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Abstract
Benefits and costs of an integrated management system coordinated at the community level to reduce rodent damage to
lowland irrigated rice were measured in West Java, Indonesia, from 1999 to 2002. Four villages, each of 120 ha (70–80 families
per village), were involved in the study, two being allocated as treatments and two as controls following a randomised block
design. The emphasis was on integrated rodent management with the overall aim of reducing the need for toxic chemicals in rice
fields.
Rodent damage to rice can be measured at several stages of crop growth. In West Java, monocultures of lowland irrigated rice,
cumulative damage to rice during the dry season was 54% at the primordial stage, 32% at the booting stage, but only 16% at the
ripening stage. If measured at the ripening stage, the measured value ought to be multiplied by approximately 6.5 to obtain
cumulative damage to the rice crop or by 4.2 for an estimate of yield loss.
Rice yield can be estimated by farmers directly or by quadrat samples, the former being on average 20% lower than the actual
yield. Integrated rodent management increased rice yields more when rats were common, in both dry and wet season crops. For
every 1% increase in tiller damage by rats, there was a decrease of 58 kg/ha in rice yield. Wet season crops benefited more from a
trap-barrier system (TBS) than dry season crops at the same rat abundance index. The benefit-to-cost ratio for all seasons and
years averaged 25:1 but varied considerably from year to year between a low of 2:1 to a high of 63:1. The economic benefit of
integrated rodent management was equal to or better than that achieved by conventional management based on synthetic
rodenticides.
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1. Introduction
Rodents may significantly affect crop production
and livelihoods of farmers in both developed and
developing countries but their impact as related to the
choice and associated costs of management actions is
poorly known (Stenseth et al., 2003). In Asia, preharvest rice losses are estimated to be between 5 and
10%. A loss of 6% of SE Asia rice production amounts
to approximately 36 million t, i.e. enough to feed the
population of Indonesia (215 million people) for 12
months (Singleton, 2003). Farmers often use inappropriate methods to reduce the impacts of rodents,
and rely heavily on chemicals, causing risks to nontarget species and to the environment, and generally
providing poor return on investment (Singleton,
2003). Nevertheless, rodenticides are likely to remain
the central management tool for controlling rodent
damage in tropical agriculture (Buckle, 1999; Wood
and Fee, 2003).
Integrated management methods based on the
ecology of the principal rodent pests have been
promoted for developing countries (Singleton et al.,
1999a; Wood and Fee, 2003). Liau and Wood (1978),
Buckle and Rowe (1981), Buckle (1988), Lam (1999),
Stenseth et al. (2001) and Singleton et al. (1998, 2003)
have considered the economics of particular rat-control
methods or strategies in developing countries. There
has been no study of integrated management of rodents
at a village scale under replicated conditions, whereas it
is essential to quantify its economic value compared to
conventional management based on rodenticides.
A 3.5-year study designed to measure the impact of
ecologically based management of the rice field rat,
Rattus argentiventer, Robinson and Kloss, was
conducted at a village scale in lowland irrigated rice
monocultures in West Java, Indonesia (Jacob et al.,
2003), where R. argentiventer is the dominant species,
making up more than 95% of the rodent fauna (Leung
et al., 1999). Rats cut rice tillers at their base at any
stage of the crop. Some damaged tillers decay but
many re-grow and produce viable seed (Buckle and
Smith, 1994). However, rice is unable to compensate
for rodent damage after the maximum tillering stage
because growth is largely vegetative (Buckle et al.,
1979; Cuong et al., 2003; Islam and Hossain, 2003).
Damage assessment is time consuming and generally
done only once during a growing season, which

