and are, therefore, not read-
ily observed by farmers, extension workers
or researchers. Damage can be concentrated
and obvious, such as the 1-2 m diameter

circles of cut wheat tillers surrounding burrow
openings of bandicoot rats (Bandicota ben-
galensis); or it can be widely dispersed and
cryptic, as in rice fields in South-east Asia
with less than 10% damage. The latter dam-
age pattern frequently goes unobserved by
both farmers and crop protection specialists
unless they examine plants closely.

The perception of a problem and of the
actual damage or loss occurring can be very
different, erring in either direction. For ex-
ample, farmers in Indonesia appeared to be
satisfied with their harvest before learning
that their rice fields actually had more than
7.5% cut tiller damage and 0.64 t ha™ lower
yields than fields baited with rodenticides
(Buckle, 1988). Also, without the benefit of
actual damage assessments, crop protection
specialists and Filipino farmers disagreed
on the pest status of rodents in rice fields
(Litsinger et al., 1980). These examples dem-
onstrate the importance of the physical exam-
ination of individual plants to assess rodent
damage and the need to examine yield losses.

Estimating crop damage and relating
the results to yield loss is often confounded
by variations caused by plant compensation
and different fertilizer inputs, insect pest
and weed problems, and inadequate damage
assessment techniques (see Chapter 10).
Nevertheless, chronic losses that occur an-
nually in tropical field crops as a result of
rodent damage are probably 5% or more (Hopf
et al., 1976), even when traditional rodent-
control methods are practised. Locally,
chronic losses can be much higher (Jackson,
1977), particularly when crops are grown in
areas that are highly susceptible to rodent
damage. When these chronic losses occur
continually over large areas, they are more
significant than the more obvious outbreak
losses that receive national, and sometimes
international, attention (Buckle et al., 1985;
Leirs et al., 1999; Stenseth et al., 2003).

Periodic acute losses

Outbreaks of losses in agricultural areas
that result from unusual rodent popula-
tion increases can be dramatic and ex-
tremely visible, and can occasionally result
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in food shortages over large areas. There
are two primary types of rodent popula-
tion outbreaks. One type occurs after new
areas are opened to agricultural produc-
tion; another type results from major cli-
matic changes involving a period of either
excessive rainfall or, more commonly, ab-
normal drought followed by normal rain-
fall (Fiedler, 1988b; Leirs et al., 1990;
Singleton et al., 2010a). Lengthy drought
not only reduces rodent populations but
also changes the influence of factors that
normally limit their numbers — predation,
competition and disease. Resumption of
rainfall provides an immediate abundance
of food, shelter and water for surviving
rodents, so that increased reproduction,
survival and dispersal occur. Rodent out-
breaks in Australia and Hawaii involving
Mus musculus occur after lengthy droughts
are ended by normal rainfall (Tomich, 1986;
Ramsey and Wilson, 2000). Australian wheat
crops have been seriously affected during
these mouse plagues (see Witmer and
Singleton, 2010; and Chapter 12). Rat
population irruptions involving bamboo
flowering are related in that abundant food
becomes available in areas with previ-
ously limited resources (see Chapter 3). As
the food base again declines, surviving ro-
dents may shift their activity ranges into
cropping areas (Jaksic and Lima, 2003;
Singleton et al., 2010b).

Reports of rodent outbreaks in Africa
have been more frequent, extreme and
widespread than in other tropical areas.
Two or more periods of favourable rains,
after a period of low rodent population
density resulting from drought, character-
ized outbreaks in Senegal (Hubert and
Adam, 1985; Leirs et al., 1990, 1996). Simi-
larly, the 1986-1987 outbreaks in Sudan
and some other Sahelian countries occurred
after a 47 year drought was interrupted by
normal rainfall in 1985 and 1986 (Fiedler,
1988a). Over a 12-18 month period, high
rodent populations developed but went
unnoticed by authorities until complaints
from farmers reached a peak. In remote areas,
subsistence farmers were forced to replant
fields several times before any assistance
was begun.

Common characteristics of tropical
rodent problems

Although each tropical rodent damage situ-
ation deserves individual attention, there are
some general characteristics that are shared.
Most rodent pest populations express sea-
sonal trends in activity, reproduction and
abundance which are related to crop phen-
ology and climate. Alternating dry and wet
seasons influence not only crop planting
schedules but also rodent breeding, mortal-
ity and mobility. Successful damage control
programmes have identified these seasonal
trends and used the information to help de-
termine when crops are most susceptible to
damage and when rodent pests are most sus-
ceptible to control. Because habitats adjacent
to crop fields, orchards or plantations gener-
ally provide food and cover throughout the
year, rodents may breed continuously in these
areas, invading fields when crops are suscep-
tible to damage. Such refugia may present
special problems of access and the exposure
of non-target animals if rodent control is
attempted outside field margins.

When habitats are disrupted, resident
rodents may move to more favourable sur-
roundings. Disruptions may be caused by fire,
flooding (including patterns of irrigation),
drought and agricultural practices such as
land preparation and harvesting. During dry
seasons, irrigated croplands attract rodents
from surrounding, less favourable habitats.
Knowing how adjacent habitats influence
rodent damage in susceptible crops is es-
sential for effectively managing rodent pest
problems.

Control Methods

The primary objective in any agricultural ro-
dent pest management programme should
be cost-effective crop protection, hence
lower damage and higher yields. Using
numbers of rodents or indices of rodent
abundance before and after control oper-
ations is only useful for determining changes
in populations or activity. Unless it has
been adequately demonstrated that reduced
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populations result in reduced damage in a
particular situation, changes in rodent
numbers should not be relied on to esti-
mate the degree of crop protection achieved.
Even though reducing local populations
may achieve higher yields in many situ-
ations, in some, the yield increase may be
relatively costly. For example, crown bait-
ing in Philippine coconut plantations is
more cost-effective than ground-baiting
methods (Fiedler et al., 1982). Targeting
those rodents that are actually doing the
damage increases efficiency and raises the
economic benefits of control by lowering
costs. Effective control programmes have
been based on ecological or behavioural re-
search that identified the vulnerable factors
in the behaviour and life cycles of rodent
species and have used this information in
the development of materials, methods and
procedures to protect crops. For example,
sustained baiting to protect rice from ro-
dent damage involved adjusting the num-
bers and locations of bait stations to manage
feeding competition and relate bait presen-
tation to crop stage and damage potential
(West et al., 1975; Fall, 1977; Hoque and
Sanchez, 2008).

Many rodent-control problems involve
only a single pest species. Further, in mul-
tiple species situations, it is possible for a
minor rodent species to assume a greater role
in crop damage when populations of a pri-
mary species are reduced or when seasonal
habitat changes no longer favour the primary
species (Wood, 2001). For a situation involv-
ing rodents and larger mammals, such as
bandicoot rats and golden jackals (Canis
aureus) inhabiting Bangladesh sugarcane
fields (Sultana and Jaeger, 1992), a systems
management approach may be helpful (Watt,
1970). However, systems approaches are ex-
pensive and time-consuming to develop and,
without widespread adoption, the develop-
ment costs would probably not be recovered
(Hygnstrom, 1990).

Chemical

Rodenticides are generally an integral part
of successful rodent pest management and,

in some tropical habitats, are the only
practical method available (Buckle, 1999).
Unfortunately, farmers and extension per-
sonnel are often confused or uninformed as
to how a particular product may be effect-
ively used. Local labels typically lack ad-
equate use directions and provide only
generic instructions that leave users guess-
ing or improperly improvising untested ap-
plication methods. Fortunately, a number of
companies that service international roden-
ticide markets are now providing better in-
formation and technical assistance for
tropical countries.

