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Abstract
Ecologically-based rodent management (EBRM) has re-emerged as a paradigm for large scale rodent
management campaigns. This concept has been tested in replicated, village-scale experiments over
4 years on rodent pests in lowland irrigated rice crops. In Indonesia, villages that practised EBRM had a
mean increase in rice yield of 6%, whereas production levels were maintained in Vietnam but control
costs were reduced. In both countries there was a substantial reduction in rodenticide use in villages
practising EBRM. These studies provide strong evidence of the effectiveness of EBRM. The findings
also highlighted the need to include end-users early in the development of management strategies.
Lessons learned from these studies were extrapolated to the development of strategies for rodent
management in intensive organic piggeries and poultry holdings in Europe. The challenge for these
producers is not only the identification and then integration of different management actions based
on our understanding of the ecology of specific rodent species, but also the integration of ecology,
sociology and economics.
Additional keywords: Rattus argentiventer, Indonesia, Vietnam, field populations, rice, population ecology,
economics

Introduction
Knowledge of the population biology, social behaviour, taxonomy and community ecology of rodent pests is an important foundation for developing effective management
strategies. This was identified in the 1950s (Chitty, 1954; Davis & Christian, 1958).
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However, field studies rarely progressed beyond alpha-level descriptive population
studies (see Krebs, 1999) and there was a period of stagnation in rodent pest management from the 1970s to the 1990s (Singleton et al., 1999). The re-emergence of the
recognition of rodents as important agricultural pests in Asia (see Singleton (2003)
for a review) and Africa (Leirs, 2003) and the need for environmentally-sensitive
approaches to management, led to a reassessment of approaches to rodent management that were often loosely described as integrated pest management (Singleton,
1997). The concept of ecologically-based rodent management (EBRM) was developed
as a formal description of the sound ecological basis required for developing management strategies for rodent pests (Singleton et al., 1999).
Ecologically-based rodent management (EBRM), with a strong emphasis on socioeconomic input, has been an important paradigm for research on rodent management
over the past 5 years in many regions of the globe (see Singleton, 2003; Stenseth et al.,
2003), with recent economic analyses associated with the approach indicating positive
outcomes (Stenseth et al., 2003; Davis et al., 2004). Given the strong theoretical push
for EBRM in recent years, it is timely to review the progress of a 4-year field assessment of EBRM in South-East Asia. Studies of the effectiveness of EBRM in this region
have included socio-economic and environmental dimensions in projects aimed at
managing rodent pests at the village level. This paper reports on the promising results
that have emerged from replicated village-level studies conducted for 3 to 4 years in
lowland irrigated rice agro-ecosystems in Indonesia (Jacob et al., 2003) and Vietnam
(Brown et al., 2003). The dominant rodent pest species in each country was the ricefield rat (Rattus argentiventer). The lesser ricefield rat (Rattus losea) also was present in
reasonable numbers in Vietnam.
The need to take a wider ecological perspective for rodent management of
commensal populations is gaining stronger impetus also. In agricultural areas where
rodents cause significant impacts in and around farm buildings, especially in intensive
animal production facilities, control activities over the previous 25 years tended to
focus on choice of rodenticide and its carrier, structure and placement of bait stations,
and genetic and behavioural resistance to rodenticides (e.g. Quy et al., 1992; 2003;
Inglis et al., 1996; Pelz, 2001). A greater emphasis on ecologically-based management
of commensal rodents has emerged in recent years both in developed (Cowan et al.,
2003; Endepols et al., 2003) and developing countries (Belmain et al., 2003). This
paper will conclude with a discussion of how ecologically-based rodent management
principles could be applied to intensive organic farm holdings in Europe based on our
experiences of EBRM in broad-scale field experiments in Asia.