provides a relative measure of rat activity between
seasons. It would be valuable for economic studies to
use a standardized damage assessment at a particular
crop stage to estimate yield loss, but the association
between crop damage and yield loss is unclear and
needs to be determined (Buckle and Smith, 1994).
The following two key questions for this cropping
system are being addressed:
(i) What is the relationship between tiller damage by
rats and yield loss?
(ii) What is the economic benefit at a village scale of
integrated rat management in terms of yields?
2. Methods
The study was conducted near Cilamaya
(068140 5100 S, 1078340 0500 E), Subang province, West
Java, from 1999 to 2002. The region has a wet and dry
season, and the main land use consists of a
monoculture of lowland irrigated rice. The wet season
of 2001–2002 had considerably higher rainfall than
average, followed by late rains in July 2002 during the
dry season. The average farm size for a family was 1–
1.5 ha with one crop grown at the beginning of the wet
season (December–April) and a second in the dry
season (May–September), with a 2–3 month fallow at
the end of the dry season.
Four villages, each approximately 2000 m 
600 m (120 ha), at least 0.75–1 km apart, were
selected for the study. In each village, about 20 ha
were not cropped and were used for housing, gardens
and industry. Rodent densities and damage to crops
were monitored at each village for 10 months until
October 1999.
The study was set up as a randomised block design,
with one village with the highest and one with the lowest
rodent damage being allocated at random to both
treatments. In treated villages, farmers adopted the
following integrated management: synchrony of planting within 2 weeks; use of eight trap-barrier systems
(TBS), each 20 m  20 m with a crop planted inside 3
weeks early (see Singleton et al., 1999b); a 2-week rat
campaign 1 week prior to transplanting or within 2
weeks of crop initiation around source habitats (village
gardens and irrigation channels (Jacob et al., 2003));
reduction of secondary irrigation banks to less than
30 cm to prevent nesting by rats; and general hygiene
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around villages and gardens. Farmers in the treated
villages who wished to use rodenticides were encouraged to apply them before maximum tillering. During
the 2001 dry season in the treated villages, a 17-day
bounty system was instigated to encourage farmers to
work together to control rats in their gardens and along
irrigation channels within 2 weeks of transplanting. The
farmers were paid US$ 0.015 per rat tail (150 Rupiah).
In the untreated villages, farmers conducted their usual
control methods for managing rats, i.e. poisoning,
fumigation and hunting, with most activities conducted
by individuals and rarely coordinated with their
neighbors. No bounty system was utilized in the
control villages during this study.
Eight TBS were used per treatment village because
the early crop attracts rats from up to 200 m away
resulting in a halo of protection of 10–15 ha (Singleton
et al., 1998; Brown et al., 2003). In each treated
village, the eight trap-barrier systems were erected
approximately 400 m from each other. Four multiplecatch cage traps along the plastic walls of the
20 m  20 m TBS intercepted rats trying to enter
the TBS to gain access to the early rice crop inside.
The multiple-catch traps were cleared every morning
for 105 consecutive days and the numbers and species
were recorded for each TBS.
Damage to rice tillers was assessed at tillering or
primordial stage (50–55 days after planting), booting
(70–75 d.a.p.), or a week prior to harvest (105 d.a.p.).
From the 2001/2002 wet season, damage was assessed
at booting stage, milky stage (85–90 d.a.p.) and a
week prior to harvest. In each village, five line
transects to assess damage were established and
sampling was conducted at five positions along each
transect (5, 25, 50, 75 and 100 m from the edge of the
rice crop). The number of freshly cut tillers, tillers
recovering from damage and undamaged tillers per
hill were counted at every fifth hill at 908 to each
transect (for a total sample of 10 hills in each transect).
The five line transects were at least 100 m apart.
At each village, yield was assessed by two
methods. First, at 105 d.a.p., rice was reaped from
five 2.5 m  4 m quadrats and the unhulled rice was
weighed at 14% moisture content (Singleton et al.,
1998). Each replicate was near one of the five
transects. Second, farmers were asked within a week
of harvest to estimate the yield from the one ha of crop
closest to each quadrat.
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2.1. Statistical analysis
All statistical analyses were carried out in Number
Crunching Statistical System (NCSS) 2004 (Kaysville, Utah; http://www.ncss.com). Functional regressions were computed according to Krebs (1999).