There are two basic field methods cur-
rently recommended for applying rodenti-
cide baits. Both the sustained baiting
method, with multiple-dose anticoagu-
lants, and the pulsed-baiting method, with
single-dose anticoagulants or acute roden-
ticides, can be cost-effective in specific
crop situations (Wood, 2001; Wood and
Chung, 2003). Sustained baiting, devel-
oped in the early 1970s (Fall, 1977), is still
recommended for reducing rodent losses
to rice-field rats, even when damage levels
are low (Reissig et al., 1985; Singleton and
Petch, 1994; Hoque and Sanchez, 2008).
The technique initially requires a continu-
ous, low-level input of bait which is moni-
tored and supplemented as rodenticide
bait consumption increases during the
crop season, and then terminated before
harvest. Costs are, therefore, related to the
actual risk of damage and the unnecessary
use of rodenticide is avoided, and the ap-
proach has been even more profitable to
farmers in areas susceptible to significant
losses.

Pulsed baiting promotes the applica-
tion of second-generation anticoagulant ro-
denticides at intervals designed to reduce
the amounts of labour and bait material
used. Because of the greater toxicity of second-
generation anticoagulants, they are gener-
ally sold to farmers as end-use products
rather than as concentrates. Acute rodenti-
cides, such as zinc phosphide, can also be
applied at intervals, but often require pre-
baiting or other tactics to achieve a similar
effect and, in stable rat populations, bait
shyness may become a problem. The interval
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between baiting pulses may be as short as
1 week (Dubock, 1982; Buckle et al., 1984a),
or as long as 6 months (Advani and Mathur,
1988), depending on the rodent problem
and the control objectives. End-use prod-
ucts with pre-formulated bait entail substan-
tially higher costs, because the transportation
of products, particularly those originating
offshore, includes shipment and distribu-
tion costs for inert bait base material. While
rodenticide concentrates are preferable for
farm use, pre-formulated baits may be safer,
easier to handle and still cost-effective if
used properly (Ahmed and Fiedler, 2002).
For some rodent species that hoard food, the
use of loose bait is preferable, as animals
may move prepared baits without consum-
ing them.

Chemical repellents or those derived
from predator urines, capsaicin or other nat-
ural products are often suggested as having
the potential to reduce rodent damage to
crops, and considerable research effort has
been engaged on this approach for many
years (e.g. Mason et al., 1996). Nevertheless,
repellents have, as yet, found very limited
practical application (Mason, 1997, 1998;
Tobin et al., 1997) and are a particular con-
cern if consumable portions of food crops
hold potentially irritating or toxic residues.
Limited success has been found with repel-
lents for seeds, seedlings or tree crops
browsed or girdled by rodents (Mason, 1997;
Ngowo et al., 2005).

Non-chemical

Non-chemical methods can be used alone or
integrated with rodenticide use when prac-
tical and cost-effective. Continuing research
efforts are clearly needed so that effective ro-
dent damage control is less dependent on
the use of rodenticides as a primary method
(Leirs et al., 1999). However, the continuous
availability of food (including crops), water
(irrigation in dry seasons) and shelter (pro-
lific vegetation) maintains rodent popula-
tions in and around tropical agricultural
fields and often limits the apparent effect-
iveness of physical and biological approaches
to controlling crop damage.

In some situations, predators have
been shown to have an impact on pest
populations (Newsome, 1990) but, more
commonly, the presence of vertebrate pred-
ators in crop areas generally reflects the
presence of pest rodents (Howard, 1967).
Despite abundant prey populations when
crops mature, and for fleeting periods after
harvests, it appears that most potential ro-
dent predators do not maintain functional
populations on a permanent basis in mono-
typic agricultural fields (Fall, 1977; Tobin
and Fall, 2005). Nonetheless, artificial in-
creases in predation have been periodically
promoted as a method of rodent control,
the most well-known attempt being intro-
ductions of the mongoose (Herpestes javan-
icus) to sugarcane-producing areas in the
tropics during the late 1800s. Although these
introductions were not successful in redu-
cing rodent damage, they had long-lasting
and unfortunate impacts on ground-nesting
birds and provided a continuing reservoir
of wildlife rabies. The excellent cover
provided by field crops and the long inter-
vals when fields are fallow between crops
preclude the effective establishment of
predator populations in many crop areas.
Nevertheless, this approach continues to
be investigated. Recent efforts have in-
cluded the provision of artificial raptor
perches or nesting structures and attempts
to increase predator abundance, but field
trial data to establish the effectiveness of
such measures in increasing crop yields
are lacking or inconsistent (Howard et al.,
1985; Askham, 1990; Smal et al., 1990;
Chia et al., 1995; Wood and Chung, 2003;
Witmer et al., 2008). Notwithstanding, lo-
cally active rodent predators in farming
areas should be maintained, and control
programmes should be designed to min-
imize impact on predators and other de-
sirable wildlife.

Barriers or fences have been effective in
local situations. Inchaurraga (1973) used sheet
metal barriers in South American rice fields
to obtain a 5 t ha™! yield compared with only
2 tha™ in unprotected plots. Shumake et al.
(1979) demonstrated that non-lethal electric
barriers could stop rat damage to rice plots,
with impressive yield increases, and interrupt
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the activity sinks that occur when rodents
are killed in large numbers on small areas
(Uhler, 1967; Ahmed and Fiedler, 2002).
Barriers are commonly used to protect more
valuable crops, such as seedbeds or re-
search plots. Unfortunately, some methods
are hazardous and have killed humans,
livestock and other non-target species.
Quick and Manaligod (1991) reported 11
human fatalities in one area of the Philip-
pines resulting from the use of 220 V elec-
tric wires strung from main lines to protect
rice fields. Research on barrier methods
continues and may yet result in more broadly
useful techniques.

Trapping is usually not practical if ro-
dents are numerous, affected areas too large,
traps costly or reinvasion rapid. If traps are
used, the intensity of effort needs to be re-
lated to the numbers and activity of rodents
and compared with the level of crop dam-
age. Usually, trapping has proven to be so
labour intensive that little benefit is achieved
or efforts cannot be maintained because
farmers lose interest when local rodent ac-
tivity is low before crops are susceptible.
Still, in some special situations, for example
experimental fields of deepwater rice (Islam
and Karim, 1995), trapping has been used ef-
fectively to manage rat damage.

Lam (1988) and Lam et al. (1990) com-
bined simple drift fence barriers and traps
to prevent invasions of Asian rice-field rats
(Rattus argentiventer) into substantial
areas of susceptible rice. At IRRI, Single-
ton and numerous colleagues have refined
this approach and used it as a means to
improve community-wide approaches to
rodent capture for the protection of rice
crops (IRRI, 1992; Singleton et al., 1998,
1999c¢). More recent research has demon-
strated applications in various rice pro-
duction systems (dela Cruz et al., 2003;
Sudarmaji et al., 2010).

Habitat manipulation appears to have
more potential in temperate, urban areas
than in tropical crops (Colvin, 1991), though
for some tropical crops, changing certain
portions of agricultural habitats could be
beneficial, and this approach at least bears
further evaluation (Whisson, 1996; Horskins
et al., 1998; White et al., 1998; Jacob, 2008).