Materials and methods
Study sites
The Indonesian study was conducted in a monoculture of lowland irrigated rice near
Cilamaya (06°14’S, 107°34’E), West Java. The climate in the region is tropical with low
annual variation in average temperature (28 °C). The region has a dry (May to October)
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and wet (November to April) season with greater than 75% of the rainfall in the wet
season. There are two rice crops grown per year, a wet season and a dry season crop
(see Jacob et al. (2005) for details). The average family holding is 1–1.5 ha.
The Vietnamese study was conducted near Tien Phong village, Vinh Phuc
Province, in the Red River Delta (21°08’ N; 105°45’ E). The climate in the region is
sub-tropical with summers hot and wet and winters cool and dry. The region has a
dry (October to April) and wet (May to September) season with most of the rainfall in
the wet season. There are two main rice crops grown per year, the spring rice season
and the summer rice season (see Brown et al. (2004) for details). Other crops are
vegetables (broccoli, cabbage, kohlrabi, onion, pumpkin, tomato) and flower crops
(chrysanthemum, rose), which are grown throughout the year. The average family
holding is 0.5–0.7 ha.
Experimental design
Two treated and two non-treated villages were selected at each site after assessing
changes in rodent abundance and rodent damage to rice crops for 12 months in
Indonesia and 10 months in Vietnam prior to applying the treatments. The villages
were a minimum of 800 m apart and the cropping area was 100 ha in Indonesia and
100 to 150 ha in Vietnam. EBRM methods were identified through farmer consultations based on their cropping calendars and the biological knowledge of the rodent
populations obtained from the pre-treatment studies and previous 3-year field studies
conducted in nearby regions (Brown et al., 1999; Leung et al., 1999).
In Indonesia, the treatments were imposed from October 1999 to September
2002. The main EBRM actions imposed by farmers were as follows:
1. Plant their crops within two weeks of each other (synchrony of cropping);
2. One trap-barrier system (TBS) with a lure crop planted three weeks early, for every
10 ha of rice crop (8 TBS used per season per village) (see Singleton et al. (1998) for
details of TBS technology);
3. Construct grassed embankments in fields, < 30 cm wide, and keep vegetation low;
4. A 2-week community campaign to hunt or poison rats after the dry season crop was
planted. The campaign concentrated on two primary source habitats for rats – main
irrigation channels and vegetable gardens near houses;
5. Maintain good hygiene around villages through reducing refuse and cover.
In Vietnam, the treatments were imposed from February 2000 to November 2002.
The main EBRM actions imposed by farmers were as described for Indonesia except
there was no community campaign at a specific time of the year. The stronger
commune structure in Vietnam meant that community rodent control was already
being conducted prior to our study. However, farmers changed the timing of their
actions based on information we provided on the breeding ecology of the rodents.
Previously, most of the communal control activities were conducted at the booting
stage of the rice as a reaction to high levels of rodent damage. After our consultation
with the farmer co-operatives, communal actions were conducted 4–6 weeks earlier at
the seedling stage of rice.
In both countries, we worked closely with farmers on the treated sites. Farmers
NJAS 52-2, 2004
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were provided with advice on how and when to apply treatments and were then left to
conduct the integrated management actions (farmer participatory research). They also
were provided with the materials for the trap-barrier systems.
In both countries, farmers on the untreated sites continued their normal rodent
control practices.
Surveys of knowledge, attitudes and practices of farmers
Surveys of the knowledge, attitudes, and practices of farmers on rodent pests were
conducted on 30 farmers per village prior to the farmer meetings to identify EBRM.
The surveys were repeated at the completion of the study (see Sudarmaji et al. (2003)
and Tuan et al. (2003) for details).

Results and discussion
Impact of ecologically-based rodent management in Indonesia and Vietnam
In Indonesia, EBRM returned a mean yield increase of 404 kg ha–1 (6.1%) over six
crop seasons in 4 years (Table 1) and a marked reduction in rodenticide usage. Also of
environmental importance was the reduction in use of the ecologically disastrous
method of mixing a cocktail of chemicals with used sump oil and spreading it on the
flood-irrigated crop. Rats get the oil on their fur and get poisoned when they preen
themselves, but this chemical cocktail is lethal also for invertebrates and amphibians
living in the rice agro-ecosystem. A benefit-cost analysis of EBRM during this study 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 (Singleton et al., 2005). These estimates included the
costs of labour and materials used for all rodent control activities.
In Vietnam, there was no significant difference in yield between EBRM and traditional rodent management. However, there was a marked reduction in usage of rodenticides (Table 1; Singleton et al., 2003) and plastic fencing in villages that practised
EBRM. This provided environmental benefits as well as economic gains. A benefit-cost
analysis provided a positive benefit of EBRM because the costs for rodent control were
significantly reduced in the villages where EBRM was adopted (Brown et al., 2005).
The benefit-cost ratio on untreated sites was around 3:1 each year, whereas on treated
sites the ratio increased from 3:1 at the beginning to 17:1 in the final year of the project. This occurred through fewer farmers applying rodenticides (cost of US $5.71 per
ha) and fewer farmers establishing plastic barrier fences to keep rodents out of their
fields (cost of US $12.50 per field per season) on treated sites.
An independent review of the impact of EBRM in 5 provinces in the Mekong River
delta and the Red River delta, reported increased yields, lower rodent population,
reduced use of toxic rodenticides, decreased use of plastic fences and decreased rodent
control costs. In all the five provinces, the net present values (NPVs) were positive
and the benefit-cost ratios (BCRs) were greater than 1. The review also highlighted that
EBRM improved the health conditions of the rural poor and provided an impetus for a
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Treatment