3. Results
One important question is how damage by rats to
rice tillers measured at several crop stages relates to
total cumulative damage. Cumulative damage during
one season was calculated from the sum of three
measurements (Table 1). Values for one site at the dry
season 2001 were omitted from subsequent analysis
because it was a strong outlier with almost all damage
during the ripening stage.
Table 1
Damaged rice tillers (%) clipped by rats at Cilimaya, Indonesia,
2000–2002
Season

Village Stage of rice plants
Tillering Booting Milky Ripening Total

Wet 1999/2000 1
2
3
4
Dry 2000

–
–
–
–

7.37
2.60
7.60
2.90

–
–
–
–

3.41
3.22
0.00
1.36

10.78
5.82
7.60
4.26

1
2
3
4

1.09
4.44
10.54
4.16

0.72
2.20
4.98
2.03

–
–
–
–

0.00
0.18
0.38
1.96

1.81
6.82
15.81
8.15

Wet 2000/2001 1
2
3
4

1.38
9.47
4.79
6.74

0.92
0.39
1.42
2.05

–
–
–
–

0.16
0.18
5.97
0.36

2.46
10.04
12.18
9.41

1.76
10.60
3.30
5.54

4.32
11.09
4.65
1.74

–
–
–
–

0.67
2.02
1.60
23.50

6.75
24.52
9.55
30.78

Dry 2001

1
2
3
4

Wet 2001/2002 1
2
3
4

–
–
–
–

2.70
20.1
1.60
10.10

1.40
3.00
4.40
6.20

1.70
3.30
1.20
2.10

5.80
26.40
7.20
18.40

Dry 2002

–
–
–
–

0.02
0
0.86
5.12

0.18
1.32
0.41
2.91

0.08
0.61
0.22
1.36

0.28
1.93
1.50
9.40

1
2
3
4

Means per village from a total of 250 hills, representing 140–260
rice tillers per 10 hills. Villages 1 and 3 are the treatment villages.
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Fig. 1. Rice yield (kg/ha) estimated by quadrat sampling and by 10 farmers. Dashed line: expected relationship if estimates were equal; solid
line: fitted functional regression. ~ and 5: outliers, not used for the regression line. N = 16 sites, r2 = 0.82, Y = 0.8944X  594.1.

Damage during the dry season, measured at
tillering represented 54% (95% confidence limits,
40–68%), at booting 32% (20–45%), and at ripening
16% (9–22%) of the cumulative damage. Damage
measured only at ripening, however, ought to be
multiplied by 6.5 to obtain an estimate of cumulative
damage.
Data attained for crops during the wet season
(Table 1), are less complete. The wet season was
statistically similar to the dry season, with 19% of the
total damage occurring at ripening (confidence limits
8–30%). Farmers estimates of yield for the 1999–2000
wet season data were 10% higher than quadrat
estimates, but 42% lower for the 2002 dry season.
Based on all other data, farmers tended to underevaluate yield by about 20% on average (Fig. 1).
Quadrat samples were assumed to be more accurate
estimates of rice yield.
There was a linear, somewhat variable, relationship between cumulative rat damage, as measured by
the percentage of cut tillers, and yield (Fig. 2). The
slope of this regression was the same in the wet and
dry season, and for every 1% increase in rat damage,
there was a decrease of 58 kg/ha in rice yield.
Damage measured only at tillering could not define
this relationship because of smaller samples and
scattered data, whereas damage at booting or at
ripening produced similar relationships as that
shown in Fig. 2.