Wood (1991) noticed two distinct cultural
practices in Malaysian rice fields that
could account for major differences in rice
yield and rodent damage. Large northern
paddies with smaller and fewer bunds pro-
vided fewer nesting sites and less weedy
shelter for Asian rice-field rats than did
southern paddies with larger, more numer-
ous bunds. Wood speculated that modify-
ing the bunds in the south might result in
lower damage. Weeding within and adja-
cent to field crops can also reduce rodent
cover and damage (Hoque and Olvida, 1986),
a concept understood by farmers using
very traditional crop production methods
(Litsinger et al., 1982).

Synchronous planting shortens the
period that crops remain susceptible to dam-
age and reduces the chance of early- or
late-maturing fields becoming focal points
of rodent activity. However, labour shortages
during the brief transplanting and harvest
periods (for example, Wood and Chung,
2003) and the progressive availability of
water in areas that use gravity irrigation may
preclude synchronous planting.

Control Programme Organization

In any rodent damage control effort there are
three basic strategies to choose from: toler-
ance of the damage, management of the
damage, or eradication of rodents. Tolerance
is practised by both farmers and government
officials. It is usually selected because of ap-
athy, a lack of awareness of crop damage, un-
familiarity with other options, or because of
religious, social or legal taboos against harm-
ing animals. Tolerance may be useful when
control requires more effort and cost than
simply accepting crop losses. Permanent or
temporary eradication of rodents from crop
areas is generally not practical or ecologic-
ally sound. Large-scale rodent-control cam-
paigns have often been based on the false
premise that rodent eradication from crop
areas was possible.

The most practical strategy is the man-
agement of crop damage. Whether for a large
commercial grower, a research farm or an
individual farmer, a management strategy
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should determine a minimum amount of
damage or loss that can be accepted (Fall,
1991). Drummond (1991) presented a four-part
management concept consisting of: (i) an
objective leading to (ii) a plan for imple-
menting (iii) actions or activities that are
subject to (iv) an evaluation to determine
the level of success. The objective should
not be to reduce rodent populations, but ra-
ther to reduce damage, increase yield or
lower rodent-borne disease to some prede-
termined and acceptable level.

Two general approaches to organizing
rodent damage control programmes have been
used. The first, the area-wide or community-
based approach, with its origins in the
urban rodent-control programmes of tem-
perate countries, is clearly difficult to or-
ganize and maintain for tropical field crop
situations owing to small farm sizes and
high human populations. Such programmes
(frequently built around external donor as-
sistance) tend to foster bureaucracies that
are more responsive to the vagaries of local
politics than to protection of crops. How-
ever, area-wide programmes can be effect-
ively organized when governments have the
authority to demand, or the influence to at-
tract, farmer participation (Sumangil, 1991;
Leung et al., 1999; Sudarmaji et al., 2010).
Rural communities, farmer cooperatives or
other farmer organizations often provide an
existing framework within which rodent-
control activities can be introduced and im-
plemented. In some situations (plantation
crops or large holdings), large-scale rodent-
control programmes must be handled by
one individual or organization. The pulsed-
baiting method for rodenticide use, which re-
lies on area-wide applications, has been used
effectively in these latter situations (Buckle,
1988; Wood, 2001; Ahmed and Fiedler,
2002). Smaller quantities of rodenticide bait
applied at more locations but at longer time
intervals provide adequate protection with
less effort than do sustained baiting or other
farm-based programmes, but this technique
loses some advantage when adjacent farms
do not participate or when the immigration
of rodents is rapid. When large-scale pro-
grammes are appropriate, careful attention to
early warning and surveillance procedures,

the timing of treatments in relation to crop
susceptibility, full participation of the af-
fected community and the monitoring of
crop damage are essential elements for ef-
fectiveness. Singleton et al. (1999c) have in-
vestigated and refined similar tactics using
trap-barrier systems.

The second approach places responsi-
bility for rodent control with individual
farmers. This requires that each farmer must
obtain materials needed and carry out ro-
dent control in his own fields. Extension
workers may assist by providing specific
information and recommendations, but gov-
ernment personnel need not become dir-
ectly involved in rodent-control operations
except during major population outbreaks.
Individual responsibility is a relatively new
approach in many tropical countries. Farm-
ers who have relied on government pro-
grammes in the past are reluctant to take
individual initiatives. This constraint will
probably continue until methods and mater-
ials are developed that are widely available
for individual use at appropriate times, until
effective means are available to inform and
train farmers, and until national govern-
ments and donor organizations cease to pro-
mote subsidized area-wide programmes.
The development of such individual farmer
approaches in the Philippines in the 1970s
made rodent control in rice fields parallel to
other Green Revolution technologies, such
as: the use of certified seed, fertilizer and
irrigation; insect, disease and weed control;
and advanced cultural practices (Reissig
et al., 1985; Hoque and Sanchez, 2008).

Primary Rodent Pests

Seven genera of rodents are responsible for
most crop damage in tropical situations and
these have been identified for the specific at-
tention of international donors (Drummond,
1978). These genera range over wide areas,
with some overlapping of continents. Con-
sequently, they have received the most atten-
tion by international and national research and
development programmes, and have the
most information available about effective



276

M.W. Fall and L.A. Fiedler

control practices. Singleton et al. (2010a)
and Witmer and Singleton (2010) have iden-
tified numerous other rodent species, less
widely distributed, that may sometimes
cause serious crop damage. In this chapter,
our names follow those used by Wilson and
Reeder (2005) in Mammal Species of the
World, except when we mention older names
(which we have tried to clarify) or quote dir-
ectly from other authors (particularly in the
References section). A number of rodent
names have changed since we first wrote
this chapter in 1994, and many authors con-
tinue to use old names or variants, thereby
causing considerable confusion in the rodent-
control literature.

In 1994, we constructed range maps for
important species and genera based on dis-
tribution information reported in the 1993
edition of Wilson and Reeder. Here, we refer
the reader to online range maps constructed
by the Global Biodiversity Information Facil-
ity (http://www.gbif.org), a multinational
organization headquartered in Copenhagen,
Denmark, that compiles current information,
including range maps, based on specimen
holdings in major international museums.

Rattus spp. (rats)

The genus Rattus (see range map at http://
www.gbif.org/species/2439223) ranges world-
wide and includes about 56 species, although
only a few have adverse impacts on man.
These rodents typically are generalists, ex-
hibiting broad food and habitat preferences.
They are the most abundant mammal as well
as the most economically important rodent
present in many countries. The most familiar
are the Norway rat (R. norvegicus, which is
not a species of primary tropical concern;
see range map at: http://www.gbif.org/
species/2439261) and the roof rat (R. rattus,
range map at: http://www.gbif.org/species/
2439270), which cohabit with humans nearly
everywhere. Occasionally, they have adapted
to living in agricultural fields (for example
in crops in Hawaii), but crop damage is usu-
ally ascribed to other, less commensal spe-
cies. Some subspecies of Rattus, such as the
Philippine rice-field rat (R. r. mindanensis,

now R. tanezumi; see range map at: http://
www.gbif.org/species/2439262), are true field
pests and, even though they may be oppor-
tunistic commensals, they thrive in the ab-
sence of dwellings. Introduced commensal
rodents have disrupted the biodiversity
on many islands throughout the tropics
(Atkinson, 1985; Chapter 18) and attempts
to eradicate Rattus, even on small islands,
have required massive, labour-intensive efforts
(Moors, 1985; Howald et al., 2007), and often
considerable precedent efforts, to assure
regulatory compliance in such projects (Pitt
etal., 2011).