188 (50)

Control

46 (50)

Treatment

Yield
Mean (SE)

Increase from EBRM

– – – – – – – – – – – (kg ha–1) – – – – – – – – – – – – –

Control

Treatment

Table 1. Summary of the impact of ecologically-based rodent management (EBRM) on crop yields and on the use by farmers of rodenticides, in lowland irrigated

Percentage (and number) of farmers adopting action

Control

95 (60)

52 (50)

19 (120)

In final year of EBRM

98 (60)

100 (50)

1 50 (120)

Before EBRM

Indonesia

80 (60)

–108 (69)

–404 (109)

85 (60)

7227 (1125)

70 (60)

4933 (84)

77 (60)

6806 (1166)

Indonesia

5042 (89)

Vietnam

Country

rice cropping systems in West Java, Indonesia, and the Red River Delta, Vietnam.
Impact

Management actions
Rodenticide use
Oil plus endosulphan
Indonesia1

For six cropping seasons over 3 years (post-treatment only) with two replicates per treatment. For details see Brown et al., 2004.

For six cropping seasons over 4 years with two replicates per treatment. For details see Jacob et al., 2004.

Vietnam2
1

Crop yields

2
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more cohesive interaction among community members (Palis et al., 2004).
Farmers attitudes
In Indonesia, prior to the introduction of EBRM, 90% of all farmers across the 4
villages (n = 240) strongly agreed that effective rodent management required that
farmers work together. However, only 68% of farmers did so. A survey after the use of
EBRM for three years indicated that 84% of the farmers in villages that adopted EBRM
worked together in rodent management whereas only 62% of the farmers did so in the
untreated villages (Sudarmaji et al., 2003). The shift to more ecologically benign
methods to control rodent populations further highlighted a major change in attitudes
of farmers who had practised EBRM.
In Vietnam, farmers believed that rats caused most damage to their crops and that
controlling rats was important (Tuan et al., 2003). Prior to the introduction of EBRM,
most farmers thought they should control rats during the booting stage of the rice
crop, whereas at the end of the project, most farmers on treated sites conducted rodent
control earlier in the cropping season compared with untreated sites. Furthermore,
there was a reduced reliance on chemicals and plastic fences on treated sites (Tuan et
al., 2003).
Ecologically-based management and lessons for intensive animal production
facilities
The strong economic, environmental and social impacts of EBRM for broad-scale
rodent management in South-East Asia sustained over 3 to 4 years, supports the
contention (Singleton et al., 1999) that EBRM can be an effective approach. What
lessons can be drawn from this success for rodent management in organic farming
systems for pigs and poultry in Europe?
EBRM requires management systems to be developed for specific species under
specific production systems. From an ecological perspective it is fundamental to study
the breeding ecology and habitat use of the rodents that live in the environs of the
production system. Source and sink habitats for dispersal need to be identified (after
Hannson, 1977) with particular attention paid to adjoining habitats which may be the
source for recolonization after control campaigns. In some situations, effective
management of the main rodent pests will require neighbours to work together to
minimize the probability of rapid re-infestation. Simply stated, to control rodents at a
meta-population level, management actions must focus on the distribution of source
habitats at a landscape level relevant for the target species and not on tenure boundaries of farms.
An important issue is the socio-economic impact of particular rodent species to
specific production systems. This will determine the threshold of tolerance of producers to rodent infestations and how much they are likely to invest in management
actions. If rodent-borne diseases are among the important concerns of producers, as is
the case in Denmark (Jensen et al., 2004; Leirs et al., 2004) and the Netherlands
(Kijlstra et al., 2004; Meerburg et al., 2004), then epidemiological studies of rodent168
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livestock-human-disease interactions will be required.
Once the primary data have been collected then it is important to marry the ecological knowledge with that of the producers to determine which management actions
are technically and economically feasible. Another major consideration is the effect of
particular management actions on the welfare of rodents and the livestock they need to
be acceptable to society. Once a strategy has been identified with input from producers, then pilot studies under an adaptive management framework (see Walters &
Holling, 1990) are recommended.
As outlined in the introduction, there have been promising developments in
rodent management with stronger consideration of the ecology of rodent pests in agricultural systems in Europe. However, one important lesson from South-East Asia is
that effective EBRM also requires strong sociological and economic components. Here
lies the challenge: the integration not only of different environmentally acceptable
management actions against rodents, but also of ecology, sociology and economics.

