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Abstract. The need to control Norway rats in the United Kingdom has led to heavy reliance on rodenticides, particu-
larly because alternative methods do not reduce rat numbers as quickly or as efficiently. However, such reliance has led
to concerns that repeated use of rodenticides poses unacceptable risks to other animals as well as encouraging resis-
tance in the target species. In agricultural areas, frequent use of poison baits is unavoidable when control is concen-
trated on individual, resource-rich patches, such as farm buildings, because even if total elimination is achieved,
reinvasion is inevitable. Population density is highest around buildings during winter when food supplies are most
abundant and locations for baits most restricted. Control can be improved by, for example, changing the location of
food sources within buildings, so that the environment is less predictable to rats. Rats with the smallest home ranges
are most likely to succumb to rodenticide treatment, but those with the largest ranges who nevertheless consume poi-
son bait may pose the greatest risk to predators. Populations reduced to very few animals may take two years or more
to recover to their previous levels if there are no nearby reservoir colonies. Not surprisingly, recovery can be severely
impeded by limiting the food supply, but in practice the resources of food and harbourage can rarely be controlled to a
significant degree on a working farm. Consequently, reducing cover to expose rats to increased predation risks is prac-
ticable, but the most successful control strategy necessitates breaking links between populations in resource-rich
patches. This may be achieved by treating several patches simultaneously, as well as removing rats in transit between
them. Although the initial control may be carried out with rodenticides, the need for subsequent treatments using poi-
son baits should be greatly reduced.

Introduction while ideal, is difficult to prove, let alone achieve. Hence,
populations invariably recover, largely because the under-

The need to control commensal rodents is rarely controveying reasons for the problem population developing in the
sial, as the public has always associated rats, in particulfirst place are seldom addressed. As the recovery
with lethal, disease-causing organisms, such as bubonitogresses, at some point re-treatment becomes inevitable,
plague. While plague has long been absent from sonbeit experience has shown that the same level of control is
countries, including the United Kingdom (UK), the poten+ot guaranteed on subsequent occasions. The dynamics of
tial health threat from commensal rodents is now focuseghch new population, including the behaviour and physi-
on other zoonotic diseases, such as leptospirosis (Weiogy of individuals, are subject to change, not only
disease) and salmonellosis. While pressure to contrbecause of the selection pressure imposed by intensively
problem populations continues, the means of doing so ag@plied control measures, but also because resources vary in
coming under closer scrutiny, particularly regarding issuedistribution and abundance. In this paper, we use the
of humaneness and environmental impact, in addition f§orway rat Rattus norvegicysin rural habitats in the UK
cost-effectiveness. Nevertheless, control tactics need & a model to illustrate how these ecological processes
reduce rapidly the number of potentially disease-carryinijifluence the effectiveness and safety of commensal rodent
rodents and non-lethal management methods are generdlighagement strategies.

unable to achieve this. For example, repellents at best keep The Norway rat first arrived in the British Isles nearly
rodents at a distance and at worst push the problem el$80 years ago, then spread rapidly and largely displaced
where, while fertility control might only reduce problemsthe ship rat Rattus rattuy that had been present since
over too long a period. Moreover, for many, the only accepRoman times. Today, the Norway rat in rural areas is seen
able level of control that mitigates disease risks is totaredominantly as a storage pest that exploits supplies of
elimination of the rodent population, an objective thatharvested cereals, root crops and livestock feeds to be
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found in farm buildings. It also lives along field marginsHampshire farms was cereal growing (67%), livestock
but rarely digs burrows in the fields. Changes in the agrrearing on those in North Yorkshire (61%), and 42% live-
cultural landscape that came with increasing mechanisatock/42% arable on the Sussex farms. Farming activity on
tion resulted in loss of harbourage for rats as fieldne site in Hampshire, four in Sussex and eight in North
boundaries were ploughed up to make larger fields¥orkshire was classified as mixed. The location and type
Consequently, the significant damage that the rats repodf stored food accessible to rats on each farm was
edly caused to standing crops is now negligible. Despiteecorded. Rats in Hampshire were typically warfarin-resis-
being a relatively recent arrival and its association withant with some resistant to difenacoum and bromadiolone
human activities, the species can survive independently #lso, while rats in Sussex were mostly anticoagulant-
the UK, but large (damaging) populations seem to occwusceptible (Cowan et al. 1995); resistance to anticoagu-
only on working farmsteads with abundant resourcesants has also been found in North Yorkshire rats. Popula-
While much of their food may be found indoors, ratstion size was estimated immediately before a rodenticide
prefer to nest in burrows dug in undisturbed groundreatment using a calibrated tracking plate technique (Quy
between buildings or along adjacent hedgerows angt al. 1993). Briefly, tracking plates were evenly spread
ditches. Control measures seem to be particularlcross each site at a nominal density of 400/ha. The area of
successful if they intercept rats before the animals reaginach plate covered with rat footprints was given a score
their food source and the most extreme form of intercepand summing the scores gave an index of total rat activity.
tion is to dispense poison bait directly into the burrowA mean of 3—-4 consecutive daily total scores was then
(Quy et al. 1996). However, active burrows are not alwaygonverted via a calibration curve to give an estimate of rat
easy to find and rats are also highly mobile (Taylor an@opulation size.

