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Abstract. House mice in Australia and Brandt's voles in China are used to illustrate the factors that lead to episodic
rodent management problems in agricultural systems. Outbreaks can develop rapidly in both species, depending on the
population density at the onset of breeding, the rate of increase over the breeding season, and the duration of the breed-
ing season. The available data suggest that these demographic parameters are determined by independent processes,
which means that knowledge of all three is required to predict outbreaks reliably. As well as dealing with uncertainty in
predicting outbreaks, management of both species could be improved by identifying and enhancing natural regulatory
processes like predation and minimising agricultural practices that tend to increase the likelihood of outbreaks.

Introduction House mouse
, . . Outbreaks of house mice occur irregularly throughout
Rodents are pests in agricultural systems in many parts @k cereal production areas of eastern and southern
the world. They can have high intrinsic rates of increase sq stralia (Saunders and Giles 1977; Mutze 1989:
that severe agricultural impacts occur over time SC&'@ngleton and Redhead 1989). For example, there were at
similar to the production of crops or management of livefaast 12 outbreaks in Victoria between 1905 and 1997,
stock in both temperate and tropical environments. {yith an apparent increase in frequency over the last two
recent review highlighted the problems with eruptiveyecades (Singleton and Brown 1999). Outbreaks cause
species on several continents .(l\_l.C. Stenseth et. al., unpqx,l?gh economic losses to grain-growers, major social prob-
lished). In these cases, the difficulty of managing a pefims and environmental problems through extensive use
species is compounded by uncertainty in when t0 applyt chemicals. They are usually associated with years of
controls. above-average crop production, which in turn is linked to
In this paper we explore two questions relating tqvinter—spring rainfall (Pech et al. 1999). However,
eruptive rodent species in agricultural systems. Firstlutbreaks do not occur in all years, or in all areas, with
why do outbreaks occur irregularly? Secondly, to whagpparently suitable climatic conditions.
extent is the likelihood of an outbreak increased by the
special characteristics of agricultural systems? Houd®randt’s vole

mice Mus domes.ncm)sm Australla' and Brandts vole Brandt's vole is endemic to the grasslands of central
(MIC!’O'[US '?ra”dt) in Inner Mongolia are used as Cas€nner Mongolia, eastern Mongolia and adjacent parts of
studies to |II'ustrate some of the featurgg of eruptive ,peﬁti.lssia. It is considered a pest species because it competes
rodent SPeCIes. Under .favourable conditions, populationgy, livestock, contributes to soil disturbance (and hence
of both species can increase from low abqndance sertification) through burrowing activities and, particu-
exceed da}mage t'hreshollds within one breed|.ng seas%,ly during outbreaks, is a reservoir for zoonoses such as
BOth Species dechng rapidly frqm high population densig ;e plague. Zhang et al. (2002) compiled a history of
ties, and thep persist at relatively low .abundance Autbreaks of Brandts voles in Inner Mongolia over the
extended pe”o‘?'s- In some areas, th? period of low '?‘I_Oul'a'st 50 years based on reports in the scientific literature,
dance can contmue even though gnwronmental CondItIOIal%tailed demographic data from several sites and reports
appear to be suitable for supporting much larger populgy phonic plague spilling over into the human population.

tions. Approximately 15 outbreaks occurred during this period,
though some appeared to be relatively localised. Problems
with Brandt’s voles and with desertification have become
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more severe in recent decades, leading to an increasBchndt's vole

requirement to manage the problem. Fewer data are available to assess all three factors for

Brandt's vole. Shi et al. (2002) and Zhang et al. (2002)
Ontogeny of an outbreak reported a negative correlation between the rate of
o . increase in the non-breeding season and the population
The rapid increase in abundance of rodents from |0Wgngity at the end of the previous breeding season. These
numbers to an outbreak depends on three factors: (1) tRﬁo parameters determirly, which is highly variable.
population density at the start of the breeding sed$gn, is not affected by popuiation density but there is a

(2) the rate of increase over the breeding season, and @nvex upwards relationship betweep and pasture

the duration of the breeding seas®p, For simplicity, it . . ,
is assumed that the population increase during th%ondltlons, reflecting the preference of Brandt's voles

breeding season can be characterised by a single exponfH- Short grass habitat (Zhang et al. 2002). However,
tial rate,r. populations have low, sometimes negative, values; of

when grass is very short (< 50 mm) and sparse (< 40%
House mouse cover), probably due to a shortage of food, and in tall,
N, depends on the population density during thélense grass (>200 mm, >70% cover), which is thought to
previous breeding season and the rate of decline over tHéerfere with social interactions and with the ability of
non-breeding season. For house mice, there is a significaffles to detect predators (Zhong et al. 1999). Plant
negative correlation between these two parameters (Dadomass during the breeding season is determined by
et al., this volume). Both parameters are unaffected by thgecipitation over the preceding winter (Zhang et al.
winter-to-spring rainfall immediately preceding an2002) and grazing by livestock (Zhong et al. 1999).
outbreak that explains most of the variatiomjnwith the  Hence, there is no significant correlation betwgmand
result that there is no significant correlation between r, (zhang et al. 2002). Breeding data from 3 years at a
and N (Davis et al., this volume; N.C. Stenseth et al.gjte central to the distribution of Brandt's vole in Inner
unpublished). This is consistent with the more generaliongolia indicate relatively minor variation ¥ (Shi et
model for the rate of increase developed by Pech et &} 2002). Early spring rain and flooding of burrows can
(1999), which included a small, density-dependentegit in low survival rates of unweaned voles, delaying
component that had an effect only at very high denS|t|eﬁ1e effective start to recruitment. However, the frequency

(i.e. the density late in the breeding season). Singleton [ :
al. (2001) used data on the breeding status of mice § these impacts on vole demography has not been

Walpeup in north-western Victoria to calculd@igfor each reported so Fhat 'F IS possmle th@t for Brandt; vole's
year between 1982 and 2000. The relationship betfgen may be relat_lve.ly invariant. In _thls case, there is unlikely
and N, is weakly negativeRe = 0.265, Figure 1a) due to be any significant correlation betwe€p andrg or
mainly to the value for one year (1993-94). Deleting thi®etweenT; andNj.

year,R? = 0.042. There is no correlation betwagrand The characteristics dfl, r; and Tz for house mice
Tz (Figure 1b). and Brandt’s voles are summarised in Table 1.
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Figure 1. The relationship between (a) the abundance of house mice at the start of the breeding season in spring and the length of the
breeding season and (b) the length of the breeding season and the instantaneous rate of increase of mice during thesbreeding se
using data between 1982 and 2000 from Walpeup in north-western Victoria (see Singleton et al. 2001 and Davis et al.e}his volum
Each point represents data from one year.
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Table 1. Summary of the characteristics of three key100,000 house mice were caught but only one other small
demographic parameters that determine the rapid developmefiammal, a carnivorous marsupial mouSeminthopsis

of outbreaks of house mice and Brandt's volbg. is the  muyrina (G. Singleton, unpublished data). Ylénen et al.

population density at the start of the breeding seagois, the 2002) have demonstrated that the behaviour of mice in
rate of increase over the breeding season Tgrisl the duration areas with different plant cover is consistent with a

of the breeding season (see text for details). response to changes in the risk of predation. This risk

Demographic House mouse Brandt's vole avoidance behaviour can delay body growth rates and
parameter breeding in mice (Arthur and Pech, this volume).
Np density-dependent decline from the end of However, there s little information about the relative
the previous breeding season in both importance of factors, such as disease, predation or lack of
species food due to intraspecific competition or farm management
ts positive linear convex upwards (e.g. time of harvest or grazing by livestock) or stochastic
relationship with relationship with rainfall events, that could influence when breeding starts
winter-to-spring grass height and and finishes.
rainfall cover during the For both house mice and Brandt's vole, the lack of
breeding season significant correlations betweeN;, r, and T, implies
T highly variable limited data: that they are likely to be determined by unrelated
probably consistent  processes. The result is that outbreaks are difficult to
duration predict without knowledge of all three factors. Since
1999, the model developed by Pech et al. (1999) has been
Discussion used to successfully forecast the probability of an

outbreak of house mice at one locality in north-eastern

Timing of outbreaks \ﬁ_ctorla (_Pech etal. 2091). The model uses the cumula_tlve
) . winter rainfall from April to October to predict changes in

_All three factorsNg, rp andTy, are important in deter- he rate of increase of the next 6 to 9 months but the
mining the change in population size over the course Qfccyracy of predictions is greatly improved by field esti-

the breeding season, as is the subsequent decline in popiktes oiN,. Also, the model implicitly assumes thatis

lation density to set the initial conditions for the start Ofconstant, which leads to error in estimating the magnitude

the next breeding season. For very low starting densitiegt 4 outhreak (Pech et al. 2001). A logistic model using
there may be insufficient time during the breeding seasqQflinter and spring rainfall to predict the occurrence of

for the population to reach economically damaging, reaks, rather than detailed changes in the abundance
thresholds, even with high rates of increase. Also, high¢ mice, has had limited success for Walpeup in north-
rates _of increase may not generate large popU|a'['0f.1S if thesstern Victoria (N.C. Stenseth et al., unpublished) and
breeding season is short. Therefore an outbreak is MOi& he mallee region of Victoria and South Australia
I|_ker tg occur if a rodgnt population peglns Wlth_a rEIa'(Kenney et al., this volume), particularly because it
tively high spring density and has a high rate of increasg, o gicts more outbreaks than occur. Similar results have
over an extended breeding season. However, outbreaksifay achieved for predicting outbreaks of Brandts vole
house mice occurred in north-western Victoria in WO . stenseth et al., unpublished). The conclusion is that

years (1988-89 and 1994-95) with high spring densitieseictions of outbreaks of house mice and Brandt's vole

but only average rates of increase (Davis et al., thi§ o are hased on a single explanatory variable, such as

yqlume), Wh,i_Ch suggests that an outbreak depends on tB?ecipitation, will have a high level of error, requiring
joint probability of high values for at least two of the threefarmers to take this uncertainty into account when

factors. .
) , choosing a management strategy (N.C. Stenseth et al.,
For house mice and Brandt’s vole, two of the keyunpublished).

factors leading to outbreakld; andry, are influenced by
climatic conditions one year apart, so that between-yeiri
variability in the climate will contribute to the erratic
occurrence of outbreaks. The third factdy, may be
reasonably consistent for Brandt's vole due to the highly For both house mice and Brandt’s voles, there are two
seasonal climate in Inner Mongolia, bytcan be affected components that set the initial density;: the density at

by variations in the level of grazing by livestock that are¢he end of the previous breeding season and the rate of
likely to be influenced independently by socioeconomiaecline of the population during the non-breeding season.
factors.T; is the least well understood of the three factordhe former component is determined primarily by
for house mice. The onset of breeding for mice may belimatic conditions at least a year before an outbreak
determined by access to high-quality food (see, fooccurs. Brandt’s voles cache food for winter (Zhong et al.
example, Bomford 1987a,b) which in turn depends 0l999) and competition for this resource may cause the
climatic conditions in late winter and early spring. Inter-density-dependence in over-winter survival (Zhang et al.
specific competition is unlikely to be important because2002). Therefore, grazing by livestock, which can lead to
over a 20-year period in north-western Victoria, more thaghanges in pasture composition and biomass, may modify

nks between agricultural systems and the causes of
outbreaks
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the strength of the density-dependence. For house migaeptential for safe and effective use of biological control
Arthur and Pech (this volume) found that the survival ratagents. The serological prevalence of some mouse-
declined with increasing density when they were exposespecific viruses, such as mouse cytomegalovirus, minute
to predation by foxesMulpes vulpées feral cats Felis  virus of mice and mouse parvovirus, vary with the density
catug and raptors, in short grass habitat. This impacof the host population, but there is no evidence that any of
would be enhanced by prophylactic measures such as ttieese pathogens could maintain the population at low
control of weeds along fence lines recommended bgensity (Singleton et al. 2000). In fact, the lack of compe-
Singleton and Brown (1999), although conservatiorition with small native granivorous mammals may be due
farming practices, such as stubble retention, could redu¢e the impact on these species of pathogens introduced
predation risk and lead to higher survival of mice andand spread with the house mouse (Smith et al. 1993).
higher densitiesNg, at the start of the breeding season.

However, the regular monitoring program conducted since .

1982 at Walpeup in Victoria has not detected any consis- Conclusion
tent trend in _the size of the ove_r—winte_ring popl_JIation thaﬁregular outbreaks of house mice
could be attributed to changes in farming practices.

in Australia and
Brandt's vole in Inner Mongolia appear to be caused
There are several ways thay and T could be primarily by irregular fluctuations in key climatic parame-
modified by the activities of pastoralists or farmers oveters, and exacerbated by a loss of potential regulatory
the period from spring to autumn. In Inner Mongolia,processes such as predation. For house mice, up to 70% of
grazing by livestock has a direct impact on the structureyutbreaks can be predicted from the amount of rain that
species composition and biomass of the plant communiflls during winter through to early summer (Kenney et
(Zhong et al. 1999) and hence will affegf. Large al., this volume), a remarkably strong relationship given
increases in the number of livestock over the last 50 yeatise independence o, r; andT,. Eruptions of Brandt's
appear to have shifted the balance between precipitatiopele are correlated with positive phases of the southern
driven grass growth and off-take, so that the conditionsscillation index, which is in turn linked to climate, and
preferred by Brandt's vole now tend to occur in years omost outbreaks occur in years with uniform, near-average
near-average rainfall (Zhang et al. 2002). Hence, there hpsecipitation (Zhang et al. 2002). However, for both agri-
been an increase in the frequency of outbreaks compareditural systems, existing models tend to predict many
to earlier periods when short-grass conditions were momaore outbreaks than actually occur. This suggests that
likely in exceptionally dry years. In addition, campaignsadditional factors that have yet to be identified often
to control voles may have resulted in secondary poisoningrevent outbreaks from developing. The challenge is to
of predators and hence reduced their ability to regulatelentify these factors and, if possible, enhance their effec-
prey populations (Zhong et al. 1999). In grasslands elséiveness to counter the tendency of current agricultural
where in China, control of small mammals has led to @ractices to generate outbreaks of rodents.
measurable decline in many species of birds, including
raptors such as black-eared kitdgilfus lineatu$ and
upland buzzardsBButeo hemilasiygLai and Smith 2002). References
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Abstract. In this paper, we review rodent problems and their management in the steppe grassland of Inner Mongolia,
alpine meadows in Qinghai-Tibet, and grassland in Xinjiang. The behaviour, ecology and population dynamics of the
major rodent species, including functionally similar species such as pikas, and their interactions with grassland ecosys-
tems have been extensively surveyed. Cultivation and overgrazing by livestock are recognised as key factors in accelerat-
ing rodent infestation in grasslands. Therefore, improved management of livestock and crop production is an essential
component of the solution to the rodent problem. As well as ecologically based management, species-specific control
techniques such as immunocontraception are recommended for future rodent management in the grasslands of China.

Introduction Grassland in Inner Mongolia

China has huge grasslands covering about 0.28 billion Haner Mongolia is located in the north of China. Western
and ranking first in the world. However, the grasslandginer Mongolia is mostly desert, while the east is mostly a
produce only 8% of the total domestic meat productiohuge grassland. The altitude is about 1000 m and the
and 25% of the total domestic requirement for woolclimate is cool and dry: annual average temperature
Production input per unit area in grasslands is about 10 mnges from —1 to 10°C, and annual rainfall varies from
20 times less than in advanced countries and, in sor280-400 mm. The dominant plant species Gaeagana
regions, is becoming worse due to poor management. Fmicrophyllg Cleistogenes squarrosaStipa krylovij
example, in 1959, 6-13 Mu (1 ha = 15 Mu) were neede@ineurolepidium chinensmdArtemisia frigida.

per sheep in Qinghai but this increased to 10-46 Mu per Rodents, and other small mammals such as pikas,
sheep by 1984 because of the degradation of the gragguse serious problems in grasslands. They consume
land. Despite this deteriorating trend, there is substantighqyt 10-20% of the grass and require constant moni-
scope for increased livestock production through bett%ring by local government to prevent the spillover of
grassland management. epidemics, such as plague, to the human population. Of
Rodent pests cause serious problems in the grasslantde 36 ‘rodent’ species in this region, the main pest
of China. They infest about 10-20% of the total area dfpecies areRhombomys opimum the western part of
grassland every year, and the annual loss of grass biom&sser Mongolia, Brandt's voleMicrotus brandt) and the
has been estimated at 40-50 billion kg. In Qinghai anDaurian pika Qchotona dauricain central-eastern areas,
Tibet, expensive rehabilitation programs are required for Mlicrotus gregalisand the grassland zokoMyospalax
million ha of ‘black sandy land’, which have resulted fromaspalay in the far east, Mongolian gerbild/ériones
soil erosion attributed to rodents. Also, rodent populationgnguiculatu$ and Mongolian lemmingd_&gurus preze-
in the grasslands of Inner Mongolia and Xinjiang arevaski) in the central-north, and the Mongolian gerbil in
important reservoirs for many serious diseases, includirthe central-south. Overall, Brandt's vole and the Mongo-
plague. Therefore, better management is urgently needkah gerbil are the most serious pests in the grassland of
for pest species of rodents and other small mammals inner Mongolia, and rodenticides are commonly used
grasslands. whenever outbreaks occur.

The major pest species differ from region to region in Brandt's vole is a species with complex social behav-
Qinghai, Tibet, Inner Mongolia and Xinjiang. Theiour. Voles that survive over winter usually produce 3—4
following is a brief overview of the environment andlitters within a breeding season, whereas the first cohort of a
rodent problems of these grassland regions. year produces 2-3 litters and the second cohort 1-2 litters.
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The third and fourth cohorts do not breed until the nextemperature ranges from -5 to 8°C. In Tibet, the altitude
year. Litter size is 8 on average, but can be up to 14, and tbe grassland is over 4500 m and the annual average
breeding season is from March to September. The gestatitemperature ranges from -3 to 12°C. There are about 0.15
period is 21 days, and lactation lasts for 15 days. It takdsllion ha of grassland, of which millions of hectares are
52-62 days for a male to mature, and 55-65 days foriafested by rodents and pikas, with a substantial impact on
female. Brandt's voles live in groups, ranging in size fromivestock production. There are estimated to be about 1.5
2-3 in spring, 6-8 in early summer, and up to 22 or even 3flllion plateau pikas @chotona curzonigeand 0.15

in a nest system in late summer or autumn. Populatidaillion plateau zokorsMyospalax baileyi which are the
outbreaks of Brandt's voles occur irregularly, with antwo major pest species in the alpine meadow ecosystem.
interval of 57 years (Li and Liu 1999; Z. Zhang et al.,They consume approximately 20-30 billion kg of fresh
unpublished data). The autumn density can range from lograss each year, equalling the annual food intake of 20
values around 2.4 voles/ha to outbreaks at 528.8 voles/mmaillion Tibetan sheep.

Brandt's voles cache plant material, about 11 kg/nest, for The plateau pika is distributed over about 32% of the
over-wintering. Thus, the estimated damage is 0.49 kg/volgrassland in Qinghai. Population densities oscillate
during the non-growing season of grass, and 0.36 kg/volgreatly, ranging from less than 1 pika/ha to 150 pikas/ha
during the growing season. Populations of Brandt's vole@~an et al. 1999). Pikas live in social groups and have a
are hosts for diseases such as salmonellosis, plague, tuteeeding season from March to September. They repro-
rensis, and tick-borne rickettsiosis. The threshold for impleduce two or three times a year, average litter size is 4.7
menting control in spring is 23 voles/ha, or 385 activel.3, and the male:female sex ratio is 87:100, resulting in
holes/ha (Zhong et al. 1991, 1992). high rates of population increase. The maximum life span

Mongolian gerbils are considered very serious pests i®f & pika is 957 days (average is 120 days). For the first
grassland and farmland, and they harbour diseases that &@hort of a year, the male’s life span is 108 days, and the
a danger for human health. They prefer drier habitats if¢male’s life span is 106 days. For the second cohort, the
grassland and also occur in the transition zone betwedife span is reduced to 58 days for males and 66 days for
grass|and and farmland. Popu|ations fluctuate greauf)emale. Survival rates for the third cohort are even lower,
every 4 or 5 years: for example, outbreaks occurred iwith life spans of 25 days for males and 15 days for
1964, 1969 (Xia et al. 1982), 1975, 1985 and 1989 (Li antemales (Wang and Dai 1990). Pikas prefer habitats with
Zhang 1993). The outbreaks coincided with high rainfalllow sparse grass, and benefit from heavy grazing by live-
which usually generates good production of grass angfock. The daily food intake per pika is 08 g fresh
abundant food for gerbils. grass. About 6.2 million KJ/ha.yr of the primary grass

Overgrazing is a key factor facilitating rodent infesta-Production is consumed by pikas, about 1.3 times that for
tion. Successional transitions in both plant and smaft!l sheep. Pikas also spread diseases like salmonellosis,

mammal communities result from increasing levels of!29ue, tularensis, tick-bome rickettsiosis and pseudo-

grazing by livestock (Zhong et al. 1985). For exampletUberculosis.

without overgrazingA. chinense and S. krylowire the The plateau zokor lives underground and occurs in
dominant grasses ar@. daurica Citellus dauricusand nearly 12% of grassland. Population densities are usually

Cricetulus barabensiare the dominant rodent species aStablé and can reach over 70 zokors/ha in seriously
Xilinhot (rainfall 350-400 mm) in central Inner infested areas. Plateau zokors are mostly solitary and have

Mongolia. After heavy grazing by livestock, the abun-2 Preeding season from March to July. They reproduce
dance ofA. frigida, Potentilla acaulisand C. squarrosa ©Nly once a year, with an average litter size of2(r1.
increases in the plant community, while Brandt's vole Each year, one zokor produces 242 mounds, or about 1024
which prefers sparse short grass, becomes the dominaf® Of soil, which cover approximately 2Frof grassland.
rodent species. Under extreme grazing pressRienta In areas with very high population densities, zokor
annuais the dominant plant, and the Mongolian gerbil,M0UNds can cover the whole surface (up to 2683 mounds/
which prefers eroded habitats, replaces Brandt's vold!®)- The population density of zokors is significantly
Therefore, control of grazing by livestock is very impor-c0related with the loss of grass (Fetral. 1988): mounds
tant for rodent pest management in Inner MongoliafoVer 9rass and zokors’ feeding activity destroys the roots
grasslands. For example, from 1987 to 1989, the popul&f 9rass. _ _ _

tion density of Brandt's voles decreased by 78% and the 1he management of livestock is very important for
biomass of grass increased by 40% in areas where ov&pdent control because overgrazing is the major factor

grazing was prevented compared to a control area (Zhoﬁq(USing serious rodent infestations. In Qinghai, plateau
et al. 1991). pikas and zokors can be controlled effectively by rodenti-

cides, followed by the use of herbicides to control weeds
and exclosures to reduce grazing by livestock, and then
A|pine meadow in Qinghai_Tibet re-planting of grass. The threshold for initiating control is
4 zokors/ha, and 30 pikas/ha (or 150 mounds/ha).
Qinghai and Tibet are two important areas for livestockHowever, traditional bait delivery techniques do not work
production in China. In Qinghai, grasslands occur at altiwell for zokors because of their fossorial behaviour. A
tudes from 2500 m to 4500 m and the annual averadmiting machine has been invented that places baits in
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artificial tunnels, which connect with the active tunnels ofor the restoration of abandoned, formerly-cultivated
zokors. This technique increases the efficiency of contrgrassland (Fan et al. 1999).
from 60% to about 80%, and the work efficiency is more  Traditional chemical control causes environmental
than 20 times greater than traditional manual baitingollution and risks to humans, livestock and wildlife.
(Jing et al. 1991). Recently, a bacterial toxin calledrherefore, it is necessary to develop non-toxic, non-
botulin toxin-C was invented for killing pikas and zokors.polluting and sustainable control techniques for managing
Population reductions of over 90% can be achieved usingrassland rodents. The development of agents for fertility
this toxin (Wang and Shen 1988). control, especially immunocontraceptive vaccines, is a
recent area of research that may result in new tools for
Grassland in Xinjiang mgnaging rodent.s. An i_mmunocontraceptive vaccing.that
stimulates an animal’s immune system to block fertilisa-

Xinjiang is a fourth province with grasslands that ardion: implantation or embryo development could be deliv-
important for livestock production in China. Rodents€®d in & non-toxic bait using traditional techniques.
cause major problems in the grasslands of northefffmunocontraception has the advantage of being species-
Xinjiang. The Xinjiang lemmingl{agurus luteusis the s_pecmc, non-polluting and humane, with little or no unde-
most serious pest species in this region. The abundance¥@bleé consequences for agricultural production or the
this rodent oscillates greatly every 4 or 5 years. Populatidfivironment. In Australia, major advances have been
densities can reach 2080 active holes per ha and grag&hieved in the development of immunocontraceptive
lands are severely damaged during outbreaks. Large di¢gccines for the management of house mies(domes-
offs can occur after outbreaks but the cause is unknowHcUS (Chambers et al. 1999). In addition, population
For example, in the early summers of 1959, 1982, 198@odels have shown that this control technique is poten-
and 1993, massive die-offs of lemmings were observed #iflly very effective for rodent management (Zhang 2000;
rivers and lakes (Yu X., Zhao F. and Ye Y., unpublished®i et al. 2002; Davis et al., this volume).

data).
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Abstract. We simulated fertility control of house mice during and following years that populations erupt by combining
time-series abundance data with estimates of survival based on capture—mark-recapture data. Analysis of seasonal
rates of increase suggest that compensation to any method of control that reduces the density of mice is not expected
until the winter decline—rates of increase over the annual decrease phase are density-dependent while rates of increase
over the increase phase are not. Fertility control that sterilises one third of the female mice is predicted to have a large
impact on the dynamics of mice such that plague densities are avoided. These results assume that the control agent
operates over the whole breeding season and the presence of sterile females does not affect the reproductive output of
the remaining fertile females. Nevertheless, we conclude from our simulation that achieving high sterility rates is not
necessary for effective management of house mice outbreaks in Australia.

Introduction This paper brings together analyses of time-series data
and capture—mark-recapture data from a 19-year study of

House mouse populations occasionally erupt in the graifield populations to predict the short-term effects of
growing regions of southern and eastern Australia, causiriigrtility control on the population dynamics of house
substantial losses to crops, high social stress through micgce.
invading houses, shops, businesses and hospitals, and
environmental and animal welfare concerns because of the )
high use of poisons (Caughley et al. 1994). Recently, the Materials and methods
focus has been on developing species-specific fertility
control through the use of immunocontraceptive vaccineStudy site
(Chambers et al. 1999a; Singleton et al. 2001a). ImMuNo- \1ice were live-trapped using Longworth traps at

contraceptiqn involvgs dosing or infecting an animal Wiﬂ?egular intervals of approximately 6 weeks near Walpeup
a rgproductlve protein that generates an immune respongenorth-western Victoria (35.08°S, 142.02°E) from 1983
which blocks fertilisation. to 2001. Between 1990 and 1992, trapping was opportu-
Populations of wild house mice typically have annistic and there was no trapping during the summer of
annual breeding season that begins in early spring an999. Details of the trapping protocol are given in
ends in autumn, though there is considerable inter-annuaingleton (1989). Between October 1983 and July 1984,
variability in both the commencement of breeding and ththere was a more intensive capture—mark-recapture study
length of the breeding season (Singleton et al. 2001bjuring a period when the population density of house mice
Seasonality in breeding produces an annual cycle in thecreased from low levels to the extremely high levels that
abundance of mice. The annual cycle can be clearly seare characteristic of a plague.
in periods of high numbers of mice but can be difficult to  Concurrent to the capture—mark—recapture study,
detect during periods of low abundance. Management @faps were set in nearby farmland to collect data on the
mice using fertility control agents aims to eliminate thebreeding ecology of wild house mice. Necropsies of
rapid seasonal increases in numbers of mice that are asggmale mice provided information on the commence-
ciated with eruptions. This concept has been tested inent and end of the breeding season (Singleton et al.
enclosure studies, which indicated that sterilising approx2001b). Finally, daily rainfall is recorded at the Mallee
mately two-thirds of the population would be sufficient toResearch Station and these data were used to calculate
prevent eruptions (Chambers et al. 1999b). cumulative rainfall between April and October each year,
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which is positively correlated with crop yield and haswhere ¢ represents the monthly survival of trappable
been used to model the rate of increase of mouse populaice during the seasonal increase that begins in calendar

tions (Pech et al. 1999). yeart (estimated from capture—mark-recapture data),
represents the proportion of female mice that are sterile,
Statistical analyses andR; is the monthlyper capitarecruitment rate over the

nt?reeding season that begins in calendar yyaad ends in

To obtain an index of abundance of mice at the far
(%eart+1 calculated as

scale, data from all farm habitats were pooled. For ea
night in which the number of recaptures was greater than R, = exp(th) — @ (4)

seven, a capture probability was calculated as the number Simulati b ith th t of breedi d
of recaptures divided by the number of marked mice (if imulations began wi € onset of breeding and were

there was more than one night in a trapping session oY for ZeraTS- ':'ht(_a value O‘t‘vttmhthe sgiond Ezreeglng d
which this was possible, then a mean capture probabili&/eason ofa simulation was not changed from Its observe
lue. The demographic ratég,and g, and the seasonal

was calculated for the session). For each session whi tant i Il refer to the t bl lati
included one or more such nights, a farm-scale estimate b ananeous rates aj reler 1o e trappable popuiation.
hile this population includes some sexually immature

abundance was generated by dividing the mean trap . Is at i f th d t ath it
success by the mean capture probability. For th nimais at some times of the year, we do not attempt o

remaining sessions, mean trap success was divided b)}néroduce age structure here.

seasonal average capture probability. In all cases, the

estimate was scaled by trapping effort. Results and discussion
For each annual cycle in the time-series data, a single

average rate of population change was calculated over tRaate of increase

increase phase and a single average rate for the winter The time-series data on the abundance of mice are

decline. Thgse rates of population.change are representbqgjown in Figure 1a. There was high between-year vari-
as monthly instantaneous rates of increase, defined as 4pjity in the rates of increase during the seasonal increase
(rpp- These rates are positively correlated with April—

bt _L—InD'\,'\Ie“dv w1 (1) October rainfall, with 45% of the variance accounted for
t start t (Figure 1b). Rate of increasg, is not correlated with
and the starting density in spring (Figure 1d).
There was also between-year variability jn. This is
ff = _mDNstart,t 0 2) negatively correlated with mouse population density at the
Bt NencttH end of the preceding seasonal increase. It has a stronger

negative correlation with botpeak density during the
where Ngiartt and Nepg 141 are, respectively, indices of preceding seasonal increase andragedensity over the
abundance at the start and end of the annual increasesigasonal increase. The latter variable explains 84% of the
mouse abundance that begins in calendar tyaad ends variation (Figure 1c).
in yeart+1, L is the length of time (months) between the
start and the end of the annual increase that begins in yegimulation of fertility control
t, andT; is the length of time (months) between the end of Figure 2 shows a simulation of fertility control for
the previous annual increase and the beginning of thEdg3-84, when a mouse plague caused significant losses
next.Ngiart IS defined as the abundance of mice at the lagt crop production, and the consequences of fertility
trapping occasion that is less that 9 weeks (the generatieontrol for the following summer (1984-85). The fertility
time for house mice) after the commencement otontrol agent was assumed to act over the whole of the
breeding. The observed peak in abundance was used to figft breeding season such thgt was given by equation
Neng,t+1 because there was little correlation between the3) with x set to 0.33. For values &fhigher than a third,
timing of the observed peak in abundance and the reportése predicted impact on the abundance of mice is greater

end of breeding. than that shown in Figure 2 with trajectories following the
same pattern (results not shown). Survivg) over the
Simulation of fertility control increase phase in 1983-1984 was set to the maximum

Fertility control was simulated using the historical ©Pserved monthly apparent survival rate of 0.85 (S. Davis,

time-series data by reducing (as described below), unpublished data).

using a statistical model to predigt; (see Figure 1) but _ e have implicitly assumed that:

retaining the observed values of the date of commencd) the sur.v|vallrates of sterile mice are the same as those
ment of breeding and the duration of the increase and for fertile mice; , _
decreases phasels, and T,. In the season that fertility (ii) the duration of each increase an_d decrease_phase is
control was applied, the observed monthly rate of unaffected by the presence of sterile female mice;

increasery, ,, was replaced by (iii) reproductivg paramet.ers sgch as age at sexqal matu-
’ rity, proportion breeding, litter size and survival of
MpdX) = In[@ + (L —X)R{] 3) pups are unaffected by the presence of sterile females;
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(iv) the fertility control agent is active at the commencesurvival. Controlling mice over the seasonal increase
ment of breeding; and resulted in lower densities throughout the increase phase
(v) the fertility control agent affects new cohorts as theyand consequently relatively better survival of mice over
appear so that the proportion of female mice that ar@inter. This source of compensation can result in higher
sterile is constant over the course of the increase phaspring densities the following season than if no control
of the population. was applied (Figure 2).
In the simulation of fertility control, compensation did  This is a potential cause for concern if control of mice
not occur during the seasonal increase but did occim one year results in a high spring density the following
during the winter decline through density-dependenyear when, if conditions are good, control may need to be
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Figure 1. (a) Time-series data on the abundance of house mice (see Methods for definition of the index
used). (b) Correlation between the rate of increase during the annual increase phase April-

October rainfall (mm) (regression coefficients are —0.1379 and 0.0018 with P values 0.3556 and 0.0121
respectively). (c) Correlation between the rate of increase (decline) over wjntend mean index of
abundance over the preceding increase phase. The linear regression used for simulation purposes was
rqt=—0.1472 — 0.0018;_;, whereM;_; is the mean index of abundance over the annual increase phase
beginning in the previous yedxl (P values for the regression coefficients are 0.0486 and <0.0001
respectively). (d) Lack of correlation between the rate of increase during the annual increasg phase (

and starting density in sprindNdi.tp (regression coefficients are 0.2996 and —0.0004 with P values
0.0004 and 0.4223, respectively).
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Figure 2. Observed changes in mouse abundance, simplified trajectory (using average
instantaneous rates of increase over the increase and decrease phases) and simulation of fertility
control, all shown for two annual cycles starting from the beginning of the breeding season in the
spring of 1983. Fertility control is modelled as a reduction to recruitment (by a factor of one third)
during the whole of the first breeding season but not the second.

repeated in order to prevent an outbreak. This is relevatitrough density-dependent factors, until the following
to all methods of managing mice, rather than being partiavinter decline. We conclude that achieving high sterility
ularly associated with fertility control. Also, if control is rates is not necessary for effective management of
highly effective then, despite enhanced winter survivaleruptive populations of house mice in Australia.
control in one year may not create management problems
in the following year.
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Abstract. Outbreaks of house mic#(s domesticysoccur irregularly in the wheat-growing areas of south-eastern
Australia and impact on agricultural production. Prediction of mouse outbreaks has been successful in the central
mallee region of Victoria and we have attempted to extend this prediction to a wider region of Victoria and South Aus-
tralia. We developed two models: (1) a qualitative outbreak prediction from winter and spring rainfall and (2) a quanti-
tative prediction of maximum autumn density of mice from winter and spring rainfall and spring mouse abundance.
Both models have achieved some success at prediction. For the qualitative model we can achieve 70% correct predic-
tions from winter and spring rainfall. The quantitative model is less satisfactory, and although it gives some predictabil-
ity of high autumn densities, it misses too often the severe outbreaks that cause most damage. We highlight the
demographic problems that need further analysis to increase our predictive abilities for mouse outbreaks.

Introduction Materials and methods

House mouse outbreaks are an undesirable feature of fQeantitative house mouse data were available from two
wheat-growing regions of south-eastern Australiamain sites: Walpeup in the Victorian mallee (G.R.
Detailed studies of local populations have been carriegingleton, unpublished data) from 1983 to 2002 and Rose-
out at different sites for more than 40 years, and thesgorthy in South Australia from 1979 to 2001 (G. Mutze,
studies provide a wealth of demographic data for undeunpublished data). In addition, quantitative data were
standing the causes of these outbreaks (Newsoragailable from four other sites in Victoria and South
1969a,b; Redhead and Singleton 1988; Mutze 198%wustralia from 1998 to 2002 (Figure 1). Longworth and
1991; Singleton 1989; Singleton and Redhead 199Elliott live-traps were set in crops (typically>66 grids,
Boonstra and Redhead 1994; Pech et al. 1999; Singletd0 m spacing) and along fence lines (10 m spacing).
et al. 2001). If one understands the mechanisms behinbuse abundance was estimated by adjusted trap success,
demographic changes, the next step is to construghd the general methods are described more completely in
models to predict outbreaks. For the house mouse Wutze (1991) and Singleton et al. (2001).

south-eastern Australia, a detailed modelling effort was Qualitative house mouse data were dichotomised at 0
undertaken by Pech et al. (1999), concentrating on the, o threak, 1 = outbreak. These qualitative data were
data available from one site in the central mallee regio&athered from Saunders and Giles (1977), Mutze (1989),
of Victoria. The Pech model has been quite successful I gjngleton and Redhead (1989), and during the last 20
predicting changes in mouse numbers in the centrgh, o from direct reporting from farmers and state agricul-
mallee, and the objective of this paper is to try to extenl, .| scientists. We have used qualitative mouse data from
this modelling e_ffort to a broader spatial .scale. In pa_rt'_cthe nine statistical local areas shown in Figure 1 for 1960—
ular, we ask this question: Can we achieve a predmtnggm_ Not all areas have data for each year, but there are

model of house mouse plagues .that. can be us any more qualitative data available from a larger area
throughout the mallee region of Victoria and Soutr}han there are quantitative data

Australia both to assist farmers and to add to our under- i )
The schematic model for house mouse outbreaks is

standing of the ecology of mouse plagues? > X )
shown in Figure 2, and is based on the assumption that food
supplies drive changes in density. Mutze et al. (1990) and
Pech et al. (1999) used wheat yield as a surrogate measure
of food supplies, and we have followed their lead in this
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paper. Wheat yield data from the period 1960 to 2001 weure and rainfall, we have computed two weather variables
obtained from the Australian Bureau of Statistics for théo add in the analysis—actual evapotranspiration and soil
statistical local areas shown in Figure 1. Monthly rainfallater deficit. Actual evapotranspiration (AET) is a complex

data for the same time period were obtained from thiinction of temperature and rainfall in association with

Australian Bureau of Meteorology for sites in or near theotential soil water storage. Soil water deficit measures the
areas shown in Figure 1. In a few cases for which rainfatihortage of water in the soil, and is maximal under drought
data were missing from one station, we used a nearlmpnditions. Monthly actual and potential evapotranspiration
station for that time period. In general, monthly rainfall datavere calculated for all the rainfall stations from temperature
are highly correlated for nearby sites. In addition to tempegnd rainfall data. We used the methods of Thornthwaite and
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Figure 1. Location of the study areas utilised in this analysis. The nine statistical local
areas from which wheat production and qualitative mouse outbreak data were obtained
are outlined. The meteorological sites from which rainfall and temperature data were
obtained are indicated by w for each study area. The major long-term study sites of
Roseworthy and Walpeup are shown. Quantitative data from 1998-2002 was also
obtained from four sites at Loxton, Lameroo, Yarriambiack, and Carwarp.

Rainfall
\ grasses
Food supplies e
insects
births
Mouse demography deaths
movements

Crop damage

Complicating factors |

predation
disease
social interactions

Figure 2. Schematic illustration of the current model for house mouse population
dynamics in the grain-growing regions of south-eastern Australia. Food supply is the
central variable, but the roles of predation, disease, and social interactions are not clearly
understood with respect to how they can modify the basic food-density relationship.

326



Rats, Mice and People: Rodent Biology and Management

Mather (1957) to estimate actual and potential evapotrangegression was as in equation (1) below, in which
piration and soil water deficit for the areas shown in Figureain is in mm. The resulting logit can be converted to a
1. These estimates agreed with the general maps publishewbability by equation (2).
by Wang (2001). Classification of the 255 observations was correct 70%
These biophysical data were used in logistic regressiaof the time (Table 1). We explored many possible alterna-
to estimate the probability of an outbreak for all sites antlve predictive models. Adding December rainfall to the
years for which we had data since 1960=(255 site- above model did not improve predictability. Adding wheat
years). This approach is similar to that used by Mutze gfield to the regression improved predictability but by 3%
al. (1990). For sites and years in which we had quantitanly. Using wheat yield alone we could predict with 67%
tive data, we used robust multiple regression to attempt &ccuracy, slightly less than with rainfall alone. Soil water
predict the maximum autumn mouse density for that yeadeficit and actual evapotranspiration were of no use in
The models developed by Pech et al. (1999) and Pechigtproving predictability. We conclude that the above
al. (2001) are based on predicting the rate of increase ligistic model based on rainfall is the most useful one at
mice, so that knowing the starting density of mice angbresent for predicting qualitatively the chances of a mouse
some measure of food resources, one could predict tleitbreak.
rate of increase and hence the abundance for the next time
step (122 days in the 2001 model). We have adopted@n we achieve a good quantitative prediction of
different statistical approach in trying to predict the muchnouse outbreaks?
simpler qualitative outcome of whether or not there will  \We used multiple regression to try to predict the
be an outbreak, and the more difficult quantitative predionaximum abundance of house mice in autumn from sites
tion of how large the population will be in autumn, on thewith detailed data on mouse abundance. A total of 43 site-
assumption that higher abundance in autumn translatgears were available, most from the two sites of Walpeup
into higher crop damage (Caughley et al. 1994). and Roseworthy. The best variables for prediction were
All statistical analyses were carried out with NCSSDecember rainfall, April to October rainfall, and
2001 (Number Cruncher Statistical System, KaysvilleSeptember mouse abundance (indexed by adjusted trap
Utah, <www.ncss.com>). success). Equation (3) was obtained, in which rain is in
mm and mouse abundance is measured in adjusted trap
. . success. This model, although highly statistically signifi-
Results and discussion cant, gives an average absolute residual error of 26% in
We present our results as a series of questions witfP success, and is particularly poor in predicting the very
relevant data. highest mouse abundances observed. It is most sensitive to
September abundance estimates.
Can we achieve a good qualitative prediction of mouse
outbreaks?