Acknowledgements
We acknowledge Charles Krebs, Lyn Hinds, Herwig Leirs and Roger Pech for the
many stimulating discussions on how to progress EBRM. The Australian Centre for
International Agricultural Research (ACIAR) funded the work in South-East Asia
(AS1/98/36) and Grant Singleton was funded by the European Union, Sixth Framework Programme, entitled ‘Organic Animal Husbandry’, to attend a workshop held in
Wageningen, the Netherlands. We wish to thank Lyn Hinds for her comments on an
earlier version of the manuscript.

References
Belmain, S.R., A.N. Meyer, R. Timbrine & L. Penicela, 2003. Managing rodent pests in households and
food stores through intensive trapping. In: G.R. Singleton, L.A. Hinds, C.J. Krebs & D.M. Spratt
(Eds), Rats, Mice and People: Rodent Biology and Management. Australian Centre for International
Agricultural Research (ACIAR), Canberra, pp. 440–445.
Brown, P.R., N.Q. Hung, N.M. Hung & M. Van Wensveen, 1999. Population ecology and management
of rodent pests in the Mekong river delta, Vietnam. In: G.R. Singleton, L.A. Hinds, H. Leirs & Z.
Zhang (Eds), Ecologically-based Management of Rodent Pests. Australian Centre for International
Agricultural Research (ACIAR) Canberra, pp. 319–337.
Brown, P.R., N.P. Tuan, G.R. Singleton, N.V. Tuat, T.Q. Tan & L.T. Hoa, 2003. Impact of village-level
rodent control practices on rodent populations and rice crops in Vietnam. In: G.R. Singleton, L.A.
Hinds, C.J. Krebs & D.M. Spratt (Eds), Rats, Mice and People: Rodent Biology and Management.
Australian Centre for International Agricultural Research (ACIAR), Canberra, pp. 197–202.
Brown, P.R., N.P. Tuan, G.R. Singleton, P.T.T. Ha, P.T. Hao, T.Q. Tan, N.V. Tuat, J. Jacob & W.J.
Müller, 2005. Ecologically-based management of rodents in the real world: application to a mixed
agro-ecosystem in Vietnam. Ecological Applications. (Submitted for publication)
Chitty, D., 1954. Control of Rats and Mice, Vol. 1. Rats. Clarendon, Oxford, 305 pp.