Damage to rice tillers assessed only during the 2
weeks prior to harvest needed to be multiplied by 4.2
(95% confidence limits 2.9–7.8) to obtain an estimate
of percentage cumulative yield loss.
The impact of integrated rat management was
determined by the difference in rice yields between
treated and untreated villages.
The extra costs and benefits of farmers using
integrated rodent management were compared from
1999 to 2002 in Table 2, concentrating on the TBS
management action because this required the largest
input of resources. Eight TBS fences were used on
100 ha, so that Table 2 uses 100 ha as the accounting
unit for these calculations. In the 2001 dry season, rat
numbers were very high, and a closely coordinated
bounty scheme removed 8729 rats at one site (162
farmers involved) and 5429 rats at the other (153
farmers involved), in 17 days. This cost for this
bounty was approximately US$ 202, which would
approximate to the labor costs if a bounty was not
paid.
The average benefit–cost ratio was about 25:1 with
a range from 2:1 to 63:1. There was considerable
variability in the benefit–cost ratio with no statistically
significant difference between wet and dry seasons.
Labor costs averaged about 90% of the total cost of
operating a community trap-barrier system.
Using farmer estimates of yield, there was no clear
distinction between wet and dry seasons, and the slope
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Fig. 2. Cumulative rat damage in relation to rice yield in the wet (&) and dry seasons (*). Slope for both lines = 0.0582, i.e. 1% additional
damage = 58 kg/ha yield loss, predictive models being: yield = 7.014  0.0582 damage (%) for the wet season and yield = 8.245  0.0582
damage (%) for the dry season (N = 24 sites, R2 = 0.50).
Table 2
Benefit–cost analysis for integrated rat management project in rice in Indonesia (1999–2002)
Year

Season Village Yield increase
Price of 1 kg Value of yield
from management rice (US$)
increase per 100
(kg/ha)
ha (US$)

Cost of TBS
Labor costsa for
materials (US$) TBS (US$)

Benefit-to-cost
ratio

1999–2000 Wet

1
3

17
258

0.13
0.14

227.50
3619.00

19.75
19.75

105.00
105.00

1.8
29

2000

1
3

110
150

0.11
0.11

1210.00
1650.00

19.75
19.75

131.20
131.20

8
11

Dry

2000–2001 Wet

1

890

0.11

9790.00

20.10

157.50

55

2001

Dry

1
3

290
770

0.125
0.117

3625.00
9047.50

12.10
12.10

288.43b
238.93c

12
36

2001–2002 Wet

1
3

880
580

0.13
0.13

11,440.00
7540.00

23.00
23.00

157.50
157.50

63
42

2002

1
3

130
150

0.125
0.13

1625.00
1950.00

19.91
16.70

210.00
210.00

7
9

Dry

All villages were 100 ha. The price of rice at local markets varies from year to year. Yield increase was estimated from the difference in yield
measured by quadrats in treated and untreated villages. Prices and costs were converted at 10,000 Rupiah = US$ 1.00.
a
Labor costs for maintaining the TBS fences were assumed to operate for 105 days.
b
Includes bounty for 8729 rats (US$ 130.93).
c
Includes bounty for 5429 rats (US$ 81.43).

indicated a drop in yield of 38.7 kg of yield for each
increase of 1% in tiller damage. The whole regression
was more scattered with less good fit (n = 24,
R2 = 0.24, p = 0.04), and the slope was poorly
determined with wide confidence limits. The mean
benefit–cost ratio was 26.4:1 (range 6:1–43:1).