- . . N Conclusion
We used logistic regression to predict the probability
of a mouse outbreak using 255 annual observations ove®f the two models, we think the logistic model may be
the 9 sites. The best predictors were November rainfathore useful to farmers who need to know in advance
and May to September rainfall, and the resulting logistievhen to expect high mouse numbers in autumn. The quan-

Table 1. Classification table for the prediction of house mouse outbreaks in the Victorian and South
Australian mallee regions from the logistic regression given in the text for 1960 to 2001. Boldface items
indicate mistakes in classification. Outbreaks are classified qualitatively on the basis of moderate or severe
damage to crops

Estimated from model
No outbreak Outbreak Total
No outbreak 149 62 211
Actual event Outbreak 14 30 44
Total 163 92 255

Equations:
Logit(Y) = 2.7325 — 0.0277 (November rain) — 0.00780 (May to September rain) Q)
Prob(outbreak) = 1/[1 &/°¢it()] 2
Maximum autumn abundance = -27.158 + 0.5308 (December rain) + 0.1468 (April to October rain) + 1.183 (September trap) (3)
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titative model may be more useful for developing under- model for prediction of plagues. Australian Wildlife

standing, and could become useful in practice if a simple Research, 17, 313-324. _ _

way of estimating September mouse abundance can B&wsome, A.E. 1969a. A population study of house-mice tem-

developed. porarily inhabiting a reed-bed in South Australia. Journal of
Future work should involve a more detailed compar- Animal Ecology, 38, 361-377. _

ison of the relative predictive abilities of the Pech 199g'éWsome, A.E. 1969b. A population study of house-mice tem-

model, these two models of house mouse dynamics, and porarily inhabiting a south Australian wheatfield. Journal of

Animal Ecology, 38, 341-359.
that of Mutze et al{1990). We need to explore Whatdeter—Pech, R., Hood, G.M., Davis, S. and Singleton, G.R. 2001.

mines the_ Start_ of the spr.ing breeding season, which is Models for forecasting and managing mouse plagues. In:
hlghly variable in house mice. !nsects and grass seeds are proceedings of the 12th Australasian Vertebrate Pest Confer-
major components of spring diet (Tann et al. 1991), and ence, Melbourne, 65-69.

the start of breeding could be examined with simpleech, R.P., Hood, G.M., Singleton, G.R., Salmon, E., Forrester,
models that predict the onset of insect activity and grass R.l. and Brown, P.R. 1999. Models for predicting plagues of
seed production in response to preceding weather house mice Nlus domesticysin Australia. In: Singleton,
patterns. It is clear that rainfall is indeed the driver of G.R., Hinds, L.A., Leirs, H. and Zhang, Z., ed., Ecologi-
mouse outbreaks, as shown in Figure 2, but the exact cally-based management of rodent pests. Canberra, Austra-

causal pathway by which this is achieved is not yet clear. lian Centre for International Agricultural Research, 81-112.
Redhead, T. and Singleton, G. 1988. The PICA strategy for the

prevention of losses caused by plaguelo$ domesticus
Ackn0W|edg ments rural Australia. EPPO Bulletin, 18, 237-248.

Saunders, G.R. and Giles, J.R. 1977. A relationship between
We thank Dean Jones, Jason Cody, and Fiona Cavanaughplagues of the house mousklus musculus(Rodentia:
for their efforts in collecting the house mouse data from Muridae) and prolonged periods of dry weather in south-
the Walpeup area, and David Chinner, Frank Anderson eastern Australia. Australian Wildlife Research, 4, 241-247.
and students from Roseworthy Agricultural College forSingleton, G.R. 1989. Population dynamics of an outbreak of
collecting data from Roseworthy. This study was funded Nouse miceNius domesticysin the mallee wheatlands of
by the Grains Research and Development Corporation Australia—hypothesis of plague formation. Journal of Zool-

ogy, London, 219, 495-515.
sl?si:?lg)lggllso\\ivs%us; AJK was supported by a GDRCSingle’[on, G.R., Krebs, C.J., Davis, S., Chambers, L. and

Brown, P. 2001. Reproductive changes in fluctuating house

mouse populations in southeastern Australia. Proceedings of

the Royal Society of London, Series B, 268, 1741-1748.
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Abstract. In this paper, we report results from an experiment investigating the influence of habitat structure on the
non-lethal effects of predation on enclosed populations of house mice. Mice were enclosedxrb8dmmouse-

proof pens that allowed access to free-living predators, and were subjected to various habitat and predator manipula-
tions. Food was provideat libitum Under high predation risk, mice selectively used areas of dense cover or refuge,
but foraged more readily in open areas when predation risk was reduced by the exclusion of predators. These foraging
decisions had consequences for body growth rates and the onset of breeding: in pens with little refuge, mice showed
low body growth rates and began breeding later in the season, even though the populations were at low densities and
there was free access to good-quality food. In pens where refuge habitat provided safe access to food, mice had
higher body growth rates and showed an earlier onset of breeding, despite populations being at relatively high densi-
ties. Similarly, the total exclusion of predators from pens with minimal refuge also resulted in mice having higher
body growth rates and an earlier onset of breeding. These experiments show that in semi-natural systems the non-
lethal effects of predation can have large effects on the physiology of mice with flow-on effects to mouse population
dynamics, and that these can be mediated by habitat structure. The implications for the development of house mouse
(Mus domesticysoutbreaks in south-eastern Australia, which are characterised by an earlier onset of breeding com-
pared to non-outbreak years, are discussed.

Introduction mouse populations in the irrigated, rice-growing region of
New South Wales through direct predation (Sinathial.

Models of the population dynamics of pest species ofter990), but the impact of predation risk on mouse popula-
assume the influences of extrinsic factors such as foaidn dynamics has not been investigated.
abundance and predation pressure are independent. |n this paper, we present a subset of results from a
However, recent evidence suggests the risk of predatigfudy using house mice contained in pens that were acces-
can influence the availability of resources, like food, t&ible to predators (described in detail in Arthur 2001).
prey, and hence these factors may interact in determininthree habitat and predator manipulations (A = low refuge;
prey population dynamics (reviewed in Lima 1998). FoB = high refuge, with wire netting over felled trees
example, when facing the risk of predation, prey specigsroviding small areas of absolute protection; C = total
may reduce their foraging activity, leading to increaseexclusion of predators from a subsection of the pen) were
risk of starvation (McNamara and Houston 1987) oused to compare the behaviour of mice in the short-grass
decreased reproductive output (Peckarsky et al. 1993). habitat common to all pens with their behaviour in patches

Outbreaks of house miceM(is domestic)s which  of absolute refuge (treatment B) or felled trees set out in
occur at irregular intervals in the south-eastern region ¢imall grids (treatments A and C). Supplementary food was
Australia, are characterised by an earlier onset of breedipgovided ad libitum The following hypotheses and
than in other years (Singleten al. 2001), although this is predictions were tested:
not in itself sufficient for plague formation. A change inl. If mice perceive high risk of predation, they should
food quality is a probable mechanism driving these repro- selectively use areas under felled trees or areas cov-
ductive differences, i.e. populations increase when the ered by netting. Exclusion of predators should reduce
abundance of high-quality food increases. However, it is  the selective use of cover.
possible that high predation risk could offset increased. Selective use of cover in low-refuge pens should
food abundance by making food less accessible to mice. result in restricted access to supplemental and natural
There is some evidence that predators can regulate house food, which was predominantly in open areas, result-
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ing in reduced body growth of mice, compared torepeated-measures experiment using residual maximum
high-refuge and predator-exclusion pens where thedielihood (REML) estimation.
was safe access to supplemental and natural food.

Analysis of body growth rates

3. If access to food influences reproduction in mice;
then mice with reduced body growth rates in low-ref- Mouse populations were monitored by live-trapping
uge pens should have lower reproductive output thansing type A Elliott traps (% 10 x 30 cm) baited with
those in the other two pens. wheat. Growth of mice was analysed by comparing the

length of trapped individuals between one trapping session
and the next (growth = length at sessiotll — length at

Materials and methods sessiort). Initial length was included as a covariate for the
analysis. The data were analysed using REML estimation
Study site and experimental design with pen as a random effect. The limited replication of the

. o experimental treatments leaves few degrees of freedom to
Experiments were conducted in eight 50xm50 M gt for treatment effects. To overcome the low level of
pens that allowed access to free-living predators includingypjication, further support for conclusions regarding the
feral foxes Vulpes vulpes cats Felis catuy and native  effect of treatment on growth was obtained by comparing
raptors. Prey behaviour was assessed in all pens, but d4@wth rates in pens at different times and under different
to disruption by feral pigsSus scrofg results for mouse {reatment regimes (e.g. treatment reversals; Arthur 2001),

only. A full description of the experimental design is

provided in Arthur (2001). Populations were subjected t@\nalysis of reproduction

::]er:?mzz?l(t;go?{] dr;;:iéggi;a;nz{:LpL;lE;tlorril;:O?féivevéregfuge At the end of the experiment in September 2000 (early
9 9 spring), reproductive performance was analysed by

m tall cypress pine trees); a high-refuge treatment (sho mparing the proportion of females >79 mm long with

grass with patches of absolute refuge of wire netting 0Veermbryos and recent uterine scars. This length was chosen

felled pine covering 10-15% of the area); and a precjatoE)'ecause 80 mm was the minimum length of a female that

exclusion treatment (short grass hab_itat but with predgtowas either pregnant or had recently given birth at the end of
eXCIL.Jded from a 25. M 25 m subsection .Of the pen usINg e experiment, based on necropsy (unpublished data). Few
fencing—a 5 5 grid of felled trees equivalent to that in animals had old scars, and there were too few animals
Iow—refug(_a PeNS was pla_ced within the ex_closure), Wheébtreeding in Iow-refuge1pens to compare the number of

was providedad libitum in four feed stations per pen orine scars as a measure of litter size under the different

either in the open (low-refuge treatment), within theye iments. The data were analysed using a generalised
refuge_ (high-refuge treatment),- or within the predatorIinear model (GLM) with binomial errors and a logit link
exclusion area (predator-exclusion treatment). The St“q‘ﬁnction.

was carried out on the eastern foreshores of Burrendong
Dam on the central western slopes of New South Wales
(32°40S, 14910E) in open grassland. Mouse outbreaks Results
occur in nearby areas where agricultural crops are grown

(see, for example, Twigg and Kay 1994). Mouse behaviour and predation risk

) ) There was a highly significant location by treatment inter-

Assessing mouse behaviour action for GUD F = 9.53, df = 2,8P = 0.007; Figure 1).

Mouse behaviour was assessed using the giving-up high-refuge pens, the GUD under the netting was much
density (GUD) technique, where 20 pieces of cut upower than in the open. In low-refuge pens, the GUD in
sunflower seed (each piece ~1/3 of a seed) were providegver was lower than in the open. In predator-exclusion
in a non-food matrix of sand. The number of piecepens, there was a non-significant difference in GUDs
remaining after one night of foraging by mice measurebetween open and closed locations. Also, GUDs in the
the ‘quitting harvest rate’, which reflects a trade-offopen in predator-exclusion areas were generally lower
between the benefits and risks of continuing to forage &an GUDs in the open in other pens. These results were
that harvest rate. The prediction is that animals will have gonsistent with a number of other trials presented in
higher GUD (more pieces of food remaining) when facingirthur (2001).
high predation risk. Perceived predation risk under the ]
three treatments was compared by measuring the GUD farowth of mice
up to 10 trays placed under cover (under a felled tree in Over the winter to early spring period at the end of the
the low-refuge and predator-exclusion treatments; ogxperiment (July—September 2000), mice in low-refuge
under netting in the high-refuge treatment), with 10 traypens grew much less than those in high-refuge and
placed in the open (1-2 m from cover). Only data fronpredator-exclusion pens (Wald statistic for treatment
trays visited by mice were used. Data from multipleeffect = 54.2, 2 df? < 0.001, length by treatment interac-
assessments in replicate pens were analysed as a split-gioh Wald statistic = 5.8, 2 dP = 0.055; Figure 2). Points
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with high leverage have been left in the analysis, however Discussion
it should be noted that if they are removed, the apparent
treatment effects are much larger. To show that treatmefhe results from this study indicate that predation risk can
effects were consistent between pens with the same treadtve significant non-lethal effects on mouse population
ment, lines have been fitted to the five individual pensdynamics under certain conditions. In low-refuge pens,
Results from other periods, where different treatmentgice showed an unwillingness to forage in the open. This
were applied in different pens, confirmed that the resulted to reduced body growth rates, and few mice had begun
were due to treatment effects and not some underlyingreeding in early spring. In high-refuge pens, mice also
feature of each pen (Arthur 2001). showed an unwillingness to forage in the open, but safe
access to supplementary food and 10-15% of the natural
food provided by the refuge resulted in higher body
At the end of the experiment in spring (Septembegrowth rates and a high proportion of adult females
2000) a much higher proportion of females >79 mm irbreeding in early spring. When predators were removed,
length was found to be breeding in the high-refuge andhice were much more willing to forage in the open, and
predator-exclusion pens than in the low-refuge pens (devirence had access to the supplementary food and 25% of
ance ratio 13.5, 2 dR < 0.001; Figure 3). the natural food in a predator-exclusion pen. As in high-

Reproduction

GUD

= (1]

open cover open cover open ‘ cover

Low refuge High refuge Predator exclusion

Figure 1. Mean giving-up density (GUD) in open and covered locations under the three different
treatment types. Error bars are + standard errors. Figure redrawn from Arthur (2001).
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Figure 2. Fitted relationship of growth against initial length of mice for the period July—September
2000, with data grouped by pen. Each data point reflects the growth of one individual over the 84-day
period (exclosure = predator exclusion treatment). Figure redrawn from Arthur (2001).
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refuge pens, this resulted in higher body growth rates aridgh-quality food may also be confounded by changes in
a high proportion of adult females breeding in earlypredation risk. The abundance of high-quality food is
spring. These results occurred despite populations beinigfluenced by rainfall, which results in extensive vegeta-
much higher in the high-refuge and predator-exclusiotion growth along fence lines and other refuge habitats
pens than in the low-refuge pens (Arthur 2001), i.e. the&vhere mouse populations persist between outbreaks. This
strength of the effect was larger than any effect of popularegetation growth is likely to greatly reduce the risk of
tion density on mouse reproduction. It is important to not@redation of mice by making them less detectable by pred-
that differences in body growth and reproduction weretors.
most evident in winter and spring (Arthur 2001) when Management recommendations for minimising the
cold conditions are likely to result in high-energy requirefisk of mouse outbreaks already include controlling vege-
ments for small mammals like house mice. Further resultsition along fence lines to reduce the survival and
from an experiment conducted in the previous breedingreeding of mice (Brown et al. 1998). The results
season were consistent with those presented here, andpatsented here suggest that this may also reduce popula-
results are discussed in more depth in Arthur (2001), btion increases by decreasing the reproductive output of
here we focus on the implications of these results fomice due to increased predation risk. However, as the
rodent management, particularly house mice in Australiaresults from the predator-exclusion treatment show, mice
Populations of house mice in Australia undergoWi” forage willingly in the open if predator activit_y is low. _
periodic eruptions, with the pattern changing dependin§i€nce, we would expect mice to reduce foraging only if
on the region (Pech et al. 1999). In the irrigated, ricePredator populations were sufficiently high to generate
growing regions of New South Wales, it has beemlgh_pred_anon risk. Future experiments coul_d focus on
suggested that mobile predators congregate (Davey afipnipulations of predator abundance and habitat structure

Fullagar 1986) and can regulate mouse populations 59 determine whether they interact to influence the build-

direct mortality under certain conditions, preventing eruptP Of mouse populations in these areas. Studies could

tions (Sinclairet al. 1990). Populations then erupt due to £5S€SS also whether there is any evidence that mice
combination of wider dispersal of predators and enhancdif'ceive predation risk at various stages of their popula-
breeding performance of mice. Based on the resulon fluctuations. _ _

presented here, the latter could be due to a reduction in While habitat and predator manipulations may
predation risk associated with the wider dispersal of pred:ontribute to management of pests like mice, it is impor-
ators. In the mallee region in Victoria, the availability oft@nt to note that these manipulations also may have detri-
high-quality food has been the main focus for model§1ental consequences for other prey species (Pech and
predicting population eruptions of mice, although recenfrthur 2001). _Predatlop risk may also be increased for
experimental studies have shown that risk avoidancg'Ot€cted native species also, for example. The full
behaviour of mice in areas with short, sparse vegetation {Pacts of management actions therefore need to be
different to those with tall vegetation, e.g. along fenc&onsidered carefully before they are implemented.

lines (Ylénen et al. 2002). A necessary, but not sufficient,

condition for the generation of outbreaks in this region is Acknowledgments
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Abstract. Periodic heavy seed production in New Zealand beech forests increases the food supply available to both
native birds and exotic pests, including the house mouse. We tracked changes in beech seedfall and mouse abundance
as well as rats and stoats in two valleys in Fiordland National Park, New Zealand, between 1999 and 2001. Mouse pop-
ulation eruptions occurred only in areas and years where the beech forest was producing large quantities of seed. This
autumn injection of highly nutritious food allowed winter breeding by mice, triggering a population eruption. Beech
seed is no longer available after spring and mouse populations crash until the next beech seedfall. The presence of
stoats (a predator) did not affect the rate of increase of mouse populations, or have any modifying effect on the influ-
ence of seedfall.

Introduction Materials and methods

The beech forestdNpthofagusspp) of New Zealand seed tudy sites
heavily at irregular intervals (Wardle 1984). This seedg ] ] ]
provides an increase in food supply for native birds, but This study was undertaken in two valleys of Fiordland
also results in a cascade of pest animal eruptions (Kifgtional Park in south-western New Zealand between
1983). Immediate (within 3 months) increases in housé?99 and 2001. The Eglinton Valley comprises a forest
mouse Klus musculys kiore Rattus exulasand ship dominated by red beeciNdthofagus fusgaat low alti- '
rats R. rattug occur after heavy seedfalls, and a delaye&'des (approx 450 m above sea level) where the trapping
increase in stoat populationd(stela ermine occurs grids were located. Stoat§ were be'lng controlled in the
due to their seasonal breeding. This cascade is a conc¥fi€y as part of a native bird protection program and that
for New Zealand conservation because stoats and ship rRf§vided us with a predator removal treatment. Between
are predators of ground-dwelling and hole-nesting nativédnuary 1999 and June 2001, 792 stoats were removed
birds. Choguenot and Ruscoe (2000) analysed a long-teffM the Eglinton Valley (P. Dilks, pers. comm.). The
data set from New Zealand's North Island to assess ti#ollyford Valley comprises a mixed silver beedto¢hof-
relative importance of intrinsic and extrinsic factors in2gUs menziegithardwood forest. There was no predator
limiting house mouse populations in beech forest. Thefgmoval being undertaken in this valley.
found that seed availability was the major predictor of o
house mouse population increasy but that this was Rodent monitoring
modified by some unspecified density-dependent mecha- Rodent populations were monitored quarterly from
nism. They also suggested that rat abundance might haviay 1999 to February 2002 on two grids in each valley.
had a negative effect on the rate of increase of mou&ach quarter (February, May, August and November),
populations via competition or predation. In this paper, weodent trapping was undertaken on each grid for five
test the general model of Choquenot and Ruscoe by analiccessive nights. Each grid was 25,660 econsisting of
ysing data collected from Fiordland National Park in th@1 trapping stations at 20 m intervals in & 9 array. At
South Island of New Zealand. In addition, we assess tleach trapping station, a single Elliott live-capture rat trap
effect of predation by stoats on the rate of increase ofas baited with peanut butter and rolled oats and had
mice. straw added. All animals caught were tagged with individ-
ually numbered ear-tags and given an ear-notch to indicate
the trapping session during which they were first encoun-
tered. Standard data were collected on all animals caught:
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valley, grid, trap location, tag number, notch positiontion estimatesr(= 0.87). To reduce bias in estimates of
mass (g), head—body length (mm), sex, and reproductiveouse population growth between seasons arising from

condition. the addition of a constant to moug®A (N,), all MNAs
were transformed using Steen and Haydon's (2000)
Beech seedfall correction:
On each grid, four collecting buckets were positioned X;=N;+ 1 + (0.08Ny) (1)

to catch seed as it fell. The contents of the seed buckqts :
. Instantaneous changes in log mouse abundance between

were collected each quarter at the same time as trapping; X X
. . : ds%asonsr{) were estimated from sequential transformed
Seeds (including seedcases) in each bucket were floated In

95% ethanol to determine if they had a kernel (Ledgar{TC)'“lse'\/ll\IAS as:
and Cath 1983). Only those with a kernel present were r;=Ln (X.1) — Ln (X) 2

used to quantify seedfall (seed§mChoquenot and here time ) was season. A linear mixed effects model
Ruscoe (2000) found that seedfall was a significanﬁith a first (?rder autore r;assive correlation was used to
predictor of the rate of mouse population increase in th 9

autumn and winter months only. In our analysis, Seedfaﬁetermme which factors affect mousevalley, Season,

was taken as zero in November and February Wh”é)g(SeedfalHl), Mouse abundance at the beginning of the
cumulative seedfall was used for May (autumr;) an uarter, Rat, and Stoat abundance were used as predictor
August (winter) within each year. Log (Seedfall+1) Was:/ar!am?s] aSnd Er'd SgeAmfled as a random factor (S-Plus 6,
used in the analysis here as was done previously (Kin{fSlg ul, Seattle, )-

1983; Choquenot and Ruscoe 2000). In laboratory trials,

mice open the seed, eat out the kernel, and leave the Results and discussion
seedcase (personal observation). An average red beech

seed weighs approximately 0.0077g (Lethgard and Cafect of seedfall

. . o .
1983) of which approximately 50% is kernel weight. Mouse abundance on each grid varied with the magni-

tude of the predominantly autumn beech seedfall (Figure
1). The seedfall represents the density of seed fallen in the
Populations were indexed using minimum number o8 months before the trapping date (i.e. May seedfall is that
animals known to be alivailNA). Ruscoe et al. (2001), fallen during the February—May quarter). In the Eglinton
using the first three seasons of this data set, showed thétlley, there was significant seedfall in both 1999 and
MNA was highly correlated with mark—recapture popula2000, although the magnitude of the seedfall varied

Analysis

a) Eglinton MR1 b) Eglinton MR2
5000 E=mmm Beech seedfall 1;;) 5000 mmmmm Beech seedfall 120
4000 —— Mice 80 4000 —4— Mice 100
I 3000 80
NE 3000 60 <Z( NE o <Z(
2 505 g z
8 2000 40 § B 2000 w0 8
€N 30 € (%} £
1000 20 1000 20
0 i : il 6
May Aug Nov Feb May Aug Nov Feb May Aug Nov May Aug Nov Feb May Aug Nov Feb May Aug Nov
1999 2000 2001 1999 2000 2001
c) Hollyford MR1 d) Hollyford MR2
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1600 35 .
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1400 1600 70
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1400 60
1200 25
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. 1000 < £ %02
E 20 Z 1000 Z
a 2 8 40
2 800 3 T 800 8
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) 15 g 3 30 E
2 600 600
400 10 400 20
200 5 200 10
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Figure 1. Cumulative within-year seedfall and population size (minimum number of animals known to b&1BlNe;
on each of the grids in the Eglinton and Hollyford valleys from May 1999 to November 2001. Note different
scales on the y-axes.
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between grids. Seedfall in the second year was higher th#me Hollyford were not as clear. The mice were in good
in the first year on Eglinton MR1 grid, whereas the pattergondition from May to November 1999 despite there
was reversed on the MR2 grid, approximately 4 km awayeing no significant beech seedfall that year in the Holly-
The silver beech in the Hollyford Valley only producedford Valley. This suggests that mice could be deriving
significant seed in the second year and the quantifypod from another source in this mixed forest.

produced was markedly higher on the MR2 grid than the

MR1 grid. The effect of food, predation and competition on the

Mouse population changes appeared to follow thé&ate of increase of mice

pattern of seedfall. In the Eglinton Valley, the highest Ty other mammal species were present on our grids.
mouse population peaks were recorded in the year @_;fh,p rats were present on the grids in most trapping
highest seedfall at each site. Within the Hollyfordgessions, with up to six ship rats caught over the five
Valley, both seedfall and mouse numbers were higher ofights in Eglinton Valley, and up to 17 ship rats or kiore in
the MR2 grid than the MR1 grid, despite their beingthe Hollyford Valley. Although the study was not designed
only 2 km apart. Mice were present in the Hollyfordys index stoat abundance, we did trap stoats on our grids.
Valley in 1999 when there was virtually no beech seedpyring the course of the study, seven stoats were trapped
fall. This is probably due to the presence of other seedn the Eglinton Valley and 19 in the Hollyford Valley.
bearing plants not present in the Eglinton Valley (Kingstoats are kill-trapped in the Eglinton Valley in an attempt
1983). However, the populations crashed to zero deted protect threatened birds and therefore are less abundant.
able in 2001, as did the Eglinton populations, whenye ysed these trapping indices of stoat and rat abundance
there was no beech seedfall in either valley. Annual logship rat and kiore combined) as covariates in the model to
(Seedfall) was highly correlated with annual peaksjescribe rate of increase of mouse populations in addition
(either in August or November) in Idg(NA) (r1p = to the effect of stoat removal, which is included in the
0.957,P < 0.001). Valley factor effect.

The increase in mouse population size in May of each \We assessed the interactive effects of Valley and
high seedfall year was due to an increase in young animajgher predictor variables. There were no significant two-
entering the trappable population. Young animals (headway interaction effects of Valley and Seasdi £ =
body length<65 mm) continued to make up >25% of theQ,0532,P = 0. 614), SeedfallRl 20=0.120,P = 0. 526)
Eglinton population from May to November 1999 butStoat abundanceF{ 5o = 0.0001,P = 0.983), or Rat
dropped to 10% in February 2000 (Figure 2). FoIIOW|ngabundanceF(1 50= 0.202,P = 0.413) on mouse Three-
the next seedfall, the proportion of young animalsyay interaction effects were investigated but none were
increased again in May 2000 but then dropped sharplignificant P > 0.2). When non-significant effects were
over the following 9 months. The Hollyford Valley popu- eliminated from the model, we were left with the main
lations followed a similar pattern with more small animalseffects of SeedfallF; ,7 = 15.063,P < 0.001), Mouse
in the population in May. Following the failure of beechapundance at the beginning of the quarffgr,g = 31.81,
seeding in 2001, populations crashed toward zero and m< 0.001), and SeasoR4,7= 15.538,P < 0.001) and
young animals were captured after May 2001 (Figure 2Mouse abundance*Rat abundance interactien,f =
Average head-body length also changed during the study050,P = 0.021) that explained 68% of the variation in
(Figure 3). Lowest averages were recorded in May 199he data. Examination of the coefficients showed that
and May 2000, with averages increasing from Augusivhile seedfall (in May and August only) had a positive
1999 to February 2000. In May 2001, with no seedfalleffect onr, the influence of mouse abundance and rat
there was no decline in head-body length because ordhundance were both negative.

older animals remained in the population. The lack of significant interaction effects of Rat abun-
As a crude measure of the general ‘health’ of thelance, Stoat abundance and Seedfall with Valley suggests
animals captured, a condition index was generated usinbat, despite the differences in forest type between the two
the regression method of Krebs and Singleton (1993yalleys, the effects of these main predictor variables were
Figure 4 shows the mean body condition for largeconsistent between the valleys. There was also no main
animals (>65 mm head-body length) for each quarter isffect of Stoat, or any significant second-order interac-
each valley. Small animals were excluded because juvéiens of Stoat with Mouse abundance or Seedfall. Neither
niles are growing faster in length relative to weight gairvalley (which included the effect of the stoat removal in
and this results in a higher index that may not refledEglinton) nor Stoat abundance (as indexed from our trap-
general health. Likewise, females that were obviouslping) changed the effect that Seedfall or Mouse abun-
pregnant were excluded. Results are variable, but fatance at the beginning of the quarter, had on mouse
Eglinton the general pattern is that animals were in bett@therefore, we could not detect an effect of predation by
condition in May when there was seedfall and subsestoats on mouse. Mouse population numbers did not
quently lost condition over the following 9 months (winterreach as high a level in the Hollyford Valley as in the
to summer). In 2001, when there was no seedfall, thEglinton Valley. However, it appears that this is more
average condition index deteriorated and at that timkkely due to the differences in food availability between
animals were noticeably ‘lean’ in the field. The results fothe two valleys than the effect of stoats. Following a high
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January—February)—therefore the beginning of the mouse

Seedfall Seedfall population decline is not related to an increase in stoat
+ + numbers. Predators may exacerbate a decline indirectly by
50 . . X o . :
45 9 48 influencing the foraging efficiency of prey. We did not find
40 . any evidence for stoat abundance affecting the relation-
., B 12 48 B Eglinton  ship petween seedfall and mousebetween the two
gh ;‘5) 31 133 O Hollyford ~ valleys, which suggests that the increased predation
‘g 20 17 pressure in the Hollyford Valley is not sufficient to change
g 15 117 mouse foraging behaviour to the extent that it affects
A 10 q 40 9175 population growth and decline.
5 29
0 15 84 [381229 3 0
May Aug Nov Feb May Aug Nov Feb May Aug ConC|USi0n
1999 2000 2001 This study reconfirms the general model of Choquenot and

Figure 2. Percentage of small mice@> mm head-body length) Ruscoe (2000) that the quantity of seed produced by the
in the population for May 1999 to August 2001. Timing ofpeeches in New Zealand can be used to predict mouse
significant seedfall in 1999 (Eglinton only) and 2000 (bothyopulation growth. We were unable to detect any influence

valleys) is shownSample sizes are shown above bars. of stoat abundance on mouse population growth during

these three years. This leads to the conclusion that these
g5 _ Seedfall Seedfall mouse populations are food, rather than predation, limited.
v v
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Abstract. House mice cause serious damage to agricultural crops in Australia. A set of farm management practices
was developed with farmers, extension officers and scientists for a complex farming system incorporating irrigated
winter cereals, rice and summer crops. This paper reports on the effect of baiting and spraying margins of crops on
damage to winter crops when mouse densities were low to moderate. Baiting with zinc phosphide reduced the con-
sumption by mice of census cards by 86%, but there was a 35% reduction on unbaited sites. Populations declined fur-
ther to low levels before harvest and there was no difference in damage to wheat crops before harvest. Spraying
margins of winter cereal crops with herbicides to reduce weeds and grasses significantly reduced plant growth by 47%
and abundance of mice on sprayed sites by up to 77%. Damage to crops was <5%, and there was no observed reduction
in damage to wheat crops. These were two examples of a range of farm management practices. Further analyses are
required to look at the impacts over the whole farm and through the combined effects of the recommended practices. A
critical test of the recommended practices cannot take place until an outbreak occurs.

Introduction and possible impacts on non-target species (Brown et al.
2002).

The house mouseviis domesticysis a serious pest to  Current research is aimed at examining the effective-
agriculture in Australia. Mouse populations occasionallyiess of a range of farming practices to prevent significant
undergo widespread irruptions (= mouse plagues) in ttdamage by mice. These farming practices have been
grain-growing regions of Australia once every four yearsleveloped from an understanding of the ecology of house
on average, but their frequency for any particular region i®ice in the farming system and of how management
generally one year in seven (Singleton 1989; Mutze 19913ctions can be integrated into existing farm management.
In 1993/94, a mouse plague caused losses estimatedThiS strategy is based on the concept of ecologically-
A$64 million (Caughley et al. 1994), while a mousebased management (Singleton 1997; Singleton and Br_own
plague in the Murrumbidgee Irrigation Area in 19941999). Farm management practices or cultural practices
caused an estimated A$8 million damage to three irrigatdifVe Peen used to control a range of rodent pest species
summer crops alone (Croft and Caughley 1995). Farmetlj%roughout the world and include mowing, harrowing,

generally do not perceive they have a mouse problem urll oughing, irrigating, grazing, application of herbicides to

densities are >200 mice/ha. The timing of high numbers 6?duce cover and seed set, and baiting when rodent

mice in relation to the staae of cron develooment is critic umbers are high (White et al. 1998; Makundi et al. 1999;
Icel ! 9 b develop IS CMlICH 4 cob and Halle 2000). These practices have proven to be
to the level of pre-harvest losses.

successful where one crop type is grown or when it is
Management of mouse population problems imixed with grazing.

Australia generally has been reactive rather than preventa- o, study draws together data on the responses of
tive. During mouse plagues, large amounts of poisons aggpylations of mice to farm management practices in New
distributed to control mouse damage and, in one instandSputh Wales (NSW), Australia, in a mixed, summer
up to 500,000 ha of land was baited with zinc phosphidgropping system. We compare the impact of particular
(see Singleton 2000 for review). There is conflictingfarm management practices on mouse population abun-
evidence about the effectiveness of broad-scale applicaance, biomass of plants along crops margins, and damage
tion of rodenticides such as strychnine and zinc phosphide crops.
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consists of 6-11 paddocks, each of approximately 20 ha in
size. Some farmers also graze sheep.

Methods

Study site

The project began in July 1998 and ran for 4 year
Data were collected from 12 experimental sites managed A list of farm management practices was developed by
by 7 farmers. Each site was situated within 30 km o&n advisory panel for controlling the impact of mice on
Coleambally, southern NSW (34°51'S, 146°05'E; altitudéarms (Table 1). The panel consisted of farmers, represen-
126 m). The topography of the region is flat to mildlytatives from the Irrigation Research and Extension
undulating. The soils are predominantly heavy greyCommittee, extension officers from NSW Agriculture and
cracking clays. The climate is Mediterranean, with hot drngcientists from the Commonwealth Scientific and Indus-
summers and cool wet winters. The average rainfall dtial Research Organisation (CSIRO). The panel met
Griffith (40 km north of Coleambally) is 406 mm/year. annually to develop, reconsider and make final recom-
Rainfall was below average in 1998 (88.6% of the longmendations on mouse control actions for summer-irri-
term mean, LTM), above average for 1999 and 200@ated cropping systems. These practices were carried out
(124.2% and 108.0% of LTM, respectively) and belowon replicated treated and untreated sites. In this paper we
average for 2001 (76.4% of LTM). report on the impact of two mouse control practices.

The main crops grown in the region are winter cereals
(wheat, barley and oats, sown early winter, harvested midf"
summer), flood-irrigated rice (sown mid-spring, harvested Farmers on two sites considered that they had a signif-
mid-autumn), and pulse-irrigated summer crops (maizé¢cant mouse problem that warranted use of zinc phos-
soybean, canola and sunflower, sown mid-summephide. Bait was applied at 1 kg/ha by plane on 14-15
harvested mid-autumn). Fifty per cent of paddocks wer8eptember 1999. The mouse populations were monitored
double-cropped with a winter cereal followed by ausing census cards before and after baiting to determine
summer crop. The average farm size is 250 ha arits effectiveness. Census cards arex100 cm pieces of

Farmer actions for mouse control

pact of zinc phosphide baiting

Table 1 List of recommended farming practices to reduce the impact of mice in the irrigated summer cropping area of southern New
South Wales.

Action Timing of action

Summer crop

Cultivate early

Sow early (on time)

Harvest cleanly

Control weeds/Remove food and cover/Spray

May-Sept., spring, before winter
Depends on rainfall

Harvest

Twice (spray) early and follow up

Winter crop
Pre-sowing stubble management—burn
Pre-sowing stubble management—incorporate
Control weeds
Sow early (on time)
Sow deeper
Increase sowing rate
Monitor mice
Perimeter bait
Harvest cleanly

Depends on weather
Early as possible
Before spring
Depends on rainfall
At sowing

At sowing
Pre-sowing

Pre- or at sowing
Harvest

Rice crop
Stubble management—no action
Stubble management—slash early
Stubble management—graze
Stubble management—burn early
Stubble management—burn later
Manage channels and banks
Bait stations
Harvest cleanly

Soon after harvest
Soon after harvest
After harvest

Following spring
Ongoing

Before breeding season
Harvest

Other actions

Remove and reduce cover around sheds, buildings and silo€ontinuous

Monitor for signs of mouse activity
Clean up grain spills (silos, field bins)

Mouse-proof houses, and grain and stock feed storages

Bait key habitats using bait stations

Key times (early spring and autumn)
Sowing and harvest

Continuous

Before spring
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white bond paper (photocopying paper) soaked in vegeonsecutive nights. Biomass of weeds and grasses along
table oil and pegged to the ground using rigid wire pegthe edge of the crop was estimated using photographs of
(10-20 cm long). The cards were set for two nights, buknown biomass. Reference photographs of known
checked each day, and replaced on the first day if thebdomass were taken from 1%reample plots, which were
was any evidence of chewing by mice. Cards were set inteand clipped at ground level, dried and weighed
5 x 5 grid, 50 m from the edge of the crop, and 2 lines ofconverted to kg/ha). Ten 1%nestimates of biomass were
10 cards each were set along the edge of the crop, eaaken from each trap line. Mouse damage to the wheat
line being 1 m apart. A 1 &rgrid pattern was printed on crop was assessed using the same techniques described
the cards. The number of cards chewed out of all cards sefove. For some farmers, spraying for weeds was
per site was used as a measure of mouse abundance. conducted routinely around the whole farm, whereas other
The level of damage to the wheat crop was assessed fammers conducted spraying specifically for this study.
all sites 2 weeks before the farmer's expected date of
harvest. Four transects were set through each crop. Each ) )
transect was separated by 50 m and was set at least 50 m Results and discussion
from edges of crops (roads, fencelines etc). On each
transect, damage to plants was assessed at five distant8¢ application of zinc phosphide on two sites resulted in
into the crop: 10, 20, 50, 100 and 150 m. Ten plants we 86.2% reduction in abundance of mice (Figure 1). A
assessed at each distance. These plants were selectedégigiction of 35.2% occurred on untreated sites. Before
choosing every second plant on a perpendicular line frofarvest (November), mouse populations were low on
the transect. The number of undamaged tillers antieated and untreated sites (<0.5% census card take), there
damaged tillers were recorded per plant as well as th&as little damage to wheat crops and no treatment effect
number of plants damaged per sampling point anftreated = 1.4% + 0.8 se,= 2; untreated = 2.5% + 0.5 se,
reported as the percentage of mouse-damaged tillers. N = 6;tg=1.08,P = 0.323). This reduction in mouse abun-
dance after poisoning was consistent to that found in other
Impact of spraying weeds studies in Australia (Caughley et al. 1998; Brown et al.
The impact of spraying weeds and grasses around thOZ_). However, by November t_here was a similar reduc-
edge of winter cereal crops on mouse numbers and plaien in mouse numbers on unbaited sites, hence there was
biomass was assessed using live-trapping (LongworthC €conomic benefit.
traps) and estimates of biomass from quadrats. Trapping Spraying weeds and grasses along fencelines signifi-
was conducted in 8 7 grids placed 50 m into the crops, cantly reduced the amount of biomass on the edge of
and from a trap-line along the edge of the crop, fencelineereal crops compared to unsprayed sites by 46-§%
or channel bank. There were 15 trap stations spaced everyl3.053,P < 0.01) (Figure 2). Furthermore, the abun-
10 m, with 2 traps at each station. Traps were set for twdance of mice was on average 37.3% (up to 77%) lower

30
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—®— Zn,P, treated sites (n = 2) 323PP
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Figure 1. Impact of zinc phosphide (4R,) on house mouse abundance measured using
census cards on treated and untreated sites (mean * se). Zinc phosphide was applied
aerially on 14-15 September 1999. The horizontal bars represent the duration of the wheat
and rice crops.
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on sprayed sites compared to unsprayed skes,(=  applying herbicides (White et al. 1998). In East Africa,
4.149,P < 0.05) (Figure 2). There was no interaction withenvironmental manipulation has led to some success in
time (F11 47= 1.005,P = 0.456). Although mouse abun- reducing damage caused by rodents, for example, areas
dance peaked in June 2000, it was not significantly highé¢hat are cleared of bushes or that support grazing usually
than other months. The average damage to wheat tillersl@ve a lower carrying capacity of rodent populations,
1999 was 4.9% (+ 0.9 se~=3) and 3.6% (+ 1.6=3)to  while other practices such as poisoning and trapping
sprayed and unsprayed sites, respectively, and for whemmain popular (Makundi et al. 1999).

tillers in 2000, damage was 2.3% (+ 0.9 865 3) and While individual actions can have positive impacts on
0.6% (+ 0.3n = 3) to sprayed and unsprayed sites, respegnouse populations, it is the combined effect of a range of
tively. There was no difference in the level of damagenanagement practices within a complex farming system
between treatments={ g = 2.092,P = 0.186), but there that is of interest to farmers. When the study is completed,
was significantly more damage in 1999 compared witlive will undertake analyses of the responses of mouse
2000 wheat crops g= 7.221;P < 0.05). Farmers gener- populations to a range of farming practices and the associ-
ally do not notice this level of mouse damage. ated effects of mouse damage to crops and their yields in

It is possible to reduce the abundance of mice througpoth winter and summer crops.
applying herbicide sprays around the perimeter of crops,
however because the abundance of mice was low to
moderate and the level of damage relatively low, the

impact on damage has not been adequately tested. pfost of the management of mouse plagues in Australia

mouse populations had been higher, we would havgag heen reactive rather than preventative, partly through
expected to see reductions in damage to crops if thegg ayailability of broad-acre rodenticides such as strych-
man_agement prgctlces were adopted. Mouse popu_lauoHrcne and zinc phosphide. There are a range of farm
decline to baseline levels in November each year in thganagement practices available that farmers can under-
Murrumbidgee Irrigation Area (P. Brown et al., unpub-take or are already undertaking, which can have benefits
lished data), so damage is generally low before harvest. ;; terms of reducing mouse abundance and damage to
Spraying and other forms of habitat manipulationcrops. We believe that these could be incorporated within
around the perimeter of crops to reduce cover and avaixisting management practices for farmers at little cost in
ability of food have been successfully applied in a ranggerms of time or money, and could lead to significant gains
of situations. Black ratRattus rattuy damage to macad- through increased yield, without relying on the use of
amia orchards in Australia was reduced by 65% througiodenticides. While the results from this study showed a
manipulation of adjacent habitats by slashing grasses aneduction in mouse abundance, there was no reduction in

Conclusions
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Figure 2. Impact of spraying weeds and grasses around the margins of wheat crops on
house mouse abundance (adjusted trap success) and on the biomass of weeds and grasses
(kg/ha). Mean + standard errors are shown. The horizontal bars represent the duration of
the wheat crops.
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damage to crops when mouse populations were low f@roft, D. and Caughley, J. 1995. A survey of the MIA mouse
moderate. Further work is required when mouse numbers plague—at what cost? Irrigation Research and Extension
are high and to clarify whether: (1) farmers can do nothing Committee (IREC) Farmers’ Newsletter, 145, 40-41.

when mice are low and only undertake practices Wheglacc’b' J. and Halle, S. 2000. The importance of land manage-
mice are building up: or (2) farmers that undertake these ment for population parameters and spatial behaviour in

. . common volesNlicrotus arvalig. In: Pelz, H.J. and Cowan,
practices when mouse numbers are low will have less .
damage when mice are high D.P, ed., Advances in vertebrate pest management, volume

1. Furth, Filander Verlag, 319-330.
Makundi, R.H., Oguge, N.O. and Mwanjabe, P.S. 1999. Rodent
pest management in East Africa—an ecological approach.
In: Singleton, G.R., Hinds, L.A., Leirs, H. and Zhang Z., ed.,
Ecologically-based management of rodent pests. ACIAR
Monograph No. 59. Canberra, Australian Centre for Interna-
tional Agricultural Research, 460-476.
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Abstract. Ship rats Rattus rattuswere trapped following 10 simulated possumghosurus vulpeculecontrol oper-

ations using aerially-sown non-toxic baits laced with rhodamine B. These surveys were carried out in different areas
and at different times over 3 years in the Whanganui National Park, North Island, New Zealand. Preliminary examina-
tion of the data found that between 79 and 100% of ship rats contained traces of rhodamine dye, indicating that they
had eaten, or at least handled, baits. Those rats that were caught following winter and spring operations were more
likely to contain rhodamine B than those caught in autumn and summer. During these surveyduminegculus

were incidentally caught in the traps set for rats. The proportions of mice containing rhodamine varied between 40 and
100% and those caught in winter or summer were more likely to have taken baits than those caught in autumn or
spring. At the time of writing there was still one more survey to be completed.