Quy 1978), such that some burrows may be 1 km or more The ranging behaviour of rats was recorded between

awzi:y fr?m”_foo?\lsources.t ts similar chall t1994 and 1996 on two farms in the county of Warwickshire
ontrofiing Norway rats presents similar challenges 1q, o part of a study investigating the role these rodents play as

?_Eh'evmgt SUCC?SS]})J: c?ntLol_ of other fcomrper:jsal_ rotdentéectors of cryptosporidiosis (Quy et al. 1999). Adult rats of
€ most practicable technique on farmsteads IS 10 usg, g living in and around cattle sheds and those living
rodenticide bait, but the animals live in a complex, three:

dimensional habitat where attractive food is. for weeks at along field margins on an arable farm 5 km away were fitted
ti:ne vilrtuall unllimi\t,; d and whelr\(le Iacesl j{o lﬁlthe bai ith radio-transmitters that also contained mortality
' Y rep put | %ensors. Each tagged rat was tracked intensively for a week
may be restricted. Under such circumstances, bait may be . : . .
; : S -7 approximately every 4 weeks until the animal died, was
totally ignored while damage and contamination contlnu? : )
; - ost, or the tag came off. Fixes were obtained every 6 hours
unabated. However, the food supplies can also ‘disappear .
. . . . .. and a home range was calculated by the minimum convex
suddenly and there may be little time to intensify baitin : )
. . . olygon method for each rat with >10 fixes. Every effort
before the rats disperse. Harbourage is always available . L
. T ) . . was made to recover animals that had apparently died in
although it often varies in quantity, quality and distance from . A
o order to determine the cause of death. Anticoagulant treat-
food sources. Control measures are usually instigated on . - .
} . .~ __ments were carried out periodically on the livestock farm
farms when the population reaches some arbitrary nmsange .
o the farm staff, but no control was carried out along the
or damage threshold, but it is only when such measures fﬁ'YId marains on the other farm
that the number of rats which can be supported by farmstead 9 ' ) )
habitats is shown to greatly exceed the numbers previously The rate of recovery of 20 rat populations in the
considered to be too high. As rat population densitgounty of Surrey in south-eastern England was monitored
increases, it sometimes becomes impossible to lay @ 2-monthly intervals for approximately one year
required amounts of bait and efficacy is reduced or treaetween 1976 and 1979. Each population was reduced by
ments prolonged. In this paper, we will consider the ecologn acute rodenticide and, where necessary, an anticoagu-
ical factors that affect the efficacy of rodenticide use, if@nt to eliminate as far as possible every rat. Hence, rein-
particular those that determine population size, rangintgstation should have arisen largely by reinvasion rather
behaviour and the rate of recovery. Placing the operation 8fan by surviving residents reproducing. All treatments
control measures in an ecological context should, at the vewere conducted against rats living in and around farm
least, prevent much wasted effort and at best achielildings and the degree of control was assessed indepen-
maximal control with minimal risk to other species. dently by tracking plates laid before and after treatment.
The plates were set out as described above, but rat foot-
) prints were recorded as present or absent only and thus
Materials and methods gave an index of numbers. Recovery rates were calculated
as a percentage of the pre-treatment track score. The same
Data sets tracking plate positions were used each time a recovering
Data on the size of rat populations living in and aroundat population was monitored. The distribution of stored
farm buildings were collected during all seasons from &ood on each farm was recorded during each monitoring
total of 102 farms in three counties of the UK: Sussex ( period, along with any major structural alterations that
24), Hampshirer( = 24) and North Yorkshiren(= 54) might have affected the ability of rats to recolonise the