4. Discussion and conclusion
In West Java, integrated rat management, coordinated at the community level, provided a large benefit
for farmers with small holdings, and reduced reliance
on rodenticides (Singleton et al., 1999b). The current
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study not only showed a strong return on investment,
but also led to a 50% reduction of chemical usage by
farmers (Singleton et al., 2003a,b). This reduction in
rodenticide usage was not included in the benefit–cost
analyses, which makes our estimates of farmer benefits
conservative. The magnitude of the return on outlay was
comparable to that obtained for appropriate anticoagulants using ‘‘replacement round baiting’’ in both
plantation and rice crops in Malaysia (Wood and Fee,
2003), and rice crops in Indonesia (Buckle, 1988).
Rodenticides are widely used by financially poor
farmers in Southeast Asia, but often inappropriately
(Sudarmaji et al., 2003), resulting in genetic resistance,
behavioral avoidance, non-target poisoning and environmental risks (Dowding et al., 1999; Cowan et al.,
2003; Jackson and van Aarde, 2003).
Measuring crop damage and yield loss is labor
intensive and complicated by the ability of rice to
compensate for rodent damage up to tillering (Buckle
and Rowe, 1981; Islam and Hossain, 2003). Damage is
measured usually only once after tillering, often in the
2 weeks prior to harvest (Buckle et al., 1985; Fieldler,
1986). When rice is mature and nutritious, to obtain
sufficient food rats need to cut only 1–2 tillers instead
of numerous tillers at booting. That only 16% of the
cumulative damage was recorded just prior to harvest
suggests that a 6.5 times multiplier of damage in the
week prior to harvest would provide a simple index for
estimating rat damage during the reproductive stage of
lowland irrigated rice.
The cumulative tiller damage measured on control
villages (13%) was 1.9 times the damage measured on
treated villages (6.8%). This difference translated into
an average yield increase over the 3 years of 380 kg/ha
of rice per season in the treated villages. The average
yield loss in this study was 4.2 times the percentage of
tillers damaged at the ripening stage. In Central Java
and Malaysia, yield losses in rice damaged by rats
versus protected plots varied between three times
(Buckle, 1988) and four to seven times the damage
estimates at ripening (Wood, 1971; Greaves et al.,
1977; Buckle and Rowe, 1981). Therefore, a four
times multiplier of percent damage of tillers at the
ripening stage would provide a conservative estimate
of percent yield loss.
The economic benefits of integrated rodent
management have been underestimated because we
had no data on the costs associated with chemical

usage. Rodenticides used in both Indonesia and
Vietnam (Singleton et al., 2003a,b) reduce rodent
damage and it is important for any benefits to be
measured and balanced against possible opportunity
costs associated with the increased labor required to
implement integrated rodent management. Specific
management actions, such as the trap-barrier system,
require a strong community involvement through
coordinated management actions and sharing the
associated costs.
Morin et al. (2003) suggested that the likelihood of
adoption and sustainability of integrated rodent
management was associated with the severity of the
rodent problem. Linked to this idea is the relationship
between pest density and yield loss, which is
fundamental in developing effective management
strategies for rodents in field crops but is poorly
understood (Hone, 1994; Brown and Singleton, 2002).
The relationship between rodent abundance and crop
damage in irrigated rice ecosystems needs to be
defined with a view to estimate the costs and benefits
of rodent density reduction.

Acknowledgements
We dedicate this paper to Jumanta who led the field
component of the study with such strong commitment
but sadly passed away in 2002. We are indebted also to
Elon Rasdan and Tedi Purnawan for their high-quality
technical assistance in the field. We acknowledge the
strong support and encouragement by Dr. Irsal Las, the
Director of the Research Institute for Rice at
Sukamandi, West Java, and Dr. Andi Hasanuddin,
the Director of the Central Research Institute for Field
Crops, Bogor. We thank Ken Aplin, Doug Cocks and
Flor Palis for their insightful comments on the
manuscript. This research was funded by the
Australian Centre for International Agricultural
Research (ACIAR), project AS1/98/36.

References
Brown, P.R., Singleton, G.R., 2002. Impacts of house mice on crops
in Australia—costs and damage. In: Clark, L. (Ed.), Human–
Wildlife Conflict: Economic Considerations. National Wildlife
Research Center, Fort Collins, Colorado, USA, pp. 48–58.