NJAS 52-2, 2004

169

7708F_NJAS_52_2_Singleton

17-01-2005

14:56

Pagina 170

G.R. Singleton, P.R. Brown and J. Jacob

Cowan, D.P., R.J. Quy & M.S. Lambert, 2003. Ecological perspectives on the management of commensal rodents. In: G.R. Singleton, L.A. Hinds, C.J. Krebs, & D.M. Spratt (Eds), Rats, Mice and People:
Rodent biology and Management. Australian Centre for International Agricultural Research
(ACIAR), Canberra, pp. 433–439.
Davis, D.E. & J.J. Christian, 1958. Population consequences of a sustained yield program for Norway
rats. Ecology 39: 217–222.
Davis, S.A., H. Leirs, R. Pech,Z. Zhang & N.C. Stenseth, 2004. On the economic benefit of predicting
rodent outbreaks in agricultural systems. Crop Protection 23: 305–314.
Endepols, S., N. Klemann, H.-J. Pelz & K.-L. Ziebell, 2003. A scheme for the placement of rodenticide
baits for rat eradication on confinement livestock farms. Preventative Veterinary Medicine 58:
115–123.
Hansson, L., 1977. Spatial dynamics of field voles Microtus agrestis in heterogenous landscapes.
Oikos 29: 539–544.
Inglis, I.R., D.S. Shepherd, P. Smith, P. Haynes, P., D.S. Bull, D.P. Cowan & D. Whitehead, 1996.
Foraging behaviour of wild rats (Rattus norvegicus) towards new foods and bait containers.
Applied Animal Behaviour Science 47: 175–190.
Jacob, J., Sudarmaji & G.R. Singleton, 2003. Ecologically-based management of ricefield rats on a
village scale in West Java – experimental approach and assessment of habitat use. In: G.R. Singleton, L.A. Hinds, C.J. Krebs & D.M. Spratt (Eds), Rats, Mice and People: Rodent Biology and
Management. Australian Centre for International Agricultural Research (ACIAR), Canberra, pp.
191–196.
Jacob, J., Sudarmaji, G.R. Singleton, Rahmini, N.R. Herawati, P.R. Brown & W.J. Müller, 2005.
Ecologically-based management of rodents in the real world: application to a rice-based agroecosystem in Indonesia. Ecological Applications. (Submitted for publication)
Jensen, A.N., J. Lodal & D.L. Baggesen, 2004. High diversity of Salmonella serotypes found in an
experiment with outdoor pigs. NJAS – Wageningen Journal of Life Sciences 52: 109–117.
Krebs, C.J., 1999. Current paradigms of rodent population dynamics – what are we missing? In: G.R.
Singleton, L.A. Hinds, H. Leirs & Z. Zhang (Eds), Ecologically-based management of rodent pests.
Australian Centre for International Agricultural Research (ACIAR), Canberra, pp. 33–48.
Kijlstra, A., B.G. Meerburg & M.F. Mul, 2004. Animal-friendly production systems may cause re-emergence of Toxoplasma gondii. NJAS – Wageningen Journal of Life Sciences 52: 119–132.
Leirs, H., 2003. Management of rodents in crops: the pied piper and his orchestra. In: G.R. Singleton,
L.A. Hinds, C.J. Krebs & D.M. Spratt (Eds), Rats, Mice and People: Rodent Biology and Management. Australian Centre for International Agricultural Research (ACIAR), Canberra, pp. 183–190.
Leirs, H., J. Lodal & M. Knorr, 2004. Factors correlated with the presence of rodents on outdoor pig
farms in Denmark and suggestions for management strategies. NJAS – Wageningen Journal of Life
Sciences 52: 145–161.
Leung, L.K.-P., G.R. Singleton, Sudarmaji & Rahmini, 1999. Ecologically-based population management
of the rice-field rat in Indonesia. In: G.R. Singleton, L.A. Hinds, H. Leirs & Z. Zhang (Eds),
Ecologically-based Management of Rodent Pests. Australian Centre for International Agricultural
Research (ACIAR), Canberra, pp. 305–318.
Meerburg, B.G., M. Bonde, F.W.A. Brom, S. Endepols, A.N. Jensen, H. Leirs, J. Lodal, G.R. Singleton,
H.-J. Pelz, T.B. Rodenburg & A. Kijlstra, 2004. Towards sustainable management of rodents in
organic animal husbandry. NJAS – Wageningen Journal of Life Sciences 52: 195–205.
Palis, F.G., Z.M. Sumalde & M. Hossian, 2004. Assessment of the ACIAR-supported rodent control