In addition to R. rattus and R. tanezumi,
other species (R. argentiventer, R. exulans,
R. nitidus, R. losea and R. tiomanicus) are
present in various parts of Asia and the Pa-
cific Basin where they may damage rice, oil
palm, coconut, maize and a wide variety of
other crops (Williams, 1985; Hoque et al.,
1988; Chapter 3). R. tiomanicus has been a
chronic pest of ripening oil palm fruit in
Malaysia, where resistance to warfarin has
required the use of second-generation anti-
coagulants in control operations. R. r. diardii
(now R. tanezumi), previously known pri-
marily as a commensal species, has more re-
cently become common in some oil palm
plantations that are far removed from dwell-
ings (Wood and Chung, 1990; Wood, 2001).
R. villosissimus periodically irrupts and causes
extensive crop damage in Australia.

Since Wood (1971) realized that Malay-
sian rice yields could be experimentally in-
creased threefold with rodenticide baiting
during the crop period, equally dramatic re-
sults have been achieved in Indonesia and
Philippine rice fields. The costs of control
efforts can usually be economically justified
if yield losses exceed 0.5% (Buckle et al.,
1984b), but without effective control, aver-
age losses from rodent damage in field crops
are usually much higher. Research has iden-
tified rodenticide formulation, bait place-
ment and the timing of bait applications as
key factors that determine the effectiveness
of crop damage control. Timing proved to be
most important when two formulations of
warfarin were compared for controlling
R. argentiventer damage to Malaysian rice
(Buckle et al., 1980).
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Baiting begun shortly after transplant-
ing and continuing for at least 4-8 weeks
was more effective than other baiting sched-
ules tested. Research in Philippine rice
fields on R. r. mindanensis (now R. tane-
zumi) and R. argentiventer showed that it
was critical to begin baiting early in the
crop cycle and to distribute bait points
within paddies instead of at central loca-
tions on dykes (Fall, 1977) in order to reach
all individuals and assure that the rats actu-
ally causing the damage can access bait. The
technique has been widely used (Reissig
et al., 1985; Singleton and Petch, 1994; Ho-
que and Sanchez, 2008) and has been adapted
to work effectively in other crops (Fiedler
et al., 1982).

Bandicota spp. (bandicoot rats)

Bandicoot rats (see range map at: http:/
www.gbif.org/species/2437726) are major
rodent pests in the irrigated crop fields of
India (Prakash and Mathur, 1988; Mathur,
1997), and also cause significant damage in
Sri Lanka, Nepal, Myanmar, Bangladesh and
Pakistan. Substantial amounts of the total
yield in field crops can be cached in burrows
by these rodents, which are also important
storage pests.

Field studies in Bangladesh on the biol-
ogy and behaviour of the lesser bandicoot
rat (B. bengalensis), in combination with la-
boratory results, offered clues for a potential
strategy to reduce damage in maturing
wheat (Poché et al., 1982). Results from
damage surveys showed that wheat fields
were not utilized by these rodents until the
booting stage, after which rapid immigra-
tion, burrow formation and wheat damage
were observed. A zinc phosphide bait cake
developed in Pakistan (Smythe and Khan,
1980) was effective in small-scale field trials
and in a large-scale demonstration in wheat
fields. Using this technique, a successful
national campaign was carried out in Ban-
gladesh in 1983 and 1984 (Adhikarya and
Posamentier, 1987). Despite the minimal
cost, time and effort required by Bangla-
deshi wheat farmers, it is unclear if or how
well the programme continued to function.

Donor assistance, long ended, played a large
initial role in motivating government offi-
cials and programme participants. Private
industry did not continue the local manu-
facture of high-quality zinc phosphide bait
cakes, thereby permitting other substandard
or adulterated products to dominate the
marketplace, and probably degrading farmer
confidence (Bruggers et al., 1995).

Mathur (1997) found treatments with
bromadiolone, warfarin and zinc phosphide
baits could control damage by the lesser
bandicoot rat in rice, wheat, coconut, and
cacao. Singla and Parshad (2010) used bro-
madiolone alone or zinc phosphide fol-
lowed by bromadiolone to reduce damage
significantly in sugarcane and adjoining
wheat fields. An evaluation of an area-wide
approach was initiated by Sultana and Jaeger
(1992) to determine whether damage in both
wet season rice and dry season wheat could
be reduced by single rodenticide applica-
tions at the time of the year when rodent
populations are most vulnerable, after the
monsoon floods recede. Preliminary results
indicated that this minimal treatment might
reduce major crop damage and could be
more easily managed by government agen-
cies and farmers.

Arvicanthis niloticus (Nile rat,
unstriped grass rat)

The Nile rat (see range map at: http://www.
gbif.org/species/2438914) is the predominant
rodent pest in field crops in eastern Africa
and Egypt and is occasionally abundant in
western Africa as well. Nile rats are herbiv-
orous and normally consume grass seeds,
leaves and shoots during daylight hours.
They have a generally short lifespan; preda-
tion may help to limit rodent numbers except
during population peaks which, in Senegal,
occur about every 4 years (Poulet, 1985).
Breeding and population density generally
follow seasonal trends related to rainfall and
vegetation, including crops (Fiedler, 1988a).
During dry seasons, when regional popula-
tions decline dramatically, relative abun-
dance may appear to increase as survivors
concentrate in restricted areas of irrigated
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croplands or other suitable habitats and be-
come highly visible to farmers.

Little information has been gathered to
describe crop damage from or to develop ef-
fective control techniques for this species in
agricultural areas. However, it is susceptible
to 1% zinc phosphide on whole sorghum
bait mixed with 1% vegetable oil (Suliman
et al., 1984), a formulation now used in
Sudan. Greaves (1989) reported that anti-
coagulants mixed with wheat grains were
effective in the field, but Taylor (1968) ob-
served poor bait acceptance during an out-
break in Kenya, and suggested that natural
vegetation may have been preferred over the
cereal grain bait being used. Makundi et al.
(1999) summarized past and current practices
for controlling damage by this species and
outlined a comprehensive integrated pest
management (IPM) strategy for this and asso-
ciated commensal and agricultural rodents
causing preharvest and postharvest losses.

Mastomys spp. (multimammate rats)

These small rodents (see range map at: http://
www.gbif.org/species/2438904) are the most
important agricultural rodent pest in Africa.
The severe crop damage they cause is a re-
sult of their omnivorous and opportunistic
feeding behaviour, extraordinary reproduct-
ive capabilities and a propensity for close
association with human settlements. Multi-
mammate rats thrive in the presence of culti-
vation and readily enter homes, damage
stored foods and spread disease.
Considerable effort has reduced, but
not eliminated, the confusion in the system-
atics of Mastomys (Robbins and van der
Straeten, 1989). Within this species complex,
animals display one of three chromosome
numbers, which differentiate M. natalensis
in southern Africa and M. huberti in eastern,
central and western Africa (both with 32
chromosomes) from M. coucha (36 chromo-
somes) and M. erythroleucus (38 chromo-
somes). All of these types are physically
and behaviourally similar, and as pests,
they are often treated as one problem.
Although multimammate rats have been
involved in virtually every documented

regional rodent outbreak in sub-Saharan
Africa (Fiedler, 1988b), comparatively little
research on the damage they cause or the
development of control approaches has
been published. Taylor (1968) recorded ob-
servations during a major outbreak in
Kenya, including an attempt to control the
field damage caused by multimammate rats,
Nile rats and four-striped grass mice (Rhab-
domys pumilio). Several other studies that
evaluated rodenticide formulations for mul-
timammate rats in the field or laboratory
have produced no consensus as to what ma-
terials or techniques are suitable for crop
damage control (Fiedler, 1988a). Myllymaki
(1987) suggested that control efforts should
focus on symptomatic treatment during crit-
ical damage periods, such as in sown maize
or preharvest cotton fields, which would
provide Tanzanian farmers with immediate
visible results — an approach with a better
chance of farmer acceptance.