G.R. Singleton et al. / Agriculture, Ecosystems and Environment 107 (2005) 75–82
Brown, P.R., Leung, L.K.-P., Sudarmaji, Singleton, G.R., 2003.
Movements of the ricefield rat, Rattus argentiventer, near a
trap-barrier system in rice crops in West Java, Indonesia. Int. J.
Pest Manage. 49, 123–129.
Buckle, A.P., 1988. Integrated management of rice rats in Indonesia.
FAO Plant Prot. Bull. 36, 111–118.
Buckle, A.P., 1999. Rodenticides—their role in rodent pest management in tropical agriculture. In: Singleton, G.R., Hinds, L.A.,
Leirs, H., Zhang, Z. (Eds.), Ecologically based Management of
Rodent Pests. ACIAR, Canberra, pp. 163–177.
Buckle, A.P., Rowe, F.P., 1981. Rice field rat project, Malaysia.
Technical Report 1977–1980. Centre for Overseas Pest
Research, London, UK, 99 pp.
Buckle, A.P., Smith, R.H. (Eds.), 1994. Rodent Pests and Their
Control. CAB International, Wallingford, England.
Buckle, A.P., Yong, Y.C., Abdul Rahman, H., 1985. Damage by rats
to rice in Southeast Asia with special reference to an integrated
management scheme proposed for Peninsular Malaysia. Acta
Zool. Fennica 173, 139–144.
Buckle, A.P., Yong, Y.C., Rowe, F.P., 1979. Yield response of the
rice variety improved Mahsuri to simulated rat damage. Malay.
Agric. J. 52, 135–144.
Cowan, D.P., Quy, R.J., Lambert, M.S., 2003. Ecological perspectives on the management of commensal rodents. In: Singleton,
G.R., Hinds, L.A., Krebs, C.J., Spratt, D.M. (Eds.), Rats, Mice
and People: Rodent Biology and Management. ACIAR, Canberra, pp. 433–439.
Cuong, L.Q., Chien, H.V., Han, L.V., Duc, V.H., Singleton, G.R.,
2003. Relationship between rodent damage and yield loss in rice
in Mekong Delta. In: Singleton, G.R., Hinds, L.A., Krebs, C.J.,
Spratt, D.M. (Eds.), Rats, Mice and People: Rodent Biology and
Management. ACIAR, Canberra, pp. 297–300.
Dowding, J.E., Murphy, E.C., Veitch, C.R., 1999. Brodifacoum
residues in target and non-target species following an aerial
poisoning operation on Motuihe Island, Hauraki Gulf, New
Zealand. N. Z. J. Ecol. 23, 207–214.
Fieldler, L., 1986. Biology and management of the riceland rats in
Southeast Asia. In: Reissig, W.H., Heinrichs, E.A., Litsinger,
J.A., Moody, K., Fiedler, L., Mew, T.W., Barrion, A.T. (Eds.),
Illustrated Guide to Integrated Pest Management in Rice in
Tropical Asia. International Rice Research Institute, Los Baños,
Philippines, pp. 319–332.
Greaves, J.H., Choudry, M.A., Khan, A.A., 1977. Pilot rodent
control studies in rice fields in Sind, using five rodenticides.
Agro-ecosystems 3, 119–130.
Hone, J., 1994. Analysis of Vertebrate Pest Control. Cambridge
University Press, Cambridge.
Islam, Z., Hossain, M., 2003. Response of rice plants to rat
damage at the reproductive phase. Int. Rice Res. Notes 28,
45–46.
Jackson, T.P., van Aarde, R.J., 2003. Advances in vertebrate pest
control: implications for the control of feral house mice on
Marion Island. S. Afr. J. Sci. 99, 130–136.
Jacob, J., Sudarmaji, Singleton, G.R., 2003. Ecologically based
management of ricefield rats on a village scale in West
Java—experimental approach and assessment of habitat use.
In: Singleton, G.R., Hinds, L.A., Krebs, C.J., Spratt, D.M.