Introduction by-kill of rats, and to coincide with the breeding season of
most forest birds, could produce greater conservation

Aerial 1080 (sodium monofluoroacetate) operations tgans.

control possumsTgichosurus vulpeculain New Zealand The primary aim of this work was to determine if there
have traditionally been timed to occur in winter, althoughvere seasonal differences in bait acceptance by forest-
they often do not take place until the following spring duélwelling rats following simulated aerial 1080 operations
to the requirement for a reasonable period of fine weathd@. target possums. In addition, we hoped to determine if
Recent work by Landcare Research has shown that thdhere were seasonal differences in bait take between sexes
are no seasonal preferences in bait acceptance by possi{gin the sample population of rats. The results from the
following simulated aerial 1080 operations (Morgan et affirst 10 surveys of a study conducted over 3 years are
2000). This may encourage managers to opt for summey¢mmarised here.

control operations simply because the chances of having
predictable periods of fine weather are much higher. :
Rodent, or at least ship ra@dttus rattuy numbers have Materials and methods

been reduced following successful aerial-sown 108@)nce each season between October 1999 and July 2002,
possum control operations (Innesal. 1995; Miller and  non-toxic cereal baits (Wanganui No. 7), surfaced-coated
Miller 1995). However, results from aerial 1080 possumyith 8% rhodamine B (RB) solution as a marker of bait
control operations in the Pokeka Valley, Wanganujptake, were aerially sown at 3 kg/ha over an approxi-
National Park and at Boundary Stream, Hawkes Bayhately 90 ha study block in forest in or near the Wanganui
suggest that rat numbers are not always significantiyational Park, North Island, New Zealand. A new site was
reduced, even when possums are (McRitchie 2000; delected every season to ensure each survey was indepen-
Campbell, personal observations). Currently, little isient from previous ones and baits were only sown when
known of any seasonal differences in bait acceptance by could reasonably predict three fine nights following
rats following these aerial 1080 operations. Dowding andpplication. On the fourth day (three nights) after the bait
Murphy (1994) observed some interesting differences iwas sown, rats were kill-trapped and possums poisoned
bait take between male and female rats during an aeri@ing cyanide paste laid near the rat traps for three nights
1080 operation in Northland and suggested there might lo@ two randomly-orientated 3.24 ha plots. These plots
seasonal or sexual effects that warrant further investigavere separated by an absolute minimum of 200 m within,
tion. Timing possum control operations to maximise thand no closer than 200 m to the edge of, the 90 ha treat-
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ment area. All rats trapped were identified to speciesp confirm that they were not marked with RB, thus the
weighed, measured, sexed, and examined internally f@roportions given here are the minimum. Nevertheless, it
the presence or absence of RB (indicating whether or ni interesting to note the apparently higher proportions of
the rat had eaten non-toxic bait). Usually the RB could beats marked in winter and spring compared to those in
easily detected by eye, however some rodents requiresdimmer and autumn. A reduction in ship rat numbers in
inspection under an ultraviolet fluorescent lamp before thiate winter or early spring following an aerial 1080 opera-

marker could be detected. tion would provide some relief for those native birds most
sensitive to rat predation whilst nesting in spring. Ship rat
Statistical analysis diet can vary seasonally in New Zealand (Innes 1990) and

We used an exhaustive CHAID (Chi-squared autoi-t may be that there were more alternative foods available

matic interaction indicator) analysis to explore predictorsduring autumn (§eeds) and summer (flowers and invertg-
(season, sex, C}/ear of survey, the night the rat was trappg@tes.), or the difference was a result of greater competi-
(15t ond o 3 night of trapping) and the number of tion with possums for the baits in those seasons. The rats

possums poisoned in the survey) that may have af“fecté:@i“,’ght on the third night of trapping (ij nights after the
whether RB was detected in an individual rodent. Thi'g’alt was sown) were apparently less likely to be marked

algorithm examines all possible splits for each predicto‘l"an those caught on the previous two nights. In most of

based on chi-square statistics (De’ ath and Fabricius 2006)e surveys, the baits Were no longer observed on the

and is implemented in AnswerTree, an SPSS data classii“ﬁ)-refSt floor by three to five nights after they were sown,

cation system. parﬂcularly when there were large nun_wber; of possums
poisoned. Those rats trapped on the third night may have
been individuals that moved in from outside the treated

Results and discussion area and/or represented the more neophobic members of

the population. This could also be because the RB

To date, 10 simulated aerial 1080 operations and trappingarking had worn off, however we suspect this is unlikely

surveys had been conducted (two in spring, three ibecause when we did the pilot study for this work we were

summer, two in autumn and three in winter) and 300 shigtill able to detect RB in rats caught 2 weeks after the bait

rats, two Norway ratsRattus norvegicysand 98 mice drop.

(Mus musculys were caught. The proportion of rats

trapped in each survey marked with RB varied between 78ble 1 Total numbers of ship ratRéttus rattuy caught and

and 100%. We have made two important assumptions witHoportions (%) of these containing traces of rhodamine B (RB)

the results from these simulated aerial 1080 operatiof&" €ach season and for both sexes.

using non-toxic baits. The first is that the proportions ofggagon/sex  Number of Total number Overall % with

rodents that would take toxic baits in each season, or surveys to date of ship rats RB
within each sex, would be the same as these non-toxic caught
baits. The second is that those animals marked with R ring > 91 93.7
would have consumed lethal doses of a poison and that 3 - 875
any sub-lethal doses are not associated with a particula%’ummer '
season or sex. CHAID exploration of the pooled dataAutumn 2 51 82.4
collected to date (Table 1) suggested that those rats th&finter 3 86 94.2
were gaught following winter and spring operations wereyales All 10 154 89.6
more likely to be marked than those caught in summer and combined

2= 858, df = 1,P = 0.0034). The CHAID
autumn k* = 8.58, ’ ' : Females Al 10 143 95.1

analysis also indicated that those rats caught on the first
two nights of trapping were more likely to be marked than - —
those caught on the third night, and that those rats caughf e ship rats were scavenged whilst in the trap so could not be

. orrectly autopsied for presence of rhodamine B and the sex of one of
on surveys where 124 or fewer possums were pmsonecfhese could not be determined.
were more likely to be marked than those where 157 or
more possums were poisoned € 31.34, df = 1P = Mice were not specifically targeted but they were
<0.0001 anc)(2 =9.05, df = 1P = 0.0026, respectively). caughtincidentally in the rat traps. The proportion of mice
Sex or the year that the surveys were carried out did nttapped in each survey marked with RB varied between 40
appear to be important indicators of whether a rat waand 100%. CHAID exploration of the pooled data
likely to be marked)(zz 3.13,df =1pP =0.0767 an(}(zz collected to date (Table 2) suggested that those mice that
4.397, df = 1,P = 0.1131, respectively). We used thewere caught following winter and summer operations
CHAID analyses in this paper only to provide some indiwere more likely to be marked than those caught in
cations of the likely predictors of bait acceptance by ratgutumn and springi¢ = 9.54, df = 1P = 0.0201). Sex or
because at the time of writing there was still one moréhe year of the survey did not appear to be important
field survey to be carried out in spring 2002. Also, some gbredictors of whether a mouse was likely to be mark%d (
the rodent specimens collected from the 2002 autumn ard3.19, df = 2P = 0.203 ang?= 0.6, df = 1P = 0.4391,
winter surveys still required examination in the laboratoryespectively). The number of mice caught was quite small,

combined
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so our results for this rodent should definitely be treated References

with a high degree of caution. The relatively low bait

acceptance (compared to rats) by mice in some surve)}%‘?' a_lth, G. and Fabricius, K.E. 2_000. Classi_fication and regres-
even with this small sample, is nevertheless worth noting Sion trees: a powerful yet simple technique for ecological

; : data analysis. Ecologgl, 3178-3192.
nd may help explain why m lation m
and may help expla y mouse populations see tBowding, J.E. and Murphy, E.C. 1994. Ecology of ship rats

chover folonlggg_r |\{;|1$|”al 1%8|\(3llﬁosilér;5control operations (Rattus rattugin a kauri Agathis australiy forest in North-
(Innes et al. » Mifleran ner )- land, New ZealandNew Zealand Journal of Ecolog¥8,
. . 19-27.
Table 2 Total numpers of miceMus musculu)sc_agght in rat I]pnes, J., Warburton, B., Williams, D., Speed, H. and Bradfield,
traps and proportions (%) of these containing traces o L ) .
hodamine B (RB) f h d for both P. 1995. Large scale poisoning of ship r&atfus rattuyin
rhodamine B (RB) for each season and for both sexes. indigenous forests of the North Island, New Zealand. New
Zealand Journal of Ecology, 19, 5-17.
Innes, J.G. 1990. Ship rat. In: King, C.M., ed., The handbook of

Season/sex Number of Total number Overall % with
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caught New Zealand mammals. Auckland, Oxford University Press,
- 206-225.
Spring 2 17 47 McRitchie, L. 2000. Rodent management. Boundary Stream
Summer 3 19 68.4 mainland island project report 1996-1998. Gisborne, New
Autumn 2 31 48.4 Zealand, Department of Conservation, East Coast Hawkes
] Bay Conservancy.
Winter 3 31 83.9 Miller, C.J. and Miller, T.K. 1995. Population dynamics and diet
Males All 10 56 69.6 of rodents on Rangitoto Island, New Zealand, including the
combined effect of a 1080 poison operation. New Zealand Journal of
Ecology, 19, 19-27.
Females All 10 41 53.7 L
. Morgan, D.R., Coleman, J.D. and Sweetapple, P. 2000. Effec-
combined - . L S
tiveness of aerial baiting of possums in different seasons and
20ne mouse was scavenged whilst in the trap so the sex could not be different forest types. Science for Conservation 152. Well-
determined. ington, New Zealand, Department of Conservation.

Veltman, C.J. and Pinder, D.N. 2001. Brushtail possum mortality
The main reason that Department of Conservation and ambient temperatures following aerial poisoning using
managers use aerially-sown 1080 is to control possums 1080. Journal of Wildlife Managemeis, 476—481.
for forest-canopy protection, not to control rodents. The
incidental kill of rodents is usually seen as a beneficial
side effect and is occasionally factored into the planning
at some conservation sites. The most effective time to
control possums using 1080 is when ambient temperatures
are lowest and the animals more susceptible to 1080
poisoning (Veltman and Pinder 2001). Our interim results
suggest that during winter a high proportion of both rats
and mice will eat baits suggesting that this is the season to
achieve the greatest knockdown of rodents. So the advan-
tages of doing an aerial 1080 operation in the warmer
months when the chances of having predictable periods of
fine weather are much higher should be outweighed by the
potential for a better knockdown of both possums and
rodents in winter.

Interim conclusion

Our interim results indicate that there may be seasonal
differences in non-toxic bait acceptance of forest-dwelling
ship rats and mice following simulated aerial 1080 opera-
tions. Rats trapped in spring and winter were more likely
to accept baits than those trapped in autumn and summer
and mice trapped in winter and summer were more likely
to accept baits than those trapped in autumn and spring.
Other factors such as sex or the year of the survey did not
seem to be important predictors of whether or not a rat or
mouse would take baits, although competition with
possums may have influenced what proportion of rats took
baits.
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Abstract. The house mousd(s domesticyds found throughout Australia, and is successful in a wide range of cli-
mates. We examined the reproductive success and growth rate of young in differing thermal regimes (13°C, ‘cold’;
22°C, ‘control’; and 30°C, ‘hot’) in a laboratory colony of house mice derived from wild stock from Mudgee, New
South Wales. Female mice in all groups did not always have a post-partum litter following the birth of their first litter,
although post-partum litters were born in subsequent pairings. Litter sizes did not differ between treatment groups,
although more young were born from post-partum matings. Young from the ‘hot’ group were smaller than for other
groups, and their growth rates were slower. The observations on post-partum activity, and the differences in growth
rates, may be of significance in explaining the sudden plague activities of mice in some parts of Australia.

Introduction colony. Mudgee was selected because a previous study
had demonstrated that mice from this site were ‘average’
The house mouséMius domesticyshas been resident in for a broad range of morphological parameters (Crowther
Australia for the past 200 years, and during that time hag al., this volume).
radiated throughout the continent. While successful
throughout Australia, it is less common in desert regionginimal husbandry
However, unlike its counterpart in Europe, the Australian

. . . : . Mice were housed in standard cages 8D0 x 450
house mouse is more widely dispersed in the environment . : . .
- mm and provided with wood shavings, a nest box with
than around farm buildings and houses.

h i fthe h h i nesting material, and a variety of toys or novel objects
The adaptation of the house mouse to the Australigpy,op, were changed weekly. Laboratory mouse cubes and
envwonmem has been a topic qf study for at "?aSt?O yeafﬁinking water were availablad libitum and animals
Wlth much Of- the fpcus cer_ltermg on how mice INCreasgere weighed weekly, at which time their cages were also
their population size at times to plague Proportions,eaned. The disturbance caused by cleaning days was

Plague activity is found in some North American ande,arded with a handful of mixed parrot seeds on the day.
European rodents (Bronson 1979), but is not known for When females were at least 12 weeks old, they were

the house mouse in Europe (Singleton and Redheaga d with lated les for breedi A
1990). Australian studies have demonstrated that houB cedW| ttL)mre a'tﬁ m? es O; _rei\e N9 pur_zo(sjesé I
mouse populations increase in response to rainfaﬁ,econ nest box with nesting material was provided at a

although other factors also seem to be importarﬂmes' When young were bom, the parents were left

(Singleton 1989; Pech et al. 1999). One important factépgether for a few days longer to allow the opportunity for

may be temperature, and so our aim was to investigate thst-partum mating to occur, and then males were

influence of temperature on some basic reproducti\f moved from the cage and housed separately. Females

parameters in laboratory-bred house mice that originat@@served to be pregnant at the weekly monitoring session
from a wild population were checked more frequently to determine the date of

birth of the young. Females with young were housed
together in large cages (450 600 x 450 mm), and
Materials and methods provided with two nest boxes with nesting material, and,
when the young were a few weeks old, toys and novel
Ten house mice (6 females, 4 males) were captured aljects. If a post-partum litter was observed, the young of
Mudgee, New South Wales (NSW) (32°36'S, 149°35'Ee first litter were removed and housed together in the
and transported to the laboratory to establish a captivarger cages in same sex groups until used for breeding, or
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for other physiological experiments. Young were weighegbairwise tests. Partial and complete losses of litters before
weekly for 12 weeks. Post-breeding animals were housetieaning were compared between treatments by Chi-
individually. Litter size, survivorship to weaning, squared test. Growth rates were plotted, regression lines
evidence of post-partum reproductive activity, and bodyalculated for each group, and data were analysed by
mass were recorded. All experiments were performed witultiple regression and ANOVA of the Y-intercept and
permission from the University of New England Animalslopes (Zar 1996).
Ethics Committee and NSW National Parks and Wildlife
Service. . .

Results and discussion
Temperature treatments

The laboratory colony was established initially underjvIatlng outcomes

the natural photocycle of Armidale, NSW, and at#22 Post-partum matings occurred in approximately half
2°C, in September 2000. When sufficient numbers of micthe pairings in all treatment groups (control, 48%; ‘hot’,
were available, animals were divided into three treatmeri3.4%; ‘cold’, 47.5%). However, pairings that produced
groups, with offspring of all founder individuals distrib- no post-partum litter occurred more often in females that
uted evenly across the groups. Animals were housed imere young, or had not previously had a litter (i.e. it was
temperature-controlled rooms at either 432°C, 22+  their first opportunity to have a post-partum oestrus)
2°C, or 30« 1°C. All animals were placed under broad-(control, 71.4%; ‘hot’, 71.4%; ‘cold’, 73.3%) compared to
spectrum fluorescent lighting of 250 Lux (mean value apairings which produced a post-partum litter (control,
cage lids) for light:dark 13:11 h. During the scotophase53.8%; ‘hot’, 40.1%; ‘cold’, 57.1%)(2 =3.91,P < 0.05).
animals were exposed to a dim red light.

Litter outcomes

Data analysis Overall, there were no differences in numbers of

Litter sizes between experiments were compared byoung born in each litter for the different treatments
analysis of variance (ANOVA) followed by Tukey's (Table 1), although there were differences in the numbers

Table 1 Reproductive success for each of the treatment groups of mice. Data are expressed-asar(eanspt for percentages). For
mean litter sizes, all treatment effects were not significant.

Groups Mean litter sizes Mean litter sizes % of litters with all % of litters with
born weaned young lost before  some young lost

(range) (range) weaning before weaning

Control (22+ 2°C) 5.53+0.25 5.17+0.31 2.8 13.8

All litters (n = 36) (3-9) (0-8)

‘Hot’ (30 £ 2°C) 5.48+ 0.20 4,72+ 0.31 9.5 28.6

All litters (n = 42) (3-8) (0-8)

‘Cold’ (13 2°C) 5.58+ 0.27 5.00+ 0.34 12.7 29.1

All litters (n = 55) (1-10) (0-10)

Control (22+ 2°C) 5.36+ 0.53 5.18+0.48 0 18.2

Litters with no post-partum mating € 11) (3-9) (3-8)

Control (22+ 2°C) 5.33+0.38 5.33+0.38 0 0

Litters with a post-partum mating € 12) (3-7) (3-7)

Control (22+ 2°C) 5.85+0.71 5.00+0.71 7.7 23.1

Product of post-partum mating € 13) (3-9) (0-9)

‘Hot’ (30 £ 2°C) 4.62+ 0.33 3.84+0.39 7.7 38.5

Litters with no post-partum mating € 13) (3-6) (0-5)

‘Hot’ (30 £ 2°C) 5.67+0.25 5.00+0.43 7.1 214

Litters with a post-partum mating € 14) (5-8) (0-7)

‘Hot’ (30 + 2°C) 6.00+ 0.37 5.19+ 0.65 13.3 33.3

Product of post-partum mating (n = 15) (4-8) (0-9)

‘Cold’ (13 + 2°C) 5.16+ 0.53 4,79+ 0.61 14.3 23.8

Litters with no post-partum mating € 21) (1-9) (0-9)

‘Cold’ (13 £ 2°C) 5.65+ 0.41 4.53+ 0.63 17.6 41.2

Litters with a post-partum mating (n = 17) (3-9) (3-9)

‘Cold’ (13 £ 2°C) 6.00+ 0.45 5.75+ 0.50 5.9 294

Product of post-partum mating € 17) (3-10) (0-10)
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of young produced from different mating activities (noMarsteller and Lynch 1987). The differences between
post-partum mating, 5.0% 0.28 i = 45); with post- ‘cold’ and control treatments in these parameters are
partum mating, 5.5 0.20 6 = 43); product of post- notable because many other studies observed the same
partum mating, 5.9 0.23 f = 45);F = 3.25,P < 0.05).  differences in cold temperatures of 5°C and —3°C (Barnett
All treatment groups lost complete litters before weaningand Widdowson 1965; Barnett 1973; Marsteller and
and all treatment groups had litters that lost some yourigynch 1987), significantly colder than our study. There
before weaning (Table 1). Significantly fewer young wereare few studies of higher than room temperatures on
lost from the control groupxf = 34.85,P < 0.001). reproduction and our data suggest that, for the house
Growth rates were significantly different between groupsnouse, hotter temperatures may be more physiologically
up to 35 days (immediately post-weaning, Figures 1 anstressful than colder temperatures.

2). After weaning, the growth rates were also significantlv
different between groups; young grew at a different rat
than before weaning (Figure 2), although the regresion
was low, and thus the regression equations are n-;
presented (see Figure 2). The lines of best fit from 0-¢ &
days were control body mass =1.38 + 0.293Da§s=(
88.2%,P < 0.001,n = 540); ‘hot’ body mass (g) =1.26 +

Body mas

0.266Days I = 85.0%,P < 0.001,n = 562); and ‘cold’ ¥ 7
body mass (g) 1.52 + 0.276Day?é £ 87.4%P < 0.001) 4
= 844). The slopes of the regression equations of all trez ‘1
ment groups were significantly different from one anothe E ..
(F=8.919P < 0.05). s o e S I R B B B B B
206 10 14 18 22 26 30 34 33 42 46 50 54 58
Days (age)
13
12 - Figure 2. All growth data from 0—60 days for animals from each
n = treatment group. Closed circles represent data points from the
10 - ‘control’ group (22+ 2°C,n = 767), open circles represent data

(o)
T

points from the ‘hot’ group (3@ 1°C, n = 828), and closed
B triangles represent data points from the ‘cold’ group{23C,
B n=1208).

Body mass (g)

While overall litter sizes were similar between treat-
ment groups, in all groups fewer young were born in
litters from females that did not have a post-partum
mating and consequent litter. Many of these females were

! ! ! ! ! ! ! \ young, first-time mothers, indicating that maturity may
0 5 o 1520 25 30 35 40 jnfluence reproductive outcome in house mice. The larger
Days litter sizes in post-partum litters also may be due to the
Figure 1. Regression lines for the growth data for the thredNCreasing age of the mothers, and it has been observed
treatment groups. Closed circles indicate ‘control’ treatment (2that older Australian house mice have larger litters
+ 2°C), open circles indicate ‘hot’ treatment (301°C), and (Singleton et al. 2001). In Australia, plague activity occurs
closed triangles indicate ‘cold’ treatment (1.2°C). after rainfall and is believed to be closely linked to food
_availability (Singleton and Redhead 1990). Our study

Temperature appears to have an effect on reproductiyg, et ‘that temperature and the age of the mothers may
outcomes for the Australian house mouse. Overall "tteélso have an overall effect on reproductive outcome.

sizes were similar between treatment groups, and our dagqyiyorship of older females under more favourable
are consistent with other studies (Pelikan 1981; S'”glewébnditions, influenced by both temperature and rainfall,

et al. 2001). However, more young were lost from litterg,; ;|4 mean a sudden explosion of young as these older
born to females in ‘hot’ and ‘cold’ environments, S'm'larfemales are producing more young and more post-partum

to results found in other StUdi?S on cold-exposed MiCRyars f followed by reproductive recruitment of younger
(Barnett and Widdowson 1965; Barnett 1973). A MOrge 65 a5 suitable conditions continue, the mouse popu-
significant effect of temperature was seen in the growt{y i could rapidly increase.

patterns of the litters. Young from the ‘hot’ group grew

more slowly, and were smaller than young from other

groups—this trend continues throughout the post-weaning Conclusion

period (see Figure 2; and Crowther et al., this volume).

Young from ‘cold’ environments also grew more slowly The thermal environment significantly influences repro-
than control young, although their body mass increaseductive output, with both ‘cold’ and ‘hot’ temperatures

after the post-weaning period, again similar to otheaffecting litter losses and growth of young. The more
studies (Barnett and Widdowson 1965; Barnett 1973jeleterious effects of hotter temperatures may explain

O = N W M U OO
T

348



Rats, Mice and People: Rodent Biology and Management

why mice are sparse in the interior of Australia. The G.R., Hinds, L.A,, Leirs, H. and Zhang, Z., ed., Ecologi-

complex interactions between temperature and reproduc- cally-based management of rodent pests. ACIAR Mono-

tive success of ‘younger’ versus ‘older’ mothers may graph No. 59. Canberra, Australian Centre for International

contribute to the population explosions of house mice Adricultural Research, 81-112.

seen in Australia. Pelikan, J. 1981. Patterns of reproduction in the house mouse.
Symposia of the Zoological Society of London, 47, 205—
229.
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Abstract. Morphological variation within Australian populations of the house mddse lomesticysvas evaluated

using measurements of head—body length and relative tail length. In order to examine the effects of temperature on
these characters, and to attempt to experimentally replicate this variation, mice from one of the wild populations were
raised under three different temperature regimes in captivity &, 22+ 1°C and 3@ 1°C). There was consider-

able variation between wild populations in both head—body length and relative tail length. Comparisons with estimated
values of mean annual temperature at study locations found that mice were smaller in cooler climates (opposing Berg-
mann’s Rule), but no real climatic trends were found for tail length. In contrast, mice bred at different temperatures
within the laboratory displayed very large differences in morphology, with those raised at the warmest temperature
being the smallest in size and having relatively longer tails. These results corresponded with both Bergmann’s Rule and
Allen’s Rule. The differences between the treatments were more apparent in younger mice (6 weeks of age) than those
at 12 weeks and 24 weeks. It is apparent that just a few degrees difference in temperature has a major effect on the
morphology of house mice. However, comparison with the wild populations shows that many other factors must have a
role in shaping mouse morphology. The research presented in this paper and continuing work on internal organ sys-
tems has major implications for taxonomy and adaptation of house mice, and could help explain the success of mice in
colonising the wide range of habitats within Australia and other parts of the world.

Introduction modified by environmental temperature. When mice are
reared at low (—3°C) temperatures, the tail length is
House miceNlus domestic)sn Australia have a continent- shorter by up to 10% than in mice reared at room tempera-
wide distribution and are found in an extremely wide rangture (22°C) (Barnett 1965; Barnett et al. 1975).
of temperature and rainfall zones. This includes arid areas In this study, we examined variation in cranial and
which receive as little as 100 mm of rainfall per year to vergental characteristics, external measurements, coat colour,
mesic areas that receive as much as 8350 mm per year. Veetebrae number, and renal and adrenal structure in wild-
life history of house mice is typified by rapid populationcaught mice. The populations came from a range of
turnover and small demes, enabling swift colonisation aflimatic and habitat types throughout Australia. To
new areas (Berry 1981). Thus, mice can rapidly divergexamine for the effects of temperature on morphology and
from their founder populations (Berry 1981). Sinceattempt to replicate the variation found in the wild popula-
European people probably introduced house mice intions, mice from the wild were bred in captivity under
Australia a little over 200 years ago (Singleton and Redhedaifferent temperature regimes and then the same measure-
1990), Australia is the perfect place to study the changesents as from the wild mice were taken. For the purposes
that this species makes in new environments. Studies of this publication, only relative tail lengths and head—
Australian M. domesticuson limitation to growth, niche body lengths will be reported.
invasion and morphological variation in non-Australian
mice have been made, but there are very few studies to date .
on morphological variation within Australian mice. Materials and methods
Morphological characters such as tail length have been .

used to diagnose and distinguish between specigief Sampling areas
Short tails are believed to be the preservlomusculus Mice were collected from 18 localities around Australia
and long tails oM. domesticugMarshall and Sage 1981). to represent a variety of habitat and climate types. The
However, in the laboratory, tail length is significantlypopulations presented here are Jindabyne (36°24'S,
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148°37'E), Emerald (37°53'S, 145°27'E), Broken Hillsignificant trend for mice from cooler regions to be
(31°58'S, 141°27'E), Ouyen (35°4'S, 142°19'E), Mudgesmaller (HB = 68.5 + O.6*Temperatuné2, =0.86,F1g=
(32°36'S, 149°35'E), Kangaroo Island (35°45'S, 137°37'ER0.7,P < 0.001), in contrast with the predictions of Berg-
Hattah-Kulkyne (34°42'S, 142°17'E), Millicent (37°35'S,mann’s rule. Relative tail length showed no significant
140°21'E), Mildura (34°11'S, 142°09'E) and Woodcroftrelationship with mean annual temperatuRé € 0.35,
(35°06'S, 138°33'E). All mice were collected betweerF; g=4.31,P =0.07).

April and May 1999 in order to reduce seasonal variation.(a)
Further locations covering the breadth of Australia are 13
currently being processed. Animals were judged to be
adult based on tooth wear, cranial development and repro-
ductive condition.

Data acquisition and analysis

Head-body (HB), tail (TV), ear, and hind foot lengths
were measured with vernier calipers on dead specimens to
the nearest 0.05 mm, and body mass with electronic scales
to the nearest 0.001 g. Carcasses were then placed in
buffered formalin for internal organ measurements and
skulls were cleaned for cranial and dental measurements. 0.9
Skull and dental dimensions were taken with digital
calipers to the nearest 0.01 mm on the right side of the
skull, except in damaged specimens. Kidneys, adrenal 0.8
glands and reproductive tracts were dissected out of the 0 5 10 15 20
mice and weighed using electronic scales to the neared Mean annual temperature
0.001 g. Localities for each collection were assigned coor-
dinates for latitude, longitude and elevation. The meary, 100
annual temperature at each locality was estimated using
the program BIOCLIM within the ANUCLIM package
(e.g. Crowther 2002). Differences between populations 90
were compared using a one-way analysis of variance
(ANOVA) (males and females treated separately), and
regressions of the mean of each character (weighted by
sample size) versus the estimated mean annual tempera-
ture were computed.

Laboratory mice were selected from wild founders
from Mudgee, New South Wales (32°36'S, 149°35'E) and
placed in different rooms using one photoperiod regime
(13:11 h light:dark) and three different temperatures+(13
2°C, 22+ 1°C, 30% 1°C). Non-breeding animals were
housed individually. When females were 12 weeks old, 50 | | |
they were placed with unrelated males for breeding 0 5 10 15 20
purposes. Refer to McAllan et al. (this volume) for more Mean annual temperature
details of captive protocol©ffspring of these groups of _ _ )
mice were then killed at 6 weeks, 12 weeks or 24 week5'I""© L Relatwe tail .(TV/HB) (2) and .head—body lengths (b)
In order to minimise pseudoreplication, each age class Pc*r Australian populations of house mice versus mean annual

- . emperature (°C) at collection localities (as estimated by
treatment was repl!cated over t_'me' Measurements WeEqOCLIM). Means are showt: standard errors. Only males are
taken as for the wild-caught mice. Differences betweeghown_while there are sex differences in the data, the patterns
sexes, ages and temperature treatments were compageehange are the same.
using a three-way ANOVA.

TV/HB
P
}_O_‘
ol
lof
oo
|

80

70

Head-body length (mm)

Laboratory trials

Results and discussion There were large differences between the three treat-
) _ ments in both relative tail length and head—body length.
Wild caught animals Mice raised at warm temperatures 30°C) were signif-

Thirty to 40 specimens were obtained from eachcantly smaller than those raised at22°C and 13 2°C
locality. There was large variation in most charactergFigure 2b, Table 1), and had significantly longer tails
measured between localities, including relative tail lengtliFigure 2a, Table 1). Tail lengths appear to get relatively
(Figure la;Fg 50 = 8.87,P < 0.001) and head—-body shorter (compared with the head-body length) as the
length (Figure 1bFg »03= 2.34,P < 0.001). There was a animals grow older, and the differences between animals
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raised at different temperatures appear to reduce (hengaich variation in tail length, with some populations
the significant interactions between age and treatmerttaving tails much shorter than head-body length (Figure
Tables 1 and 2). However, the animals raised at 3%C  1). However, most tails were greater than 73 mm, indi-
still maintain a relatively longer tail than those raised atatingM. domesticusather tharM. musculugMarshall
other temperatures, even after 24 weeks. and Sage 1981).

Differences between head-body lengths and tail
lengths have implications for the thermoregulatory perfor-
mance of house mice. A smaller body size and relatively
longer extremities should assist in heat dissipation. Why
11k . i the Australian wild mouse populations appear to contra-

% Treatment dict Bergmann'’s rule is not easily explained, especially
0 12-15°C when they appear to follow it under laboratory conditions.
o;é(c; Other studies of small mammals, including mice, have
4 found similar trends opposed to Bergmann’s rule. Rowe-
Rowe and Crafford (1992) found that mice on Gough
081 7 Island were smaller at higher than lower altitudes. They
suggested that the high altitude population was smaller
0.7 ‘ ‘ since the mice bred later at higher altitudes. It is also
0 10 20 30 possible that food quality and quantity are a larger deter-
Age (weeks) minant of body size than temperature in house mice,
although this is yet to be tested. It is also possible that
wild mice use behavioural responses to offset the ther-
moregulatory losses caused by other factors affecting
90 - B morphology.

TV/HB
5
I
o]
o4
H—x-0——
|

0.9 -

100

801 % i Table 1 Results of three-way analysis of variance (ANOVA) for
relative tail length of house mice raised at different temperatures.

KIOibd

70 ? | SS df  MS F P

Sex 0.033 0.033 9.778 0.002
Treatment 0.608 0.304 89.277 <0.001
Age 0.103 0.052 15.147 <0.001
Sex*Treatment 0.029 0.014 4.206 0.016
50 ‘ ‘ Sex*Age 0.017 0.008 2.484 0.085
0 10 20 30 Treatment*Age 0.060 0.015 4.400 0.002

Age (weeks) Sex*Treatment*Age 0.025 0.006 1.841 0.121

Head-body length (mm)

A BADNNMNNDNPRE

Figure 2. The effects of temperature on relative tail length (TV/ gpqp 1.158 340 0.003

HB) (a) and head-body length (b) for mice raised at three

dllfferent temperatures (means and standard errors). Mice were Preliminary work on the skull and dental morphology,

killed at 6 .WEEKS’ 12 Weeks. or 24 W.eeks' Only males a"8nd kidney and adrenal size, has shown similarly large

shown—uwhile there are sex differences in the data, the patterre{se . f iation b lati f wild h

of change are the same. grees o variation between populations o wild house

mice. Measurements of these and other organs in the labo-

Singleton and Redhead (1990) suggested that the rafiatory populations have shown that temperature also

of head-body length to tail length was not variable irappears to have a major effect on their size. Completion of

Australian mice. They stated that tail length was generallthis section of the project promises to produce exciting

longer than head-body length and also that the differencesults for the study of morphological plasticity in house

was rarely greater than 5%. In contrast, this study founchice and to have major implications for taxonomic

Table 2. Results of three-way ANOVA for head—body length of house mice raised at different temperatures.

SS df MS F P

Sex 450.832 1 450.832 29.241 <0.001
Treatment 1.03.608 2 51.801 3.360 0.036
Age 4478.488 2 2239.244 145.239 <0.001
Sex*Treatment 56.305 2 28.152 1.826 0.163
Sex*Age 24.652 2 12.331 0.800 0.450
Treatment*Age 215.770 4 53.943 3.499 0.008
Sex*Treatment*Age 43.812 4 10.953 0.710 0.585
Error 5550.337 360 15.418
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research. For example, characters such as tail length, amavironmental conditions may help explain their broad
cranial and dental characters are often used to diagnogistribution within Australia and throughout the world.
species when in fact they could be just the result of envi-

ronmental variation within a single plastic species.
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Abstract. The reproductive performance of rodent pest populations is partially determined by the age composition.
The rice-field ratRattus argentiventgis the major pest rodent in lowland irrigated rice fields in Indonesia. Their pop-
ulations have pronounced intra-annual fluctuations due to the strong association between female breeding performance
and the stage of the rice crop. We collected data from 1995 to 1998 in Sukamandi, West Java and estimated the age of
rats based on the dry weight of their eye lenses. The reproductive status of rice-field rats was assessed by necropsy. The
age composition fluctuated during the planting seasons. Recruitment of young occurred twice a year—once in the dry
season and once in the wet season. The number of embryos per litter in rats 5-8 months old was higher than in younger
and older rats. Rat control may be particularly efficient if conducted at the tillering stage of the rice crop—before
reproduction commences and when there is a large cohort of medium-aged rats with high reproductive potential.

Introduction produce as many embryos as older females; and (2) a
higher density of rats and diminishing resources at late

Understanding how animal populations function is fundastages of the cropping season may be limiting for the
mental for successful management and conservation. Raroduction of high litter sizes.
managing rodent pests, the focus is usually on increasing i resources restrict the reproductive performance in
mortality, and culling is applied with variable successjcefielq rats, the maintenance of low densities by fertility
where rodent problems occur (Singleton et al. 2002). Igontrol could lead to increased reproductive output in
lowland irrigated rice fields in Indonesia, the rice-field raf,,ng females and partially compensate for the effects of
(Rattus argentiventgtis the only mammalian species thatfertiity control. If the reproductive performance in rice-
causes widespread pre- and post-harvest damaggq rats is limited by age, compensation may be limited

(Singleton and Petch 1994). Most farmers there contrglyy short-term anti-fertility effects may suffice to prevent
rodents by hunting, flooding burrows and trapping (Sudagigh densities of rice-field rats.
maji, Rochman et al,, this volume), and by poisoning with We studied populations of rice-field rats in lowland
alternative pesticides such as endosulfans and organog- L . . .

Irrigated rice fields in West Java, Indonesia during the wet

phosphates becau_se legal rodenticides are d|ff|cult. to fmsdeasons in 1996/97 and 1997/98 and the dry seasons in
or are too expensive. Another approach for reducing t

density of unwanted species is the inhibition of fertility in 95-1998 to examine the relationship between the age of

females, which has been successfully applied in r-selectg%{nale rats and the number of embryos produced per litter.

species (e.g. Twigg and Williams 1999).

Populations of rice-field rats may be particularly prone Material and methods
to the manipulation of female fertility because breeding

occurs only in the presence of a rice crop and for only 6-Bnhe study took place in irrigated rice fields at experi-
weeks per cropping season (Leung et al. 1999). Thamental fields of the Research Institute for Rice and the
reproductive performance is thought to be highest early Bang Hyang Seri seed farm in Sukamandi (06°20'S,
the breeding season (Jacob et al. 2002). Two procesdd¥°39'E), West Java in 1995-1998. For a detailed
may cause a decrease in reproductive performance on tfescription of the study sites, see Singleton et al. (1998)
population level during the cropping season: (1) youngnd Brown et al. (2001). The climate in the region is
females, which start reproducing in the same season thegpical with an average temperature of 28°C and annual
are born, may not have the physiological maturity teainfall of 1450 mm. One rice crop is planted in the wet
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season (November—April) and one in the dry seasoold) dominated the population. The proportion of young
(May—October). rats in the population tended to be high from after late
Rice-field rats were collected by fumigation with tillering until harvest but sometimes also during fallow
sulfur gas and digging and by using multiple-capturd¢1997/98).
wire-cone live-traps (2& 20 x 50 c¢m) in rice fields and The predominance of 1-3-month-old rats in August
along the edge of rice fields. The traps were placed alor@nd September 1995 indicated that most births occurred
drift fences to maximise trapping success. Traps were seéuring the booting (June) and heading stage (July) of the
in the evening and checked every morning at sunrise for@evious crop. A high proportion of these rats survived for
days in August, September, November and Decembé&-8 months (Table 1). These animals also bred in January
1995, January 1996, May—-November 1997 and April1996 (1996/97 wet season) and their offspring survived
May and August 1998. Trapped rats were transferred tentil May 1997; none were recorded in June and there-
the laboratory and killed with CQyas. after. Interestingly, peak recruitment in the 1997 dry
For age estimation, we used the weight of the eye lerf¢ason occurred in June, consisting of young rats (66%
and the age curves developed by Murakami (1992) for th&ere 1-2 months old) that were offspring of the January
rice-field rat based on rats collected within 20 km of oufohort.

study site. Pregnant females were autopsied and the A second bout of recruitment occurred at the end of
number of live embryos counted. the dry season (August—September 1997) because all rats

caught in October 1997 were 1-2 months old. These rats
were probably offspring of rats born earlier in that year
Results and discussion (Table 1). Some of the rats born in the dry season 1997
o survived until the end of the following wet season but the
We collected 1932 rats for age estimation. Of the 879regular trapping in 1998 did not allow for further
female rats caught, 67 were pregnant. Most rats WekBacking of these cohorts.
caught during the fallow stage post-harvest, possibly due |, 1995 and 1997, when rats were trapped more
to high trappability at that time (Jacob, Sudarmaji angrequently, a shift from relatively young rats (1-4 months
Smgletqn, this vplur_ne). The numb_er of rats was usu_ally)|d) to older rats (5-10 months old) was evident post-
low during the tillering and flowering stage of the ricepapvest. This also indicated that few females bred during
crop. the fallow period and that there was no immigration of
young rats from other areas where reproduction might
have continued.

The average age of the rats was 3.8 months (se + 0.1 The presence of young rats at later stages of the rice
month) and the oldest rat collected was 34 months oldrops confirmed earlier findings that the breeding of rice-
(Table 1). Young (<2 months old) rice-field rats werefield rats starts about 2 weeks before maximum tillering of
present at almost all crop stages, the only exceptiorike crop (Leung et al. 1999). If the first litter was
being during ploughing and tillering in the wet seasorconceived about then, young rats would enter the trap-
1995/96 (Table 1). At that time, older rats (5-8 monthgable population approximately 5 weeks later, which is

Age composition

Table 1.Age composition of rice-field rats (%) in lowland irrigated rice fields of West Java, Indonesia. Rats were live-trapped in the
wet and dry seasons 1995-98 and age estimated from eye lens weight.