Like many other African rodents, multi-
mammate rats generally have predictable
patterns of breeding and abundance that fol-
low seasonal precipitation patterns (Fiedler,
1988a). Telford (1989) followed Praomys
natalensis (now M. natalensis) population
trends and the amount and duration of the
two annual rainy seasons occurring in
Morogoro, Tanzania, over a 4 year period.
Leirs et al. (1990) showed that this pattern
of bimodal rainfall could be used to pre-
dict population densities and potential
damage in subsequent crop seasons. These
research findings should facilitate the de-
velopment of an appropriate management
strategy for control efforts in Tanzania
and other African countries with similar
problems (Makundi et al., 1999).

Meriones spp. (jirds)

Damage to field and plantation crops by
jirds (see range map at: http:/www.gbif.
org/species/2437686) is a significant prob-
lem in North Africa (Bernard, 1977) and
the Near East (Greaves, 1989). Only in
India has there been any major effort to
examine systematically tropical crop dam-
age problems caused by this group of pests
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(Prakash and Mathur, 1988; Mathur, 1997;
Parshad, 1999). Damage by M. hurrianae popu-
lations, which can average >300 animals ha™,
occurs in grain and tree crops, grasslands,
vegetables and irrigation schemes.

Burrow treatments have been the most
practical and useful technique for reducing
damage. Only small amounts of bait are re-
quired and access to bait by non-target ani-
mals is restricted. Whole-grain pearl millet
(Pennisetum typhoides) is very attractive to
jirds, particularly when natural food is scarce.
Their hoarding behaviour would probably
make multiple-dose anticoagulant baits costly
to use except in low-level maintenance con-
trol programmes. Nevertheless, the use of
chlorophacinone and coumatetralyl, as well
as the single-dose anticoagulant brodi-
facoum, each formulated in a pearl millet
base, reduced active burrows by 83, 81, and
91%, respectively, after 10 days (Mathur and
Prakash, 1984).

Strychnine (0.5% with mineral oil) and
zinc phosphide (0.6-2.5%) on wheat grains
have reportedly been successful when used
in burrow applications. However, Bernard
(1977) reported that tolerance to 0.5%
strychnine in some populations required a
change in concentration to 2.5% to achieve
adequate toxicity. Such strychnine toler-
ance has also been found in pocket gophers,
Thomomys bottae (Lee et al., 1990), and
large differences in strychnine efficacy have
been reported among three subspecies of
the California ground squirrel, Spermophi-
Ius beecheyi (Howard et al., 1990), and in
Richardson’s ground squirrel, Spermophi-
lus richardsonii (Proulx et al., 2010), sug-
gesting the need to check rodenticide
efficacy periodically or for use against new
species.

Sigmodon spp. (cotton rats)

The distribution of cotton rats (see range
map at: http://www.gbif.org/species/2438146)
ranges from the southern USA, through
Central America, to north-western South
America. Although cotton rats occasionally
burrow, these 100-200 g herbivorous rodents
generally prefer grassy habitats that provide

abundant vegetation for shelter, food and
nesting. Cotton rats normally are active at
night, using distinct runways to traverse a
home range of about 0.1-0.5 ha. Breeding
can be year round in the tropics, but peaks
probably occur in favourable seasons. Popu-
lation outbreaks occur occasionally over
large areas, probably associated with favour-
able climatic conditions. Holler et al. (1981)
noted a capability for the doubling of cotton
rat populations in 1 month in Florida sugar-
cane fields. Cotton rats damage maize, sugar-
cane, rice, cotton and a variety of other field,
garden and plantation crops (Espinoza and
Rowe, 1979; Elias and Fall, 1988). However,
they are less damaging to flooded rice as they
remain at the drier edges of fields or along
dykes. If populations are high, rapid and sig-
nificant damage may occur when fields are
drained before harvest.

Methods used for controlling damage by
cotton rats include removing weeds in and
around crop fields to reduce suitable habitat
and increase exposure to predation. Rodenti-
cides that are reported effective include the
anticoagulants diphacinone (0.005%), brodi-
facoum (0.005%), pival (0.025%), warfarin
(0.025% on maize/groundnut oil), coumate-
tralyl (0.0375%) and coumachlor (1% in a
paraffin/maize meal block). In addition to
anticoagulants, zinc phosphide, formulated
with grain/vegetable oil or cubed sweet potato,
and bromethalin have been used to reduce
cotton rat numbers. Lefebvre et al. (1978)
found that acceptance of 1.88% zinc phos-
phide formulated on oat groats or cracked
maize was similar and that prebaiting did
not increase acceptance.

Field evaluations of damage control
procedures in Latin America have been
very limited. In Mexico, Martinez-Palacios
et al. (1978) used 0.05% warfarin with a
grain-based bait in small bags selectively
applied at arate of 2 kg ha! over two 1600 ha
mixed-crop areas to reduce cotton rat popu-
lations at about 50% of the cost of zinc
phosphide baiting. They attributed this suc-
cess to the use of maize oil as an attractant
on the bags. Kverno et al. (1971) made
similar observations in Nicaragua where
cotton rat acceptance of non-oiled bags
was poor. While rodenticide baiting for
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cotton rat control still appears to be com-
monly used by farmers in Latin America,
particularly during population outbreaks,
no research-based programme recommenda-
tions are apparent in the recent literature
(Witmer and Singleton, 2010). An extensive
summary (in English) of the Latin America
rodent research literature had little original
information on cotton rat control (Mitchell
et al., 1989), and plant protection personnel
from the region have had limited participa-
tion in recent rodent-control conferences
(ICRBM, 2006).

Other important rodent pests
of tropical agriculture

Web-footed rats (Holochilus spp.) can be im-
portant rodent pests in South American sug-
arcane, rice and cotton (Elias and Fall, 1988;
Castillo, 1990). Cartaya and Aguilera (1985)
found that most of the damage to rice in Vene-
zuela attributable to Holochilus occurred
during the earlier vegetative growth stages
and amounted to 0.9% of the biomass. These
105-255 g, nocturnal, mostly herbivorous ro-
dents are adapted to aquatic environments,
and have partial webbing between the toes on
the hind feet. They construct nests and feed-
ing platforms above water level in flooded
fields. Anticoagulant rodenticides have been
field tested, but only in limited areas and for
short periods, using trap success or bait ac-
ceptance for evaluation.

Greaves (1989) cast doubt on the fre-
quency of significant crop damage by Tatera
and Gerbillus in the Near East, but else-
where these gerbils are mentioned as import-
ant pests of dryland agriculture (Fiedler,
1988b; Prakash and Mathur, 1988). Govinda
Raj and Srihari (1987) identified the repro-
ductive patterns of gerbils (T. indica) in
India and suggested that control operations
should begin before the onset of the breed-
ing season, which is associated with rainfall.
Formulated with pearl millet, a preferred
bait base, anticoagulant rodenticides reduced
active burrows of this gerbil as well as
those of a sympatric species, M. hurrianae,
in crop fields. Gerbillus populations occa-
sionally irrupt in Asia and in Africa and are

sometimes involved in serious damage to
planted seed (Witmer and Singleton, 2010).