170

NJAS 52-2, 2004

7708F_NJAS_52_2_Singleton

17-01-2005

14:56

Pagina 171

Ecologically-based rodent management in South-East Asia

project in Vietnam: adoption and impact. No 24, ACIAR Impact Assessment Series. Australian
Centre for International Agricultural Research (ACIAR), Canberra, 62 pp.
Pelz, H.-J., 2001. Extensive distribution and high frequency of resistance to anticoagulant rodenticides
in rat populations from northwestern Germany. In: H.-J. Pelz, D.P. Cowan & C.J. Feare (Eds),
Advances in Vertebrate Pest Management. Volume II. Filander, Fürth, pp. 433–439.
Quy, R.J., D.S. Shepherd & I.R. Inglis, 1992. Bait avoidance and effectiveness of anticoagulant rodenticides against warfarin- and difenacoum-resistant populations of Norway rats (Rattus norvegicus).
Crop Protection 11: 14–20.
Quy, R.J., D.P. Cowan & M.S. Lambert, 2003. Adapting baiting tactics to match the foraging behaviour
of Norway rats: a balance between efficacy and safety. In: G.R. Singleton, L.A. Hinds, C.J. Krebs &
D.M. Spratt (Eds), Rats, Mice and People: Rodent Biology and Management. Australian Centre for
International Agricultural Research (ACIAR), Canberra, pp. 451–456.
Singleton, G.R., 1997. Integrated management of rodents: A southeast Asian and Australian perspective. Belgian Journal of Zoology 127: 157–169.
Singleton, G.R., 2003. Impacts of rodents on rice production in Asia. No 45, IRRI Discussion Paper
Series. International Rice Research Institute (IRRI), Los Baños, 30 pp.
Singleton, G.R., Sudarmaji & Sadeli Suriapermana, 1998. An experimental field study to evaluate a trapbarrier system and fumigation for controlling the rice field rat, Rattus argentiventer, in rice crops in
West Java. Crop Protection 17: 55–64.
Singleton, G.R., H. Leirs, L.A. Hinds & Z. Zhang, 1999. Ecologically-based management of rodent pests
– re-evaluating our approach to an old problem. In: G.R. Singleton, L.A. Hinds, H. Leirs & Z.
Zhang (Eds), Ecologically-based Management of Rodent Pests. Australian Centre for International
Agricultural Research (ACIAR), Canberra, pp. 17–29.
Singleton, G.R., Sudarmaji, N.P. Tuan, P.M. Sang, N.H. Huan, P.R. Brown, J. Jacob, K.L. Heong &
M.M.Escalada, 2003. Reduction in chemical use following integrated ecologically-based rodent
management. International Rice Research Notes 28(2): 33–35.
Singleton, G.R., Sudarmaji, J. Jacob & C.J. Krebs, 2005. An analysis of the effectiveness of integrated
management of rodents in reducing damage to lowland rice crops in Indonesia. Agriculture,
Ecosystems and Environment. (In press)
Stenseth, N.C., L. Herwig, A. Skonhoft, S.A. Davis, R.P. Pech, H. P. Andreassen, G.R. Singleton, M.
Lima, R.M. Machangu, R.H. Makundi, Z. Zhang, P.R. Brown, D. Shi & X. Wan, 2003. Mice, rats,
and people: the bio-economics of agricultural rodent pests. Frontiers in Ecology and the Environment
1: 367–375.
Sudarmaji, G.R. Singleton, N. Herawati, A. Djatiharti & Rahmini, 2003. Farmers’ perceptions and practices in rat management in West Java, Indonesia. In: G.R. Singleton, L.A. Hinds, C.J. Krebs & D.M.
Spratt (Eds), Rats, Mice and People: Rodent Biology and Management. Australian Centre for International Agricultural Research (ACIAR), Canberra, pp. 389–394.
Tuan, N.P., S.J. Williams, P.R. Brown, G.R. Singleton, Q.T. Tan, D.T. Hue, P.T.T. Ha & P.T. Hoa, 2003,
Farmers’ perceptions and practices in rat management in Vinh Phuc province, northern Vietnam.
In: G.R. Singleton, L.A. Hinds, C.J. Krebs & D.M. Spratt (Eds), Rats, Mice and People: Rodent
Biology and Management. Australian Centre for International Agricultural Research (ACIAR),
Canberra, pp. 339–402.
Walters, C.J. & C.S. Holling, 1990. Large-scale management experiments and learning by doing.
Ecology 71: 2060–2068.

NJAS 52-2, 2004

171

7708F_NJAS_52_2_Singleton

17-01-2005

14:56

Pagina 172