Season Year Month Crop stagen Maximum age (months)
2 4 6 8 10 12 14 16 18 20 >20
dry 1995 Aug fallow 866 53 26 4 7 4 4 4 1 1 0.5
Sep fallow 249 21 59 2 7 2 3 1 0.5
wet Nov ploughing 48 8 54 15 10 4 6 2
Dec tillering 34 50 35 15
1996 Jan  booting 73 15 12 26 21 12 3 4 4 3

dry 1997 May planting 22 27 59 9 5
Jun tillering 47 66 34
Jul  tillering 19 47 53
Aug flowering 16 63 31 6
Sep harvest 56 46 54

Oct fallow 30 100
wet Nov ploughing 275 44 46 6 3 05 05 0.5
1998 Apr  ripening 75 84 5 4 4 1 1
dry May fallow 65 97
Aug booting 57 75 12 9 2 2
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reflected in the age structure data. The generally loRelationship between age and embryo number
percentage of young rats at transplanting and early
tillering confirms earlier reports that the breeding activity,
of rice-field rats ceases shortly after harvest (Lam 198 hortality is low in rice-field rats (Lam 1983). The

Leung et al. 1999). breeding history (number of preceding litters) has an
Substantial proportions of rats older than 6 monthgffect on litter size in female rice-field rats in laboratory
were present in the wet season 1995/96 (Table 1). Theggjonies (Lam 1983). Our study showed a parabolic rela-
rats must have survived the dry season 1995 and sometgfnship between the age of the mother and the number of
them also the previous wet season. Almost no rats old%ung produced per litter (analysis of variance, ANOVA,
than 6 months were caught in the dry season 1997. Thi§48 = 3.61,p = 0.005) (Figure 1). There was a lower
was surprising because the relatively long fallow (1Gumber of embryos in 1-2-month-old rats (7.8, se + 0.4)
weeks) between dry and wet seasons in the region shoulkhn in 5-8-month-old rats (10.8 + 0.8 — 11.3 * 0.8)
have led to low survival rates entering the 1995/96 wefpost-hoc test; = 3.37,p < 0.001). Similarly, the number
season because of the lack of food and shelter during tbeembryos was lower in rats older than 9 months (6.5 +
extended fallow period. The fallow between wet and drp.5 — 9.0 + 1) than in 5-8-month-old rats (although
season in West Java is short (4-6 weeks) and survivéhmple sizes were small for the older age classes). We
should have been higher. Although the data set is incongould not determine whether there was a parity effect
plete, these results indicate that the length of the fallowfluencing this relationship or whether there was a pure
seemed to have limited importance for the survival rate cdge effect. Either way, if young rats are less likely to
rats. This does not support the recommendation by Leurigoduce large litters than older rats, it could be beneficial
et al. (1999) that the longer fallow between the dry angor the application of anti-fertility agents to manage rats.
wet seasons be maintained to reduce the population sizer¥rtile offspring of rats not responding to anti-fertility
the rice-field rat. Other factors such as population densitygents had limited potential to compensate for decreased
and intensity of rat control may have been of greatereproductive output of the population. Field trials using
importance during 1995/96. However, because there was simulating fertility control are desirable to test this
no consistent trapping effort during this period we couldurther.
not assess d.ensity effect_s. These findings_ need further | oiher rodent species, younger females do not have
study, in particular a detailed study of survival rates ofe physiological maturity to have large litters (Ingram et
marked rats during the fallow period. al. 1958). This may be due to physiological constraints.
Good survival of rats to the next breeding seasoWery young, and therefore small, females may not be able
results in a large founder population that may create higfo produce large litters and the effects of senescence in old
densities with the potential to cause high levels of crofemales may prevent them from having high reproductive
damage and yield loss. From a management perspectivjtput. In addition, the occurrence of medium-aged rats
targeting these rats before they reproduce may lessen theiay coincide with low rat density at the beginning of the
negative impact on the rice crop. breeding season and the abundance of food at that time

Counts of the number of embryos are closely corre-
ated with litter size at birth because intrauterine

number of embryos per pregnant female

14
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- T T
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8 = - - +
T
6 +— 11
4 s E— I
2 s E— I
0
1-2 3-4 5-6 7-8 9-10 11-12 >12
n=20 n=5 n=7 n=14 n=3 n=3 n=2

age in months

Figure 1. Mean number of embryos for pregnant female rice-field rats of different ages. Rats were
sampled in lowland irrigated rice fields of West Java, Indonesia. Rats were live-trapped during the
1995 to 1998 wet and dry seasons and age estimated from eye lens weight. Embryos were counted
at necropsy. Error bars are standard errors.
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may promote high numbers of embryos. The abundance &fcob, J., Brown, P.R., Aplin, K.A. and Singleton, G.R. 2002.
3-5-month-old rats could be high after the 10-week fallow Fighting rodent pests: exclusion, physical control, and fertil-
between dry and wet seasons. Larger samples are needed!ty control. In: Timm, R.M., ed., Proceedings of the 20th
to test whether age, as well as population density, affects Vertebrate Pest Conference. Davis, University of Davis (in

litter size in rice-field rats. ress). o o
Lam, Y.M. 1983. Reproduction in the rice field fRgttus argen-

tiventer Malayan Nature Journal, 36, 249—-282.
: Leung, L.K.P., Singleton, G.R., Sudarmaji and Rahmini 1999.
Conclusions Ecologically-based population management of the rice-field
rat in Indonesia. In: Singleton, G.R., Hinds, L.A., Leirs, H.

The seasonal breeding of rice-field rats with litle or no Zhang, Z.. ed., Ecologically-based management of

reproduction during the fallow period quds .to an accumu- o4ent pests. ACIAR Monograph No. 59. Canberra, Austra-
lation of 3-5-month-old rats at the beginning of the dry jan centre for International Agricultural Research, 305—
season. These rats have a higher reproductive potential 313
compared to younger and older rats. Rat control at th@urakami, O., Kirana, V.L.T., Priyono, J. and Tristiani, H. 1992.
beginning of the cropping season could minimise the size Tikus Sawah. Final report Indonesia—Japan joint program on
of the founding population and consequently reduce the food crop protection project (ATA — 162) Phase Il. Direk-
rate of increase of the population. This may lead to torat Bina Perlindungan Tanaman, Direcktorat Jenderal Per-
decreased damage to rice crops and thus increased yield.t@nian Tanaman Pangan, Indonesia, 101 p. (in Indonesia,
Our results indicate that there was reduced reproductive With tables and figures in English). . )
performance of young rats. Therefore, young rice-fiel®n"gi€ton. G.R., Brown, P.R., Jacob, J., Aplin, K. and Sudarmaji
rats may have limited potential for compensation if anti- 2002, Unwanted .and unintended .eﬁeCts of culling. In:
. . . Harris, S. and Lavigne, D., ed., Culling of mammals. Cam-
fertll!ty agent; were usgd to manage rice-field rats. More bridge, Cambridge University Press (in press).
detailed studies are desirable to validate our data that Weggleton, G.R. and Petch, D.A. 1994. A review of the biology
pooled over several years and seasons. and management of rodent pests in Southeast Asia. ACIAR
Technical Report No. 30. Canberra, Australian Centre for
International Agricultural Research, 65 p.
References Singleton, G.R., Sudarmaji and Suriapermana, S. 1998. An

) ) . experimental field study to evaluate a trap—barrier system
Brown, P.R., Singleton, G.R. and Sudarmaji 2001. Habitat use and fumigation for controlling the rice field raRattus

and movements of the rice-field rRattus argentiventein argentiventer in rice crops in West Java. Crop Protection,
West Java, Indonesia. Mammalia, 65, 151-166. 17, 55-64.

Ingram, D.K., Mandl, A.M. and Zuckerman, S. 1958. The influ-Twigg, L.E. and Williams, C.K. 1999. Fertility control of over-
ence of age on litter size. Journal of Endocrinology, 17, 280— abundant species; can it work for feral rabbits? Ecology Let-
285. ters, 2, 281-285.
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Abstract. The existing stochastic population dynamics modeMastomys natalensian important field rodent pest

in sub-Saharan Africa, is extended with a number of extra components:

« a submodel for maize growth and yield as a function of rainfall and fertiliser;

« functions linking rodent population density to maize damage at planting and harvest;

« simulation of rodent control with poison (simulated by increasing mortality); and

< an economic model expressing costs related to maize growing and poison application and benefits from selling pro-
duced maize with net profits for the farmer summed and discounted over a chosen planning horizon.

This bioeconomic model is implemented numerically and used to simulate the effects of different control strategies,
not only on the population dynamics of the rodents, but also on a farmer’s income. The results show that strategies with
only a few months of control, chosen at the appropriate time of the year, are the most economical, even though they
have little effect on rodent population dynamics.

This model demonstrates how important it is to combine both ecology and economy when discussing management
strategies, with results that are not always intuitive.

Introduction very toxic (i.e. only had a limited effect on mortality). On
the other hand, using highly toxic poisons (i.e. with a
Field rodents are a very serious concern in agriculturgtrong effect on mortality), but only under high mouse
throughout eastern Africa. Farmers consider rodents as tlensity conditions, was not successful in reducing the
most important pest organism in their staple crops andjouse population numbers. Interestingly, the latter
after drought and soil fertility, as the biggest impedimenteactive approach is what most people do in practice.

to higher yields. Besides the usual annual losses, irregular Ecologically based rodent management should focus
rodent outbreaks occur during which damage to crops c@j the reduction of damage levels, rather than the mere
increase to over 80% (Leirs et al. 1996). Most rodenjequction of population numbers (Leirs et al. 1999). In this

control is organised in an ad hoc approach, either at@per, we take the argument even further than consider-
small scale by local farmers, or at a wider geographicgkion of damage and include the net economic benefit of
level by a government agency (Mwanjabe et al. 200243mage reduction (i.e. the difference between the reduc-
Such approaches often come too late, when the damag, of losses due to rodent damage and the cost of the
has already reached high levels. There is a need for betfgfytro| strategies). We investigate how this affects the

strategies that prevent damage. strategies that were proposed as useful by Stenseth et al.
Ecological models allow us to investigate which(2001).

factors contribute to fast population growth, predict

outbreaks, or simulate control strategies to evaluate which

approach would be most effective in keeping a rodent Materials and methods

population at low levels. A number of models for African

rodent populations exist (Leirs 1999). Stenseth et ale used an existing demographic model for the popula-
(2001) used a population dynamics model N@stomys tion of M. natalensismice. This model is based on esti-
natalensismice from Tanzania to investigate a number ofnates of reproduction, survival and sexual maturation
different control approaches. They showed, for exampl@btained from a capture—mark—recapture (CMR) study in
that a sustained control strategy, applying poison evefgllow land in Morogoro, Tanzania. Basically, it is a
month, would be efficient even when the poison was nateslie-matrix type of model in time steps of one month
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with juvenile, subadult and adult age classes and witBifferent strategies included:

demographic processes dependent on rodent populatien never applying rodenticide;

density and on rainfall in the past three months (Leirs et applying rodenticide every month;

al. 1997). The model’s reliability and precision weres applying rodenticide in fixed months only (e.g. every
investigated by Leirs (1999); it is this same model that February or every May); and

was used by Stenseth et al. (2001). » applying rodenticide in months matching pre-set con-

We expanded the population dynamics model with a ditions of rodent population density. _
number of new components. They are briefly described All simulations were first run for 20 years (240 time

here—more details can be obtained from the authors. Steps of one month) to reduce the effect of initial condi-

. . . _tions. After that, control strategies were simulated during
« A submodel for maize growth and yield as a function : .
: " .~ aperiod of 10 years and the net benefits to a farmer calcu-
of rainfall and fertiliser, based on data collected in g . ) . .
S . ated. The area unit for the model simulations was a maize
nearby region in Tanzania (McDonagh et al.

Maize yield increases up to a maximum with ti?i);ield of one hectare. In the model, planting always
rainfall during the cropping period; the slope of thehappened In March, replanting was not provided as a

. . ossibility, and the maize was harvested in August.
increase and the level of the maximum are dependeRt Y 9

on the application of fertiliser. Although the actualtaple 1.values, prices and costs (in Tanzanian shillings; Tsh)
parameter estimates may be different in Morogoro, w@sed for the economic part of the model.

assume that the general form of the functions is simi

lar. For the simulations presented here, we simulate¢®mpPonent Value
fields where 40 kg nitrogen fertiliser per ha was addedNet price of maize 100 Tsh/kg

» Functions linking rodent population density to maize Price of fertiliser 220 Tshikg
damage_at planting and ha_lrvest. These are _based_ @ice of poison 6500 Tsh/kg
observations of Qamage in experimental fields INCied costs per ha of maize field 10 000 Tsh/ha
Morogoro, Tanzania, for which also the rodent popula- ) _
tion size was calculated, based on closed-model CMR /2nning horizon 10 years

estimates. The relationship between rodent populatiofPiscount rate 0.07

density and proportional damage at planting is sigmoi- ) . ,

dal and based on field observations of actual damage |N€ model was implemented numerically using Stella
and rodent densities in 21 study fields in Tanzan%eesearch, version 5.1.1 (High Performance Systems, Inc.,

(L.S. Mulungu et al., unpublished data). At harvestind"anover' NH, USA). Monthly rainfall in the simulations
we assume a linear relationship between number Jyas bootstrapped from rainfall values measured between
rodents and amount of maize that is actually damage;bgn and 1997, adding environmental stochasticity to the

by the mice during the month preceding harvest (0_27610del. Every simulation run was repeated 100 times with
different rainfall series.

kg/mouse).
¢ A simulation of rodent control with rodenticide, ] )
increasing the natural mortality up to a maximum of Results and discussion

95% per treatment with poison, depending on the . . . ,
quantity and quality of the applied poison. In thisFigure 1 shows an example of simulations with different

study, a fixed amount of 2 kg of warfarin bait per hecontrol strategies. In this example, all simulations were

was used for all simulations. We assumed that poisorr'l‘” with the same rainfall series, i.e. the same environ-

baits remain available to the rodents in a field for a Sinmental conditions. The simulation with no rodent control
gle month after application, after which the bait haéhows a strongly fluctuating rodent population, an average
disintegrated harvest, and a low income for the farmer. In years with

) ) _many rodents, the harvest is so poor that it cannot cover
* An economic model expressing costs related to maizg, oroquction costs and farmers may have a net loss
growing (for example, preparing fields, buying andyeqative income). In the scenario with permanent rodent
sowing seeds, buying harvesting bags) and poisofy,nyro, the rodent population is completely exterminated.
application and benefits from selling produced maizerpjs result was also obtained by Stenseth et al. (2001)
Net profits for the farmer are summed and discounteg,, thought this to be the ecologically most rewarding
over a chosen planning horizon of several years. (S§Rethod. Indeed the harvest is very much better and also
Table 1 for the values used in the model.) the farmer’s income increases. The third scenario, control
We simulated different control strategies by varyingunder high-density conditions only, corresponds to what is
the number of months in which rodenticide was appliedoften seen in practice: farmers only perform control
In the present study, we did not compare alternativactions when they actually perceive high numbers of
methods of population reduction, the application ofrodents. Although this strategy does not exterminate the
different rodenticides, or the intensity of rodenticiderodent population, and the yield is lower than under the
applications. The major variable to change in the modedrevious control strategy, the farmer’s income is consider-
was whether to apply rodenticide in a given month or notably higher.
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Figure 1. Examples of simulations run with different rodent control strategies for a 1 ha field of maize. From left

to right, simulations in which rodenticide was applied: (1) never; (2) every month; (3) in months with a density of
over 150 animals/ha; (4) in February every year; and (5) in May every year. The top row of graphs shows the
rodent population size per ha over a time period of 10 years, the middle row shows the predicted annual harvest
from 1 ha during the simulated period, and the bottom row shows the corresponding net annual benefit to the
farmer (in 1000x Tanzanian shillings per ha), after reduction due to all costs, including those of rodent control.
All simulations were run with the same environmental conditions.

The lower harvest is offset by the much lower costs for Conclusions

rodent control, since under this scenario rodent control will

be performed in a limited number of months only. The nex€learly, a model’'s output is only as good as the model

scenario, controlling every year in February, just beforéself is. The present model does not include movements

planting, is the most economically rewarding. The populabetween fields or flexibility in the rodent management

tion fluctuations of the rodents are not affected very muctstrategies (e.g. replanting, habitat alteration, fertility

but the crop is protected during the most sensitive period @bntrol). Therefore, the results should be treated with

planting and, therefore, the harvest is good. Since only @ution and used to guide, but not prescribe, what is done

limited amount of resources must be spent on rodeim practice. However, the model allows us to obtain new

control (only one month per year), the net income isnsights into how the timing of control determines the net

maximal. In contrast, the last scenario—control in Maybenefit to farmers.

every year—results in a poor harvest and a very low net Too often, ecologists tend to ignore economics, econo-

income. Money is spent on rodent control at a time whefists typically have a simplistic understanding of ecology,

the crop is not at risk, the rodent population is hardiand pest control managers commonly underrate both. The

affected and thus the money is basically wasted. It is wor§imulations with the presented bioeconomic model show

noting that the two latter scenarios have very differengptimal strategies are sometimes counter-intuitive and

results for the farmer’s income, although apparently similafodent population dynamics is not the only factor that

outcomes for the rodent population dynamics. must be taken into account.

Of course, the results shown in Figure 1 could be due

to the specific rainfall series. Repeating the same simula-

tions under different environmental circumstances, References

however, shows the same pattern (results not shown here).

It is interesting that prophylactic rodent control in Leirs, H. 1999. Popglations of Africaq rodents: mogels and the

February corresponds to a certain degree to what some €@l world. In: Singleton, G.R., Hinds, L.A., Leirs, H. and

farmers do in Tanzania, but is very different from the Zhang, Z., ed., Ecologically-based management of roqlent
, . pests. ACIAR Monograph No. 59. Canberra, Australian

government’s ad hoc control programs. Comparing more

. - ! Centre for International Agricultural Research, 388-408.
strategies shows that the most rewarding one is a strategé(irs H.. Singleton, G.R. and Hinds, L.A. 1999. Ecologically-

in which control is performed every year |n. January, based rodent management in developing countries: where to
February and November regardless of population density 1,4, |n: Singleton, G.R., Hinds, L.A., Leirs, H. and Zhang

of rodents. Changing fertiliser input may affect the 7z ed. Ecologicall-based management of rodent pests.
relative benefit of different control strategies (results not ACIAR Monograph No. 59. Canberra, Australian Centre for
shown here). International Agricultural Research, 477-484.
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Abstract. In 2000 and 2001, we studied seed predation on wild apRcob(s armeniacgby small rodents in three

habitat types (forest, shrub and grass) in a mountainous area (40°00'N, 115°30'E) near Beijing, China. Seed predation
of wild apricot by small rodents was intense. All the seeds in three habitat plots were removed or consumed within 18
days of seed placement. The seeds disappeared most rapidly from the forest habitat. The number of ‘seed remaining
days’ (SRDs) was negatively correlated with rodent population abundance of the three habitats. Seed predation on wild
apricot by small rodents was spatially heterogeneous. This predation affected seed fate and the natural regeneration of
wild apricots. Rodent density, predation risk and seed availability may be the key factors affecting seed disappearance
of wild apricot. We suggest that grass habitats are more suitable for re-forestation of wild apricot by sowing seeds.

Introduction coat is very hard. Seeds become mature usually in mid-
June and sprout into seedlings in the following spring.
Seed predation by animals may affect plant fitness, pop@pricot seeds are of economic significance, since they are
lation structure and dynamics, community structurghe source of some medicines and are used for a kind of
(Harper 1977; Clark and Clark 1984; Schupp 1988, 199@0ft drink. Wild apricot can survive in harsh conditions
Willson and Whelan 1990), natural selection (Janzewith poor soil quality and low rainfall, and thus is planted
1971) and maintenance of species diversity (Janzen 1970;degraded areas to reduce soil erosion. The impact of
Connell 1971; Grubb 1977). Previous studies haveodents on seed predation of wild apricot has not been
suggested that rodents ate most seeds and only very féiydied and may be critical to understanding plant regen-
seeds were able to become seedlings (Sork 1984; Miya®iation. The link between rodents and the regeneration of
and Kikuzawa 1988; Herrera 1995). On the other handvild apricots in the study region was first investigated by
rodents are also regarded as an important agent for sofeang and Wang (2001) using tin-tagged seeds. They
types of forest regeneration because they disperse apipgested that rodents were an important factor affecting
bury seeds (Jensen and Nielsen 1986). Vander Wall (1998 natural regeneration of wild apricot. However, the
reported that pine seed predation by vertebrates waBatial heterogeneity of seed predation has not been
helpful to understanding forest regeneration. Some studigi/died. The purpose of this study was to investigate how
have shown that habitat heterogeneity may affect sedgdent seed predation is influenced by habitat type. The
removal by animals, especially small mammals (Willsofn@in aim of this series of studies is to propose practical
1992: Burkey 1994). Predation risk may be one importaﬁFthOds for enhancing seeding reforestation of wild
factor influencing the space use and foraging by smafPricot.
mammals (Kotler 1984; Lima and Dill 1990; Gill and
Marks 1991; Wada 1993; Schupp 1995). Crawley (1992)
reported that post-dispersal seed predation by animals was
variable in space and in time. Seed mast years might lead
to seed predator satiation (Janzen 1971) since the hugldy site
production exceeds the number of ;eeds that can be 1p¢ study site is located at 40°00'N, 115°30'E, about
consumed by the total predator population. 120 km north-west of Beijing. It is in the Dongling
Wild apricot is one of the common shrubs or low foresMountain region, a mountainous area near the Liyuanling,
species in mountainous areas near Beijing (Chen 199®lentougou district, and has a warm temperate continental
Each seed of the wild apricot weighs about 1.5 g and itaonsoon climate. The study area is highly disturbed due

Methods
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to extensive human activities over most of the last centur. disappearance, but consumptiorsitu—in this case,

The common shrubs include odBuercus liaotungensis there is a gnawing hole opened by a rodent on the
wild walnut @uglans mandshurigawild apricot Prunus seed coat. The seed coat was left as littesitu and

armeniacd, Vitex negundand Prunus davidianalLarch the inside kernel of the seed was removed. The num-
(Larix principis-rupprecht) and Chinese pineP{nus ber of seeds consumed in situ was recorded according

tabulaeformi} are planted in small areas by local foresta-  to the number of seed coats left in the litter; and

tion farmers. The main rodent species are the field mouge disappearance with the seed removed to other another
(Apodemus specioguswhite-bellied rat Rattus confu- location for consumption or burial.

cianug, striped field mouseX( agrariug, rat-like hamster

(Cricetulus triton), gray-sided voleGlethrionomys rufo-  Statistics

canug, white toothed shrewQtocidura lasirug, striped

. . The loss rate of intact seeitssitu was measured as
hamster C. barabensis long-tailed hamsterQ. longi-

: X N seed remaining days (SRDs) (one SRD = one intact seed
ngattl.?;’ ch|r;1)munk Tamias sibiricu} reld—backg:d vole remainedin situ for one day). Kruskal-Wallis tests were

(C. fut us),_ ouse mous.e!v(us musculus and gray used to identify the difference between SRDs in the three
squirrel Sciurotamias davidiandsin the study area, the dIr’nabitats. Pearson correlations were used to identify the

rodent density is lowest in spring (usually in May) an elationship between SRDs and rodent abundance in the
reaches a peak in August as a result of summer breediq fee habitat types

Seed production of the wild apricot was normal in 2000
but very low in 2001 due to a spring drought. The mean
density of fallen seeds was 13.58 seedsm2000 and Results and discussion
5.26 seeds/fin 2001.
Spatial patterns of rodent population abundance

Spatial patterns of rodent population abundance )
A total of 99 rodents were captured, and included the

Wooden snare Kkill-traps baited with fresh, ripe seedfield mouse, white-bellied rat, rat-like hamster, striped
of wild apricot were used to determine the rodent specigtld mouse and house mouse. The field mouse was the
removing seeds, as well as the spatial patterns of rodegéminant species. Trap success in 2001 (13.5%) was
population abundance. To minimise the effect of trappingignificantly higher than that in 2000 (3%). The average
on the rodent community in the plot where seeds of wilgrap success in this study area between 1993 and 1995 was
apricot were released, the trapping plot was placed abog!3gy, (Ma et al1999). These results suggest that 2001
400 m away from the seed-spreading transect, but on thgss a peak year for rodent populations. The spatial distri-
same slope. In each trapping plot, four transects Wetgition of rodents as revealed by trapping suggested that
selected and 25 traps at intervals of 5 m were set alongdent density was highest in forest habitats (6.0% in
each transect for two consecutive nights. The traps wet®00, 20.0% in 2001), followed by shrub habitats (2.0%
checked every morning and the rodents captured wefg 2000, 5.5% in 2001) and grass habitats (0.4% in 2000,
recorded. To investigate the spatial pattern of rodent popg-09s in 2001).
lation abundance, trapping was carried out near the three g4 of the captured species, with the exception of the

habitat plots (see below) in May 2000 and 2001. Rodemqse mouse, will consume apricot seeds in the laboratory
population abundance was measured as the proportion @anublished data). Thus, they are likely to be the key

trap success. species affecting wild apricot seed disappearance. Further,
in laboratory feeding trials, the appetite of the field mouse
for wild apricot seeds was much greater than that of the
In May 2000 and 2001, three plots representing thre@hite-bellied rat, rat-like hamster and striped field mouse
different habitats (forest, shrub and grass) were selecte@npublished data). Previous studies have shown that the
The forest habitat was a planted larch forest in whicfield mouse is the dominant species in the rodent commu-
Larix principis-rupprechtii was the dominant species, hity (Zhang et al. 1998). Thus, the field mouse was
with sparse representation @f liaotungensisandUImus ~ probably responsible for the disappearance of most of the
laciniata. In the shrub habital. negundoand Spiraea  Wild apricot seeds in the study area. In addition, some
pubescensvere the dominant species. In the grass habitatpdent species such as the Norway rat, gray-sided vole,
Calamagrosis aundinaceand Carex rigescenswere gray squirrel and chipmunk may be involved in seed
dominant species. A transect line was selected in ea¢@moval (Ma et al. 1999) but are not likely to be captured
habitat plot. Five sites were set at intervals of 10 m alongy snare-traps. Some of these species are also rare. Birds
each transect line. All sites were located in areas ofere never observed to eat seeds of apricot, probably due
limited natural seed production. At each site (3),i20  to the hardness of the seed coat.
apricot seeds were placed evenly on the ground surface
and then monitored for their loss. Three categories of sed@pact of habitat on seed disappearance

Impact of habitat type on seed disappearance

states were defined for seeds or their fragments: The removal rate of seeds of wild apricot in all three
1. intactin situ—the seed was intact and remairiad habitats was very high in 2000 and 2001 (Figure 1).
sity; Within 18 days after seed placement, all seeds were
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removed or consumed. The number of SRDs (seedhbitats may limit the ability of rodents to find seeds, as
remaining days) of forest habitat was much lower thaprevious studies have suggested that seedling recruitment
that of shrub and grass habitats in 2006 0.045) and in rates are higher when seeds are planted in the grass
2001 ¢ = 0.004). The number of SRDs was negativelyhabitats (Zhang and Wang 2001). It may therefore be pref-
correlated with population abundance of field moimse erable to target reforestation efforts on grassland habitats
three habitats in 2000 € —0.761P = 0.001) and in 2001 where seeds will not be at such a great predation risk.

(r = -0.713,P = 0.003). Nearly all seeds were carried Compared to other seeds (e.g. acorns), very few
away from the original placement sites. Only one seedpricot seeds were consumedsitu. This was perhaps
was consumeth situ—this occurred in the shrub habitat related to predation risk. The seed coat of wild apricot is

in 2001. much harder than that of acorns, and a small rodent takes
a longer time to open it, so the predation risk will be
120 . higher.
—o— Forest
100 x —=— Shrub
80 —x— Grass Conclusion
—X =X —=X—X

60
_%D 20 We conclude that seed predation by small rodents was
§ "\ spatially heterogeneous. This affected seed fate and
=) 20 Xy consequently the natural regeneration of wild apricots.
o Sx . . ..
- 0 = The rodent population abundance, habitat characteristics
8 o 2 4 6 8 10 12 14 16 18 and seed availability appear to be the key factors affecting
< 120 b seed disappearance of wild apricot. We suggest that to
=] —o— Forest . . . . .
@ 100 x—x—x achieve reforestation of wild apricot, seeds sown in the
5 —a— Shrub K .
@ —x— Grass grass habitats would be more likely to lead to success.
=]
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Abstract. We investigated macrohabitat use in populations of the blacRa#tué rattusnd the brown ratRattus
norvegicusyt Bradley's Head, New South Wales. The study site included a zoological park and surrounding bushland
reserve on a headland of Sydney Harbour. These two environments provided quite different macrohabitat types. The
bushland reserve contained a dense mix of native and introduced plant species, while more open and disturbed habitats
were located within the zoo. Between December 2000 and June 2001 we found a clear difference in the habitat use pat-
terns of the two species. Only 3 of BOrattustrapped were caught within the zoo grounds.REarorvegicus51 of 82

individuals were trapped within the zoo grounds, revealing a preference for an area that contained a large food source
in the form of a refuse pit. The removal of approximately 73%®R.aforvegicugrom within the zoo grounds by poi-

soning failed to elicit a change in habitat useRoyattus as measured by both trapping and radio-tracking. Of the 12
radio-collaredr. rattustracked after the removal, none moved into the zoo grounds. Perceived predation risk may play
an important role in determining the habitat use patterRs oittusat Bradley’s Head.

Introduction Dickman 2001)R. norvegicusas previously been found
to be competitively dominant tR. rattusin laboratory

Both the black ratRattus rattuy and brown ratRattus €xperiments (Barnett 1958). In the present study around
norvegicu} are introduced pest species of the Sydnefradley’s Head in Sydney, we examine interspecific
region. Since European settlemeRt rattushas extended Ccompetition between these two commensal rat species. We
its range to cover most of the temperate areas of eastdiypothesise that the Norway rat excludes the black rat
Australia where the habitat has been disturbed by peogf®m its preferred habitat, so that if the Norway rat is
(Cronin 2000).R. rattusis common to both disturbed removed from an area, black rats will quickly colonise the
bushland and urban areas where it prefers dense und@fPty area.

storey vegetation and deep leaf litter in forested areas, and
lives a partly arboreal existence (Key and Woods 1996; :
Cox et al. 2000). In urban areas, black rats will often Materials and methods

occupy buildings, nesting in wall cavities and roofs. BOtrburing a pilot study in December 2000 and January 2001,
species of rat are omnivorous generalists that are easjlyg traps were spread throughout the Taronga Zoo and
able to adapt their feeding habits to the available foogurrounding bushland at Bradley’'s Head. Two trapping
types (Macdonald 1984R. norvegicuprimarily is found  sessions were conducted, each for three nights. Wire
in highly disturbed habitats, such as around the Sydngyyssum cage traps were used for the capture of rats. The
Harbour foreshore (Cronin 20003. norvegicusias been pyrpose of the trapping conducted at this time was to
found to occupy sewers, drains, and tips and is not notgduge the abundance and species diversity of small
as a climber, preferring to move between areas throughammals at Bradley’s Head. A mixture of oats, wheat
drains and crevices in rocks rather than by climbingrain and fish sauce was used to attract animals to the
through trees (Taylor 1978; Key and Woods 1996). traps.
Interspecific competition can be an important determi- We found in these preliminary studies that f&wv

nant of small mammal macrohabitat use, resulting irattuslived on the zoo grounds. On trapping trips in May
restriction or exclusion of the subordinate species frorand June, 2001, we focused on the southern section of the
particular habitat types where the dominant species hagzao, which allowed more intensive sampling of an area
competitive advantage (Dickman 1984; Maitz andhat contained a diverse range of habitats. Sixty traps were
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set for five consecutive nights in May, and again in June. Results and discussion
This smaller study area was broadly divided into two

markedly different macrohabitat types: the bushlandifty-five rats were live-trapped at Bradley’s Head
reserve outside the zoo, and a refuse pit and water trefetween December 2000, and June 2002 (Table 1). Of
ment works inside the zoo. The bushland reserve extentliese, 82 wereR. norvegicusand 30 wereR. rattus.
approximately 500 m between Sydney Harbour and th&wenty-seven of thes®. rattus were caught in the
southern zoo boundary. It is 100 m wide on average arfshland reserve, beyond the zoo walls. The three trapped
slopes down steeply to the harbour, with the resendgside the zoo were caught amongst thick vegetation in the
including a headland and small beach 150 m long. Thaviaries and gardens located centrally within the zoo. This
reserve contains many large trees with Moreton Bay figéontrasts strongly withR. norvegicusof which 62% of
(Ficus macrophyll and Sydney red gumsiggophora individuals were trapped within the zoo grounds.
costatd the dominant species. The area has a multitude #Prvegicuswas trapped over a range of habitat types
weeds including blackberrR(bus fruticosyswandering  including open areas, such as along paths and in animal
Jew (Tradescantia albiflorp and lantana L@ntana €nclosures. They were observed to congregate in large
camarg. Further to the east is a small national park, whiléumbers at food sources, such as around the refuse pit, in
to the west is suburbia. The zoo grounds included withignimal enclosures where food had been spilt, as well as
the trapping area are largely open. The refuse pit is locat@gound kiosks and bins where zoo patrons had discarded
approximately 20 m from the zoo boundary and consist§0d. The observations of this species suggestedRhat

of a 25 m diameter concrete floor with a crumbling 4 nhorvegicusmay be excluding its smaller congener from an
high brick wall on its northern side. Hay, chaff, seedarea rich in food. The restriction &. rattuswithin the
animal waste, and plant clippings are tipped into this arezP0 grounds to thick vegetation suggests that they may be
and may remain for a week or more. The northern half gible to persist in the presenceRofnorvegicusnly where

the study site includes treatment ponds, buildings foihere is ample cover. This is consistent with observations
water treatment, and some small garden beds. North of tHeatR. norvegicuss competitively dominant t&. rattus
refuse pit is a vegetated slope dominatedrbgibiflora (Barnett 1958). The arboreal habit Rf rattusin dense

Beyond the study area to the north are the main animvshland (Cox 2000) indicates that they may be able to
exhibits. partition their use of the landscape to avRichorvegicus

TO test the role _Of |.nFerspeC|f|c competl’Flon on m"?lcroTabIe 1. Total number of captures from four trapping trips
habitat use, most individuals of the putatively dominantongycted between December 2000 and June 2001. The zoo
species were removed. In the absence of any suitalighce is the boundary that divides the two macrohabitat types.
replicate sites, individual radio-collared rats were used asnly three maleR. rattuswere trapped inside the zoo grounds
replicates. This provides a response of individuals tauring this period.
reduced interspecific competition (Dickman and

Woodside 1983). We had planned to rem@veorvegicus Ratusratius _ Rattus norvegicus Total
through extensive trapping. However, in the 6 weeks Zoo Bush Zoo Bush Captures
between trapping sessions, the zoo undertook an extensiygles 3 12 24 19 58
baiting campaign around the refuse pit. There was N%emales 0 15 27 12 54
baiting in the bushland reserve beyond the zoo bounda%

This meant that the goal of removal of a large majority of otal s 27 o1 sl 112

R. norvegicusvas met at the zoo site. Moreover, if the ) )

numbers ofR. rattus dramatically decreased over this  The trapping during May and June revealed an even
period then it would suggest they had been feeding withileéarer pattern of habitat use By rattus Of the 40 rats
the zoo grounds. trapped, 10 werd. rattusand all of these were trapped

. . . .outside the zoo grounds within the bushland resdRve.
During the pre-removal trapping session conducted in

May 2001, sixR. rattusand severR. norvegicusvere .nor.veg|cuswas_found n approxmately. equal numbers
) . . ; . nside and outside the zoo. The refuse pit was a key feature
radio-tracked using single-stage transmitters (Slrtrac|<

X ) : of the southern section of the zoo and it contained a wide
NZ). All radio-collared rats weighed over 100 g in order to anae of suitable rodent food. Large numberR afiorvea-
keep the transmitter weight less than 5% of the animal’s"9 - -arg ’ 9

. S o . “'ieus, up to 20 in 10 M were observed to feed from the
body weight. Al |nd|V|FiuaIs were S.t'" allve_ and pemg refuse pit each night. We expected an area containing such a
tracked at the completion of the radlo—tracklng perlod. on_ried and ample food supply would be frequented by both
the 9 May 2001.' Eo_r the post-rem.oval rad|o-track|r1 Yodent species. Yet trapping suggestedrhaattusavoided
session, 13 new individuals were radio-collared of Wh'Cths area. The area is relatively open adrattusmay
eight wereR. rattusand five wereR. norvegicusTwo R. avoid it because of a greater perceived risk of predation.

rattus were unable to be tracked for a sufficient time toThis area is fenced to minimise access by cats, dogs, and

allow their home ranges to be calculated. This session WAS < hence the emphasis on perceived predation risk. We
completed on the 28 June 2001. ' P b P .

know of no other study that has reported similar habitat
partitioning by these two rat species in an urban landscape
dominated by vegetation and open access to food waste.
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trapping data, suggests that rattusrarely venture from
50 - the bushland reserve into the adjacent zoo grounds.

Immigration into the study area over the 6-week

40 1 period during which the numbers d®. norvegicus

T decreased appeared to be low. FRwnorvegicusvere

§ 20 observed feeding from the refuse pit at night during the
7;; final trapping session. This is despite the observation that
2 R. norvegicumumbers remained high in other parts of

2 204 the zoo. This may be due to an abundance of food in
E animal enclosures in other parts of the zoo. With such
Z 10 resources available elsewhere, there may have been no

incentive for migration to take place. Dickman (1991)
found that subordinate species of small mammal might

Before‘Baiting Afteréaiting | respond within hours to the removal of a dominant
Location and species of rats trapped species, so the possibility of a delayed response to the
removal of the majority oR. norvegicuss unlikely. The
S R. rattus trapped outside 200 large decline irR. norvegicusiumbers was most likely

EE R norvegicus trapped outside zoo
R norvegicus trapped inside zoo

due to the change in baiting regime rather than intrinsic
demographic factors because it occurred when the rats

Figure 1. Response of botRattus rattusandRattus norvegicu®  were still breeding and high rodent densities were
baiting conducted around the refuse tip within the grounds ofhserved elsewhere in the zoo.

Taronga Zoo between 9 May and 20 June 2001. A reduction of ) .
73% in R. norvegicusnumbers was observed, with numbers In May and June, radio-tracking of 1R. rattus
reduced both inside and outside the zooRNmttuswere trapped ~ Yielded a total of 373 location fixes, with each of these
within the zoo grounds. The absence of a significant reduction ifats having their position recorded not less than 28 times.
the number oR. rattusfurther supports the hypothesis tht  No difference was found in habitat use patterns following

rattusdoes not venture into the zoo grounds to feed. the removal oR. norvegicusOn no occasion was aiR/

The baiting ofR. norvegicudrom around the refuse rattus observed to occur on zoo grounds (Table 2). By
pit reduced the population by 73% in 6 weeks (Figure 1)contrast, approximately two-thirds of all locations
The amount of bait laid out by zoo staff around the refuseecorded forR. norvegicusvere within the zoo grounds.
tip increased five-fold during this period. The dramaticThe 12 radio-tracke®. norvegicusvere all documented
reduction inR. norvegicusiumbers and the apparent lack entering the bushland reserve and all visited the refuse pit.
of an effect on the numbers Bf rattussuggests that few, Therefore,R. rattusappeared to be restricted to areas of
if any, R. rattusconsumed bait. While this may reflect andense vegetation, where&s norvegicusmoved freely
aversion to bait stations, this finding, combined with théetween the two habitat types and fed from the refuse pit.

Table 2. Total number of fixes recorded in the two macrohabitats for 24 radio-collared rats between May and June 2001.
No Rattus rattuswas found to enter the zoo grounds, whiattus norvegicusnoved freely between the two
macrohabitat types.

Rattus rattus Rattus norvegicus
Sex Fixes in zoo Fixes outside Total Sex Fixes in zoo Fixes outside Total
Male (M) 0 32 32 M 31 1 32
M 0 32 32 M 29 3 32
M 0 31 31 M 24 8 32
M 0 33 33 M 11 21 32
M 0 34 34 M 25 34
M 0 28 28 M 25 34
Female (F) 0 32 32 M 11 20 31
F 0 31 31 F 31 1 32
F 0 30 30 F 30 2 32
F 0 31 31 F 7 22 29
F 0 31 31 F 29 2 31
F 0 28 28 F 25 3 28
6M, 6F 0 373 373 7™, 5F 246 133 379
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Conclusion Barnett, S.A. 1958. An analysis of social behaviour in wild rats.
Proceedings of the Zoological Society of London, 130, 107—
The two commensal rodent species showed markedly 152- _ _
d|fferent patterns Of hab'tat use at Bradleyls Heﬁd OX, MPG, D|Ckman, CR and COX, WG 2000 Use Of hab|tat
rattus strongly favoured areas of dense bush, wheReas by the black ratRattus rattus at North Head, New South

. . . Wales: an observational and experimental study. Austral
norvegicusoccurred in both the zoo grounds and in the Ecology, 25, 375-385 P y

bush adjacer!t to the zoo. .We suggest that more mark%‘?onin, L. 2000. Key guide to Australian mammals. Sydney,

predator avoidance behaviour IR rattus rather than Envirobook.

interspecific competition, is responsible for the perceivegickman, C.R. 1984. Competition and coexistence among the
difference in habitat preference. There is mounting small marsupials of Australia and New Guinea. Acta Zool.

evidence that predators can strongly influence the habitat Fenn., 172, 27-31.

use of rodents (Banks 1998; YIonen et2002; Arthur  Dickman, C.R. 1991. Mechanisms of competition among insec-
and Pech, this volume). The strength of this effect on tivorous mammals. Oecologia, 85, 464-471.

habitat use byR. rattusin urban settings requires further Dickman, C.R. and Woodside, D.P. 1983. A test of a competition
investigation, as does the apparently weak effect that it model with reference_to three sp_ecies of small mammals in
may have orR. norvegicusA practical recommendation  South-eastern Australia. Oecologia, 60, 127-134.

from this study is that pest control at the zoo should b€ G-E. and Woods, R.D. 1996. Spool-and-line studies on the

. e . behavioural ecology of ratfRattusspp.) in the Galapagos
focused onR. norvegicus with invasion byR. rattus Islands. Canadian Journal of Zoology, 74, 733737

appearing unlikely even in the absence of its IargeI(/Iacdonald, D. (ed.) 1984. The encyclopedia of mammals.
congener. Control methods at the zoo should initially | 5hdon. Allen and Unwin.

address the problems of food spillage, animal waste, anghitz, Ww.E. and Dickman, C.R. 2001. Competition and habitat
the storage of these in a location that is not open and yse in native AustraliafRattus is competition intense, or
easily accessible fd®. norvegicus important? Oecologia, 128, 526-538.
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Abstract. Understanding the role of interactions between intrinsic feedback loops and external climatic forces is one
of the central challenges within the field of population ecology. For rodent dynamics, the seasonal structure of the envi-
ronment involves changes between two stages: reproductive and non-reproductive. Nevertheless, the interaction
between seasonality, climate, density-dependence, and predators has been generally ignored. In this study, we analysed
the combined effects of non-linear feedback and non-linear, non-additive climatic forces on population dynamics of
small rodents. We studied population time series of several small rodent species inhabiting different continents: (i)
southern temperate forests of Chile, (ii) a desert in south-western United States of America (USA) and (iii) a deciduous
forest in eastern USA. We analysed the numerical fluctuations exhibited by these small rodents using theoretically
based models of population dynamics. Recent climatic changes seem to account for dramatic perturbations of the
rodents’ dynamics. Direct and indirect climatic effects and their non-linear structure are likely to have important
effects on rodent dynamics. Assuming such interactions to be typical of ecological systems, we conclude that appropri-
ate predictions of the ecological consequences of climate and global change on small rodent populations will depend
on having an in-depth understanding of the community—weather system.