Rodent Control, Crop Protection,
Integrated Pest Management,
Ecologically Based Pest Management
and Decision Making

Rodent control describes the approaches
used for: protecting crops, natural resources
or rare species; preventing the spread of
rodent-borne diseases; protecting structures
and commodities from damage; reducing
overabundant populations in managed areas;
eradicating rodents from confined areas
such as islands; or removing single individ-
uals from pest situations. Rodent-control
programmes are called by many names,
some chosen to describe the purpose of the
programme, some to describe the method-
ology, some to conceptualize the general ap-
proach, and some simply for purposes of
marketing to users, funding agencies or the
public. Often, several techniques need to be
used in combination to achieve lasting re-
sults. Most recently, the processes of select-
ing management techniques in relation to
ecological variables and constraints, apply-
ing them in a planned and systematic way,
monitoring progress, evaluating results and
providing feedback have been termed inte-
grated pest management or IPM (Kogan,
1998) or ecologically based pest management
(National Research Council, 1996). Single-
ton et al. (1999a) conceptualized this pro-
cessas ecologicallybased rodent management
(EBRM).

It is important to recognize that the eco-
logical principles and the array of available
techniques involved in all such programmes
are similar and that a new name chosen for
an effort does not necessarily mean new in-
formation or new techniques are being util-
ized. In the 1994 chapter, we discussed
rodent-control programmes in terms of IPM,
and we prefer to retain that usage. Smith
and Calvert (1978) defined IPM as broad,
ecologically based control systems that use
and manipulate multiple plant protection
tactics in an effective and coordinated way.
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More complex definitions have been devel-
oped, but theirs remains broadly applicable
to all plant pest situations, including those
involving rodents. As many countries,
international organizations and the do-
nor-supported international agricultural re-
search centres have incorporated IPM into
laws, regulations or policies, and estab-
lished various IPM coordinator positions,
we share Kogan’s (1998) lament that the in-
vention of new names for a 40-year-old
paradigm that has achieved universal recog-
nition, even as an acronym, is non-productive.
Minimal field research on the integration of
methods and evaluation of programmes has
been conducted.

Few practical IPM programmes are in
routine use for rodent damage problems in
field crops (Spragins, 2006). Smith (1970)
recognized more than 40 years ago that
chemical pesticides would continue to pro-
vide powerful tools in IPM programmes
and that the hope for ‘revolutionary’ ap-
proaches to pest control should not be a
basis for rejecting effective chemical tech-
niques (e.g. IRRI, 1992). Although IPM, as
well as EBRM, has increasingly been pro-
moted as an ‘alternative’ to use of chemical
pesticides, in fact, and in practice, pesti-
cides that are effectively and selectively
used remain an important component of
most successful IPM programmes, particu-
larly in the management of rodent damage
to field crops (Buckle, 1988, 1999). None-
theless, in every pest situation we have
described there are many opportunities to
improve the effectiveness, selectivity and
environmental compatibility of rodent dam-
age control programmes by developing,
evaluating and using ecologically based
integrative approaches.

The development of approaches to re-
duce or prevent crop damage by rodents
presents some special problems that require
careful consideration (Marsh, 1981; Fall,
1991; Singleton, 1994; Singleton et al.,
2003). While the general population dy-
namics of rodents and the principles for
their application in IPM programmes are
well known from studies conducted in tem-
perate countries (Davis, 1972), few basic
ecological data exist for common rodent

pest species in tropical agriculture, though
since 1994 the situation has improved sub-
stantially, particularly for the most import-
ant rodent species. Much of the new literature
is well summarized by Singleton et al.
(1999a, 2003), Stenseth et al. (2003), and
Witmer and Singleton (2010). The rodent
pest species are all highly responsive to
changes in environmental conditions, making
it essential to develop a thorough understand-
ing of the specific ecological, phenological
and climatic factors that influence rodent
population behaviour in particular crop situ-
ations. This may be particularly important in
the future, as climatic patterns change in
particular areas. Because rodents may be
relatively long lived compared with field
crop cycles, have the capability for rela-
tively long-range movements across differ-
ent habitats, and can reproduce rapidly
whenever adequate food and cover are
available, most rodent damage problems
must be studied and evaluated in farmers’
fields rather than on small plots or experi-
ment stations. The same rodents often dam-
age a variety of crops in the same area,
shifting from one field to another as crop
cover develops or ripening progresses. Sea-
sonal movements from crop fields to dwell-
ings or storage structures are common for a
number of problem species. In some cases,
more broadly based integrated programmes
addressing community problems may be
more practical and sustainable than specific
crop-oriented approaches (Chapter 14).
Programmes in Malaysia, Indonesia
and the Philippines have introduced IPM
concepts to rodent control. The sustained
baiting method, developed in the Philip-
pines in the early 1970s, contained a
self-monitoring component in which bait
consumption — a reflection of rodent activ-
ity within rice fields — was regularly
checked, and the baiting regimen increased
or decreased accordingly to minimize ro-
denticide wuse (Fall, 1982; Hoque and
Sanchez, 2008). Modifications of the pro-
cedure using placebo baits have been used
for monitoring rodent activity so that control
can be initiated when necessary (Howard
et al., 1979; Howard, 1983). Based on the
Rennison and Buckle (1988) surveillance
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procedure using rat-damaged rice hills,
Buckle et al. (1984b, 1985) and Buckle (1988)
established thresholds ranging from 15 to
25% damaged hills (equivalent to 1.8—-3% cut
tillers) for rice field treatment with rodenti-
cides in Malaysia and Indonesia. Recom-
mendations called for weekly baiting with
anticoagulants during the rice tillering stage,
and the use of tracking powder or fumigation
during the maturing stages. Damage assess-
ments at harvest were used to monitor the
success of the management programme and
identify where rodent control should be em-
phasized in the next crop season.

IPM programmes that are tailored to
the smallest manageable unit that can be
handled by a trained farmer or farm worker,
with guidance from IPM extension special-
ists when necessary, probably present the
best prospects to be self-sustaining. Such
approaches are also more likely to be compat-
ible with other farming and pest-management
practices. The sustained baiting technique
was designed for a single farmer to use ef-
fectively regardless of whether or not sur-
rounding fields were being protected. This
approach allowed rodent control to be in-
cluded in the ‘package’ of new rice pro-
duction technology being provided to
select Philippine farmers (Fall, 1977). In-
dividual farmer-based programmes place
the emphasis on extension workers to pro-
vide information to farmers about rodent
damage control methods and on market
development to assure the availability of
materials. Whether using physical control
methods or rodenticides, the effects of in-
tensive rodent control on small areas ex-
tend well beyond the limits of the
individual farm or field, opening up the
possibilities of extension strategies that
focus on the fraction of progressive farm-
ers most receptive to practising new ap-
proaches. In some situations, farm-based
programmes may be the preferred approach
to manage chronic rodent damage prob-
lems, whereas area-wide approaches, dir-
ected by specialists, may be appropriate for
managing regional rodent population out-
breaks, even though both approaches might
involve the same crops, rodent species and
control methods.

The limited availability of materials
for rodent damage control in rural areas is
a worldwide problem that must be ad-
dressed country by country, and area by
area, for the development of self-sustaining
and successful IPM programmes. Specific
efforts will generally be required by public
or private sector organizers, whether the
materials needed for a particular pro-
gramme are rodenticides, bait materials,
traps, fencing or simply information. If
markets for materials are undeveloped in
rural areas, if distribution networks are too
costly for the private sector to establish, or
if the costs of providing chemical registra-
tion or other regulatory data are higher
than the potential profit for private indus-
try, then specific government involvement
may be necessary. In the USA, the US De-
partment of Agriculture is involved in the
development, registration, manufacture
and distribution of minor-use vertebrate
pest management materials that are needed
in IPM programmes for which no other
sources are available.