81

(Eds.), Rats, Mice and People: Rodent Biology and Management. ACIAR, Canberra, pp. 191–196.
Krebs, C.J., 1999. Ecological Methodology, second ed. Addison
Wesley Longman Inc., Menlo Park, CA.
Lam, Y.M., 1999. Recent developments in the use of TBS for the
management of rodent pests of agriculture. In: Proceedings of
the MAPPS Fifth International Conference on Plant Protection
in the Tropics, Malaysian Plant Protection Society, Kuala Lumpur, pp. 349–352.
Leung, L.K.-P., Singleton, G.R., Sudarmaji, Rahmini, 1999. Ecologically based population management of the rice-field rat in
Indonesia. In: Singleton, G.R., Hinds, L.A., Leirs, H., Zhang, Z.
(Eds.), Ecologically based Management of Rodent Pests.
ACIAR, Canberra, pp. 305–318.
Liau, S.S., Wood, B.J., 1978. Increased rice production through
control of field rats. Planter 54, 149–159.
Morin, S.M., Palis, F.G., Chien, H.V., Chi, T.N., Magsumbol, M.,
Papag, A., 2003. A sociological perspective on the communitybased trap-barrier system. In: Singleton, G.R., Hinds, L.A.,
Krebs, C.J., Spratt, D.M. (Eds.), Rats, Mice and People:
Rodent Biology and Management. ACIAR, Canberra, pp.
380–388.
Singleton, G.R., 2003. Impacts of rodents on rice production in
Asia. IRRI Discussion Paper Series No. 45, Los Baños, Philippines, 30 pp.
Singleton, G.R., Leirs, H., Hinds, L.A., Zhang, Z., 1999a. Ecologically based management of rodent pests—re-evaluating our
approach to an old problem. In: Singleton, G.R., Hinds, L.A.,
Leirs, H., Zhang, Z. (Eds.), Ecologically based Management of
Rodent Pests. ACIAR, Canberra, pp. 17–29.
Singleton, G.R., Sudarmaji, Brown, P.R., 2003a. Comparison of
different sizes of physical barriers for controlling the impact of
the rice field rat, Rattus argentiventer, in rice crops in Indonesia.
Crop Prot. 22, 7–13.
Singleton, G.R., Sudarmaji, Jumanta, Tan, T.Q., Hung, N.Q., 1999b.
Physical control of rats in developing countries. In: Singleton,
G.R., Hinds, L.A., Leirs, H., Zhang, Z. (Eds.), Ecologically
based Management of Rodent Pests. ACIAR, Canberra, pp. 178–
198.
Singleton, G.R., Sudarmaji, Suriapermana, S., 1998. An experimental field study to evaluate a trap-barrier system and fumigation for controlling the rice field rat, Rattus argentiventer, in rice
crops in West Java. Crop Prot. 17, 55–64.
Singleton, G.R., Sudarmaji, Tuan, N.P., Sang, P.M., Huan, N.H.,
Brown, P.R., Jacob, J., Heong, K.L., Escalada, M.M.,
2003b. Reduction in chemical use following integrated ecologically based rodent management. Int. Rice Res. Notes 28,
33–35.
Stenseth, N.C., Herwig, L., Skonhoft, A., Davis, S.A., Pech, R.P.,
Andreassen, H.P., Singleton, G.R., Lima, M., Machangu, R.M.,
Makundi, R.H., Zhang, Z., Brown, P.R., Shi, D., Wan, X., 2003.
Mice, rats, and people: the bio-economics of agricultural rodent
pests. Front. Ecol. Environ. 1, 367–375.
Stenseth, N.C., Leirs, H., Mercelis, S., Mwanjabe, P., 2001.
Comparing strategies of controlling African pest rodents: an
empirically based theoretical study. J. Appl. Ecol. 38,
1020–1031.

82

G.R. Singleton et al. / Agriculture, Ecosystems and Environment 107 (2005) 75–82

Sudarmaji, Singleton, G.R., Herawati, N., Djatiharti, A., Rahmini,
2003. Farmers’ perceptions and practices in rat management in
West Java, Indonesia. In: Singleton, G.R., Hinds, L.A., Krebs,
C.J., Spratt, D.M. (Eds.), Rats, Mice and People: Rodent
Biology and Management. ACIAR, Canberra, pp. 389–
394.

Wood, B.J., 1971. Investigation of rats in rice fields demonstrating
an effective control method giving substantial yield increase.
PANS 17, 180–193.
Wood, B.J., Fee, C.G., 2003. A critical review of the development of
rat control in Malaysian agriculture since the 1960s. Crop Prot.
22, 445–461.