Introduction 1998; Grenfell et al. 1998; Lima et al. 1999). However, in
most of the studies, it had been assumed that the endoge-
The numerical fluctuations exhibited by small rodenhous and exogenous effects are linear and additive. As a
populations have fascinated ecologists during the last 8&nsequence, the existence of non-linear and non-additive
years. Since Elton (1924), the study of regular cycliclimatic effects has been much less studied (but see
oscillations of arvicoline rodents (lemmings and volespBeether et al. 2000; Mysterud et al. 2001; Stenseth et al.
has been influential for understanding animal populatior002).
dynamics (Hanski et al. 1993; Stenseth 1999). The The inclusion of climatic forces in population dynamic
emphasis of these studies has been the search for thedels represents an interesting challenge for small
underlying feedback structure (first- and second-ordeghdent ecologists (Stenseth et al. 2002). Two factors
representing the individual interactions (within- andcontribute to this challenge: first, because the signature of
between-level trophic interactions). By contrast, the popuhe climatic forces on population dynamics depends on the
lation dynamics of non-cyclic small rodents have been lesghderlying feedback structure (Royama 1992); and
studied. While studies focusing on cyclic rodent dynamicsecond, because there are complex interactions between
have emphasised the role of direct and delayed densityre feedback structure and climate. For example, climate
dependent feedback and seasonality as the importagsn affect the maximum per capita growth rate, or the food
factors driving numerical oscillations, the influence ofsupply, or even the intra- and inter-specific interactions. In
climatic forces on fluctuations of small rodent populationghis case, climate affects the system in a non-additive
has received less attention. manner because the feedback structure parameters are a
For decades, the role of exogenous and endogendusiction of climate (Stenseth et al. 2002). In this study, we
factors in determining population dynamics has been hotgnalysed the combined effects of non-linear feedback and
debated in population ecology (Nicholson 1933non-linear, non-additive climatic forces on the population
Andrewartha and Birch 1954). Today, there is a growindynamics of small rodents. We studied population time
body of empirical evidence supporting the joint effects oferies of several small rodent species inhabiting different
endogenous and exogenous forces on the dynamics aaintinents: (i) southern temperate forests of Chile, (ii) a
natural populations (Leirs et al. 1997; Forchhammer et alesert in south-western United States of America (USA)
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and (iii) a deciduous forest in eastern USA. We analysed For characterising the climate in south-western USA,
the numerical fluctuations exhibited by these smallve used data for the summer and winter rainfall from the
rodents using theoretically based models of populatioPortal study site.

dynamics.

Statistical models of population dynamics

Material and methods Population dynamics of small rodents are the result of
the feedback structure and climatic (also stochastic) influ-
ences. To understand how these factors determine popula-
tion fluctuations, we consider the scenario of Figure 1. The
We used time series data of three small rodents fromrows define the potential ecological interactions between
Chile, six species of small rodents from eastern deciduoygdents, plants, predators and climate: the first-order intra-
forests in Pennsylvania, USA, and 12 species of smadecific feedback within the rodent population is defined by

Small rodent data

rodents from south-western semi-arid USA. the partial derivative(df,/dN). The trophic interactions
o between rodents and plants are given by the partial deriva-
Climatic data tives, dgy/oP and agp/dN, respectively, and the trophic

For characterising the climate in Chile, we used thénteractions between rodents and predators by the partial
annual rainfall from lllapel station (31°30'S, 71°06'W)derivativesdj\/0Y anddjy/ON and the direct climatic effects
and Valdivia town (39°38'S, 73°07'W) (NCDC 2002) theare given byhy/oC andohp/dC (Figure 1).

Southern Oscillation Index (SOI) (DNRM 2002) and the  One way to simplify the system is when rodents have
Antarctic Oscillation Index (AAOI) (Climate Prediction no effects on plant dynamics (i@gp/0N = 0) and there
Center 2002). are no effects of predators on rodent dynamicsajingdY

For characterising the climate in Pennsylvania, USAs 0) Under this scheme, we can represent these ecological
we used different climatic variables to represent environrelationships from the small rodent perspective using a
mental conditions: the North Atlantic Oscillation (NAO) very general model in terms of reproduction and survival
index, the yearly rainfall, the average winter and summesf individuals (Berryman 1999), which represents a
temperatures and the average snow depth for Powdermithriant of the Ricker (1954) discrete-time logistic model
Biological Station (40°10'N, 79°16'W). influenced by climate and stochastic forces.

Y, =Y, , .e[ay +fy (Ve )+ iy (N

Y

gy = A

o ng N, =N, .e[azv + v (Voo )+ gy (P 4 iy (Ve Ay (C )]

oh .
(aN Climate
C c,
.
o
agP : é , ohp K
v i o | o ac
= 0 oP ac “"‘
H .
“-...6/"
Plant Biomass or JP ap+fp(Py)+ N Veh(C
= PP\ JTEP NV P
Abundance or P =PF_ -e[ (P1) (N J+hp(Cy)]
R
A P,

Figure 1. A schematic model illustrating the potential interactions between plants, small
rodents, predators and climatg.N; andP; give abundance of predators, small rodents and
plants respectively, while climate denoted@y The ecological function§(*) andjy(*) in

Y, (%), On(®), andhy(®) in Ny andfp(), gp(*), andhp(*) in P; describe the changes in
predator, rodent and plant populations following the ecological interactions given by the
arrows and defined by the partial derivatives. The dotted arrows indicate the relationships
that were not explicitly considered in our modelling of the population dynamics. See text
for details.
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N =N, -t @mcral @ R=4,+fy(N_-C)+n(C)+e O
t t—

The basic idea for population analysis is to choose a
whereN, andP; are the small rodent and plant abundancegymily of functional forms to fit time series data. This

at timet, C; is the variable representing the climate stateygatg equations 3, 4 and 5 as non-parametric non-linear
The termAy is the maximum per capita growth rate andyggels (see Bjgrnstad et al. 1998 for an ecological
the functionsin(Ne-1), In(Ca), andhn(Cy) represent the  eyample). The choice of the functional formsffayandh
effects of rodent a'lbundance., plant abundance and climatg, pe approximated using natural cubic splines (Bjarn-
on rodent population dynamics andepresents normally giaq et al. 1998). The complexity of the curve (the number
distributed stochastic perturbations. Direct effects ofy degree of freedom) was 3 and the number of terms was
climate on rodent population dynamics may be producegbsted by using the Schwarz's Bayesian criterion (SBC)
by mortality due to freezing temperatures or snow dethS_pLUS 2000). The SBC is obtained as the —2*log-likeli-
and also by flooding. On the other hand, plant abundan¢g,oq + npartlog(nobs), where npar represents the number

is directly influenced by climate. In consequence, fromyf parameters and nobs the number of observations in the
model 1 and in the absence of data about plant biomassfed model.

abundance, we can represent the small rodent population
dynamics as a single equation with lagged climatic effects ) )
(see Royama 1992; Forchhammer et al. 1998): Results and discussion

The numerical fluctuations observed in these small rodent
species appear to be the result of strong non-linear
climatic effects combined with negative first-order feed-
(whereN; denotes the small mammal abundance at tjme back, which were strongly non-linear in some species. In
Ci is the lagged climatic effect due to delays in interacaddition, some species showed non-additive climatic
tions with the lower trophic level (plants biomass) (seeffects.

Forchhammer et al. 1998}, is the direct effect of climate For example, in northern Chile, population growth
(for example, snow, freezing temperatures, rainfall angates of the leaf-eared moughyllotis darwin) exhibit a
floods) andfy(Ni_3), gn(Cip), andhy(Cy) are unknown clear seasonal structure, i.e. factors influencing population
functions which have to be estimated from the data. Tf’@rowth rates are clearly different between breeding and
lagged climatic effectg(y(Cy_)) is a compound function non-breeding seasons. In addition, we detected non-linear
of three ecological processes—the direct effects ofiensity-dependence. The seasonal structure and the
climate on plantsohp/0C), the self-regulation term of factors influencing population growth rates were able to
plants @fp/0P), and the positive effects of plants on rodentcapture the observed temporal variation in these rates,
dynamics §gn/0P) (Figure 1). An alternative way to including their structural variation over time (Figure 2).
express equation 2 is in terms of the instantangeus The long-haired field mouséKrothrix longipilig in
capita population growth rates, which represent thesouthern temperate forests of Chile was characterised by a
processes of individual survival and reproduction thagecond-order feedbackl(; and N;_,) and a non-linear
drive population dynamics. This is tiefunction (sensu effect of SOI on the per capita growth rates. This climatic
Berryman 1999). Definindx = log (\Ny) — log N1)  effect can be a proxy for the influences of climate on food

N = N, -l ube (G oa] @
t t—

equation 1 can be expressed as: (fungus in autumn and winter, and fruits and plants during
, summer) (Figure 3).
R=A,+fy(N )+en(C )+h(C)+e @ Long-tailed rice rats @ligoryzomys longicaudatys

were characterised by first-order dynamics and a negative
fion-linear effect of SOI on per capita growth rates, that
'means that El Nifio years have a negative impact on the

and includes the climatic and stochastic forces that drivﬁopulation dynamics of rice rats. This negative impact

popglatlr(:n dylf]wamk:cs ljn n?ture.. & b q dmay be associated with the relationship between SOI and
n the other hand, climatic effects can be non-a Summer rainfall in southern Chile. Also, the non-linear

tive. The n_on—gdditive effects of climatic variables can p%md negative effects of rainy winters may be the effect of
gwﬁc;dcigegnlg | ;jrllzfe(;%]; n\;\gz\;/sr.naF;rhgégrgp:géi;Tii g'é“r;?%](/igh over-winter mortality produced during very rainy
) , inters due to cold weather or flooding. The non-linear
supply sFruqtyre wher€ ; is an mdex of th_e effect of effects of rainfall and SOI on population growth rates
food availability on rodent population dynamics: represent a new and interesting finding for understanding
population dynamics of this rodent (Figure 4).
’-1J+ hy(C,)+s, (4) Strong non-linear and non-additive effects of winter
-1 weather were observed in the population dynamics of
or the climatic effect may be a factor of the feedbaclsmall rodents from Pennsylvania (USA) (Figure 5) and
structure, that is, the feedback function depends o@hihuahuan desert in Airzona, USA (Figure 6). This
climate: finding emphasises the importance of interactions

This model represents the basic feedback structur
without explicit representation of the plant trophic level

N

Rt:An-"—fN[
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between climate and feedback structure for understanding
the population dynamics of small mammals. Although
severa studies have shown effects of climate in different
ecological systems (see Ottersen et a. 2001 for areview),
in this study we describe for the first time effects of the
NAO on small rodent populations inhabiting North
America and non-linear effects of rainfall on kangaroo
rats. The NAO is primarily a winter phenomenon influ-
encing air temperatures, winds, and precipitation over the
North Atlantic areas. In the same vein, strong non-linear
and non-monotonic effects of winter and summer rainfall
on small rodent population growth rates were observed in
time series from south-western USA.

Breeding season model
RPT, = £, (N; d.f. 3) + f, (Rain; d.f. 1) + f5 (Predators/N; d.f. 3)
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Figure 2. Best generdised additive model (GAM) representing the
breeding R-function for leaf-eared mouse dynamics (breeding
season model): (a) partial non-parametric regression line for the
population density (N—1); (b) partial non-parametric regression
line for annual rainfal; and (c) partial non-parametric regression
linefor theratio (tota predator abundance index)/(leaf-eared mouse
abundance). The model was fitted by using natural cubic splines
with 3 df. Dashed lines are 95% confidence intervals, Rz = 0.97.

Best GAM model representing the non-breeding R-function
for leaf-eared mouse dynamics (non-breeding season model: (a)
partial non-parametric regression line for the ratio (barn owl
abundance index)/(leaf-eared mouse abundance); (b) partial
non-parametric regression line for annual rainfal effect; (c)
partial non-parametric regression line for the ratio (culpeo fox
abundance index (foxes))/(leaf-eared mouse abundance); and (d)
partial non-parametric regression line for the effect of burrowing
owl abundance index (burrowing owls). The model was fitted by
using natural cubic splines with 2 df. Dashed lines are 95%
confidence intervals; R? = 0.98.
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Figure 3. Statistical population dynamic model representing the
per capita population growth rates [(R; = Log (N¢/Ni;) or R-
function] for long-haired field mice (Abrothix longipilis). (a)
Partial non-parametric regression line for first-order feedback
(N¢_p)- (b) Partial non-parametric regression line for the second-
order feedback (N,_,). (c) Partial non-parametric regression line
for Antarctic Oscillation Index (AAQI). The model was fitted by
using natural cubic splines with 3 df. Dashed lines are 95%
confidence intervals and explain 94% of the variance.

Consequently, we suggest that the interactions
between direct and indirect climate effects, and non-linear
density-dependence, are the key elements in under-
standing the dynamics of many small rodent populations.
The principle that emerges from this study is that
predicting responses to global change of natural popula-
tions may be confounded if non-linearity and non-additive
effects are not clearly assessed. The existence of both non-
linearity and non-additivity has profound implications for
understanding natural population dynamics and food web
structure. We contend that one cannot predict the
responses of natural systems (populations and communi-
ties) to climate changes unless the particular non-linear
structure of these systemsis fully understood.
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Figure 4. (a) Partial rate correlation function (PRCF) for the rice rat time series. (b) Best
model representing tHe-function and the climatic co-variables for rice radigoryzomys
longicaudatus Partial non-parametric regression line for the ratio between population
density and seed densiti{,(;/Seeds,); partial non-parametric regression line for winter
rainfall (c) and partial non-parametric regression line for Southern Oscillation Index (SOI)
(d). The model was fitted by using natural cubic splines with 3 df. Dashed lines are 95%

confidence intervals.
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Figure 5. Best model representing tRefunction and the climatic co-variables for southern flying squirrels
(Glaucomys volans at Powdermill Biological Station, Pennsylvania, USA. Partial non-parametric
regression line for population densitil;.(;)/North Atlantic Oscillation (NAO); partial non-parametric
regression line for population densiti{.(;) * Average summer temperaturdvly; and partial non-
parametric regression line for direct snow depth effects. The model was fitted by using natural cubic splines
with 3 df. Dashed lines are 95% confidence intervals.
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Figure 6. Best model representing tiefunction and the climatic co-variables for Banner kangaroo rats
(Glaucomys volansat Portal, Arizona, USA. Partial non-parametric regression line for population density
(N_p); partial non-parametric regression line for the interation between small rodent abundance/plant cover;
and partial non-parametric regression line for lagged and direct summer rainfall. The model was fitted by
using natural cubic splines with 3 df. Dashed lines are 95% confidence intervals.
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Abstract. The community-based trap—barrier system (CTBS) is a relatively new technology for the non-chemical con-
trol of rodent pests in rice fields. There has been substantial biological work conducted on the CTBS but relatively little
anthropological work. This paper develops a framework for understanding the CTBS by redefining the CTBS as a
common property resource (CPR) and thus subject to many of the same constraints and opportunities as other CPRs.
The paper shows that many of the documented threats that other CPRs have are also present in the CTBS, principal
among these are the free rider, issues of transparency and equity, and the use of existing institutional structures for
resource management. We begin by applying a typical CPR framework to the CTBS—demonstrating the links between
the two systems. This is followed by an analysis of a set of threats to CTBS derived from our understanding of CPRs.
We conclude with a set of testable hypotheses for those interested in applying this framework to other CTBSs or CPRs
in general.

Introduction the irrigation water. Adjacent to each hole is a multiple-
capture trap suspended on bamboo above the water level
The community trap—barrier system (CTBS) is a relativelyon the crop side of the fence). A mud mound provides
new technology for the management of rodents in ricaccess to the hole and thence to the trap. Rats are attracted
fields (see Singleton et al. 1999 for review). We have madeom an area beyond the field of one farmer. This area is
an effort to define the CTBS in sociological terms to bettaeferred to as the ‘halo’, or the area of effectiveness, and
understand the social dynamics of management. This inay cover an area of 10-15 ha (Singleton et al. 1999).
turn allows us to make better recommendations regardir@ne distinct advantage to the CTBS is that no poisons are
how to improve the overall effectiveness of the system. used, although management and labour costs may be
In this paper we draw on our experiences of th&igher than in typical baiting systems.

adoption of the CTBS in the Mekong Delta to present a
theoretical framework for understand the sociological
component of the CTBS, followed by a selection of threats Theory
to the sustainability of the CTBS, considering only socio-
logical aspects. Based on these threats, a set of meckaiames of reference
nisms for improving the likelihood of the sustainability of

. . . : There are at least two analytical frames possible in a
CTBS is suggested. Finally, we identify a set of hypOthCTBS. First, the CTBS is a common property resource

Efoes iLha; Z?enmze used to test the CTBS in d|ffere|(1&PR)' created with the establishment of the system by
pping sy ' community labour and shared cash inputs. Second, the
CTBS is a private resource, where the outputs of the

Technical background to the CTBS CTBS, e.g. low rat damage, is considered a positive exter-
nality of individual behaviour.

A CTBS for rodent control in rice fields has an early Property rights are understood as thsarictioned
planted ‘trap crop’ within the CTBS, which lures rodentsbehavioural relationsamong men that arise from the

to the traps. Ideally, the trap crop should be planted aboexistence of goods and pertain to their use” (Furubotn and
20 days before the surrounding rice fields. The trap crdpejovich 1974). Theorists typically recognise four sanc-
has a plastic barrier around it, placed along the margin oft@ned behavioural relations: private, communal, state, and
rice crop, and small holes are made in the fence just abowpen access (Feeny et al. 1990). State control of resources
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and open access rights regimes will not be considered heseuld be considered a common good for his extended

since they are not generally relevant to the managementfaimily. The main difference here is the degree to which

a CTBS. Of interest here are the various costs, benefithiese decisions turn on the expectation of return. Within a

and general utility of private and common property in théousehold, all members contribute resources and receive

management of rodents. benefits according to some culturally determined set of
Arice field is typically owned privately by the farming principles.

household. This means that the right to manage, sell, or For a typical common property resource (CPR), the
lease the property is determined by the household itseliitributes are important in determining the management
without any undue encumbrances laid upon it by either thﬁrategy employed for optimum use (McCay and Acheson
government or other households. Common property exist®9g7). There are four important aspect of a CPR: (1) the
where a group of users cooperate in the management a@@hnical attributes; (2) the decision-making arrange-
disbursement of the resource, and thus share in thgents; (3) the patterns of management interaction; and (4)

benefits ‘stream’. Users share the ‘rights’ of resource us@e outcomes of various management decisions and
and ‘duties’ of resource management (Bromley angptions (Oakerson 1986).

Cernea 1989).

Typically, no common property exists in a rice field Technical attributes
since rice is the sole property of the owner. But when a . . _ . .
CTBS is established using shared resources, such as mate-O"€ Important technical attribute is subtractability,
rials and labour, a common property is created. In thidNich is the degree to which one resource user limits the
case, the shared resources are reduced rodent damagt$p Of another (Oakerson 1986). This is important because
rice, any consumable rodents, and other consumabiBOst resources are limited in time and space, thus too

animals caught in the trap. The shared costs include tfgany users would mean both higher costs to obtain

cost of the fence, and the labour to erect it, and any codesources and the potential for degradation of the resource
’ ’ er time. Neither of these are problems necessarily,

incurred related to early establishment of the rice crop arfy/ X : .
daily monitoring of the traps and the fence. because the main benefit of a CTBS is actually the

In some cases, the TBS may operate as a priva?é)sence)fa_problem (rat damage)_, creating_resence)f _
property system with a stream of positive externalities. 1& 'éSource in the form of a public good (improved rice

this case, a family may decide to establish TBS on the}fjeld within the halo). Sharing the trapped rats can be

own. They receive the full benefits of reduced rat damag%faalt with through ins_titutiongl cooperation. One commu-
and the control of all the live animals caught in the trapd)ity 9roup came up with the idea that those who check the

Those farmers outside the immediate family yet stilfraps also receive the rats inside (‘check the traps, keep

within the halo of protection are the beneficiaries of WhaTlhe rats”).

is referred to as a positive externality—they receive EXcludability, the degree to which entitled users can
benefits at no cost. keep out other potential users is another important tech-
The difference between the private and common theduical issue. Like subtractability, this is important because
retical frames can be described according to two dimeribe benefits of the resource are limited, so the presence of
sions: the number of participating households within théinentitled users would mean less benefit for all entitied
closed System and the degree to which participatingsers. EXClUdablllty in a CTBS is very low—all entitled
members feel burdened by non-participants who benefisers (paying and within the halo) of the CTBS would
In the pure case of the common CTBS, all members pd'?ceive the full value of their investments. Others outside
equal costs and receive equal benefits. For all practicBle halo, who are not required to pay, may also receive
purposes, this can never be achieved due to the Comp|a§n6ﬁt. However, if this causes no concern on the part of
nature of the transactions and the importance of percefie entitled users, then no problem exists. On the other
tions of equ|ty in the allocation of resources. hand, if the halo is determined not theoretica”y, as in “200
In farming communities where the average farm sizénetres in every direction from the trap crop”, but practi-
(most are <2.5 ha in Southeast Asia and South Asia) is &&lly by assuming that all those who have no rat damage
least a quarter of the halo of protection (1015 ha), it igre within the halo, then subtractability may be an impor-
unlikely that many farmers will willingly establish a TBS tant issue. This view redefines those outside the halo as
alone (the private option). This is because the trap-barriéiee riders, and thus makes them problematic for the
system is costly, and usually beyond the means of indRommunity group.
vidual farmers. The main costs for Mekong farmers are Finally, divisibility, the ability of users to divide
draining the field before direct seeding, especially in theommon property into private sub-units, is indeed a threat
wet season, and purchasing the poles and plastic of the the CTBS. The process of privatisation of the CTBS
fence. A farmer may, on the other hand, build a CTBS®ould involve either an individual voluntarily constructs a
with their own funds for the benefit of their neighbours,TBS and others benefit from that, or a small group of local
particularly where these neighbours are relativesusers could develop their own CTBS, whereby only those
However, since exchange in extended households oftémdividuals in this smaller group benefit. In the former
changes form, e.g. weeding labour may be exchanged atase, a private property system has emerged, while in the
later date for a cash loan, the establishment of a CTB&tter case it is simply a selective form of CTBS.
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Decision-making arrangements tise the commons, thus linking the maintenance of

fgsources with the benefits derived from them.

d Ostrom (1990) has shown that successful CPR systems

re usually the result of “factors internal to the given

roup” Unsuccessful CPRs may be marred by the inability

f members to communicate with each other or to develop
st in the institutions. Also, factors “outside the domain

Decision-making arrangements are as important as
technical attributes in determining the sustainability an
effectiveness of a CTBS. These arrangements are typica
made up of a set of rules or guidelines to structure t
behaviour of members. The majority of the rules aré

unwritten, and they govern how decisions are made, art ,
those affected”, e.g. lack of local autonomy to change

the content of these decisions. In addition to rules, otht ) institutional K Iso h detri
management tools include incentives for cooperation, € given institutional framework, can aiso have detri-

structures for the dispersal of benefits, and allocation (ﬂaental effects on the effectiveness of CPRs (Ostrom

labour among households. 1990). )
Internal factors are important for successful CPRs

. _G_roup decisions in resource management are based g.ause they determine how members of a given group
individual understanding of_thg dynamics of reSOUrce US@.iaract with one another. The size of the governing group
In the case of the CTBS, this includes an understanding R ¢jtical in determining the likelihood of successful
the fundamental link between the creation of a CTBS angooperation in achieving group aims (Olson 1971), and
a reduction of rodent damage. If this understanding i§.op size is not determined by the number of actors, but
limited, participation will also likely be limited because yhe elative degree of their transparency of action (Ostrom
the link between individual costs and benefits are nofgggy Moreover, the actual patterns of interaction among
understood. members cannot be dictated from outside, nor should
criteria for success be presumed at the outset.

Reducing costs and increasing benefits to individual

A third important element is the patterns of interaCtiOf}nemberS or the group as a whole will increase the likeli-
or interrelationships between actors, in relation to th@ood of maintenance of the institutions responsible for
resource. These include the behavioural outcomes of th@ntinuation of the CTBS. Alternatively, holding meetings
rules and technical attributes of the resource (Figure 1jnd talking with neighbours about the CTBS can be
For instance, if one farmer opts out and becomes a freResumed to be a (transaction) cost, regardless of how
rider, others will see this and it will cause friction within small. Therefore, the relative ease with which peop|e can
the group. This will give members a negative expectatiofeet and discuss the CTBS will determine the likelihood
of the behaviour of the group as a whole, thus reducingf success. We recommend that the CTBS group be made
the amount and enthusiasm of their own investment,p of peop|e who will genera”y talk to each other often
Alternatively, if reciprocity is the norm, the CTBS is more anyway, e.g. kin, to reduce transaction costs.
viable and transaction costs are lowered. Transaction cost Thjs begs the question: what (or who) is the community
in this case is the time, effort, and other resources needgflcommunity trap—barrier system? Generally, the commu-
to search out, negotiate, and carry out the operations ffy is a default set of individuals who happen to share
management. fields within a halo. The community in a CTBS can either

In 1968, Garrett Hardin proposed the concept of thée created, by vested local leaders (e.g. village head, or
“tragedy of the commons” (Hardin 1968), which has sincextension worker), or through the adoption of an existing
become a standard feature of any discussion on commonmmunity for a CTBS, such as a kin group described
property resource management. The tragedy of thearlier. Our research shows that both types of communities
commons refers to the destruction of a common resourexist: the communities in a CTBS may be a community in
due to individual pursuit of resources to the maximum, ither terms, either through integrated pest management or
spite of obvious resource degradation. This individuatarmers’club, or related by kin in some way.
pursuit is characterised as the free rider (Hardin 1968). These are important considerations, because farmers’
Hardin’s analysis has been often cited as a reason to priveammitment to the community relates directly to feelings

Patterns of interaction

. . ‘hard’ constraints
Technical attributes of the resource

- (opportunities)

Decision-making arrangements /

- Relations among members (constraints)

'

Patterns of interaction Outcomes or consequences

Figure 1. Model of common property resource interactions.
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of obligation and the likelihood of active participation inreal or imagined, it is important in regards to methods for
maintenance of the CTBS. The anthropological CPR litemnitigating the inequity. Transparency and communication
ature is replete with examples of how the problem of freean solve the problem but technical solutions would be
riders has been avoided through active, vital communitineffectual. For real problems of inequity, such as random
involvement in resource management (Netting 1976rat damage in a rice field, technical solutions are possible
McCay and Acheson 1987; McCabe 1990; Ostrom 1990and should be pursued. These may include a change in the
The basic thrust of this work is to demonstrate that thvcation, size or design of the trap crop or associated
tragedy of the commons is avoidable through historicallynanagement actions to reduce the number of breeding hot
relevant institutional arrangements and local culture. spots. It is important to determine whether inequities are
borne out by demonstrable facts or due to improper
Outcomes of the community resource perceptions of the on-the-ground case.
management system: equity and efficiency Equity is very difficult to manage because it is based
There are two important considerations regarding then many factors. Most importantly perhaps is the unpre-
outcomes of a community resource management systemlictability of rodent damage and the effect this will have
whether the system efficiently allocates resources faen farmers’ perception of CTBS equity and effectiveness
optimal gains to users and whether these allocations aF@rmers know that rat damage can be very heavy one year
made equitably. Both equity and efficiency can be undegnd light the next, but they do not know what effect CTBS
stood at the group and individual level. Group efficiencywill have on this annual variability. Farmers must be able
arises from an overall reduction in the damage due to rate properly assess the causes of damage to determine
within the entire halo area, and whether total CTBS costwhether they can modify social and physical mechanisms.
are less than those of rodenticides and other contrdherefore some understanding of rodent ecology is criti-
measures. Individual efficiency may be understood as Gally important. A technical or sociological solution needs
function of individual costs of the CTBS (including to be found if inequity in equity exists.
labour) in relation to other control methods. For instance, The shape that a halo takes has important implications
some farm households may have excess labour, but |des the equitable distribution of benefits in a CTBS
capital, therefore preferring to contribute more labour thafFigures 2 and 3). In Figure 2, the halo is well defined for
cash to the CTBS. the 10 farmers. All five CTBS members are within the
Equitable individual division of the benefits of CPRs anchalo and all five non-members are outside. The relation-
CTBS are especially difficult to implement and monitor.ship between benefits and costs is well defined, and reality
Because costs and benefits must be defined both internallye. damage) will support this understanding of the distri-
i.e. within the household, and externally, the precise benefitaition of goods. Figure 3 illustrates a poorly defined halo.
to the individual user could vary widely in an otherwiseTwo non-participating farmers are found within the halo,
successful rodent control program. This is exacerbated ®nd thus defined as free riders, and three participating
the inexact size and shape of halos, which are presumedféesmers are outside the halo, giving a total of five people
be more or less circular, although factors may exist (e.g. ratho are not properly described by the halo concept.
breeding hot spots: heterogeneity of source and sink habitats This membership by benefit scenario, which will be
for rats in the landscape), which would skew this distributioindicative of the likelihood of the sustainability of the
pattern. Indicators of inequity include variable rat damag€TBS, suggests that members who receive benefits will
between farms, lower yields within the trap crop, andemain within the CTBS. Non-members who receive
absence from the construction teams. benefits are likely to encourage the members to continue
If inequity is too great, farmers will be less likely to the system, since they are free riders. Members who do
continue working with the CTBS. Whether the inequity isnot receive benefits are likely to quit.

Theoretical halo Farms (10)

Members with benefits (5)

Members without benefits (0)

Nonmembers without benefits (5)

Actual halo Nonmembers with benefits (freeriders 0)

OO e

Trap crop

Figure 2. Equity: actors in a well-defined community-based trap—barrier system.
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Benefit—cost in technology assessment Case study: threats to the

In economics, everything used in the productive sustainability of the CTBS
process has calculable value, including family labour.
However, because family labour is not sold, it has aBased on research with previous CPRs, two threats to the
imputed value based on the concept of opportunity costsustainability of a CPR are transaction costs and costs
Opportunity cost is defined as the value of any resourcgssociated with maintenance of the institutional and
when put to its best alternative use (Doll and Orazerphysical infrastructure. Private property regimes improve
1984). Let us consider the opportunity cost of the farmeriesource management systems in these two areas. Consid-
time. If they have a job off the farm which they have toering that privatisation is not yet an option for the CTBS,
give up temporarily to check if there are rats caught in these must consider ways to improve the efficiency within
rat traps, then we say that the opportunity cost of thethe CPR. This can be achieved by considering two of the
time in checking rat traps is the wage which they wouldnain costs of the CTBS: the labour associated with daily
have been earning if they had stayed in the job instearhaintenance of the traps and fence; and the transaction
Normally, and in our case, the imputed wage for familycosts associated with establishing and running the CTBS.

labour is the average agricultural wage. In October 2001, an informal survey was conducted

One measure of assessing the viability of the CTBS igxamining the characteristics of members of the trial
through the marginal benefit-cost ratio (MBCR). This isCTBS in the Mekong Delta, Vietnam. The leaders of the
the ratio of additional benefit due to adoption of the TBELTBS were asked to list the members of the CTBS, their

and additional costs due to adoption of the CTBS. relationship to other members, and the distance from the
The potential benefits of the CTBS are: trap crop to the members’ residences. We found that there

1. reduction in the cost of rodent control other tharfvas & dense network of interrelationships among
TBS, i.e. rodenticide, labour; members of the CTBS, shown in Table 2, in which all but

2. value of the incremental yield due to less rodent dan"€ of thg farmers were related by affinity (marriage) or
age; and con§angum|ty (blood) to someone else within the CTBS
, , ) (defined as the area presumed to be protected by a CTBS).
3. value of rats caught (in this case, there is a markal..orqing to the CTBS leadkrthis pattern resulted from
price for live rats caught). the historical sharing of plots among extended kin. The

There is also the environmental benefit from reduceﬁ]heritance preference among Viethamese parents is for

chemical use, but this is difficult to valuate. the youngest son to have first rights because he will help
The potential costs of the TBS are: his parents as they get older. The youngest son will also
4. materials and labour to build the fence: bring a wife into the family. If the youngest son cannot

5. material cost of rat traps; inherit, preference is gi\{en to any son, and lastly to a
6. labour to check the t dail s f thdaughter. The daughter is not preferred because she will
' ta our (()jc e_ct ) e;hrafps a.| y, remove rats from ﬁwarry and give part of her inheritance to the family she

faps and maintain the fence; marries into, thus reducing the landholding of the corpo-

7. reduction in the trap-crop yield; rate group. This also illustrates why so few women land-
8. reduction in field size due to the creation of a buffeholders are part of this study (Table 2).
around the trap crop; and This means that the CTBS has a good prospect of

9. increased crop protection costs in the trap crop frorbeing successful in Vietnam because there is a large group
other pest infestation.

The result of our benefit—-cost analysis is presented ih The CTBS leader, unless otherwise noted, is the same person
Table 1. who owns and maintains the trap crop.

Theoretical halo Farms (10)

Members with benefits (2)

Members without benefits (3)

Nonmembers without benefits (3)

Actual halo

Nonmembers with benefits (freeriders 2)

OO e

Trap crop

Figure 3. Inequity: different actors in a poorly-defined community-based trap—barrier system.
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of potential workers who are related and have neigh- A number of trap-crop owners said they will continue
bouring fields. As kin, they share labour and otheto operate their CTBS, at some cost to themselves,
resources on a routine basis, particularly among anbecause it serves a useful purpose that they can share. As
between men. In the CTBS illustrated in Table 2, the trapve can see from the list of relationships in Table 2, the
crop owner said he relied mostly on two of his nephewsgoods described in this case are, to some degree, private
or junior male kin (farmers represented by numbers 18oods, with sharing occurring within a defined kin group.
and 15), to help him build the CTBS fence. This reduce$his conceptualisation, however, blurs the distinction
transaction costs, helps to ensure equity in the distributidpetween private and common property. Nearly everyone
of resources, increases transparency, and it increases thdable 2 is related to someone else within the CTBS.
perception of equity, i.e. participants are less likely to A final threat to the sustainability of CTBS is low cash
assume a relative is a free rider than a neighbour, andflaw. Many farmers commented that they are just too poor
relative would be less likely to cheat on transactions sud actually pull together the cash at the right time to effec-
as sharing of benefits. tively use the CTBS. This may imply that there is not

Table 1 Marginal benefit—cost ratio (MBCR) from taking part in a community-based trap—barrier system (CTBS) for
individual calculation. (The exchange rate at the time of the survey was approximately Vietnamese dong (VND)14,500 to

US$1.)

Factor Cost Benefit MCBR
(VND) (VND)

Additional cost due to TBS

TBS materials and labour (VND1.35 million/10 farmers) 135,000

Additional benefit due to TBS

Rats caught 100/4 (rats/kg) * 6000 (VND/kg) 150,000

Yield due to TBS 500 kg/ha * 1500 (VND/kg) 750,000

Reduced/eliminated rodenticide expenditure 16,000

Total cost 135,000

Total benefit 916,000

MCBR 6

(916,000/135,000)

Table 2 Relationships of community-based trap—barrier system (CTBS) members and their household distances from the trap crop,
Thuan Hung village, My Tu district.

Number Family name of Relationship 1 Relationship 2 Relationship 3 Distance

farmer to trap (m)

1 Nguyen Leader Related throughout 150

2 Nguyen Cousin of leader Younger brother of 3 Other village

3 Nguyen Elder brother of 2 Cousin of leader Other village

4 Nguyen Brother-in-law of leader 700

5 Truong Cousin of leader 700

6 Trinh 700

7 Nguyen Son of 8 Cousin of leader Brother of 10 700

8 Nguyen Uncle of leader 700

9 Nguyen Son of leader 300

10 Nguyen Son of 8 Cousin of leader Brother of 7 700

11 Quach Nephew of leader 500

12 Truong Son of 5 Nephew of leader 300

13 Quach Cousin-in-law of leader 300

14 Huynh Son-in-law of leader 5000

15 Truong Son of 5 Nephew of leader 300

3Denotes a female farmer, otherwise all are male.
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sufficient interest in it to make it work, because farmerde explored. It is our belief that slight losses in the effi-
can usually bring resources together when there is neeikncy of the system to capture rats can be exchanged for
and determination. It is also possible that there is competir greater likelihood in creating a socially sustainable
tion for cash—farmers generally believe in the CTBS busystem. Using existing institutions, such as integrated pest
do not, at the time of trap construction, have the necessagyanagement (IPM) clubs, is another way to ensure greater
cash for purchasing the fence, stakes, and fuel to pump thgernal cohesion. This saves the CTBS organisers from
water of an area for transplanting the early trap crop.  puyjlding new institutions, which can be very difficult and
time-consuming and are likely to fail.

Mechanisms for improving the _ _ .
. .- Factor 2: determine as accurately as possible the size
sustainability of the CTBS and shape of the halo

The threat of privatisation, abandonment, or simply disin- |t is important to know the shape of the effective halo
te.grat|on of soual_networks are _S|gn|f|cant hurdl_es to thgecause this represents the good being distributed. This
widespread adoption of CTBSs in Southeast Asia. Thergps practical benefits because it will suggest how the costs
fore, it is important to address these threats in the desigioy|d be shared and it is a theoretical question because,
of the system to minimise or to eliminate them. We havg; present, it is presumed that halos are generally circular
identified eight decision factors that should be taken mt@n the absence of a hot spot). The shape of halo also will
consideration when establishing a CTBS. show who is a free rider and who is not, within the effec-
tive halo. This is especially important in rodent control,

Factor 1: keep the social relationships among o ) ) !
considering that damage is spatially and temporally vari-

participants within the halo as ‘dear’ as possible

Typically, the topography of the rice field is the mainab ©
criterion in where to establish a CTBTS’ with F)ref(’jrem(?:actor 3: keep the trap crop close to the homes of the
given to open, mostly flat areas. This assumes that the . .
social grouping that constitutes the membership within thgeople who are required to check it
halo is of secondary importance. Our contention is that Checking traps is a simple, necessary activity. Unfor-
topography is important, but not as important as théunately, it must be done every day. The labour costs asso-
people running the CTBS. It is our belief that the sociatiated with checking traps increased proportionally to the
grouping should be given an equal weight when considdistance needed to travel to the trap crop. In our informal
ering where to locate a CTBS. Ideally, the CTBS shouldurvey, we found that average distances ranged from
be located where both topography is adequate and socigbund 200 to over 1500 m from home to the trap crop. In
relationships close. such cases, the trap-crop owner has no choice but to allow
We first must assume that, as a general rule, kin Withose living a long distance from the trap to check it less

work for other kin more than they will for non-kin. With sften. This places a greater burden on those close to the
this assumption, we can make the statement that ”ﬂPaps for contributions to labour.

density of kin relations within the group is positively asso-

ciate_d With Ieve_l of altruisti_c behaviour. Where many k_inFactor 4: use the CTBS in seasons or areas known to

relat|on_sh|ps eX|sf[, there WI|| be a gre_ater sense of altrwswave high rat populations

and actions consistent with the survival of the group over

individual benefit. Where these kin relations are lacking, The CTBS, like most agricultural technologies, will

the degree of cooperation will be reduced, although nevexot work in every place for every season. Therefore, iden-

absent. tifying where and when it will work enhances the positive
There are other ways to ensure that members act image farmers will maintain of it. If it is used too often in

ways that are group rather than individual orientedthe wrong places or seasons, farmers will begin to distrust

Among them are strict agreements at the outset regardiftg Therefore, CTBSs ought to be implemented in places

behaviour, high levels of transparency, and strict allocayhere rodent damage is a major constraint to rice produc-

tion of costs and benefits. The advantage of using then.

density of kin networks is that many of these mechanisms

are already present and do not need to be legislated B4ctor 5: choose farmers whose labour and cash

explicitly stated. Principal among these unstated rules §\/ailability are not severely limited

the capacity to allocate rights and duties within the CTBS.

In many CPRS, the e|dest, or the most respected in the If farmers are overburdened with the labour require'

group, will allocate labour and the nature of the benefifnents of rice farming, the addition of another labour-

stream. intensive technology will not be well received. In addi-
There are ways to ensure greater density of relationipn, low-income farmers would prefer to use their avail-

kin or otherwise. One is to use it as a basis for selection eble cash for food rather than investment in a CTBS,

the CTBS in the first place. Halos of various sizes anwhere the probability of success is uncertain and the

shapes, and trap crops of various configurations, have payoff is not immediate.
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Factor 6: choose locations where post-capture markets lowest. In the latter case, the relationship crosses three
or consumption habits make rat collection a profitable  recognised social boundaries: gender, generational/age,
chore and marriage. The lowest-ranked case would be non-rela-

Farmers in Vietnam and elsewhere eat rice-field rat{VeS- The assumption that non-kin have the lowest rank

Although their market value per rat may be low, there i&n@y have to be tested in its own right.
an emerging rat-meat market in southern Vietham (Khierp_|
et al. 2002). This creates an incentive for farmers to
capture and sell clean, live rats. Farmers refuse to eat ratanore tightly integrated CTBS organisation will
killed by rodenticides, so the CTBS offers an alternativelemonstrate generally less transparency.

income source. Elsewhere, rats are cooked and then used
as a source of protein for fish or livestock.

ypothesis 2

Oftentimes, the methods of sharing resources in fami-
lies, and their inherent equity, are not immediately clear.
This is because family members usually have a shared
understanding of the meaning of given behaviours, and
thus these need not be explicitly stated. Therefore, within

An alternative approach to the CTBS s to target larggymjjies, the concept of transparency is not a good
landholders, whose decision-making processes, instityneasure of the degree of openness in institutional
tional frameworks, and capital needs are much lesgecision-making or power. To test this, a measure of inte-

complicated than the community’s. Indeed, in West Jav@yration must be compared to some notion of transparency,
Indonesia, a company that produces certified rice seed f8grhaps through knowledge tests.

sale to farmers has been using the CTBS successfully on
its 2000 ha farm since 1998. The annual schedule fgMypothesis 3

construction and management of the CTBS has varied . | . . .
little during the period 1998—2002. In situations where there are wide divergences in labour

investments in the CTBS, there will also be greater
Factor 8: determine, and make known to farmers and  likélihood of the free rider.
extension workers, the profitability of the CTBS If free riders openly flaunt the system, they can be

The CTBS is likely to be adopted if the benefit isquite disruptive. However, in those cases where the free
greater than the cost. Table 1 shows marginal benefit—cd#er has no choice in deciding whether to be a free rider,
ratio (MBCR) for individual participants in a CTBS in €.g. if they live a great distance from the trap crop and
southern Vietnam. The MBCR was 6, which suggests th&annot easily check the traps, the degree to which this is
for every one Viethamese dong (VND) additional investperceived as negative will change. They are still a free
ment, a farmer in that village or region gets VND6 addifider, however. In order to test this hypothesis, interviews
tional return. The high profitability of participating in the can be conducted which evaluate members of the CTBS in
CTBS is encouraging for farmer adoption. However, thigerms of both their contribution to the group and the
individual calculation of MBCR assumes that all partici-overall evaluation of that person’s role in it.
pating farmers will bear the costs and that the benefits will )
be equally distributed (or randomly over time). Hypothesis 4

A high MBCR is not always returned (Palis et al., thisThe severity of a rodent problem is directly related to the

volume); benefits depending on a number of local condiikelihood of CTBS acceptability and sustainability.
tions.

Factor 7: select large landholders to achieve an
economy of scale

In situations where rodents are a highly significant
constraint to production, farmers would be more likely to

Hypotheses for research adopt a CTBS. This may happen regardless of the existing
social relationships in the community, particularly in the
Hypothesis 1 farm neighbourhood. One measure of this is whether a

CTBS is adopted for each of the rice crops in a year or

The social distance between halo members is closely  gnly for the crop or crops that typically have greater losses
associated with the likelihood of continuation with the g rats.