Many of the techniques, materials and
practices available for rodent damage con-
trol programmes have the potential for
adversely affecting other wildlife and redu-
cing biotic diversity. Although farmers can-
not be expected to divert agricultural lands
or suffer crop damage to maintain wildlife
populations, one need only consider the
impact of such desperate rodent-control
practices as the burning or destroying of
habitat adjacent to croplands, or the poi-
soning of irrigation water, to recognize that
the utility and impacts of rodent-control
operations need careful evaluation. If other
wildlife species are determined to have a
measurable role in reducing crop damage,
practices to encourage increased activity of
predatory mammals or birds around crop
fields may be a useful part of an IPM pro-
gramme. Even if ‘natural controls’ are not
demonstrated as practical components of
crop damage prevention, IPM programmes
should be developed with the dual object-
ives of minimizing both crop damage and
environmental effects.

An increasing number of countries are
requiring that data on wildlife impacts be
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provided before the use of rodenticides is
permitted in field crops. Most rodenticides
are toxic to a variety of mammals and some
birds, but toxicity data alone are an insuffi-
cient basis for regulatory decision making.
Because few species of wildlife can live in
the transient habitats provided by crop
fields, wildlife exposure to rodenticides can
often be limited by careful timing of treat-
ments or by selective methods of applica-
tion. When the costs of evaluating the wildlife
impacts of pest management methods and
materials outweigh the profitability of po-
tential markets, governments may need to
assist in gathering data to ensure that effective
IPM programmes can be developed to re-
place the ineffective, hazardous or destruc-
tive practices that farmers may use when
nothing else is available.

In any attempt to control crop damage,
many small and large decisions must be
made by each of the participants. Often,
little evaluation of the outcome of these
decisions is attempted and practices are
simply adopted as routine. Ideally, IPM
systems can help to provide feedbacks
from the results of rodent damage control
operations to those responsible for deci-
sion making, ranging from individual
producers to government officials. Many
constraints — technical, economic, eco-
logical, cultural, religious and political —
affect decisions about rodent damage control.
It is important to recognize that much of
the biological, chemical and ecological in-
formation about rodents, rodent damage
problems and the effectiveness of tech-
niques and materials has been obtained by
researchers without reference to the prac-
tical constraints or specific management
objectives of any particular crop damage
situation. There is a continuing challenge
for both producers and pest management
specialists to make careful, informed choices
in translating the available technical infor-
mation into safe and effective operational
IPM crop protection programmes. How-
ever, there is certainly enough biological
and technical information about rodent
damage control in hand to pursue the de-
velopment of applied programmes more
aggressively (Davis, 1972).

Discussion

Characteristics of successful
rodent-control programmes

In 1994, we believed that some initial inter-
national support to a tropical country
seemed to be prerequisite for progress in ro-
dent control to occur. The Philippines, hav-
ing one of the more successful national
programmes, had major technical and finan-
cial assistance from the United Nations
Food and Agriculture Organization (FAO),
the German Agency for Technical Cooper-
ation (Deutsche Gesellschaft fiir Technische
Zusammenarbeit, or GTZ; now the German
Agency for International Cooperation,
Deutsche Gesellschaft fiir Internationale
Zusammenarbeit, or GIZ), and the US
Agency for International Development (US-
AID) over a 20 year period (Sumangil, 1991).
Other organizations that have provided
assistance to tropical rodent-control pro-
grammes are the United Nations World
Health Organization (WHO), the UK Over-
seas Development Administration (ODA;
now the Department for International De-
velopment, or DFID), the Danish Inter-
national Development Agency (DANIDA),
the Belgium Administration for Develop-
ment Cooperation, the Swiss Directorate of
Development Cooperation and Humanitar-
ian Aid, the World Bank, the Asian Develop-
ment Bank and the Australian Centre for
International Agricultural Research (ACIAR).
At various times in the past and present, the
CGIAR-sponsored international agricultural
research centres have actively supported
rodent-control training or assistance pro-
grammes. Other organizations engaged in
rodent-control projects on a smaller scale
have included the Rockefeller Foundation,
the Bill & Melinda Gates Foundation, CARE,
the Catholic Relief Services and the Men-
nonite Central Committee. Sponsored pro-
jects in Asia, Africa, Latin America and the
Caribbean have contributed valuable infor-
mation on key rodent problems.

Clearly, the era of major donor assistance
for rodent control to lesser developed coun-
tries has ended, and progress in actual con-
trol programme implementation on national
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or international scales has slowed or stopped.
Despite this, a number of nationally sup-
ported research efforts have emerged, sug-
gesting continuing progress can be expected
(Singleton et al., 1999a, 2003).

Measuring success

Measuring the success of rodent-control
programmes has received little attention.
Most managers have had no real obligation
or responsibility to evaluate programmes or,
if they did, lacked the skills and a budget to
do so. In each situation where the applica-
tion of IPM principles is being considered,
specific surveillance and monitoring prac-
tices appropriate to the crop, rodent species
and farming practices should be devised to
provide the essential information about
management effectiveness. The common
practice of counting dead animals following
poisoning programmes gives no indication
of programme effectiveness for protecting
crops because it ignores remaining or rap-
idly reinvading animals and provides no in-
formation about crop damage.

Two national programmes have been
subjected to independent evaluation. Dizon
(1978) interviewed managers, extension
workers and farmers soon after a new rodent-
control programme was introduced in the
Philippines and found a substantial lack of
knowledge among extension workers and
farmers about the required materials and
procedures. Despite this handicap, about 2%
of farmers after 1 year and about 12% after
2 years had adopted all or portions of the
new technique. The management informa-
tion system developed and used by the Phil-
ippine Bureau of Plant Industry to track
rodent-control efforts in relation to crop
damage assessments (Sumangil, 1991) pro-
vided a mechanism to maintain a national
overview during the initial efforts to imple-
ment new procedures for rodent damage
control (Hoque and Sanchez, 2008; Single-
ton et al., 2008).

Adhikarya and Posamentier (1987)
evaluated rodent-control campaigns in Ban-
gladesh, where considerable effort was ex-
pended on developing and testing extension

methods designed to motivate farmers. As a
result, an additional 5045 t of wheat were
harvested in 1983, and in 1984 an add-
itional 5208t of wheat were realized. Bait
costs for these campaigns averaged about
3-5% of the value of the increased produc-
tion. The gains were probably larger because
only wheat fields were evaluated, even though
non-wheat crops were officially included in
the 1984 campaign.

In addition, a number of countries with
some tropical agricultural areas within their
borders have engaged in both rodent re-
search and control efforts. India, in particu-
lar, with diverse rodent damage problems
across several climatic zones (Prakash,
1988; Parshad, 1999), has long maintained
science-based, nationally coordinated rodent-
control programmes with reporting and
evaluation components.

Keys to success

Ecological understanding of crop
damage problems

The full understanding of a rodent pest
problem requires considerable time for
studying rodent biology and behaviour
under actual field conditions (Singleton et al.,
1999a). Beyond this important initial research
phase, the monitoring of rodent reproduction
and movements, population status and con-
dition, and crop damage patterns, and relat-
ing these data to climate and vegetation
over several seasons, can provide the basis
for models to forecast with reasonable ac-
curacy short- and long-term rodent popula-
tion and changes in damage (Leirs et al.,
1996; Stenseth et al., 2001). With appropri-
ate quantitative techniques, sensitivity test-
ing on individual components of a model
can identify key factors contributing to crop
damage and help to identify appropriate
control strategies and methods for field
evaluation (Benigno et al., 1983).