CTBS as a system of rodent control (assuming equal

efficacy of the system to control rodents).

. . . . Conclusion
This hypothesis requires measurement of the social

distance between members and some measure of the likdie CTBS is an effective means for controlling rodents in
lihood of continuation of the CTBS. One importantrice fields. It shows a high rate of return on investment and
ranking criterion would be the likelihood of cooperationindividual labour costs remain relatively low. It is sustain-
in labour activities. For instance, a brother—brother relaable in both the short and long term. Farmers appreciate
tionship would be ranked closer than a brother—cousirthe ingenuity and complexity of the system and have
Father—son or brother—brother relationships may have tlsiggested effective alternatives to the system to fit their
highest ranks, whereas ‘uncle—niece-in-law’ may bdocal conditions.
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Abstract. Pests are one of the major constraints to rice production in Indonesia. We examined the perceptions, knowl-
edge and current rat control practices of 120 farmers, 40 from each of three villages (Pasirukem, Sukatani, and Tegalu-
rung) in the Cilamaya subdistrict, of Karawang district in West Java. The survey was conducted in November 1999.
The respondents were aged 20 to 70 years, and most had only 1 to 6 years of schooling, a mean of 18.9 years in rice
farming, and a mean farm size of 2.13 ha. Rats were reported as the most important pest to manage in this region. Con-
trolling rats was important for 98.3% of farmers. There was divided opinion as to when it was best to conduct rodent
control: approximately 60% thought it should be done during land preparation and 40% thought only during the rice-
growing seasons. However, early rat control was conducted by 87.2% of farmers, with most effort during the land prep-
aration—seedling stage. Most respondents (80.7%) agreed that by controlling rats they could increase rice yields, and
83.3% of respondents believed that rats could be controlled successfully. Cooperation between farmers was identified
by 76.7% of farmers as important for successful rat control, although 13.8% of farmers prefer to do rat control by
themselves because they were more satisfied with the results. Usually, local government officers coordinated group
activities. Individual expenditure on rodent control per hectare ranged from US$0.3 to US$45. The common rat control
methods were plastic barriers to protect rice seedlings (100%), rodenticides (98.3%), mass hunting (79.7%) and flood-
ing rat burrows or fumigation/digging (44.1%). Most farmers used alternative pesticides such as temik (aldocarb; car-
bamate) (78.5%), akodan (endosulfan) (77.6%) and azodrin/guzadrin (monocrotophos; organophosphate) (12.9%),
because legal rodenticides were difficult to find and/or were more expensive. These are all broad-spectrum poisons and
some were mixed with oil before applying to the flooded crop. Although these poisons are of major environmental con-
cern, a majority of farmers did not consider these to be environmentally unsafe.

Introduction of agro-ecosystems (e.g. lowland irrigated rice, rainfed
rice in elevated areas, tidal swamp area). This rat species
Important constraints to increasing rice production ins also a vector for a number of human and animal
Indonesia are the losses caused by pests and diseaséssases (Singleton and Petch 1994). Farmers in Southeast
which occur every season. One of these pests is the ridesia use several rodent control methods, such as mechan-
field rat,Rattus argentiventeihis pest causes the largestical/physical control, chemical control and biological
pre-harvest damage to rice crops (Geddes 1992; Priyoagents (see Fall 1979 and Singleton et al. 1999 for
1992; Singleton and Petch 1994). There are chronic lomviews). In many cases, the rodent control efforts by
levels or rat damage (5-10%) in the rice fields of Javdarmers in Indonesia and elsewhere in Southeast Asia have
with some villages experiencing high damage in mosiot given satisfactory results (Singleton and Petch 1994).
years. During the decade 1989-1998, a mean of 93,908 Tiae socioeconomic conditions and culture of farmers are
per year was identified as having severe rat problems, withought to influence the success of pest management prac-
a mean damage intensity of 19.3%. The largest lossgi§es compared to other factors, such as the technology
were in 1998, with severe damage reported over 159,0%ailability to manage the problem (Untung 1992). Infor-
ha and a mean damage intensity of 24.8% (unpublishegiation therefore needs to be collected on farmer beliefs,
report from Direktorat Perlindungan Tanaman Pangamerceptions and practices associated with pest manage-
1999). ment (Heong and Escalada 1999). This study reports on
The rice-field rat is a pest of various agricultureinformation on rodent pest management gathered through
commodities, such as food crops, horticulture and plantégarmer surveys conducted in the Karawang District in
tions, and it causes significant losses across a wide rangfest Java, Indonesia.
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Materials and methods arrangement (2.5%). A high proportion of respondents
had additional jobs (42.4%) such as trader of goods, local

In November 1999, a farmer survey was undertaken government officer or a driver. This often led to responses
three villages (Pasirukem, Sukatani and Tegalurung) isuch as “we have no time” or “we do not only work in the
Cilamaya subdistrict, Karawang district, West Java provfield”, when questioned on their field activities for
ince, Indonesia. A structured questionnaire was develope@dntrolling rats.

and then pre-tested through field interviews. One hundred

and twenty farmers (40 per village) were interviewed orFarmer knowledge

their knowledge, perceptions and practices of rat control.

The questionnaire consisted of 43 questions, which wer sts and diseases were rats, golden apple snails, brown
divided into three sections and focused on the previo anthoppers, stemborers, worms and ragged stunt. The
1999 er-season crop. The flrst_secuon summarised de_mﬁ’fost important pest for that season was brown planthopper
graphic and farming information. The second sectionsg 4) " followed by the rice-field rat (29.5%) and the
began with a g.eneral question on the main pests of rigg|jen apple snail (15.2%). A few farmers (1.8 to 3.6%)
during the previous crops and then considered rat contr so identified stemborer, worms, and ragged stunt damage
only. Ilzarmershwere fasked r\]N hat mdethok?s thehy used their most important pest. Although the brown plantho-
control ‘rats, how often, when and where they wer per was identified as causing the largest amount of

applied, the time spent on control and its cost. The stru amage during the 1999 dry-season crop, farmers ranked
ture of rodent control activities (individual, groups, how

. ) rats as the most important pest to be controlled. The farmers
groups were organised and their structure) was recordg\'?Sd

Iso. The third ) idered belief ated wi icated that insect pests were relatively easy to control by
also. The thir septlon considered beliets assoclate W'h ing available insecticide, whereas rodenticide use was not
rodent control with 13 questions that each had fiv

) . Sufficient to control rodent pests. Rodent management also
descriptors from which the farmers chose the one that ber%tquired technical and mechanical control. Moreover

described their belief. In this overview paper, the five cates,own planthopper damage was mainly restricted to the

gories were collapsed to three. The data were coded a nerative stage of the crop, whereas rat damaged occurred
are presented as percentages. Respondents were chos ﬁﬁg the whole growing season

random from a list of farmers in each village provided by
local extension agencies. Six people, with eachmer perceptions
conducting three or four interviews per day, conducted the
surveys.

The villages were selected as part of a larger study

During the 1999 dry-season rice crop, the common

Perceptions of farmers were determined from their
reement or disagreement to a series of specific questions.

ecologically based management of rats using a farmdinere was an interesting spread of responses regarding the

participatory approach that was imposed in two of théiming of rodent control: 54.3% were strongly of the

villages for the 1999/2000 wet season. All respondents al ‘”iF’” that. the control should be done before trans-
to be re-interviewed after the rodent management proje anting, whist 39.1% thought that control should only be

has been operating for three years implemented when the crop is growing. Almost all of the
' respondents agreed that rat control is important (98.3%),
can increase rice yields (80.7%), and that it is important to

Results and discussion increase yields by controlling rats (94.9%). Most farmers
believe that rats can be controlled (83.9%) and that it is
Farmer characteristics important to do so (94.9%) (Table 1).

The age of respondents ranged from 20 to 70 years: The respondents _realise_d that cooperatio_n among
14.7% were 20-30 years old, 23.3% were 31-40 yeafgrmers on rat control is required (76.72%) and important
old, 29.3% were 41-50 years old, 20.7% were 51_66_92.3%), although some farmers were not sure and
years old, and 12.0% were 61-70 years old. Only two dlisagreed. Half of the respondents (55.5%) a_greed that Fhe
the respondents were female. rat control shquld be done _af_tel’ harvest and it was consid-

The formal educational background of the farmer£ed to be animportant activity (75.99%).
varied considerably: 18.6% had not attended school, Rat control was important for the farmers, although
61.2% had attended elementary school (1-6 years grere was variation as to the best time for control and the
schooling), 8.5% had attended junior high school (7_gpreferred methods of control. Some farmers had the
years of schooling), 10.2% had attended senior higAPinion that early rat control was not important. The
school (10-12 years of schooling), and 1.7% had mor&ICcess of rat control was identified as requiring coopera-
than 12 years of education. tion among the farmers. Nevertheless, some farmers

Farming was the main occupation for the people living’refer to do rat control by themselves.
in these villages in Cilamaya (92.1%). The farmers had a i
mean of 18.9 years of farming experience (range 2 to 5@t control practices
The mean farm size was 2.13 ha. (range 0.3 to 15 ha). The During the 1999 dry season, farmers in Ciliamaya
respondents either owned their farm (60.2%), had a fixeaddopted many methods for rodent control (Table 2). The
rental (4.2%), were share-tenants (22.9%), or had anotherain physical methods of control were mass hunting
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(79.7% of respondents), flooding rat burrows (44.1%)farmer groups influences coordination of rodent control;
fumigation (using sulfur dioxide) and digging of burrowssome farmers delay control until activities are coordinated
(44.1%), and plastic fences around rice nurseries (10094)y the head of a farmer group or by local government offi-
Fumigation and digging were usually conducted individucials (Untung 1992).

ally or in small groups of farmers. Mass hunting is less Almost all of the farmers used rodenticide (98.3%),
expensive and is conducted in large groups, usually codtowever, no farmers used anticoagulant rodenticides, which
dinated by local government extension staff as a contrare readily available in the stores in Cilmamya subdistrict
activity at the village scale. The paternalistic hierarchy ofind are the only rodenticides registered for use in rice fields

Table 1 Perceptions of farmers on rodent control in Cilamaya subdistrict, West Java.

Perceptions Agree Do not know Not agree
Number % Number % Number %
Rat control must be done once rice is growing 41 39.05 7 6.67 57 54.28
Controlling rats is important 116 98.30 0 0.0 2 1.69
By controlling rats, a farmer can increase his rice yields 92 80.70 10 8.77 12 10.53
The yield losses caused by rats is important 112 94.91 4 3.39 3 1.70
Rats can be controlled 99 83.90 11 9.32 8 6.78
Rat control is important 111 94.86 4 3.42 2 1.71
Rats can cause severe yield losses 109 93.97 2 1.72 5 4.31
These severe yield losses are important 96 82.05 1 0.08 20 17.09
Rats can only be controlled if farmers work together with other 89 76.72 11 9.48 16 13.79
farmers
It is important for farmers to work together to control rats 108 92.30 6 5.13 3 2.56
Rats should be controlled after harvest 65 55.55 22 18.80 30 25.64
To control rats after harvest is important 89 75.99 3 2.56 25 21.36

Table 2 Methods of rat control, and frequency of application, by farmers in Cilamaya subdistrict, during the
1999 dry-season rice crop.

Rat control method Farmers Mean number of times action
Number % is applied per season
(range)
Physical/mechanicah = 118
Mass hunting 94 79.7 3.57 (1-16)
Flooding rat burrows 52 44.1 3.33 (1-8)
Fumigation/digging 52 44.1 4.1 (1-12)
Fencing for seedlings 118 100 1
Rodenticidgn = 116) 4 (1-6)
Temix (acute poisof) 91 78.5
Phosphit (zinc phosphide; acute poison) 10 8.6
Klerat (anticoagulant poison) 0 0
Other pesticidéé
Azodrin, Gusadrin (monocrotophos) 15 12.9
Akodan (endosulfan) 90 77.6
Bait usedn = 105)
Broken rice 79 75.2
Unhulled rice 11 10.5
Crab 12 11.4
Fish 1 1.0
Dedak 2 1.9
Biological method/Predator 0 0 0

4A nematocide that is not registered for use in Indonesia as a rodenticide.
PInsecticides not registered for use in Indonesia as rodenticides.
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in Indonesia. Temix, a nematocide, was widely used and igry effective (3.6%) or effective (60.9%). Only 33.3% of
available in small plastic satchets without instructions for itfarmers considered akodan not to be environmental safe to
use (e.g. concentration for its application). Temix is a potentse (Table 3). It is clear that these farmers do not know the
aldocarb that has been banned in the United States lwrmful effects of these pesticides on the environment.
America since the 1940s. Of particular concern is the higmterestingly, the respondents who considered akodan not
use of the organophosphate ‘azodrin’ (monocrotophos) arid be safe reported dead chickens, ducks and fish around
the endosulfan ‘akodan’ because they are mixed witthe rice plots treated with the akodan and oil mixture.
vehicle oil and spread on the flooded rice paddies. Rats that Farmers generally conducted rat control from land
enter the paddies get the chemical on their fur and die whemneparation through until harvest (Figure 1). Most of
they ingest the chemical through preening themselves. Botbspondents conducted rat control during land prepara-
chemicals affect the central nervous system and are broaibn—seedling (87.3%), and there was also a concentration
spectrum poisons. Although monocrotophos is rapidlyf effort at this time of the crop cycle with control activi-
degraded and does not persist in the environment, watégs conducted an average of 13.1 times (range 1 to 27).
birds (White et al. 1983; Flickinger et al. 1984), aquatiRodent control activity decreased during the panicle stage
invertebrates, bees, fish, and mammals are particularyhd during ripening—harvest (Figure 1). After harvest, the
susceptible to monocrotophos and it is moderately toxic tfarmers did not conduct rat control. Therefore, most of the
fish and earthworms (WHO 1993). The World Health Orgafarmers in Cilamaya conduct early rat control and realise
nization states that this is a highly toxic chemical and cane importance of early management action. Farmers also
should be taken to avoid contamination of soil, water and theported that after the vegetative (tillering) stage, rat
atmosphere. Endosulfans usually break down in crops ovetlamage seemed to be lower and so they reduced their rat
period of a few weeks, however they stick to soil particlesontrol activities accordingly.
and may take years to completely break down. Endosulfans The time of application of rat control methods varied
can also accumulate in animals that live in contaminategjmong farmers (Figure 2). Farmers used rodenticide from
water (Agency for Toxic Substances and Disease Registiind preparation until the panicle initiation of the rice
2001). Farmers used these ‘alternative’ rodenticides becat@@p, with high usage during the seedling, transplanting,
they are considered easy to use and are cheap to purchasgnd tillering stages. Mass hunting started from land prepa-
Therefore, the usage pattern by farmers in Ciliamaygation until the booting stage, and the focus was especially
of these chemicals is a major environmental concern. Then seedlings and recently transplanted rice. Night hunting
respondents used akodan because they believed it wafsrats with torches was only conducted around the rice

Table 3. Opinions of farmers on the environmental safety of using akodan (an endosulfan) plus oil
and its effectiveness in controlling rodent populations.

Opinion Is it effective? Is it safe?
Number of % Number of %
respondents respondents
Very effective/safe 4 3.6 2 1.9
Effective/safe 67 60.9 50 46.3
Not sure 19 17.3 20 185
Not effective/not safe 20 18.2 36 33.3
Highly ineffective/not safe 0 0.0 0 0.0
100 -
g0 L 131
80 44 44
. 70 -
ﬂé 60 -
8 50 -
k) 40 - 2
S
30 - 19
20 -
10 - 0
| | | | | |
land tillering stage booting stage panicle stage  ripening- after harvest
preparation harvest
Crop stages

Figure 1. Percentage of farmers who conducted rat control at different crop stages in Cilamaya
during the 1999 dry season. The mean number of rodent control activities for each crop stage is
shown above each bar.

392



Rats, Mice and People: Rodent Biology and Management

nurseries. Flooding of rat burrows was conducted on largeetween farmers, with individual expenditure per hectare
banks or irrigation channel banks, with the sanitation oranging from US$0.3 to US$45. This variation confirms
clearing of these banks conducted from land preparatiahe patchy nature of rodent damage that is often reported
until the booting stage. During land preparation until théor rice cropping systems in Southeast Asia (Fall 1979;
ripening stage, the farmers fumigated rat burrows usinBuckle 1988; Singleton and Petch 1994).
sulfur dioxide. Plastic fences were only used to protect Cooperation among farmers played an important role
seedbeds of rice. for rat control: 12.1% prefer to work alone, 15.5% only in
groups, and 68.1% used a combination of both. Only a
Table 4. Profile of rat <_:ont_ro| activities gnd_ access to tools tofa\y farmer hired labourers to control rats (Table 4).
conduct rodent control in Cilamaya subdistrict, West Java. Village or local government officers generally coordinated

Details Numberof % of mass control actions and were an important source of
farmers  farmers information on rat control practices. Access to tools such
Implementation of rat control as a fumigator and nets also influenced rat control activi-
Alone 14 12.07 ties (Table 4). Only 40.5% of farmers owned their fumi-
Group 18 15.52 gator or net.
Combination (individually and None of the farmers used the trap—barrier system with
group) 79 68.10 an early-planted crop to manage their rat problem.
Hired labour 5 4.31
Coordinator C luSi
Village/local government officer 87 81.31 oncilusion
F 10 9.34 . o . -
Ei{;nnesrifgoffﬁcer 10 934 In the Cilmaya subdistrict, West Java, farmers identified

rodents as a major pre-harvest pest, which is consistent
with previous reports on the important impacts of rodents
in rice agricultural systems in Indonesia (Geddes 1992;

Farmer themselves (neighbours) 10 9.34
Ownership of rat control tools

Ye 47 40.52 . . .
©S Singleton and Petch 1994). A wide range of physical and
No 69 59.48 .
chemical methods of rodent management was adopted and
REason for no rat control tools 15 2381 farmers used a combination of these methods. Most effort
Xpensive | in rodent management occurred during the land prepara-
Not required 22 34.92 fi dli t hich | istent with d
Could borrow/hire o4 38.09 ion—seedling stage, which is consistent with our under-

Difficult to find 2 317 standing of the ecology and biology of the rice-field rat in
West Java (Leung et al. 1999).

The farmers from the three villages owned land in one Most farmers agreed that by controlling rats they could
of four cropping areas where rice is grown as a monoculncrease rice yields, and believed that rats could be
ture. For the 1999 dry season, the mean cost per hectarecoftrolled successfully. Cooperation between farmers was
rodent control for these four areas was US$6=(27), identified as important for successful rat control, although
US$6 = 22), US$41f = 26) and US$4n(= 26), respec- 13.8% of farmers preferred to do rat control by themselves
tively. However, there was a high amount of variatiorbecause they were more satisfied with the results.

100% 1
90% [~ ] Land preparation
[ Tillering

80% ] Ripening
§ 70% [ Seedling
% [ ] Booting
% 60% [ Harvest
g Transplantin
§ 50% ] -p 9
= I Panicle
5 40% [ [l Fallow
(=)}
=
E 30% [
£

20% |-

10% [

0% — L 1 S L1 | L | L

Rodenticide Mass hunting Night hunting Flooding rat Fumigation/ Fencing
burrows digging

Figure 2. Rat control methods in different rice crop stages in the 1999 dry season in Cilamaya.
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A major environmental issue emerged from theFall, M.W. 1979. Rodent in tropical rice. Lokakarya pengen-
survey; over 75% of farmers used broad-spectrum poisons dalian hama tikus, Bogor, 4-15 September.
that are not registered for use against rats. Some werlickinger, E.L., White, D.A., Mitchell, C.A. and Lamont, T.G.
mixed with oil before applying to the flooded crop—an 1984. Monocrotophos and dicrotophos residues in birds as a
environmental disaster. A majority of farmers did not "esult of organophosphates in Matagorda County, Texas.
. . s Journal of the Association of Official Analytical Chemists,
consider these to be environmentally unsafe. This is an

. 67, 827-828.
area of education that needs to be urgently addressed. Geddes, A.M.W. 1992. The relative importance of pre-harvest

None of the farmers had used the environmentally crop pest in Indonesia. Chatham, UK, Natural Resources
friendly trap—barrier system (TBS) to control their rodent Institute Bulletin, 47, 70 p.
populations. This simple technology is new to West Javdleong, K.L. and Escalada, M.M. 1999. Quantifying rice farm-
(Singleton et al. 1998) and was implemented in two of the ers’ pest management decision—beliefs and subjective
three villages, beginning with the 1999/2000 wet season NO'ms in stem borer control. Crop Protection, 18, 315-322.
crop. A follow-up survey will be conducted in late 2002 to-€Und: L.K-P., Singleton, G.R., Sudarmaji and Rahmini 1999.
examine the impact of this technology on chemical usage Ecologically-based population management of the rice-field

. . . rat in Indonesia. In: Singleton, G.R., Hinds, L.A., Leirs, H.
and whether the farmers are likely to continue with the use Zhang, Z., ed., Ecologically-based management of

of the TBS technology. rodent pests. ACIAR Monograph No. 59. Canberra, Austra-
lian Centre for International Agricultural Research, 305—
318.
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Abstract. This case study examines the first round of experience from the Farmer-based Adaptive Rodent Manage-
ment, Extension and Research System (FARMERS) Project. The project involved the introduction of a trap—barrier
system (TBS) for rodent pest management across 11 villages in Samrong Commune in Kampong Cham province in
Cambodia. This system has been trialled with some success in other countries and elsewhere in Cambodia. Participa-
tory research methods were employed in the FARMERS Project, engaging the farming community in planning, man-
aging, monitoring and evaluating the TBS. This article describes the process and outcomes of the first round of
research, conducted in association with the dry-season crop in the early part of 2002. Farmer groups operated the TBS
under social agreements that recorded the details of group responsibilities, entitlements and obligations.

After trialling the system on the dry-season crop in 2002, the farmers were firmly committed to the second-round
establishment of the TBS for the wet-season crop. This indicated that TBSs were perceived as an improvement to
rodent control strategies, although the test for sustainability was yet to occur.

There was a tendency for free-riding behaviour in the community, placing the burden of the cost of the TBS on the
persons who owned the lure crop for the TBS. Nonetheless, the processes embodied in the social agreements for the
TBS have been shown to be an effective mechanism for community education and the evolution of arrangements to
counter free-riding behaviour.

Introduction cooperation and coordination in the 11 villages of
Samrong Commune. Monitoring work was also conducted
This case study is based on work conducted at Samroing the neighbouring Lvea Commune, as a prelude to
Commune in Kampong Cham province in Cambodia. Theurther involvement by that community.
work was a component of the Farmer-based Adaptive The study of the socioeconomic conditions under
Rodent Management, Extension and Research Systemhich the project operates requires an assessment of both
(FARMERS) Project; jointly undertaken by the commu-costs and benefits borne by farm households and a frame-
nity of Samrong, the Kampong Cham Office of Agricul-work for the analysis of social costs and benefits. The TBS
tural Extension (OAE), the Cambodian Agriculturalprovide a limitedpublic goodin the form of relative
Research and Development Institute (CARDI) andreedom from rodent damage. The public good is limited
researchers from the University of Queensland. Thig geographical extent by the ranging nature of the
FARMERS Project was aimed at developing and implerodents, their reproductive patterns and ecology. A public
menting rodent pest management strategies consistgjgod has attributes ohon-exclusivity and non-rival
with the ecological, technical and socioeconomiconsumptionThese characteristics are commonly associ-
constraints faced by the community. ated with free-riding behaviour. The characteristics of
Rodents are considered a major pest of rice ipublic goods and the consequences of free riding are
Cambodia, particularly for dry-season crops (Jahn et akidely discussed in the literature of environmental
1999). The FARMERS Project introduced a trap-barriegconomics (Tietenberg 1996).
system (TBS) for rodent pest management that has been Participatory research methods (Martin and Sher-
trialled with some success in other countries and elsengton 1997) were employed in the FARMERS Project,
where in Cambodia (Jahn et al. 1999; Singleton et abngaging the farming community in planning, managing,
1999). The TBS requires community cooperation anchonitoring and evaluating the TBS. This paper describes
coordination to achieve a broad pattern of rodent contrahe process and outcomes of the first round of research,
The FARMERS Project sought to create the conditions faronducted in association with the dry-season crop in the
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early part of 2002. CARDI's growing involvement in that the TBS would bring material benefit to the person who
participatory research has previously been discussed Bited it in their own field.
Cox and Mak (1999) and Lyons (2001).

This paper does not report results in the format of &ice production budgets

scientific field trial. It was a trial conducted with the 4o irrigated dry-season crop in Samrong Commune
farming community and involved the dynamics of thejs 5rown mainly for sale and is exclusively IR66—a high-
agro-ecosystem of the commune. It was an action researgp|ging, short-duration variety. Samrong has a total of
project rather than a scientific experiment. There was 873 ha of dry-season rice (Powell 2002). A survey was
replication and no control. There was considerable Variac‘onducted to develop a detailed rice production budget
tion in the timing of implementation, the surroundingusing in-depth interviews of key informants. This

landscape, and construction, management and monitori%\%proach is based on Powell (2002) who estimated a
of the TBS in the rice fields. o return of US$199 per ha from dry-season rice production
_ The economic impact of rodent pests in rice produCagier g costs, including family labour, were deducted. In
tion in Cambodia is not well known. However, farmersyig study, 16 farmers from 4 vilages in Samrong
and researchers alike confirm that rodents are a major pe§ 1\ mune were interviewed to gather detailed informa-
and can be particularly damaging under certain conditiong,, o their rice production budgets. All farmers owned
leading to population explosion. Singleton et al. (1999);n4 ang their dry-season fields varied from 2.3 ha down
report on cost-benefit analysis of the TBS in controlleg, 5 13 ha, with an average of 0.82 ha. Rice yields were in
studies in West Java and Vietham. They found that thgo order of 2.5 t/ha on average, returning an average
TBS generally enjoyed positive cost-benefit ratios and,ss income from rice of approximately US$160 per ha.
this was particularly apparent when rodent densities andosis and returns were highly variable, with one of the

crop losses in surrounding areas were high. Singleton ghmers interviewed suffering a complete crop failure due
al. (1999) identified a challenge in transferring this techey \\ater shortage.

nology readily and effectively to farmers. They observed

that the small size of the rice fields in Southeast A5|ﬁ1 Samrong were provided by CARDI and OAE, and the

fabour for construction was provided by the farming
bearing any of the costs. Thus, they concluded that tcommunlty. Demonstratlon TBSs were constructed at the

T ARDI research station and cost US$40 for labour and
TBS would be most effective if implemented as part of a

. materials. The farmers at Samrong received approxi-
community-based approach to rodent pest management. g bp

Earlier work by CARDI (Cambodia—IRRI-Australia mately $30 worth of materials for each 225 m TBS.

Project 1998) in Svay Rieng province in Cambodia foun%hey contributed labour and used local materials for the

that the TBS was not an effective mechanism for roden ar;llziao sur:a ggrfl?Bfgr the p|a|StIC sr:jeetlgg. ; 4
control due to the need to monitor traps regularly, the high oug S Were planned and groups formed for

cost of the materials involved, the danger of theft of th(?ach TBS, two TBSs were reported not fun<_:ti0na|, princi-
traps, and the capture of non-target species. Th lly for lack of water for the crop. Assuming a 200 m

observed that the major limitation of the TBS appeared t dius of protec_:tion around each TBS (Singleton et al.
be the high cost of materials relative to the value of th 999), the TBS in Samrong offered the potential to protect
losses associated with rodent damage approximately 226 ha of rice. However, the TBSs were

dispersed according to a complex of both physical and
social conditions, rather than a simple grid system. Some of

The training and materials for construction of the TBS

‘halo of protection’ of the TBS, without the need for

Methods and results the TBSs were separated from the commune by a broad
stream, where farmers owned fields located in an adjacent
Participatory planning processes district. These conditions might significantly influence the

The initial introduction of the ideas for the FARMERS €2 protected by the TBS.
Project involved participatory methods of information i i ,
collection and planning. Seasonal calendars were used $9¢ial and environmental costs and benefits
gather information to assess the significance of rodent pests There was no anecdotal evidence of yield loss in the
in rice production. With the assistance of project staff, th@BS lure crop beyond the levels experienced in adjacent
farmers from the 11 villages in Samrong Commune formedrops and the farmers with lure crops made no claims for
20 groups, each of approximately 10 farmers, to implemembmpensation for yield loss. The detailed monitoring of
a commune-wide system using the TBS to protect the dryield loss through cut tiller counts, visual estimates and
season crop early in 2002. Social agreements were usedctdculations of grain dry weights produced highly variable
record the group membership and to formalise the sociabsults that limited bio-physical and economic analysis.
arrangements for the groups, their responsibilities, shardthe project team reviewed data collection techniques in
benefits and costs, and expectations of others. The agree effort to learn from the problems encountered in the
ments revealed that the majority of the farmers whdirst round. The first round of yield loss measurements was
intended to establish the TBS on their rice plots were aldmased on the differential between an estimate of the yield
the group leaders. This pointed to likely farmer perceptionsom an undamaged crop and the actual yield. The
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estimate of potential yield was based on a calculation afritical indication of success by all other elements of the
the yield from undamaged hills, multiplied by the numbeiproject team.

of hills per square metre. The choice of undamaged hills Farmers at Samrong Commune rated the effectiveness
allowed for subjectivity in sampling and the amount ofof various rat control methods using a scoring matrix under
variability in the results was unsatisfactory. This techniquéhe guidance of farmer facilitators from the project team.
had been devised to eliminate the need for the construthe results of the farmers’ ratings in Samrong Commune
tion of rat barriers and exclusion plots. are presented in Table 1. The matrix shows the TBS scores

Farmers raised both intra-group and inter-group issud¥0rly (®) in terms of the requirement for labour, monetary
relating to the cost of the TBS. Intra-group issues primaRutlays and materials. It was rated very higdy on envi-
rily concerned the elimination of free riding. Many groupfonmental  friendliness and effectiveness. Despite the
leaders (who also tended to be TBS ‘owners’) complaineeercept'on that the TBS was environmentally friendly, it
that the commitment of group members tended to falf’@S apparent that some farmers continued to use rodenti-
away after TBS construction. They also felt that theFideS, even around the paddies containing a TBS.
location of the TBS on their field exposed them to higher Inthe first round of trapping during the 2002 dry-

risk through the early planting of the lure crop. The grouy€ason crop, 349 rodents, comprised predominantly of

leaders felt that they bore a burden of labour in monitorin{{V©, forms ofRattus rattusand Rattus argentivente(K.
plin, pers. comm., August 2002), were caught in the 18

traps and in packing up and storing the TBS materials."" | " the  field 4 b
Their major concern before commencement of the secorjgnctional TBSs in the fields farme y Samrong

round was for access to a secure water supply to prepacl;tg,"mmur.]e f_armers. PrOJ?Ct team membelrs considered Fh|s
the field for transplanting the lure crop and for raisin umber indicated a relatively low population of rodents in

seedlings. The cost of crop failure was highly significan he dry-sgason Crop. Farmer§ agreed that rat problems
for the individuals concerned. Some villagers considere ere relatively low for that particular crop and understood

the conditions so difficult in their locality that they asked"&t tge num.tzﬁr of rodelnts .C?Uth would fluctuate in
for cooperation from other villages to provide seedbeds giccordance with seasonal variations.

seedlings. o . _ _ Gender issues

After their first experience with the TBS, it was Although there has been wide interest in the field
reported by farmer representatives that other farmers WeLRsiities associated with the project on the part of men,
reluctant to work on the TBS because they perceived thWomen and children, all of the TBS group leaders are
the benefits of the TBS were enjoyed by the TBS ‘owner'men, and women had minimal representation in the
This indicated that they believed that the benefits of thﬁroups and at formal meetings concerning the project. A
TBS were associated with the physical protectione, women were listed in the social agreements as group
provided by the barrier, as opposed to the W'der'scall‘?]embers, but other women involved in work were
protection the research team_envisgged would accompag¥scribed as the wives of group members. A workshop
reduced rodent numbers. This indicated a need for Mogg ., yation before the first-round implementation of the
information on the function of the TBS to be provided torgs gpecifically identified the involvement of women
the community. farmers as an issue for improvement for further work-

The farmers identified a number of factors that wouldhops. However, the CARDI field facilitator reported that
show whether the project was successful. These includetiie women farmers considered the TBS to be the work of
reducing the number of rodents and vyield losseshe men.
improved standard of living; adoption of the techniques by Estimates of the division of labour were gathered on
other communities; the ability to buy the materials for theseveral separate occasions using different techniques, from
traps and to set them up themselves; and the generatiboth men and women in Samrong Commune. Powell's
and sharing of new ideas for rodent management. Costitial (2002) findings were verified by focus groups
effective management for rodents was considered iavolving women in Samrong and by the construction of

Table 1 Matrix scoring table for the evaluation of various rat control methods in Samrong Commune (rating by
farmers from low favourability = 12); to high favourability = 5©).

Methods Chemical Trap Hoe Community Dogs Trap—barrier
control rat hunt system

Evaluation criteria

Labour 5 4 4 1 5 1
Money 3 2 5 4 1
Materials 4 3 3 4 5 1
Environment 1 5 5 5 5 5
Effectiveness 5 3 3 5 3 5
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division of labour pie diagrams by the project team and thprocesses embodied in the social agreements have been
predominantly male farmer representatives duringhown to be an effective mechanism for community
workshop sessions at CARDI and in Samrong. The breakducation and the evolution of arrangements to counter
down of labour inputs (Table 2) reflects other research intivee-riding behaviour. More information on the benefits of
the traditional division of labour for rice production inthe TBS will consolidate this process. There is consider-
Cambodia (Catalla et al. 2001) and is representative of tlable scope for improving the research process, particularly
other opinions collected in this study. through the development of a better flow of information,
in successive cycles of investigation.
Table 2 Breakdown of labour inputs for rice production by  The intention of the OAE to extend the TBS tech-

gender (% contribution). nology and social organisation to another district is a
Activity Male Female promising sign of their confidence in the system. The
Land preparation 90 10 relative success of the system in the new environment and
prep under the sponsorship of the Provincial Government staff
Seedbed 70 30 will provide valuable information for the evaluation of
Seedlings and transplanting 30 70 sustainability.
Crop management 50 50
Harvest 30 70 Acknowledgments
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Abstract. A survey of farmers was conducted in Vinh Phuc province, Vietnam, to examine the knowledge, attitudes and
practices for rodent management near the beginning of a village-level study to examine the impacts of a range of rodent
management practices. Thirty farmers were interviewed from four study sites. There are three main crop seasons during
the year, two rice crops and a winter crop. Over 20 different vegetable crops were grown throughout the year. Most
farmers believed that rats caused the most damage to their crops and that rats were the most important pest species to
control. Most farmers identified kohlrabi then rice as the crops that suffered most damage. Most farmers identified crop
damage through damage to plants and fruits rather than tracks, droppings or burrows. Trapping was the most common
method used to control rats in the fields, followed by use of chemicals and plastic barrier fences. An average of 16 days
labour was spent controlling rats in the previous season, and Viethamese dong (VND)16,000-18,000 (~US$1.2) was
spent per day of labour. On average, farmers spent VND130,000-170,000 (~UD$10) in the previous season on control-
ling rats. The farmers estimated a loss of about 40% of their rice yield if they were not to implement any rat control prac-
tice. Nearly all farmers stated that rat control must be carried out and that it is very important. Many farmers believed
rats can severely reduce their rice yield and that rats can be controlled if all farmers work together and throughout all
stages of the growing season. A follow-up survey will be conducted towards the end of the project to examine changes in
farmers’ perceptions and practices.

Introduction bunds within fields, and conducting bounty systems at
certain times during the crop (Brown, Tuan et al., this
An important constraint to rice production in Vietnam isvolume). It is valuable to learn what other methods are
significant yield loss by pests and diseases both in the fialded by farmers for rat control, not only to learn new
during growth and in post-harvest storage. Rodent pestsethods, but to establish some basis for an analysis of the
have been identified as causing severe damage to ricgccess of the CTBS and other methods. Furthermore,
plants in the field and rice grain in storage (Singleton anidformation on the amount of time and money used by
Petch 1994; Brown et al. 1999), and have been describéatmers for controlling rats would enable an analysis of
as one of the three most important pests of rice cropise benefits and costs.
(Huynh 1987). The rice-field raR@ttus argentiventgr In an effort to determine the success of rodent manage-
and the lesser rice-field raR4ttus losepare the two ment at the village-level, a preliminary survey of the
major species found in rice fields in Vietham (Brown et alknowledge, attitudes and practices of the farmers in four
1999; Brown, Tuan et al., this volume). villages was conducted. Similar surveys have been used to
There is a range of management practices available fassess changes in rice farmers’ pest management in the
farmers to control rodents, but the level of damag®lekong Delta (Huan et al. 1999), for quantifying farmers’
suffered by farmers can still be significant. An experidecision-making for stem borer control (Heong and
mental study is being conducted to test a range of rodeBscalada 1999), and on farmers’ practices and perceptions
management techniques within a village scale in Vinfior rodent control in Indonesia (Sudarmaiji, Singleton et
Phuc province, Vietham (for details, see Brown, Tuan «dl., this volume). The initial survey was conducted 18
al., this volume). Among the practices being tested are tlmonths after the commencement of the project, which was
community trap—barrier system (CTBS) (for details, se® months after implementation of the treatments. A
Singleton et al. 1998, 1999), field sanitation, synchrofollow-up survey will be conducted towards the end of the
nising of planting and harvesting, reducing the size dbur-year project. This paper reports on the initial survey.
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Materials and methods caused most damage to crops (Figure 1). Most farmers at
sites 1, 2 and 3 identified kohlrabi, then rice, to be the
A questionnaire was developed specifically for farmers igrops most damaged by rats. Farmers at site 4 believed the
the Vinh Phuc province, 40 km north of Hanoi in the Redtrops most damaged by rats to be green beans, then onion
River Delta. The questionnaire was modelled on severalnd kohlrabi (Table 1).
other questionnaires that have been conducted in the
Mekong Delta, southern Vietham (Sang et al., thic 50 _
volume), the Nakuru district, Kenya, West Africa (N.
Oguge, 2000 unpublished data) and West Java, Indone:S 40 -
(Sudarmaiji, Singleton et al., this volume). It was designeg
to gather information on general farming practices an g 3°
farm characteristics and, more specifically, rodent pe:s 0L
problems, management and farmer attitudes. ]
Four sub-villages (sites) within the Vinh Phuc prov-
ince, which are currently being managed for a study o .H
ecologically based rodent management, were used intt 0 ‘ -"—‘ -‘ﬁ
study. Farmers within these sites were surveyed to ga Rats Fungi Insects Others
information on their knowledge, attitudes and practice:
for rodent management. Surveys were conducted in i _
October 2000. Thirty farmers were interviewed fromF'gure 1. Responses by farmers_to guestions about which factqrs
. . ause the most damage to their crops (black bars), and which
e_ach site and were_chosc_an at rand_om from the field at tg sts they should control (white bars).
time of the survey, including some important members o
the farmmg COOperat“_/?' A COOperat'_Ve IS set up in e":lcF'abIe 1 Crops suffering the most rat damage (% respondents)
sub-village (~150 families) and consists of a few smalle(rn = 30).
‘groups’, each having leaders and various management

(— Bl Damage caused by pest

[ 1 Importance of controlling pest

Numbe

10 -

Pest category

positions held by farmers. The cooperative is responsibl&rop Site 1 Site 2 Site 3 Site 4
for major village farming decisions. Rice 31 21 17 16
Green beans 0 0 0 40
Results and discussion Tomato 0 7 0 4

. . Onion 0 3 0 20
Of the 120 farmers interviewed, 47% were female and

53% male, and the average age of farmers interviewetfonirabi 69 69 83 20

was 36 years old. The average overall level of educatiofthers 0 0 0 0

was 8 years and on average the farmers had 17 years of

rice-growing experience. The average farm size was 0.3 Farmers at each site had similar methods of assessing
ha (8.4 sao; 1 soa = 36()nand rice was normally grown crop damage. The farmers looked at plant and fruit

on 0.19 ha (5.2 sao) and vegetables on 0.13 ha (3.6 sadyumage more often than the direct evidence of rat

The average rice yield for the area was 5.17 tonnes/lmesence such as tracks, droppings and burrows. Many

(x0.18 se). farmers detected rats in their vegetable plots through
evidence of chewing and biting marks on their growing
Crops and pests fruits and tubers. The damage to vegetables was more

The farmers surveyed at four sites in Vinh Phuc gre$ommonly mentioned than damaged rice plants.
over 20 different crop types. Rice was the most commonly Nearly all farmers at all sites said that rat damage was
grown crop in the spring and summer seasons at all folegular’, occurring every season. This corresponds with
sites. Tomato, squash and melons were grown commoniigeir belief that rats are a major pest animal and one that is
in the summer and spring seasons. Kohlrabi, oniorimportant to control.
tomato and beans were the most frequently grown crops, For rodent management in the fields, trapping was the
respectively, in the winter season, at all sites. most popular method of rat control at all sites (Table 2).
Most farmers at each site believed rats caused the mdshemicals were the second most popular control method
damage to their crops (Figure 1). Farmers across the foat sites 1 and 4 while plastic barrier systems were the
sites identified 17 different pest types and pest categoriesecond most popular control methods in sites 2 and 3.
rats, insects and fungi being the three main pests idenfpigging was carried out frequently at all sites, then to a
fied. Stem rot, plant disease and a range of insects allsser degree hunting, cat predators, trap—barrier systems,
were identified by a few farmers as important pests arftimigation, flooding and some other methods used very
some farmers indicated that climate or ‘nature’ was theiinfrequently at all sites (Table 2).
biggest crop enemy. Farmers were aware of safety in their control methods,
The majority of farmers at all sites identified rats agnany believing chemicals to be unsafe. This did not deter
the most important pests to control and the pests thatidespread use of a variety of chemicals, most commonly
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an unknown Chinese chemical believed to be highly toxiaontrol practices, there will be high densities of rats to
It was commonly used because it is effective, cheap armbntrol at these times.
easily obtained.

Physical control methods were highly favoured anc
trapping was the most commonly employed method witl £
a few different traps being used. The most popular trapg 80 ¢
used were kill-traps (metal and wood mechanical trapsg 4, |
and sticky-traps (sheets of sticky substance that physicals
trap rats). Sticky-traps were favoured for use in the housg 40

and kill-traps for use in the field. 20|
A barrier system (BS) was commonly used in all sitet

except site 4 where only 50% of surveyed farmers used ‘ ‘ ‘ ‘ ‘

BS (Table 2). Many farmers incorporated traps with thei

ercent:

All season Seedling Tillering Booting Heading Maturing

BS or would hunt around its borders at night. Most othe Crop stage
activities were quite similar across sites, with similaFigure 2. Responses by farmers concerning the best time for rat
methods and timing of application. control throughout a rice-growing seasom ¥ 120 due to

Families were primarily responsible for their ownIncomlolete surveys).

rodent and pest management but the farming cooperative

organised some pest control activities. Leaders from site . , ¢ 110w the availability of food, and this is cued to
told us that their cqoperatwe has_prowded funding fof %pecific times in the rice-growing season (Brown et al.
r&.lt pounty SyStem in the past, with mqst farmers USIn9999). Some farmers indicated that it is important to
digging and huntmg. They would put a_3|de money to P&¥ontrol rats at the time that vegetable plants develop fruits
local people in a concentrated rat-hunting effort. and tubers. Some farmers said they control rats when they
In all sites, an estimated 16 days labour was speRke damage to their crops or rats in their fields, or in
controlling rats in the previous season and on averagfrticular seasons, while some practised rat control
between Vietnamese dong (VND)16,000 and 18,00@ontinuously all year.
(~US$1.2) was spent per day of labour. Overall, farmers at Nearly all farmers stated that rat control must be
all four sites claimed to have spent between VND130,0005rried out and that it is very important (Table 3). Many
and 170,000 (~US $10) in the previous season on contralrmers believed rats can severely reduce their rice yield
ling rats. The farmers estimated a loss of about 40% @fnd that rats can be controlled if all farmers work together
their rice yield if they did not implement rat control prac-and throughout all stages of the growing season. Some
tices. farmers were less convinced that rats could be controlled
Farmers at all sites believed that controlling rats waand seemed indecisive about when and how to control
most effective at the booting and tillering stages of ricéhem (Table 3).
growth (Figure 2). This belief corresponds with research Most farmers believed that rat numbers had increased
carried out at the National Institute of Plant Protectionpver the past 10 years to high numbers of rats in the past
indicating that rats are most attracted to rice seedlings atyears. This corresponds with national data for rodent
these stages of development. This means that for physicddmage, which indicate a steady increase in rodent

Rats in the Red River Delta have a breeding cycle

Table 2 Summary of all rat control methods used at four sites in Vinh Phuc province, indicating their rank order of
use (rank) and the percentage of farmers (%) that use each method.

Control method Site 1 Site 2 Site 3 Site 4
rank % rank % rank % rank %
Chemical 2 87 3 77 3 77 2 83
Trapping 1 100 1 96 1 100 1 97
Hunting 4 47 4 47 4 59 4 57
Digging 3 76 3 77 2 79 3 80
Flooding - 0 6 6 0 6 20
Trap-barrier system 6 01 6 5 3 6 20
Barrier system 1 100 2 80 1 100 5 50
Fumigation 7 3 6 3 6 0 8 7
Cats 5 33 5 K 5 3 7 10
Other - 0 6 3 - 0 - 0
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damage to rice crops over the past decade (Ministry of Ackn0W|edgmentS
Agriculture and Rural Development 2000).
This project was funded by the Australian Centre for

Table 3. Farmer responses (%) to a series of statements about taternational Agricultural Research (As1/98/36). Susan
control (average for all sites). Williams was supported through the Australian Agency
for International Development (AusAlD) Australian Youth

Question At‘lr\g:ys I\/It?a/: € Dnegltnt'rtj (Iey Ambassador for Development scheme. We sincerely thank
, the farmers for their time and sharing their knowledge of

Rat control must be carried 100 0 0 farming and rat control. We thank Prof. M. Escalada and

out Dr K.L. Heong for their advice and encouragement.

Controlling rats is 98 2 0

important
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use a variety of control methods including chemicals and ~202: Physical control of rats in developing countries. In:
. . Singleton, G.R., Hinds, L.A., Leirs, H. and Zhang, Z., ed.,
plastlp barrier fences.. . . Ecologically-based management of rodent pests. ACIAR
With three growing seasons overlapping, there is ponograph No. 59. Canberra, Australian Centre for Interna-
always a food source for pests, especially for opportu- tional Agricultural Research, 178-198.
nistic pests such as rats. Farmers seemed more concergagljleton, G.R., Sudarmaji and Suriapermana, S. 1998. An
about protecting their vegetable crops than their rice experimental field study to evaluate a trap-barrier system
crops. They often built barrier systems around vegetable and fumigation for controlling the rice field raRattus
crops, especially when plants developed fruits and tubers argentiventer in rice crops in West Java. Crop Protection,
and especially around kohlrabi crops, and used large 17,55-64.
amounts of chemicals to control rats.
Farmers in the Vinh Phuc province have a broad
understanding of the pest management issues in their
complex, mixed cropping farms. Most farmers believe
that pest management, especially of rodent pests, is
extremely important for the viability of their crops and
that a range of different pest control methods imple-
mented throughout the growing season is required for
effective pest management.
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Abstract. There appears to be no easy solution to reducing crop damage caused by rodents in Cambodia and other
parts of Southeast Asia. Agricultural and pest management scientists focusing on technological improvements have
expressed frustration with the apparent slow uptake of management options produced from an 80-year history of
research. In Cambodia, rats destroy an estimated average 0.1% of the total rice production area annually. This may
sound barely perceptible, but damage is often very patchy and locally severe. An outbreak in 1996 was reported to have
destroyed rice sufficient to feed over 50,000 people for one year. Typically, farmers’ rat management efforts have had
poor success. There is an increasing awareness that traditional research, development and extension (RD&E)
approaches have frequently led to inappropriate, irrelevant and unequally distributed technologies and unrepresentative
decision-making. This paper provides an overview of one approach, adaptive management (AM), which aims to over-
come these problems. An example of the application of AM to improve Cambodian RD&E in rodent management is
also presented. We propose that the management of rodent problems in lowland rice could improve dramatically if
approaches are community-based and if the concept of uncertainty is incorporated as an integral part of the decision-
making process.

Introduction In the 1970s, to deal with the inadequacies of ToT, the
importance of developing technologies within the context

Although traditional research has advanced the undép which they were to be used (both environmental and
standing of rodent ecology, the predominant extensicPcial) made its way into the research, development and
model has been the transfer of technology (ToT) approacgxtension (RD&E) agenda under the label of ‘farming
After decades of using the ToT model, extension theoris&y/stems research’ (FSR). This approach was seen as a
and practitioners began to notice that the ToT approad¢hore holistic approach to prior reductionist research
proved successful only under certain conditions. Thestpproaches and had researchers conducting experiments
conditions are described by Jiggins (1993) as “homog@nd developing technologies in farmers’ fields. However,
nous production environments, for larger commerciafSR (in its early forms) still retained many of the assump-
farming units, wherever field conditions and interactiongions of ToT, in that scientists still retained control over the
can be replicated in the laboratory and research statioigsearch agenda. Thatis, FSR seemed a subsidiary of ToT,
and where innovation is driven by strong market forceglbeit a more effective way of doing it.
which signal demand for tightly specified, discrete and The 1980s saw a new approach in the RD&E arena
specialised products”. Where the approach had been inadferred to as ‘participatory technology development'. In
equate, however, had been in more complex situationgis setting, the extension agencies, particularly non-
particularly heterogeneous environments (e.g. varied sagbvernment organisations (NGOs) began to focus on
types, unpredictable seasonal distribution, mixed croppirigsues of power and equity, introducing the notion of
systems) and where social and cultural factors (e.gocial justice into their framework for thinking about agri-
division of labour, market forces, individual preferencesgultural development. In the social justice agenda, partici-
influenced and were influenced by changes in farmingation was not only seen as a way of developing better
practices. In this light, it is easy to see why the ToTechnologies in relation to context, but also a right of indi-
approach has not been successful to the small-scale, ofteéduals and communities in shaping and determining their
unpredictable (due to poor food distribution, rat outbreakswn destiny. Extension theorists and practitioners began
and food shortages), and subsistence nature of Cambodtarpose questions such as “Whose knowledge for whom?”
rice-farming systems. and “Who are the beneficiaries of development projects?”
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Community-based approaches and participatory methods Adaptive management: what is it?
were developed accordingly.

By the 1990s, extension science (if not extension praddaptive management has a 25-year history in the natural
tice) had become concerned increasingly with ruratesources literature. It was first introduced by Hilborn and
people’s sense-making activities (i.e. how people mak@/alters in 1976 in a fisheries paper that discussed how
sense of the activities in which they are engaged) argtientific research conducted separately from manage-
extension agents took on the role of facilitators and cooment was not producing useful predictions for fisheries
dinators of these multi-stakeholder forums. However, thenanagers (Walters 1995). The term itself was coined in
notion that farming systems (as we might view them) ar&978 by an inter-disciplinary team of biologists and
embedded in larger systems that provide context arslstems analysts under the leadership of the Canadian ecol-
meaning for decision-making was often neglected imgist Clarence Holling (Lee 1993). Walters (1986) and Lee
RD&E efforts. This caused projects to expand their focu$l995) further expanded ideas on AM, treating natural
toward multi-disciplinary and inter-disciplinary research.resource management as deliberate experimentation as
Mak (1998; see also Cox and Mak 1999) advocates, in theell as advocating the methodology as a means of
context of rodent management, that unless research oonducting better habitat management over time. Jiggins
rodent ecology is matched by parallel research in thand Réling (2000, p. 3—4) illustrate the impetus for AM:
social sciences, gains in understanding rodent ecology

will not be transformed into development outcomes. AM has been gaining ground in response to a widely

| . . ith this ch RD&E h perceived sense of societal crisis. This perception is essen-
n conjunction with this ¢ angg, apProaC es tially concerned with the relations between people and their
that could also allow for the recognised complexity of and physical and biological environment, and the ways in which

uncertainty within systems were being sought. What were  those relations are changing the function and capacity of the
needed were new approaches that would allow knowledge ecological processes on which human existence depends.
and understanding to emerge from the process. This led to The nature of change is seen as generating fundamentally
the application of learning and action based participatory new kinds of irreducible uncertainty. The conventional tools
approaches, such as action learning, action research, of risk assessment, planning and design, and the method-
participatory action research, soft systems methodology, ological and explanatory reductionism of conventional
and adaptive management. The success of these in agri- sci(_ance are held to constitute an incomplt_ate, inadequate, gnd
culture and resource management is well documented 2" nappropriate toolbox for the construction of the future in
through the 1990s (Hamilton 1995; King 1997, 2000; situations in which surprise becomes increasingly determi-
. . . nant of outcome.
King et al. 1999). Success factors include strengthening
community capacity, generating innovation and communi- The formulation of AM was based on detailed studies
cation, enhancing organisational and research capacitied, complex ecosystems such as the Florida Everglades,
and developing and adapting technologies to local agréhe Columbia River, the New Brunswick spruce forests,
ecological and socioeconomic conditions. the Baltic Sea and others in which humans play a domi-
Today, the current trend in agricultural and resourc@ating role. Jiggins and Réling (2000) acknowledge the
management extension is for practitioners to facilitatevork of Gunderson et al. (1995), Holling and Sanderson
multi-stakeholder participatory methodologies that allon(1996), Walters (1986), and Birkes and Folke (1998) in
for uncertainty and surprise (Roling and Wagemakerbringing together the concepts of AM in relation to these
1998). This may be at the ‘soft’, as well as ‘hard’ systenstudies.
level, as King (2000, p. 269) explains:

There are a variety of reasons why a participatory Iearnin!;?eflnltlons of adaptive management

process does not flow according to a blueprint plan or is not There are now many definitions of adaptive manage-
as effective as one might imagine. Issues of power, hiddegent. To illustrate a few:

agendas, expectations, past experiences, different world

views and the fact that people are intentional beings, makes | i te th tainabl t of nat
group learning processes and outcomes unpredictable at the values 1o promote the sustainable management of nat-

level of praxis. Facilitating participatory learing processes  Ural systems (Holling 1978).

is inherently complex, requires a wide range of skills and has AM aims to base management decisions on site-spe-

many implications. It is not as simple as following a ‘recipe’  cific information gained through experimentation with

but requires an alternative, responsive approach to the flux of management. Experimentation with management

process. serves to combine information collection and policy

This paper provides an overview ohe particular design into a single process, in which policy is both
approach, adaptive management (AM), which aims to informed by, and designed to yield, information (Blu-
allow for uncertainty and surprise. An example of the menthal and Jannink 2000)
application of AM to improving Cambodian RD&E in « A key aspect of AM is acknowledgment of uncertainty
rodent management is also illustrated. We propose that the about what policy or practice is ‘best’ for the particular
management of lowland rice could improve dramatically management issue, noting that AM has a sequence of
if uncertainty were not only acknowledged, but also incor- steps including (1) problem assessment, (2) project
porated as an integral part of the decision-making process. design, (3) implementation, (4) monitoring, (5) evalua-

AM is a heuristic process coupling science and social
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tion, and (6) adjustment of future decisions (Nyberg3.
1998).

AM entails identifying areas of scientific uncertainty,
devising field management activities and real-world
experiments to test that uncertainty, learning from the
outcome of such experiments, and recrafting manage
ment guidelines based on the knowledge gained
(Walters 1995).

AM is ‘learning by doing’ (Walters and Holling 1990).
While there are several approaches, Farr (200Q

monitoring is less detailed, and the focus is on under-
standing the response of the system as a whole (rather
that on detailed understanding of parts of the system).

Challenges to implementing adaptive

management

Halbert (1993), Walters (1997) and Jiggins and Réling
2000) analyse the constraints to the effective implemen-
tion of adaptive management from a sociological and

suggests that the following are key attributes of an AM, it tional perspective as follow:

approach:
1.

Decision-makers, scientists, and other stakeholders
work together and seek to enhance the understanding
of the system that they manage

Identification of:

— indicators (i.e. quantitative measures of the state or
dynamics of the system that are relevant in the
analysis of trade-offs among management alterna-
tives);

— actions (management activities or policies that will
affect the system); and

— ecological processes (that link actions to changes
in the indicators).

Explicit predictions of outcomes of potential manage-

ment actions on a suite of indicators, using simulation

models or other projection tools. Exploration of
trade-offs among alternative approaches.

Identification of key uncertainties and knowledge'

gaps. These are prioritised based on how reducing

these uncertainties will help in the trade-off analysis

(i.e. if we know X, would it help us to choose among

management alternatives A and B?).

Active AM typically involves (management) experi-

ments implemented at an operational scale, designed

to test hypotheses or qualitative relationships between
management actions and changes in indicators.

Monitoring of indicators.

Evaluation of observed and predicted changes, diag-

nosis of reasons for differences, and assessment of

whether newly acquired knowledge justifies modifi-

Under the experiential learning-based AM model, data
are generated, analysed and interpreted over time peri-
ods that often exceed project time frames and political
tenure. The process of learning is the primary objec-
tive rather than reaching an anticipated goal or output.
As a methodology, AM has been questioned as to
whether it is applied to the appropriate situation. It has
been suggested that AM is most useful in situations in
which environmental change is driven by high human
activity, which threatens to undermine essential eco-
logical functions and capacity.

Computer-supported simulation models, although seen
as an important tool for AM, are typically too complex
to be easily understood by the stakeholders them-
selves. In addition, the overall objective of learning is
often traded-off when scientists are focused on estab-
lishing ‘true’ models.

Temporal scale is difficult to address, particularly
where there are inter-generational differences in future
equity stakes and differences in the articulation of
action among different scale levels. Solving problems
at one level does not automatically add up to solving
problems at another system level with different emer-
gent properties.

A key assumption of AM is that social learning will
lead to concerted action at the scale of the ecosystem
being managed. In the case of large ecosystems, it has
so far been difficult to establish effective management
regimes (as opposed to the scale at which common
property regimes have been successfully established).
Halbert (1993) suggests that although formal adoption

cation of the management plan, e.g. based on neynq institutionalisation of AM is critical, this alone is

projections of consequences of proposed actions wiisyfficient to ensure successful implementation, which
new relationships between actions and indicatorsyrther requires that:

Other reasons for changes in plans include new objeg-
tives of stakeholders.

Two points raised by Holling (1978) that illustrate the.

management takes risk-prone actions while providing
institutional patience and stability;
managers and politicians redefine success so that

difference between AM and traditional research are that at |earning from errors becomes an acceptable part of the
least as much effort must go into communication as goes |earning process;
into the analysis, and that there exists a serious trade-Qff managers set C|ear|y established goa|s and decision-

between designs aimed at preventing failure and designs making criteria that will allow for accountability and
that respond and survive when that failure does occur. effective evaluation:

Taylor et al. (1997) suggest that AM differs from tradi-.
tional research in three important ways:

1.
2.

managers play an integral and often lead role;
polices are implemented at an operational scale, in an
operational setting; and
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The app|ication of adaptive » some technical problems of rodent control methods.
management to Cambodia’s rat The trap—barrier system (TBS) is a novel technological
b solution that holds considerable potential to control rodent
probiems problems in lowland rice systems (Leung 1999). While

. L . o . much has been learned of theologicalproperties of the
Rice production is the basis of food security in Cambod|arBS, theeconomic and social aspea§ this technology

In some areas, rodent pes_ts cause chronic anq aCLétt% poorly understood. However, what is clear is that the
dam"?‘ge to rice crops and J_eoparpl_lse food security f se of the TBS will be less than socially optimal if
subsistence farmers and their families (Jahn et al. 199 anaged by individual decision-makers acting in isola-

1999). Fpr example, Jahn et .al. (19_9_9) reported ion. Management of the TBS as a common property
outbreak in 1996 that destroyed rice sufficient to feed OVELsource (i.e. at a community level) may provide a means

50’000, people for one year. The Cambodian governmet . ercome this problem. This also means that the tech-
recognises the seriousness of the rodent problem and has_ | aspects of the technology and the social arrange-
in the past instituted bounties for rats, free distribution OFnents that support it have to be melded together.

rodenticide, and rodent pest awareness campaigns. Leung, , .
(1998, 1999) evaluated the Cambodian governme FARMERS’ (Farmer-based _daptive _Fodent

t . .
campaigns for rodent pests and found that they were ingManagem'ent,_)Ete.nsmn and_Bsearch_gstem) is a
ollaborative project between farmers of Somrong

: . : : o
fective for crisis management or involved poorly tlmed\ﬁllage the Office of Agricultural Extension (OAE), the

routine activities without a sound ecological or socioeco- . ) .
g Cambodian Agricultural Research and Development Insti-

nomic basis. Leung (1999) also concluded that, V.Vh“?ute (CARDI) and The University of Queensland (UQ)

Iﬁg{:efbinf d tf)ortr:gnz?oivr\:e?r?ig okfncl)(\j\?lgld rgt i?}?gugglt?:rsﬂmded by the Australian Centre for International Agricul-

mana emgnt actions was limited bv: 9 tural Research (ACIAR). Figures 1-6 illustrate aspects of
9 y: the project. The project is based in Kampong Cham prov-

* alack of community-based learning and actions; ince, Cambodia, and has been in operation since July
* a lack of understanding of the ecological and socio2001. Details of the study location and TBS implementa-
economic issues; and tion are provided by Russell et al. (this volume).

Figure 1. The Australian Centre for International Agricultural Figure 3. Rats, rat traps and a trap-barrier system.
Research (ACIAR) project team.

Figure 4. Map of common property resources and trap—bar-
Figure 2. Rat damage to a rice field. rier system locations.
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Figure 5. Participatory matrix for exploring gender and sea-
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sonal labour.

The benefits expected from the project include:
greater understanding of the technical, economic and
social aspects of rodent management; .
development of appropriate social institutions for
managing the TBS technology as a common property
resource at a village level; and

greater familiarity of community-based technology
development approaches at CARDI.

The definition of adaptive management within the

context of the FARMERS project is based on an action
research model and ian integrated, problem-solving
approach, which operates on continuous learning and
action cycles, with community participation in all phases
of the planning, implementing, monitoring, interpretation_
and evaluation of the researdkey aspects to the facilita-
tion of AM in this project have been:

The AM cycles coincide with cropping seasons to bet-
ter link learning with ecological processes and the
project includes social, economic and biophysical
aspects to optimise learning about ecosystems man-
agement.

Participatory planning has included farmers, scientists,
extension agents and managers at the whole project
level. This in itself is innovative, as farmers are typi-
cally involved in activity-level decision-making but
excluded from decisions made at the whole project
level.

Research is carried out on-farm and involves the facili-
tation and coordination of a number of stakeholders
that have formed their own ‘research’ community to
explore more effective strategies together.

Interactive participatory tools are used to bring out the

stakeholders’ different perceptions of reality.

AM is seen as an overarching approach, but the

emphasis in planning meetings has been on foundation
concepts such as systems thinking, participation and
action research.

Figure 6. Participatory pie chart for assessing different control

options.

to become aware how their own context fits into a
larger picture.

Monitoring and evaluation (M&E) is participatory, and
the core project team (including farmers) uses, cri-
tiques and adapts the M&E methods before using them
with farmers in the community. These tools can also
be reframed as projection tools for future planning.
Social aspects are incorporated into these methods,
thereby surfacing and acknowledging the complex
nature of introducing different management strategies.
Indicators have been developed that reflect anticipated
changes at both the farming systems level and the
project team and management level. Indicators also
reflect biophysical, economic and social phenomena.
The AM approach is being used also to develop the
learning and understanding of the project team itself.
That is, the team is also facilitated through the process
of planning, implementing, monitoring, interpretation
and evaluation; and then reflects on this process.
Negotiations and agreements are seen as dynamic
rather than static, allowing for re-negotiation as learn-
ing by all participants increases.

The inclusion of management in the core team aids in
linking understanding to policy and redefining learn-
ing as a valid project outcome. The inclusion of farm-
ers in the core team moves a step closer to ensuring the
sustainability of the learning process in communities.
It also acknowledges the value of farmer process
knowledge as well as farmer technical knowledge.

The learning focus and reflective nature of the team
and community activities aim to sustain the learning
process itself (beyond project time frames). Facilitated
learning about learning also anticipates an increased
understanding about the process of learning and its
relationship to uncertainty and surprise.

Conclusions

Spatial-scale issues are being addressed through mixgsaditional RD&E approaches have frequently led to
of processes allowing stakeholders to conceptualiseappropriate, irrelevant and unequally distributed tech-
and ‘vision’ their environment in a systemic way andnologies and unrepresentative decision-making. Adaptive
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management is one methodology that may overcomé&hn, G.C., Mak, S., Cox, P.G. and Chhorn, N.1999. Farmer par-
many of these problems in complex ecosystems manage- ticipatory research on rat management in Cambodia. In: Sin-
ment. It is community-based, allows for the inherent 9leton, G.R, Hinds, L.A., Leirs, H. and Zhang, Z., ed.,
uncertainty and surprise associated with complex systems, Ecologically-based management of rodent pests. ACIAR
has a strategic learning focus, and links policy to practice Monograph No. 59. Canberra, Australian Centre for Interna-

change. Although further understanding of the complexi-. tfonal Agricultural Research, 358-371.
ties in facilitating such a process is needed, the applicatid]r'ggms’ J. 1993. From technology transfer to resource manage-
' ment. In: Proceedings of the XVII International Grassland

of AM to managing the lowland rice rats in Cambodia is Congress, Canada, June 1997

showing promise. Jiggins, J. and Rdling, N.G. 2000. Adaptive management: poten-
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Abstract. Many researchers and facilitators acknowledge the value of farmer participation in rural research, develop-
ment and extension (RD&E), both for problem recognition and for problem solving. Although the intention to include
farmers in the RD&E process may be genuine, implementation is often complicated by the fact that researchers, facili-
tators and farmers have very different perceptions of the natural and human environments and the complex interactions
between them. This can lead to fundamental misunderstandings and act as a barrier to effective exchange of knowledge
and ideas between project partners. This paper emphasises the need for researchers and facilitators to first explore the
knowledge and beliefs of the farmers with whom they are working. It reports on research carried out to gather indige-
nous farmer knowledge and perspectives on rodent management in a rice-growing community in Cambodia.

Introduction method works through subtle manipulation of ecological
processes and, unlike the current practice of rodenticide
The population of Cambodia is over 85% rural, with mosgse, does not result in large numbers of dead rats.
people involved in lowland rice production. Rodents aré\doption and future cost-effective application of the TBS
reported as a major cause of crop losses in many partsBethod is thus likely to hinge on farmers acquiring quite a
Cambodia (Jahn et al. 1999) and farmers typically ugaigh level of understanding of rodent ecology, including
rodenticide at times when rat damage is observed. Thaspects of breeding biology, population cycles and
method is rarely, if ever, cost-effective, and may bé&easonal movements, as well as a firm grasp of the way in
harmful to the farmers’ water supply and the environmentvhich TBS acts to mitigate rodent population growth and
Since the end of 2001, researchers and extension agefiiaP damage.
have been introducing farmers of Somrong commune in
Kampong Cham province to alternative, ecqloglgally Adult Iearning and indigenous
sustainable methods of rodent control, based primarily on

the use of a trap—barrier system (TBS; Singleton et al. knOWIedge

1999). In brief, the TBS uses a lure crop (usually a riCﬁ\dults tend to learn more effectively when the knowledge

crop planted 3 weeks ahead of surrounqmg .fields) i problem-oriented (Rogers 1992), i.e. when they can
attract and trap rodents before the surrounding fields reaﬁg]ate the new information to real life situations. A study

booting.stage. In theory, this leads to a reduptjon in rode% adult learning involving farmers in Queensland,
populations before the onset of breeding activity. The TBR qtrajia, showed that the learning process is enhanced

method is best applied in a coordinated fashion acrogg,e, the facilitator can relate the new knowledge to the
large cropping areas, but this requires a high 'evel_‘?lf]dividual experience of the farmer (King 2000). Other
community involvement and cooperation. In Cambodigysortant points in relation to adult learning include those
the willingness to work as a community was eroded,ggested by Malouf (1994), that learners must: set their
during the Khmer Rouge time and consequently it i3y |earning goals; participate actively; build upon their
perhaps more than usually difficult to raise a community,, experiences and knowledge: and see learing as
effort (Meas Nee 1995). desirable. In addition, the learning environment needs to
For the introduction of any new agricultural method tdbe perceived as a mentally and socially safe space, and
be successful, farmers must genuinélglieve that it must allow effective, interactive communication. An
works and that it is cost-effective. In the case of the TB8nderstanding of the dynamics of adult learning is particu-
method, this poses a considerable challenge, as tlaly relevant to farmer participatory research, where
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scientists and farmers come together (typically in farmersvisual tools including skulls, skins or bodies and a map of
fields) to collectively learn about and address problenthe commune proved useful to focus the discussion. Hall
situations. and Hall (1996) quote Fielding (1993) who describes
Where cultural backgrounds differ substantially, thesemi-structured interviews as an ethnographic process
dynamics of adult learning may take on a new dimensionvhere “the interviewer asks certain, major questions...but
Farmers may have a fundamentally different world views free to alter their sequence and to probe for more infor-
that is difficult to reconcile with the Western scientificmation”. Hall and Hall add that open-ended questions
paradigm held by researchers or trainers, with differerallow informants to discuss the issues more freely than
concepts of causality and contrasting modes of explanthey could with the closed or forced-choice questions of
tion. Such differences can lead to fundamental misundethe structured questionnaire.
standings and may act as a barrier to effective exchange of The diversity of opinions expressed during the focus-
knowledge and ideas between the project partners. In sughoup meeting suggested that knowledge about rodents is
situations, it is imperative that researchers and facilitatonsot uniformly shared among all members of the Somrong
take time to explore the knowledge and belief systems @ommunity. As in any society, individuals have different
the farmers with whom they are working. personal experiences, they have been exposed to different
The idea that indigenous knowledge and scientifibodies of wisdom, either within families or other social
knowledge can be complementary in the research procegoups, and they may have varying levels of interest in
is not new. Parallels between indigenous knowledge arghrticular topics. For this reason, the interview has been
sustainable development within particular situations arsupplemented with numerous discussions with individuals
well documented (Agrawal 1994; Scoones and Thompsoor small groups of farmers, probing for information about
1994). Indigenous knowledge has been introduced inttheir rodent problems, their personal observations of
development projects primarily in recognition that (i) itrodents and their understanding of the dynamics of rodent
has been developed in context, (ii) it is generated ovegropulations. This is an ongoing process, and almost every
time through experience and trial and error, and (iii) it camew conversation with farmers brings to light new infor-
incorporate the ideas and constructs of the end users mfation and insights. The information presented here is
technologies. thus a composite of many conversations, although, so far,
Researchers and facilitators have most often gatheregnducted exclusively with men, and is very much a
farmer knowledge as a means of quickly identifyingpreliminary account of farmer indigenous knowledge in
problems and issues related to a specific topic. This the Somrong community.
typically done through the use of structured question- Somrong commune supports approximately 7000
naires and semi-structured focus groups (Escalada apeople living off a total cropping area of c. 700 ha. The
Heong 1997). In some cases, insights gleaned from suehopping area is divided into distinct cropping areas: the
activities can also lead to the rapid development of effecdry-season cropping area (DSCA) and the wet-season
tive solutions, building on traditional pest managementropping area (WSCA). The DSCA supports a mosaic of
practices. The gathering of indigenous knowledge mighbw scrubby vegetation and cultivated rice fields during
also assist a researcher or facilitator to understand hawe period November to February, but this area is inun-
farmers are likely to respond to a possible solution, andated from June to November every year by the rising
how best to structure and present information in a wafloodwaters of the Mekong River. The DSCA is progres-

that will make sense to end users. sively replanted as the floodwaters recede. The WSCA is
In addition, the process of gathering indigenous located above the high-water level. It lies fallow during

knowledge can itself produce benefits: the dry season, but is planted with rice during the wet

* informal discussions with farmers can build trust; season as water becomes available either through local

« talking about whatheyknow can give farmers confi- rainfall or by pumping from the rising floodwaters via a
dence to participate in discussions; system of canals. A total of 11 densely settled villages are

« incorporatingtheir knowledge into development can Scattered across the WSCA. Vegetables are grown in small
give farmers a feeling of empowerment; and gardens within the village complexes.

« discussingheir knowledge helps farmers to articulate ~ Rodent specimens collected during this study were

new ideas and can lead to an enthusiasm to test thdgentified through comparison with reference material in
in the field. the Commonwealth Scientific and Industrial Research

Organisation (CSIRO) Australian National Wildlife
Collection in Canberra.
Methods and study area

An initial focus-group interview was conducted with a Results

small group of about 15 farmers (in this case, all men) to

explore their knowledge about rodents and rodenthe farmers of Somrong generally enjoy discussing their

ecology. Several open-ended questions were prepared kiyowledge of rodents and the chance to share their obser-
the facilitator in order to cover topics pertinent to thevations. As noted above, the level of knowledge is quite

problem, but a general discussion was also encouragedried within the commune, most farmers saying that they
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learnt their knowledge partly from their older relatives andRodent habits and breeding

pgrtly from obse'rvation. During the_ fpcus-group discus- Somrong farmers believe the habits of the three types
sion, farmers voiced a range 9f OpINIONS On EVery qUest rqgents are essentially the same. In their view, the same
tion, although two or three individuals geperally led thekinds of rodents inhabit the villages and the fields. In the
group. The responses 1o some questhns Were Ve€{Mlages, rats eat rice stored under the houses. They mainly
specific, however on other topics they admitted to having, e oyt at night but are sometimes active during the day.
, they live in burrows in the DSCA,

5 - responses ‘_"‘S importargjtut when the flood comes, many rats move up to the
habitats for rodents. Similar general observations apply {Q/sca. However, some remain in the flooded forest areas

the many individual discussions carried out subsequent {g, up to 3 months. Although during the wet season rats
the group meeting. can be found through all parts of the WSCA, they prefer to
live in the ‘forest’ or in the villages. For this reason, more
Rodent taxonomy damage is expected in rice fields situated adjacent to these
Most farmers recognise three types of r&sndol habitats. The farmers also claim that rats prefer to stay
preing, kondol prometand kondol bie,with the names close to the flooded zone during the wet season, rather
kondol ot mien chmuand kondol propehmentioned as than moving into the more distant parts of the WSCA.
alternative names fdrondol bie Kondol priengrefers to ~ This belief affected their placement of TBS units for the
the largest of the local rodents, members of the gen@)02 wet-season crop, the majority of which were posi-
Bandicota There are two species Bandicotapresent in  tioned near the flooded area. At the end of the wet season,
SomrongB. indicaandB. savielj but these are apparently rats are said to move back down to the DSCA where they
not distinguished; they differ mainly in maximum adultattack the recession rice crop.
size.Kondol promehandkondol bierefer to the smaller Rats are said to breed all year round but with most
rats of the genufRattus There are at least folRattus young appearing at the end of the dry season. The number
species in SomrondR. argentiventerR. losea and two  of pups per litter is said to vary but an average of six pups
members of th&. rattuscomplex (an endemic southeastwas generally given for all types of rats. Some farmers
Asian form and the ‘European’ black raifondol bieis  believe that rats can breed three times in one month. Rats
said to be slightly bigger thakondol promehbut is are said to have their pups under the ground.
mainly recognised by its reddish colour. SpecimenR.of
argentiventeiwere frequently identified dendol biebut ~ Rodent numbers and crop damage

if a specimen lacked the reddish colouring typical of that  somrong farmers claim that the largest numbers of rats
species, then it was sometimes referrekbtodol promeh.  are present during harvest time in the dry season from
OneRattusspecimen was identified by a farmer as a babFebruary to April; and in the wet season from July to
Bandicotabecause of its greyish colouring. In general, itseptember, after the flood has reached its upper limit.
seems that pelage colour is the most important feature ¥hey mentioned that rats tend to aggregate around the last
Somrong for identifying the type of rat, followed by its fields to be harvested. Poison baits are generally placed at
Size. this time, sometimes resulting in observations of large

Two species oMus have been collected at Somrong,numbers of dead rats around these fields. This is generally
M. caroli and M. cervicolot Some farmers in Somrong regarded as a sign of effective treatment.
believe mice to be the babies of the larger rats and do not Rats are thought to attack all stages of rice but mainly
consider them to be important targets for control in theithe booting stage. However, during the 2001-2002 dry
own right. However, other farmers know that they argeason (the first TBS season), they claim that rats were
fully grown and can provide details as to when and whergttacking mainly the flowering stage, because this was
they breed, and describe how they can climb the ric&hen they caught the most rats in the TBS. One farmer
plants to cut ripening panicles. These farmers considexplained this by saying that the flowers produce a good
mice to be major pests of their rice fields. The extent o§mell that attracts the rats. This was seen as a benefit of
farmer knowledge of particular rodents may be proporusing an attractant crop inside the TBS and also as a
tional to the crop damage that they experience from amgason why the TBS crop needed to be ahead of the
given species. surrounding crops.

Jahn et al. (1999) stated that farmers in Cambodia All types of rats are said to eat rice, kahdol promeh
recognise two to six kinds of rats, however this was natnd kondol bie (Rattus spp.) are believed to do more
referenced to area. The number of different kinds recogmlamage thakondol preing(Bandicotaspp.). Rats do not
ised may reflect the importance of rodents as pests instore rice in their nests but they sometimes take it back to
particular area. However, it might also reflect farmerstheir nests if they live in the forests. Farmers mentioned
perception of their ability to control any of the rodentthat damage in the fields tends to be concentrated toward
species. The fact that the farmers in Somrong ascribe ontlge centre rather than around the edges. The degree of
three names to what are at least seven species may aflomage is reported to be much higher in fields located
reflect their belief that all rats are pests of rice and that afiear the villages and forests. Within the WSCA, damage
should be targets of control (see below). is highest in fields close to the flooded zone, and generally
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very slight in fields that are distant from this zone. In most the development of an improved rodent management
years, the highest-level damage is said to occur to the dry- strategy.
season crops. Although farmer knowledge of rodent biology and

Farmers mentioned that rat numbers fluctuate frorgcology is extensive, particularly in relation to rodent
year to year. They also claim that the number of ratdistribution and movement, our results suggest that
present during the dry season can be predicted from tkgowledge about rodent life cycles is limited. Providing
amount of rain and the extent of flooding during thdarmers with some additional information in this area may
previous wet season. Before planting the 2001-2002 er]LeIp them formulate a more accurate picture of rodent
season crop, farmers predicted that there would be few€f0l0gy. An understanding of the present limits to knowl-
rats than usual and little damage, and attributed this to tif§ige also enables the facilitator to develop a more stra-
high flood and heavy local rainfall of the 2001 wet seasori€dic and focused learning process revolving around
This prediction was borne out by the results of the firsiodent life cycles (e.g. the breeding cycle of rats, and
TBS season—few rats were caught and there was relghich species are present and important to target).

tively little damage other than in fields located close to The farmers involved in the research presented here
major forest patches. were all men. In the future, it would be useful to hold

similar discussions with women, as they are concerned
with different aspects of rice cultivation and may well
Discussion and conclusion have additional and alternative knowledge and ideas to
contribute. King (2000) documented the complementary
There is little comparative data from Southeast Asi@ontributions of men and women’s knowledge to under-
against which to assess the extent of indigenous knowstanding complex systems, noting, however, that women
edge of Somrong farmers in regard to rodents. Althoughre often conspicuously absent from research, develop-
they clearly have a good understanding of many aspectsmient and extension (RD&E) activities.
rodent biology, there is a tendency to view all rodents as Recent interest in the contribution and incorporation of
having similar habits and as posing similar threats to ricearmer knowledge in scientific research has tended to
crops. The number of different rodents distinguished ifocus on what can be termed ‘indigenous technical knowl-
much fewer than the true number of species, but this is netige’ (ITK), i.e. the knowledge farmers possess about
surprising, given the very slight differences in size andechnical aspects of their farming system and biophysical
morphology that separate some of the species. At amvironment. Scoones and Thompson (1994) suggested
ecological level, Somrong farmers clearly appreciate ththat this interpretation of local people’s knowledge and
impact on rodent numbers of the annual flooding anebilities is too narrow, and introduced the concept of ‘rural
cropping cycles, and they also appreciate the importangeople’s knowledge’ in which ITK is seen as only one of
of refuge habitats (forest and villages) as potentiamany components of a knowledge system. This notion
‘source’ habitats. Trapping studies at Somrong ovewas taken a step further by King (1998) who demon-
coming years should reveal to what extent the farmerstrated the significance of ‘indigenous process knowl-
concept of cyclic movements and refuges matches up wittdlge’ (IPK), especially in the context of participatory
the ecological reality, however for the present, their viewsesearch and complex systems management. In the present
would appear to be reasonable in view of the general landase study, the data-gathering process was initially
scape ecology. focused on ITK. However, many of the farmers’ ‘ecolog-
A more important observation in the context of thelcal’ observations stray outside of this sphere and qualify
rodent management project is that Somrong farmers ngf €lements of IPK. As mentioned earlier, indigenous
only form a clear conceptual link between rat nurnberg_nowledge is gene.rate_d in context, often learnt from expe-
and crop damage, but also appreciate that rodent numb&@nce, gnd reflective in ngture. It is these characteristics
are unevenly distributed, both within the landscape ant@t articulate so well with the adaptive management
through time. These dual pillars of understanding majethodology used to drive the participatory research in
well have a strong influence on their ability to indepenth€ Somrong rat management project. Close attention to
dently assess the effectiveness of the TBS and ultimatefiPth indigenous technical and indigenous process knowl-
may help them decide whether or not the TBS will be&?dge is a key component in the development of appro-
cost-effective for any particular location, or for any partic-Priate  rodent management strategies and, more
ular season before the start of that season. importantly, in their adoption by end users.
: . , . Gathering indigenous knowledge should be seen as an
Our improved understanding of farmers’ perceptions

) S n .
about the localised distribution of rats, the pattern oP going process _Kpoyvledge Is often d|ﬁu§e within rural
T . : : communities and it is important to try to gain as broad an
migration during flooding, and the relative damage to : . )
L ) understanding as possible of both the knowledge available
crops in different areas allows for: s . . .
within a complex farming community and of the social

* an appreciation by scientists and facilitators of thggntext of that knowledge. The new understanding that

farmers’logic in application of the TBS; emerges from this process will facilitate the learning
* a more purposefully designed and facilitated futurgrocess and help build a better relationship between
research process; and therefore researchers, facilitator and farmers. A variety of semi-
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structured and casual methods must be used to obtain a ment, In: Heong, K.L. and Escalada, M.M., ed., Pest man-
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confines of a structured survey. Adult learning theory alsb'a”_’ D. and Hall, I._ 1996. Practical sqcial research: project work
suggests that farmers may be better able to grasp or assim-n the community. London, Macmillan Press.

ilate a new idea if it is related to their personal experience@"M G-C. Mak, S., Cox, P.G. and Chhorn, N. 1999. Farmer par-
or existing knowledge base. Without a prior understanding ticipatory research on rat management in Cambodia. In: Sin-

f indi K led b line f | . gleton, G.R., Hinds, L.A.,, Leirs, H. and Zhang, Z., ed.,
Ol INdIgeNoUs knowledge as a baseline 1or planning, new Ecologically-based management of rodent pests. ACIAR
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Abstract. Integrated rodent management (IRM) was adopted as a scientific control method in 1985 in some counties
of Yunnan province in China. After 10 years, there is significant success in some counties (e.g. Tonhai and Daili), but in
most other counties of Yunnan, there are still many problems with IRM. Many questions need to be addressed regard-
ing under what conditions IRM would be successful. Why is IRM not successful in some places? Are there economic
factors that affect IRM? In this study, three townships, six villages, and 100 farmers in Tonhai, and one township, one
village, and 197 farmers in Qijing were selected for sampling information on benefits and costs of IRM. Farmers gen-
erally had a good understanding of the benefits and costs of IRM while the government tended to overemphasise the
benefits. From our surveys, we conclude that the government needs to support the organisation of IRM by providing
financial inputs and training courses for farmers. Efforts by the government should be distributed across all govern-
ment levels to increase awareness and competence in IRM. Correctly estimated benefit—cost ratios provide proof of
effective IRM to both government and farmers and can help in the decision-making process in IRM.