Establishment of clear
programme objectives

A control programme should have stated
objectives that focus on effectively reducing
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damage to priority crops and increasing
farm yields and income within a given area
and period. In many cases, an ‘area’ can be
an individual farm. With such a focus, a
programme will be less likely to lose sight
of its primary mission. Successful pro-
grammes have made extensive and creative
efforts to inform farmers and rural popula-
tions about the purpose and potential
benefits of effective rodent damage control.

Well-organized implementation efforts

A well-organized operational programme
can reduce significant rodent damage. Dur-
ing the 1976 rodent outbreak in Sudan,
all areas of the country (including the Gezira
Scheme, an intensively irrigated agricultural
production area of more than 930,000 ha
located between the Blue and White Nile
Rivers) were severely affected by rodent
damage. A result of this outbreak was the
establishment of a programme in the Gezira
Scheme to research, conduct and monitor
operational rodent control. Some 10 years
later, during the 1986—-1987 Sudan rodent
outbreak, the only area in the country not
seriously affected was within the Gezira
Scheme, where the well-organized rodent-
control programme had been continued.
Not only were annual yields protected from
chronic losses over several years, but severe
damage during one of Sudan’s worst rodent
outbreaks was avoided (Fiedler, 1988a).

In too many situations, there is no organ-
ization until an outbreak or some other acute
problem requires it. Hastily made decisions
are then usually based on limited, earlier re-
search or information from other situations,
which may or may not apply (Ramsey and
Wilson, 2000). Responsibilities for specific ac-
tions must be recognized from the highest
levels of government to the individual farmer,
or control programmes will be ineffective. For
example, at national levels, health and agri-
culture officials may not agree on who is re-
sponsible for rodent control when both public
health and agricultural production are at risk
from overabundant rodent populations. At
the farm level, farmers may delay action be-
cause they feel that the government will take
responsibility for controlling rodents.

Providing technical information
to programme participants

An informed public is more cooperative
and more likely to participate in rodent
damage control programmes (Rampaud
and Richards, 1988), but questions remain
about how to inform. In this sense, the
problems of improving rodent damage
control parallel those of other agricultural
production technologies. Effective com-
munication methods will vary with social
and cultural traditions, which can pose
some formidable constraints in rodent-
control technology transfer. For example,
Adhikarya and Posamentier (1987) tested
various Bangladeshi extension materials
for farmer acceptance and found that some
symbols and pictures in those extension
materials had to be eliminated or changed
because of adverse meanings or implica-
tions previously unknown to them. IRRI
in the Philippines developed various pro-
duction and pest management guides (for
example, Reissig et al., 1985) and has peri-
odically sponsored workshops and training
sessions for farmers, extension technicians
and research workers. Elsewhere, radio
broadcasts have been used to inform farm-
ers, and widely distributed posters have
been used in control campaigns introducing
new national programmes. The introduc-
tion of rodent-control information through
schools and local markets, training sessions
involving key farmers or farmer groups, and
the selection of demonstration farms, are
other approaches that may have value in
some situations.

Reasons for slow progress

Sustained adoption of improved rodent
damage control methods, even those that
have been properly researched, devel-
oped, demonstrated and extended to farm-
ers, has been low, although we believe
substantial improvement has taken place
since we studied the problem in 1994.
Poor adoption is frequently blamed on
costs of materials, limitations on labour,
the unpredictable nature of crop damage,
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or the lack of information and appropriate
materials at appropriate times in crop
cycles. Subsistence farmers may have little
incentive to control rodents or to increase
crop yields until land is predictably avail-
able or markets for crops are developed.
Without some type of credit programme,
even progressive farmers may lack the
money required for preharvest investments
in crop protection materials, or they may
be reluctant to borrow even when credit is
available, sometimes because of a history
of excessive or unpredictable losses of
crops to pests, weather or other factors.
For the most part, farmers rely on their
own experience and that of their neighbours
in making decisions on adopting new tech-
nology. Substantial benefits in farmers’
fields create awareness, but, as many pro-
grammes have learned, creating awareness
is much easier to accomplish than motiv-
ating farmers to use new technology. Of
course, from the farmer’s standpoint, rodent
damage is only one of many risk factors that
can result in crop losses; similarly, crop
protection is only one of many aspects of
crop production that a farmer must manage
(and finance) year after year. In many trop-
ical agricultural situations, a conservative
attitude by farmers in the adoption of and
investment in new technology is to be ex-
pected. This expectation should be a part of
programme development and planning.
Poor programme results can also be
expected if the involvement of government
and rapport with farmers are lacking. How-
ever, the involvement of governments should
not result in farmer dependence, which can
be a major hindrance to establishing rodent
damage control as an ongoing crop protec-
tion effort. The time and effort involved in
organizing and managing effective govern-
ment rodent-control programmes is much
more than most realize. A national pro-
gramme in Taiwan took 6 months to prepare
and 2 months to evaluate in addition to the
actual control operation (Ku, 1984). The mar-
keting of ineffective or adulterated rodent-
control products (Bruggers et al., 1995) may
result in farmers avoiding the further use of
similar materials, good or bad. Government
involvement in the quality assurance and

regulation of agricultural chemicals may
help to prevent this lack of farmer confi-
dence. Sometimes, the non-availability of,
or lack of easy access to, markets for excess
produce inhibit farmer efforts and invest-
ments to increase crop production. In-
creasing national crop yields may prove to
take decades of change — in social attitudes,
agricultural policies, farmer awareness and
knowledge, and development of the neces-
sary infrastructure and support systems in
rural areas. Continued effort is needed to
ensure that the development of technology
and programmes for controlling rodent dam-
age is coordinated and keeps pace with other
efforts in agricultural development.

The need for dynamic rodent damage
control programmes

International agency support for research,
training, operations and coordination was
an initial driving force in the development
of many national programmes. The publica-
tion of the results of research and develop-
ment activities related to rodent control
has made much valuable information read-
ily available, including crop damage esti-
mates for several important rodent species
(Witmer and Singleton, 2010). National pri-
orities are influenced mostly by economic
factors, and without convincing descrip-
tions of the extent of losses, rodent control
will be likely to remain a low priority (Rich-
ards, 1988). Programmes that have had
more success than others have identified
economic losses and used the results either
to initiate other programmes or strengthen
existing ones.

In many surveys, farmers in the tropics
rank rodents among their most significant
crop pests (for example: Litsinger et al., 1982;
Adesina et al., 1994; Singleton et al.,
1999b; Tuan et al., 2003; Makundi et al., 2005).
This view is often endorsed by government
plant protection officials. However, verte-
brate pests have more often been viewed
either as too different to be considered in
insect-oriented national crop protection
programmes or, indeed, as unique and so
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also not suitable for consideration in such
programmes. Rarely have rodent damage
management programmes been included
with other IPM efforts. National crop pro-
duction/protection packages and recom-
mendations could easily incorporate available
information on rodent-control technology,
thus allowing the strategies to achieve tech-
nology adoption to be developed and im-
plemented in a coordinated manner so as
to provide comprehensive information to
farmers. We believe considerable progress
has been made in this regard since we first
began to investigate tropical rodent prob-
lems in the 1960s.

Rodent pest management is not a tempor-
ary problem. Changes in agricultural habi-
tats, the introduction of new crop varieties
and farming practices, the development of
improved irrigation, greater annual crop pro-
duction, the continued rapid growth of human
populations and changing climatic patterns
will all cause many ecological changes that af-
fect rodent behaviour, population patterns
and crop damage. If control methods and man-
agement programmes are dynamic enough
to account for these changes, the successes
achieved so far will be sustained and pro-
gress in rodent damage control can continue
(Witmer and Singleton, 2010).
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