Introduction but in most other places in Yunnan there are still many
problems with IRM. Although IRM still needs to be

Yunnan is a province in the south-west of China whergnproved (Zhang 1999), it is potentially a good method
80% of the population engages in agriculture (Anonfor controlling rodents, but it is still not widely adopted.
1992). About 85% of land is mountainous and only 19% iMany questions need to be addressed as to conditions
forested. Rice, wheat, corn, potato and soybean are thader which IRM could be successful. Why is IRM not
major food crops. Cash crops include tobacco, sugarcagéccessful in some places? Are there economic factors that
and tea. Every year, greater than 10-20% of the agric@ffect IRM? Although it has been estimated that 30% of
tural production is damaged because of pests. Among tReccess and failure is determined by technical factors and
four major pests—disease, insects, rodents and weedsZQ% is determined by organisation (Wan and Den 1984),
rodents are a serious problem, causing an average 1-8%gre detailed studies are needed to reveal those important
loss of crops in Yunnan province. In recent years, rodentactors and relationships.
damaged about 0.2-0.6 million t of food every year and The aims of this study were to:
there is also the problem of disease transmission from compare and analyse the IRM performance between
rodents to humans and livestock. successful and unsuccessful counties;

Integrated rodent management (IRM) is an ecologicdl identify important economic and organisational factors
approach to rodent suppression. The goals of IRM are to affecting the adoption of IRM; and
reduce loss in crops and foodstuffs caused by rodents and determine the economic factors that affect the effec-
to increase net profits to the farmer. Methods that cause tiveness of IRM once adopted by farmers.
minimal environmental damage and pose little or no risk
to human health are selected, e.g. trapping rodents, Methods
digging out burrows, using cats to catch rats, integrating

the use of rodenticides, and improving food storage tecljye compared socioeconomic aspects between areas that
nology (wood store, bamboo store etc.). were successful or unsuccessful in implementing IRM. All
IRM was adopted in 1985 in a few counties of Yunnamproblems were approached from a socioeconomic view-
province, and after 10 years, there has been significgmoint, i.e. the distribution of crops and cultivating prac-
success in some places (e.g. in Tonhai and Daili countiesies, the benefit—cost, including the comparative net
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benefit, control cost and net benefit from rescuing losseproblems with IRM as practised in Qijing county. These
and benefit—cost of different methods in different places.include: (i) the difficulties of IRM actions in large rural

We compared successful IRM in Tonhai county toareas; (ii) the lack of financial support for practising IRM;
places where there are many problems with IRM, such and (iii) the different levels of organisation of IRM, i.e. the
in Q|J|ng county. Random Samp“ng techniques were useahortage of recognition of IRM at the different levels of
when choosing the villages and farmers. Most of th@refecture, county, township, village and farmer. Also, in
indices used belong to the unified standards of the offici&ijing county the low quality of rodenticides, the confusion
rodent control agency for IRM inspection: (1) benefits-associated with marketing of rodenticides, and the farmers’
costs of IRM, e.g. the direct benefits (the value in avoidingttention to IRM combined to create problems for putting
losses), and the external benefits (potential value of publl&M into action. In a survey of people from different levels
health); (2) perceived IRM benefits, from interviewing (Province to farmer) in both counties, it seemed that the
farmers and from official sources (government)_thes@doption of IRM was most Iikely to be inhibited at the local
perceptions were used to estimate the expected benefits@fel (farmer and village) (Table 1).

IRM; and (3) the monetary costs of IRM. ) . ) .

Three townships, six villages, and 100 farmers inSomoeconomlc factors influencing IRM
Tonhai and one township, one village, and 197 farmers in In the two counties sampled, the total financial input
Qijing were selected for sampling information. Tonhai iswas highest at the village and farmer levels (Figure 1).
one of the counties in Yunnan that adopted IRM early. [The inputs at village and farmer level were mainly the
has about 245,000 people and 26,230 ha of cultivategfain for rodenticides and the labour required support
land. The elevation is 1793 m. Qijing is located in thdRM. These two components amounted to more than two-
northern part of Yunnan province, with 301,000 peoplethirds of the total input in Tonhai and in Qijing.

38,560 ha of cultivated land and an elevation of 1860 m.  Farmers have different perceptions of benefit—cost
than the government (Table 2). There was a significant
difference between the farmers’ opinion and the govern-

Results and discussion ment’s opinion of the benefit—cost ratio of IRM=(6.13,
P < 0.01). The estimation of farmers’ benefit—cost ratio
IRM performance may not be exact, but this will determine the IRM

IRM in these two counties, as in other parts of Yunnarﬁidomlo.n rate by farmers. In_Huan_Iong, Wanjiai and Q””.]g
. o . . townships, we began to investigate a more objective
province, depended on good organisation, financial suppo ' L
. ) . enefit—cost ratio:
and concerted actions which, when operating together,

carried through to good results. There are still many B/C=(B,+B,)/C (1)

Table 1 Perceived source of problems for integrated rodent management as seen by respondents from Tonhai county (T)
and Qijing county (Q).

Respondents see source Respondents represent

of problem in: Province Prefecture County Township Village Farmer
Province TQ

Prefecture TQ Q T

County TQ Q TQ TQ TQ TQ
Township TQ TQ TQ

Village TQ Q TQ TQ TQ TQ
Farmer TQ TQ T TQ TQ TQ

Table 2 Benefit—cost ratio perceived by government authorities and farmers (farmers in brackets) in Huanlong and Wanjiai townships
in Tonhai county and in Qijing and Qiling townships in Qijing county.

County Township Year
1994 1995 1996 1997 1998 1999 Meagé
Tonhai Huanlong 4 (3) 7(2) 10 (1) 15 (13) 13 (3) 10 (2) HRI (2.2 0.8)
Wanjiai 5 (2) 7 () 15 (3) 9 (1) 8 (1) 10 (1) 9403.4 (1.5+ 0.8)
Qijing Qijing 7() 6 (1) 6 (2) 3(2 2(1) 5(2) 481.9 (1.5£ 0.5)
Qiling 6 (3) 10 (2) 15 (1) 10 (1) 7 (1) 6 (5) 9403.5 (1.6 0.8)

2 Average perceived benefit—cost ratio for Tonhai is 9.5 by government authorities and 1.9 by farmers, and for Qijing is 6.9 by government authorities
and 1.55 by farmers.
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where:B,, is the benefit of IRMBy, is the potential control
of IRM, e.g. effects of disease contrB,(is >0 but unde-
termined); ancC is the total costs (material, labour).
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rooms, fallow fields, ditches, canals) were always ignored
regarding management actions by both the government
and the farmers. This will certainly interfere with the
effects of IRM control action because in these habitats
pest rodents are sheltered and offspring generated there

I Tonhai
1 Qijing

Annual input cost (x10 000 Yuan)

5.

Province Prefecture County Township Village Farmer

Figure 1. Mean annual input (yuan) for integrated rodent
management (1993-1998) for Tonhai and Qijing counties. 6

We assumed that a rodent, on average, destroys 9 kg of
crops per year and that the average value of a 1 kg crop_js
about 2.2 yuan (¥) (US$1 = ¥8.2). The social and health
benefits of IRM are unknown, but thought to be substan-
tial.

A questionnaire survey of 200 farmers in Huanlong,
Wanjiai and Qiling townships revealeH,, values of
¥1300-2800, andC values of ¥860-1560. Althoudh,
remains undetermined, we can calcuBt&C for farmers

may invade crops.

Conclusions

Howard (1984) has pointed out 39 factors that could inter-
fere with IRM. In this study, we found that four economic
factors have a key influence on the practice of IRM in

Yunnan province.
i 4.
L l= iﬁ ﬁ | |

The government needs to support the organisation of
IRM by providing financial inputs and training
courses for farmers.

The efforts by the government should be distributed
over all government levels (province to farmer) to
increase awareness and competence in IRM.
Correctly estimated benefit—cost ratios provide proof
of effective IRM to both government and farmers and
can help in the decision-making process in IRM.
Increased vyield is only one positive outcome of
rodent control in agro-ecosystems. Farmers will also
have a benefit if the time spent controlling rats
decreases, even if the yield does not increase. The
farmers can use the time gained for other cash-gener-
ating activities or for leisure. If IRM can be con-
ducted without or with little use of chemicals, the
environmental benefits may be considerable.

and government authorities. There was a significant differ-
ence between the government’s perception of benefit—cost
ratios and the benefit—cost ratios calculated bytus ( References
5.44, P < 0.01). There was no significant difference 1092, Adricultural - . 1992
between the farmers’ perception of benefit—cost ratios arf¢/'on: 1992. Agricultural statistic reports of Yunnan, 1992.
. . China, Agricultural Department of Yunnan, 20 p.

the benefit—cost ratios calculated by s 2.18,P > 0.1). . R \

\ . . . Howard.1984. An effective organization is essential for success-
It seems that the farmers’ perception of benefit—cost rati

. . . ) . OSful rodent control. In: Proceedings of a conference on the
is a reliable estimate of real IRM benefit-cost ratios. Organization and Practice of Vertebrate Pest Control. ICI

Plant Protection Division, 437—442.
Wan, C. and Den, Z. 1984. Rodent control in China. In: Proceed-

Monitorina benefits and costs is an important factor in ings of a conference on the Organization and Practice of Ver-
9 P tebrate Pest Control, ICI Plant Division, 521-522.

evaluc’?\tlng the results _Of IRM and in encouraging thezhang, Z.B. 1999. Rodents in China—population dynamics and
adoption of IRM practice by farmers. However, moni- management. In: Zhang, Z.B., Hinds, L., Singleton, G. and
toring is rarely conducted, especially at the local levels of Wang, Z.W., ed., Rodent biology and management. ACIAR
township and farms, where only 30% of the surveyed Technical Report No. 45. Canberra, Australian Centre for
units did monitoring. Public places (e.g. toilets, storage International Agricultural Research, 17-19.

Other socioeconomic factors
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Abstract. A crop post-harvest needs assessment was conducted in the Limpopo province, South Africa. Six villages
from three districts were surveyed using participatory methods to assess the livelihood constraints of subsistence farm-
ers. Farmers indicated that rodents were a serious agricultural constraint, and were often ranked as the most important
post-harvest constraint for a range of stored crops. In addition to damage to stored staple crops, rodents were noted also
to feed on the crop in the field, cause damage to buildings, and bite people in their homes. Farmers knew little about the
source of these rodents or how to control them, and they had little faith in any of the available rodenticides. A follow-
up pilot trial with kill-traps in homesteads showed a catch rate ranging from 2% to 48%, tiRppirgrattusRattus
norvegicusandMastomysspp. Newly initiated research in Limpopo province is focused on developing more sustain-
able and ecologically based rodent management strategies for both pre- and post-harvest rodent problems. The aims of
these farmer participatory trials are to determine the: (1) population dynamics and breeding ecology of the main pest
species; (2) impacts of rodents on crop losses and other livelihood issues; (3) effectiveness of trapping on rodent popu-
lations and the damage they cause; and (4) incidence of rodent-borne diseases and the risks they pose to humans.

Introduction Materials and methods

The Limpopo province (formerly the Northern province)a participatory rural appraisal (PRA) survey was imple-
is historically comprised of three ‘homeland’ areas withmented in six villages during the out-of-season period
91% of the population settled in rural areas. Per capitgter harvesting was completed and before the rainy
in_come is t_he lowest in South Africa, with an averag@eason when planting commences (July to September
disposable income of 2112 rand. A study by Rwelamirago). The six villages were randomly selected from the
(1997) estimated that three quarters of the rural housgyree districts (two villages per district) of the province
holds subsist below the poverty line of 900 rand pefjith the highest populations of small-scale or resource-
month, while one in four households managed on less thagor farmers (Lowveld, Northern and Southern districts).
800 rand per month. Agriculture is the second largesthe survey used PRA tools with groups of the community
sector of the province's economy (after mining) and igy determine agricultural activities and constraints,
characterised by subsistence production of staple cropgival strategies, information pathways and the role of
and vegeta_lbles. different stakeholders. A questionnaire with individual
A project funded by the Crop Post-Harvestoyseholds focused on activities related to the production
Programme of the United Kingdom Department for Interynq storage of the main crops. Information from each
national Development was initiated to determine th%illage surveyed was compiled in a report that was

potential for integrating post-harvest technologies availyresented at workshops attended by representatives of the
able in other African countries into the small-scale foo‘i’arming communities and other role players.

production systems in Limpopo province. The aims of this

study were to improve household food security by anal-

ysing the post-harvest constraints and opportunities and Results and discussion

how these influence the livelihood strategies of rural

households. It was expected that the outputs of this stuesults of the survey showed that agriculture and income

would lead to new projects aimed at addressing thggom government pension grants were perceived by the

constraints identified. communities as their most important survival strategies.
Few farmers produced enough surplus food for sale.
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Table 1 Agricultural constraints as listed and ranked by the six villages surveyed in Limpopo province. Shaded areas were not listed
as constraints. Men (W) and women (W) in each village ranked the constraints separately by apportioning 100 stones among the
constraints identified by the entire community (‘0 indicates it was scored as 0, while ‘~ indicates it was not scoredt bexanee

listed). (Source: von Maltitz et al. 2001.)

Constraint Lowveld district Northern district Southern district
Basani Nkomo-B Mapate Vhurivhuri BBkloof Ga-Phaahla
M w M w M w M W M W M w

Physical
Lack of tractor/implements 34 21 13 20 18 17 16 31 11 8 10 9
Lack of fences 15 21 10 10 11 6 19 5 8 5
Lack of thresher 14 7
Lack of mills - 10
Lack of co-op - 8
Transport: field to home 6 8 6 5 7 6 8 4
Transport: home to market 4 6 8
Distance to mill 5 11
Distance to market 9 0
Lack of market 4 0 7 7 0 7
Lack of grazing 6 0
Lack of dip tank 4 6
Lack of irrigation 11 0
Lack of storage 0 7
Susceptible hybrid seed 3 2
Natural
Insect pests and diseases 7 8 10 12 4 4 4 13 11 5
Insect pests in storage 3 7 6 19 2 5 3 6
Termites 7 11 11 7
Diseases 5 -
Damage by birds 5 - 11 9
Rodents 6 5 6 11 2 5
Witch weed 4 10 5 - 13 8
Drought 7 7
Wild animal damage - 6
Soil erosion 5 6
Infertile soil 3 9
Lack of water/irrigation 30 38 7 3 - 11
Waterlogging 4 4
Human
Lack of information 14 7 9 7
Lack of info processing - 3
Labour to fence 2 4
Labour shortage 3
Labour to clear fields 17 9
Weeding laborious 8 8
Theft 1 4 4 5
Harvesting laborious 7 5 8 -
Shelling laborious 5 8
Poor agricultural practices 2 5
Financial
Transport cost 5 6
Lack of pesticides 8 - - 4
Lack of seed 7 10 9 14 9 8 7 3
Lack of fertiliser 4 0 11 15 9 10 - 4

(N
~
\l
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Table 2 Methods used by farmers in Limpopo province to protect their stored crops from rodent damage. (Source: von Maltitz et al.
2001.)

Method of rodent management cited Village name Total
Basani Nkomo-B Mapate Vhurivhuri BBkloof Ga-Phaahla
Rattex (difethialone) 7 12 3 5 5 12 44
Cats 5 2 1 2 1 5 16
Traps 1 2 1 1 1 6
Sticky glue 1 1 2
Carbaryl/gamma-benzene hexachloride 1 1
Pour hot water in rat holes 1 1

Mud/cattle dung for sealing entry holes in granary
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Figure 1. Post-harvest constraints identified and ranked by farmers in six villages in
Limpopo province showing a) the problems experienced by 128 farmers growing maize
as their staple crop and b) the problems experienced by 40 farmers growing sorghum as
their staple crop (mc = moisture content).

Open-pollinated maize varieties were the major staple Each community was asked to list their agricultural

crop, while sorghum and millet were the staple crops igonstraints, which were then ranked separately by the men
the more arid southern area. Groundnuts and legumesd women in the community (Table 1). Natural

were major crops in the northern and eastern areas. Neadgnstraints, particularly insect and rodent damage in
all crop yield was stored on-farm, with maize cobs storedtorage, were considered the most important in all
in granaries and all the other crops threshed for bagommunities, as shown by farmers growing maize and
storage in the home. sorghum as their main crops (Figure 1). Rodent damage to
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stored millet, groundnuts and legumes was ranked as ti@isandMastomysspp., withR. rattusbeing the dominant
first and/or second most important problem. Surveys thapecies at the time of the survey (November 2001). A new
specifically dealt with rodent problems indicated that 40%project to develop rodent management strategies for pre-
of respondents used a preventative method against rodemtd post-harvest rodent problems has recently
damage—the most common method was the occasionedmmenced with a view to understanding the rodent
single-dose use of a chronic rodenticide in and around thezology and control options that can lead to reductions in
house and food store (Table 2). Rodents were noted alsortilent impacts on people’s livelihoods.

feed on the crop in the field, cause damage to buildings,

granaries, furniture and household belongings, and bite

people at night in their homes. Farmers knew little about References

the source of these rodents, how many types there were, or

how to control them. Post-harvest hygiene and wast@welamira, J.K. 1997 A food security situz.:ltion analysis report
management was a problem in the villages surveyed, and for.the Northern province of South Africa. Pretoria, South
agricultural waste was often left in the yard, providing ¢ CSIR-FOODTEK, 64 p.

shelter for rodents. Open-structure granaries used fofPn Maltitz, E.F., Lundall-Magnuson, E., Randela, R., Sand-

maize storage were raised less than 1 m from the ground, Mann. E.R.1.C., Stathers, T.E., Hlangwani, K.F., Kleih, UK.,
allowing rodents free access Mavasa, M.R., Mosala, M., Mugogovhali, T.V., Nyamande,

. . . . L , T.P. and Ramugondo, R. 2001. The potential for integrating
A pilot trial with kill-traps placed inside people’s  prip.funded Crop Post-Harvest Programme outputs into
homes and stores showed that capture rates per trap nightsmall-scale food productions systems in South Africa’s

varied between 2% to 48% over 3 days of trapping. The Northern province. Final Technical Report, Project R7777.
rodent species trapped weRattus rattusRattusnorveg- Aylesford, UK, Natural Resources International, 104 p.
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Abstract. The community trap—barrier system (CTBS), an ecologically based rodent management strategy, was intro-
duced to rice farmers in the Mekong Delta in 1997 to facilitate farmer adaptation and eventually adoption on a large
scale. This paper explores factors for, and constraints to, CTBS adoption. Southern Viethamese farmers are likely to
adopt the CTBS considering their perceptions of the technical effectiveness, profitability, assuming the cost is shared
among the members within the protected area, reductions in chemical usage to control rats, and their social and cul-
tural practices. Major constraints to its adoption are the high initial costs for establishing one TBS and the uncertainty
of farmers within the protected area to equally share these costs. To ensure large-scale adoption of CTBSs in southern
Vietnam, it is suggested that the government should subsidise farmers by providing them with TBS materials. The
farmers would provide labour equity. Improvements to the CTBS technology suggested by farmers are presented.

Introduction Materials and methods

A farmer's choice of action—adoption of a new tech-This study had two treatments: with CTBS and without
nology—is mainly influenced by his/her evaluation of theCTBS, with a total of 24 TBSs established. One TBS was
new technology. That evaluation is largely based on higfstablished in each of six hamlets in Cai Be and Cai Lay
her perceptions on the effectiveness of the technology aagtricts, Tien Giang province, and My Tu and Long Phu
the feasibility of the technology for farmer use. Technodistricts in Soc Trang province. Another two hamlets from
logical feasibility may include economic profitability, each of the two provinces were chosen to serve as the
technological simplicity, and social and cultural acceptcontrol group. Key informant interviews, focus group
ability. A technology is likely to be adopted if the discussions, and a partial input—output survey on rice
economic advantage is superior to the existing and altg§roduction using semi-structured questionnaires with
native technologies. Likewise, to ensure that the techsersonal interviews, were conducted to elicit information
nology is likely to be accepted by the target users—thgn farmers’ rodent pest management practices, farmers’
rice farmers—it should be simple to implement antherceptions of rodents as a constraint to rice production,
compatibl_e with their culture, such as their norms, be"e%rofitability of the CTBS, and to assess the potential
and practices. factors and constraints to farmer adoption of the CTBS. In
The use of a trap-barrier system (TBS), with an earlyall, 233 farmers were interviewed: 114 from the 12 treat-

planted crop within the barrier, has shown promise foment hamlets (six from each province), and 119 from the
controlling rodent pest populations in lowland irrigatedcontrol hamlets.

rice crops (Singleton et al. 1999). The adoption of this The establishment of TBSs in the treatment sites was

simple technology requires community par_t|C|pat|on an(_i’inanced by the project, and included materials, including
so has been described as the community trap—barrigr

. : ; , rat traps, seeds for the planti f the t ,
system (CTBS). This paper aims to explore factors infl nees, rat raps, seeds for the p:anting ot the frap crop

Yabour for pumping water because the trap crop was
encing CTBS adoption, and the constraints to its adoption pumping b P

: . ) lanted early, and establishment labour. Farmers’ equit
for controlling rodent pests in the Mekong Delta region oP . y . quity
Vietnam was in the form of labour, such as checking the rat traps

daily and keeping records of the total numbers of rats
caught. Those farmers who had crops within the area
protected by a CTBS were responsible for the mainte-
nance and management of their CTBS. Different
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dynamics and institutional arrangements in the manag&€TBSs were established in areas of known high rodent
ment of the CTBS were noted. A marginal benefit—costlamage.

ratio (MBCR) was estimated to assess the economic

viability of the CTBS. Economic viability

One measure for assessing the economic viability of a
CTBS is through the marginal benefit—cost ratio (MBCR),
which is the ratio of additional benefits and additional
, ] ) ) costs due to adopting CTBS. Additional benefits due to
Farmers’ perceptions on the technical effectiveness of ~1gg adoption equal the sum of the value of yield differ-
the CTBS ence between CTBS and non-CTBS users, reduction in

Adoption of the CTBS among southern Vietnameseodenticide costs, including the cost of baiting and labour,
farmers can be assessed from the following angles: tecand the value of rats caught from the traps in CTBS (Table
nical, economic, social and cultural. In terms of technicaB). Most of the CTBS farmers did not use rodenticides
acceptability, it should be perceived as an effective roderff0—-97%), while most of control farmers were still using
control method. Table 1 shows farmer ranking of théhem (70-80%). This is an important finding because
effectiveness of different rodent control methods, as webften the chemicals used in this region are not those
as ranking of other attributes, such as labour and costcommended by the Plant Protection Department and are
requirements. Farmers perceived CTBS as the most effettierefore likely to have a high negative environmental
tive control method, and recognised that it requires lovimpact, including poisoning of non-target species. Also of
labour, and its use can be sustained in all three croppimgncern is that people consume rats caught in this region.
seasons. However, the establishment of a TBS is perceived The additional costs of adopting CTBS technology is
as the most costly because it requires high initial invesestimated to be Vietnamese dong (VND)135,000 (US$1 =
ment in terms of the plastic fence, rat traps, labour, andND14,500), which largely included material costs and
land preparation. labour.

Farmers further perceived the CTBS as an effective From the four villages, three had positive MBCRs,
rodent control method in terms of percentage rodemanging from 2-6. This indicates that a farmer partici-
damage (Table 2). Farmers observed a marked damagating in a TBS would incur a minimum additional return
reduction after CTBS implementation: from 12% beforeof VND2 and a maximum return of VND6 for every
to 4% after CTBS implementation in My Tu, and fromVNDL1 invested. There was one village, Long Phu, which
21.4% before to 16.5% after CTBS implementation in Cahad a negative MBCR, implying a negative return (Table
Be. In contrast, farmers in the control group perceived th&). One of the reasons for this negative MBCR was that at
rat damage had increased or remained the same. CTB8ng Phu there was a late start to the summer—autumn
farmers from the other two districts, however, perceivedeason because of drought. This led to significant crop
that damage due to rats remained the same. It is surmisedses due to disease affecting the late-planted crop.
that the technical effectiveness would be more apparentkfowever, the control site was minimally affected.

Results and discussion

Table 1. Ranking by farmers from Tien Giang, southern Vietnam, of the effectiveness of their different rodent management practices
(1 = most effective, 7 = least effective). Also shown are some key factors that influence the decisions of farmers to agopémiana
practices (H = high, M = medium, L = low; Y = method adopted, N = method not adopted; | = individual, C = community). In this
region there are three rice-growing seasons each year.

Control method Effectiveness Consume  Costs  Labour Season Community
ranking rats caught? 1 2 3 orindividual
action
Trapping 5 Yes M H Y Y Y |
Using rodenticides 6 NO M H Y N N I
Catching by hand 6 Yes L H Y Y Y C
Hunting by dog 3 Yes L H Y Y Y C
Smoking the holes 8 Yes L H Y Y N C
Sound of machinery, then digging 4 Yes M H Y Y N C
Wood trap 2 Yes M M N N Y C
Circling with grass 4 Yes L H N N Y C
Sling shot 7 Yes M M N Y Y C
Long pole at night 3 Yes M M N Y Y C
Community trap—barrier system 1 Yes H L Y Y Y C
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Table 2. Mean values of farmers’ perception of rodent damage (%) before and after community trap—barrier
system (CTBS) implementation, summer—autumn season 2001.

Village With CTBS Without CTBS (control)
Before After Before After
Tien Giang
CaiBe 21.44a 16.55b* 12.87a 15.57a
CaiLay 14.95a 17.06a 12.87a 15.57a
Soc Trang
MyTu 11.86a 3.59b** 11.79a 7.56a
LongPhu 18.74a 19.82a 9.28a 11.03a

Note: means of the same letter in a row are not significantly different at the 0.05 level; * = significant at the
0.10 level; ** = significant at the 0.01 level.

Table 3. Marginal benefit—cost ratio (MBCR) associated with using community trap—barrier system (CTBS) technology in four
districts in southern Vietnam. Values (in Viethamese dong, VND) are estimated through comparing costs of actions on treated and
control sites.

Village Yield (kg/ha) Value of yield Value of rats Reduction in Additional Additional MBCR

With CTBS  Without CTBS difference caught cost. qf benefit costs

(VND) (VND) rodenticide, (VND) (VND)
bait and labour
(VND)

Tien Giang province, winter—spring 2000
Cai Be 6969 6882 120,060 154,500 18,416 292,976 135,000 2
Cai Lay 5589 5124 641,700 147,000 73,5632 862,232 135,000 6
Soc Trang province, summer—autumn 2001
My Tu 6120 5763 399,840 222,000 —6050 615,790 135,000 5
Long Phu 5432 5986 —620,480 186,000 44,870 -389,610 135,000 -3
Social and cultural practices difficulty in getting others to share the costs. It is therefore

Community action for rodent control is not new toSuggested that the government should subsidise farmers
Vietnamese farmers. Eighty per cent of the existing rodefy Providing CTBS materials. In this case, farmers’ equity
control methods are done as a group (Table 1)_0n|¥yould be the labour for establishing the CTBS and the

rodenticides and small traps are used by individua/daily monitoring of the rat traps. In terms of managing the

without consideration of the actions of their neighboursCTBS; it requires daily checking of the rat traps. One way

Thus, the CTBS, which calls for community participation,to improve sustained checking of traps is to place the trap
is likely to be feasible for widespread implementation fofcTOP near the houses of the trap-crop owners and members
controlling rodents. In Cai Be, the integrated pest manag®@f the CTBS group (Morin et al., this volume). Another
ment (IPM) ‘club’ is strong. Checking the rat traps wasV@y IS to place the CTBS where those who have crops
done according to schedules prepared by the members‘¥hin the protected area are related.
the club and those within the area protected by a CTB
Also, farmers prefer CTBSs to rodenticides because t
latter are hazardous to both animals and human health. ~ Currently, the TBS materials are replaced every
In southern Vietnam, rat meat is part of the foodseason. The farmers suggested that the plastic should be
culture. Millions of rats are caught each year, especiall{hicker so that it can be used for more than one season.
during the months of February, March and April (Khiem©One way to reduce TBS investment is to reduce the height
et al., this volume). Rat meat is a particular delicacy?f the plastic fence and to use smaller traps. Furthermore,
which is an added incentive to farmers to use live-trapiirmers suggest that traps should be placed inside the trap

(i.e. CTBS) instead of poisons. One can buy live rats &0p, so that if some rats get inside the TBS fence, they
VND6000/kg. will be trapped, minimising the damage done to the trap

crop.

earmers’ suggestions for improving the CTBS

Constraints to CTBS adoption

Constraints to farmer adoption of the CTBS are high Conclusion
initial investment and the sustainability of CTBS manage-
ment. At VND135,000, the CTBS is expensive for oneThe CTBS is likely to be adopted by southern Viethamese
farmer to bear all the costs. Farmers acknowledge tHarmers considering farmers’ perceptions of the technical
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effectiveness of the CTBS as a rodent control method, tiféciences of South Vietnam, Southern Regional Plant
profitability of the CTBS—assuming the cost is sharedProtection Department, the Plant Protection Department
among the members within the protected area, the reduaf South Vietham, and the Cuo Long Rice Research Insti-
tion in chemical usage, and their social and cultural pradute. The study was funded by the Australian Agency for
tices. The major constraints to farmer adoption of thénternational Development (AusAID) under their
CTBS is the high initial investment or expenditure and th&€apacity-building for Agriculture and Rural Development
difficulty in getting farmers to share the costs. It is there(CARD) program. We thank Grant Singleton for his
fore suggested that the government should subsidis®mments on this paper.

farmers by providing them CTBS materials to ensure

large-scale adoption of CTBSs in southern Vietnam.
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Abstract. A survey of 400 farmers in four villages in the Mekong Delta showed that they considered rats as the most
important yield constraint to rice production. A variety of control methods were being used, most common among
them rat poisons such as zinc phosphide and warfarin, and crudely constructed electric fences. Generally, farmers spent
5-8 days per season on rat control, spending about US$17. They believed that if they did not control rats, crop losses
amounting to about 700 kg (or US$63) per ha would be incurred. Most farmers believed in a group-based approach to
rat management, but few practised it. These observations provide important information for facilitating the introduc-
tion of a non-chemical community-based trap—barrier system.

Introduction nated as the control where a TBS was not introduced. The
survey was conducted in March and April 2001 when the
Rats are important yield constraints to rice production ifiBS training was provided but before the farmers had
Vietnam. Crop losses have been estimated at 300,000sed the technology. Two focus-group discussions were
400,000 t of rough rice each year (Brown et al. 1999). Inonducted in the survey areas to obtain information for
the Mekong Delta, there are two main rat species attackimiyafting of the questionnaire. The draft questionnaire was
rice, namely, the rice-field raRéttus argentiventgrand then translated into Viethamese and pre-tested among 10
the lesser rice-field raR@ttus losep Farmers generally farmers individually and revised accordingly. Trained
resort to the use of poison baits to kill rats. The efficiencggricultural technicians administered the questionnaire.
of baiting is unreliable and rat poisons are also highly
hazardous to human health. The trap—barrier systeMeasuring beliefs
(TBS) introduced in Malaysia has been found to be an Twelve attributes developed from focus group
effective, non-chemical system (Singleton et al. 1999). Tmeetings were used in the questionnaire to assess farmers’
facilitate adoption of this system, a baseline survey OpBeliefs in rat management. Beliefs were scored using a
farmers’ knowledge, attitude and practice was conductadsponse cue card with descriptor phrases in Viethamese
to provide information on farmers’ beliefs and practices ixpressing their degree of agreement. Each point was
rat management in Tien Giang and Soc Trang provincesassigned a numerical value from 1 to 5 following a Likert
scale. The descriptors were: 1 = definitely not true; 2 = in
most cases not true; 3 = may be true; 4 = in most cases

Materials and methods true: and 5 = always true.
i . The responses of the farmers from within each village
Treatment, study sites and sampling procedure were combined to form a control group of 100 and experi-

The survey was conducted in two provinces, namelypental group of 100 for each province.
Tien Giang and Soc Trang. These provinces have a history
of significant rat problems in rice crops. In each province,
two villages about 10 km apart were selected and a sample
of 100 farmers was selected randomly for interviews. One i
of the villages was designated as treatment (cTBS) whefkeSpondents’ profile
the TBS was introduced to a community of 30 farmers. The profile of the sample farmers is shown in Table 1.
Here, farmers were trained to construct and maintain thdost of the farmers in Tien Giang and Soc Trang were
TBS and monitor rats caught. The other village was desigbout 40 years old and had about 5-7 years of education,

Results and discussion
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which was similar to previous surveys by Mai et al.nine (Table 2b). The popularity of the methods used
(1997). Farmers in Tien Giang cultivated about 0.9 haaried among farmers between provinces. In Tien Giang,
(range 0.2-7.0 ha) of rice while in Soc Trang they tillectleaning the field was found to be the most common
about 1.2 ha (range 0.2-6.0 ha). Respondents’ character{4% on average), followed by digging (59%) and use of
tics between the experimental and control villages, exceghemicals (54%). In Soc Trang, 75% of farmers used
rice area cultivated, were not significantly different. Inchemicals, followed by cleaning the field (51%) and
Tien Giang, farmers in the experimental village had riceligging (47%). Electrocution was used commonly by
areas of 1.1 ha, while farmers in the control village hagarmers in Soc Trang (41%) but had never been applied
0.7 ha. In contrast, in Soc Trang, farmers in the experpy farmers in Tien Giang. Electrocution is a rat control
mental village had 1.2 ha, while those in the COﬂtrthethod that presents a dangerous hazard to human

village had 1.7 ha. health. Its use in Soc Trang may be due to lack of infor-
] mation because extension and Plant Protection Depart-
Rat management practices ment (PPD) technicians and the mass media seem to

Farmers in Tien Giang reported 12 rodent controhave had little influence on farmers’ rat management
measures (Table 2a) while those in Soc Trang mentionadethods in this province.

Table 1 Profile of respondents in treatment (cTBS) and control villagest-Tds was used to compare mean values
between villages. Thevalues were used to determine significance. Probabijtynflicates the level of significance,
with * = significant and ** = highly significant.

Category Control cTBS t p
(N =100) (N =100)
(mean) (mean)
Tien Giang
Age (years) 41.4 42.1 0.436 0.66
Years of schooling 6.0 6.7 1.860 0.06
Rice farming experience (years) 19.1 17.9 0.910 0.36
Rice area cultivated in dry season 2001 (ha) 0.7 11 2.570 0.01*
Rice area cultivated in wet season 2000 (ha) 0.7 1.1 2.360 0.02*
Soc Trang
Age (years) 43.3 43.5 0.160 0.87
Years of schooling 4.9 4.6 0.910 0.36
Rice farming experience (years) 194 20.4 0.380 0.70
Rice area cultivated in dry season 2001 (ha) 1.7 1.2 3.540 0.00**
Rice area cultivated in wet season 2000 (ha) 1.7 1.2 3.580 0.00**

Table 2a. Rat control methods used by farmers (% farmer3able 2b. Rat control methods used by farmers (% farmers
using) in Tien Giang province, comparing treatment (CTBS) andsing) in Soc Trang province, comparing treatment (cTBS) and

control villages. control villages.
Control method Wet season 2000 Dry season 2001 Control method  Wet season 2000 Dry season 2001
Control c¢TBS Control cTBS Control cTBS Control cTBS
(n=100) (n=100 (n=100) (n=100 (n=100) (n=100 (n=100) (n=100
Use chemical 60 43 64 47 Use chemical 73 70 78 78
Trapping 6 26 5 20 Trapping 11 5 10 8
Hunting 39 66 39 63 Hunting 36 33 35 35
Flooding the field 50 25 48 30 Flooding the 14 11 14 12
Cleaning the field 69 64 65 59 field
Digging 39 78 45 75 (_:Ieaning the 47 54 47 54
Rat round-up ﬂéld .
) Digging 53 39 54 42
Trap—barrier 0 4 0 3
system Rat round-up 2 1 3 2
Biological 4 14 4 14 Biological 2 ! ! L
Plastic strip barrier 1 6 1 7 Electrocution 39 42 42 40
Wood trap 0 1 0 1
Fumigation 0 0 0 1
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Farmers in Tien Giang and Soc Trang used two groupecology of the rodent pest species in the area (Brown et al.
of chemicals to control rats. The first group included thd999). Although our survey did not record the timing of
rodenticides warfarin (anticoagulant), zinc phosphidepplication for each method, we collected data on control
(acute poison), and one from China whose active ingreneasures used for particular growth stages of the crops
dient was not known. The second group consisted dfwo or three crops are grown in this region each year).
insecticides, such as cartap and methamidophos althougarmers in Tien Giang and Soc Trang took rat control
the Ministry of Agriculture and Rural Development hasaction at various rice growth stages, from seedling to
banned the latter for use in agriculture. maturing. However, most control actions were targeted at

There was a slight difference in rodenticide us&0oting stage in both provinces (Table 4). This was
between the two provinces. In Tien Giang, the mosgonsistent also with farmers’ perception of the critical
common rodenticide used was warfarin (trade name: Raftage for rat control as shown in Table 5. Perhaps farmers
K), which accounted for 63% of usage followed by zindfocused their control efforts at this stage due to the visible
phosphide (trade name: Fokeba) (37%). The Chines&ymptoms of rat damage.
rodenticide was not so widely used in this province (Table To assess the economic benefits of rat control, we
3a). In Soc Trang, however, the most commonly usedomputed farmers’ actual expenses on rat control and
rodenticide was zinc phosphide (43%), followed bytheir estimation of loss. Farmers spent between 5-8 days/
warfarin (33%) and the Chinese rodenticide (30%) (Tabléa/season controlling rats (Table 6). Cost of chemicals and
3b). No clear difference in rodenticide use was founather materials for rat control was highly variable, with a
between control and experimental villages in the twanean of US$5.90/ha/season in Tien Giang and US$6.29/
provinces. ha/season in Soc Trang. On average, the total cost of rat

control/ha/season was about US$19.20 in Tien Giang and
Table 3a Rodenticides used by farmers (% farmers using) inJS$14.00 in Soc Trang. Farmers’ perceived benefits from
T_ien Giang province, comparing treatment (cTBS) and Contm(':ontrolling rats were about 792 kg and 617 kg of paddy/
villages. ha/season in Tien Giang and Soc Trang, respectively. With
Chemicalname  Wet season 2000  Dry season 2001 the farm-gate price of US$0.09 per kg, the perceived
Control _ cTBS _ Control _ cTBS benefits were comp_ute_d to average US$73.45 and
US$56.70/ha/season in Tien Giang and Soc Trang, respec-

Rat-K (warfarin) ~ 60.7 67.4 57.8 64.4  tively. Thus, the perceived cost-benefit ratio would be
Fokeba (zinc 31.7 39.5 32.8 44.4 1:3.8 in Tien Giang and 1:4.0 in Soc Trang. No difference
phosphide) in the number of days spent and labour cost for rat control
Chinese 10.0 23 10.9 29 was found between control and experimental villages in
rodenticide both provinces. However, the cost of chemicals and other
Padan (cartap) 0.0 0.0 16 0.0 Mmaterials for rat control was significantly higher in the

experimental village in Tien Giang (Table 6).

Table 3h Rodenticides used by farmers (% farmers using) in  With regards to the mode of implementing their rat
Soc Trang province, comparing treatment (cTBS) and contratontrol efforts, 82% of control village farmers in Tien

villages Giang did it alone, while only 40% in the experimental
Chomical name Wet season 2000 Dry season 2001V|Ilage controlled rats individually. The remaining 60% in

the experimental village said that they worked together
Control  cTBS Control  cTBS  jth other farmers. In Soc Trang, more than 90% of

Rat-K (warfarin) 315 35.7 321 32.1  farmers interviewed said they controlled rats alone and
Fokeba (zinc 493 357 474 385  Vveryfewcontrolled rats as a group.

phosphide) . _

Chinese rodenticide 219 357 256 37 rarmers beliefsin rat management

Monitor 0.0 29 0.0 3.8 Most farmers in Tien Giang and Soc Trang believed
(methamidophos) that rats are important yield constraints and that control-

ling rats would maintain rice yields. The belief that rats
Farmers’ choice of particular rat control methods diccan only be controlled if they worked together with other
not differ between wet and dry season. Farmers in botlarmers was stronger in Tien Giang than in Soc Trang.
provinces used more than one method to control rats; théjowever, most farmers in both provinces strongly
believed that no single method would be effectivebelieved that the cost of control could be reduced if
However, more than 50% of the farmers mainly relied ofiarmers worked together with other farmers.
chemicals in both wet and dry seasons. Among farmers’ The pelief that rats can be controlled effectively only
reasons for using chemicals to control rats, 73.6% spquy the use of chemicals was low in both provinces.
fied their high efficiency, followed by labour saving However, there was a difference in the degree of belief
(28.7%), low cost (15.4%), and ease of use (14%). about the environmental concern when using chemicals
Different rat management actions should be conductelgetween farmers in Tien Giang and Soc Trang. More
at the right time during a growing season based on tHarmers in Soc Trang (65.5%) than in Tien Giang (20%)
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believed in the statement that it does not matter whether Conclusion

use of chemicals to control rats will harm the environ-

ment, as long as rats are killed. In both provinces, mo$tarmers in both provinces strongly believed in the need to
farmers evaluated the efficiency of rat control as moreontrol rats as well as in the advantages of a group-based
important than its cost. control approach in terms of efficiency and cost reduction.

Table 4. Timing of rat control efforts of farmers (% farmers) in Tien Giang and Soc Trang, comparing treatment (cTBS) and
control villages (DAS = days after sowing).

Crop stage Wet season 2000 Dry season 2001
Control cTBS Control cTBS
Tien Giang province
Seedling (0-15 DAS) 51.0 60.6 46.0 45.5
Tillering (16—40 DAS) 49.0 69.7 51.0 61.6
Booting (41-60 DAS) 96.9 81.8 97.0 80.8
Heading (61-70 DAS) 61.2 41.4 58.0 44.4
Maturing (>70 DAS) 15.3 111 13.0 12.1
Soc Trang province
Seedling (0-15 DAS) 73.0 66.0 76.0 81.0
Tillering (16—40 DAS) 21.0 17.0 16.0 28.0
Booting (41-60 DAS) 80.0 81.0 87.0 81.0
Heading (6—70 DAS) 57.0 47.0 64.0 59.0
Maturing (>70 DAS) 21.0 7.0 22.0 7.0

Table 5. Rice growth stage perceived by farmers (% farmers) to be most effective for controlling rats, comparing treatment
(cTBS) and control villages.

Crop stage Tien Giang Soc Trang
Control cTBS Control cTBS
(n=100) (n=100) (n=98) (n=198)
Seedling (0-15 DAS) 16.0 20.0 24.5 15.3
Tillering (16—40 DAS) 5.0 18.0 0.0 6.1
Booting (41-60 DAS) 73.0 57.0 56.1 68.4
Heading (6170 DAS) 2.0 2.0 18.4 10.2
Maturing (>70 DAS) 4.0 3.0 1.0 0.0
Total 100.0 100.0 100.0 100.0

Table 6. Farmers’ rat management expenses (in US$) and their estimation of loss (on a per ha basis, based on the arithmetic mean).

Crop stage Wet season 2000 Dry season 2001
Control cTBS Control cTBS
(n=100) (n=100) (n=198) (n=198)
Tien Giang
Number of days spent on rat control 5.1 8.7 5.6 8.0
Labour cost for rat control 10.91 15.91 12.04 14.88
Cost of chemicals and other materials for rat control 2.44 8.74 2.70 9.23
Total cost of rat control 13.34 24.65 14.73 24.11
Perceived loss if no rat control (kg of paddy) 704.79 782.83 965.20 715.58
Cost of perceived loss (VND) if rice was sold at VND1300/kg 65.44 72.69 89.63 66.45
Soc Trang
Number of days spent on rat control 4.3 3.2 4.9 4.6
Labour cost for rat control (VND) 8.04 5.55 9.14 8.04
Cost of chemicals and other materials for rat control (VND) 4.82 6.20 5.68 8.28
Total cost of rat control (VND) 12.87 11.85 14.82 16.40
Perceived loss if no rat control (kg of paddy) 655.20 373.90 810.5 629.30
Cost of perceived loss (VND) if rice was sold at VND1300/kg 58.27 34.72 75.26 58.44
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