between 1990 and 2000. The predominant activity on thiarm.
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Methods of management late May—June as the cereals begin to ripen. The average

The application of rodenticide baits, especially anticoSize of rat populations around farm buildings did not vary
agulant formulations, has become the first, last and on§cross the seasons, although the density did (Table 1).
means of controlling rats for many in the UK. Productd2ensity increased sharply after harvest in late summer and
containing the second-generation anticoagulants difengarly autumn, perhaps as animals followed the food from
coum and bromadiolone now dominate the market, witfhe fields to the buildings. In summer, field populations of
use of the less potent, first-generation Compoundglts were likely to be at their highest. It was also likely
declining. Despite their advantage in controlling warfarinthat reproductive rates of rats around buildings increased
resistant rats, the more potent anticoagulant baits did nt&t take advantage of the concentrated resources. The
markedly reduce treatment length, leading to speculatiogreatest density of rats coincided with the smallest
about social factors delaying approaches to bait stationiifested area and probably reflected the reduced cover to
Although resistance has developed to second-generatibe found outside buildings, as vegetation was either killed
compounds, it has not, with some notable exceptiondy frosts or stopped growing. The lowest density occurred
fully explained the poor efficacy that sometimes occursn late winter/early spring, as deaths presumably exceeded
Population size differences and the presence of alternatibérths at this time. Huson and Rennison (1981) also
food have been more convincing explanations (Quy et alecorded a similar pattern of activity after examining
1992a,b). To control rats highly resistant to anticoaguehanges in infestation rates on agricultural premises.
lants, zinc phosphide and calciferol formulations are | contrast to arable farms, stored food is often perma-
available. Other control methods, such as trapping, fuMkenty available where livestock are kept, particularly
gation of burrows and contact formulations are suitabl@iry cattle and pigs reared indoors. Beef and dairy cattle
only in specific circumstances or to eradicate small o ‘otten kept indoors over winter, but are released into
numbers of rats. Proofing of buildings to prevent rodenfye fie|gs in spring. The pens where these animals have
entry s rarely cons idered _cost-e_ffecnve and physicghgq, kept are then cleaned out, displacing any rats in the
barriers oft_en seem incompatible with r_n_odern methods (Hrocess. Mixed farms, which perhaps offered the greatest
bulk-handling grain and other commodities. range and abundance of food throughout the year, had a

higher average rat population density than the other two

Results and discussion farm types (Table 2).
Regional differences were also apparent between
Ecological determinates of population size southern (Hampshire/Sussex) and northern (North York-

Rat population changes are closely tied to the agricufhire) England, with smaller populations in the northern
tural cycle; in a northern-hemisphere temperate climatéounty (Table 3). However, the average infested area was
this consists of harvesting cereals, such as wheat agt@nificantly smaller in the Yorkshire sample, resulting in
barley, in July—August. Fields are ploughed inhigher densities than in the southern counties. The reason
September—-November and then re-sown with wintefor the difference is uncertain, but might have been related
cereal varieties; spring cereals are sown in Februarl@ the larger proportion of pig rearing farms in the York-
Harvested grain is transferred from the fields to purposeéhire sample. Such farms offered greater scope for rat
built or makeshift silos/clamps/grain bins to be dried andhumbers to grow, as the buildings were often constructed
where it may remain throughout September to Marchyith hollow walls and false ceilings, in contrast to the
until it is sold. Usually, all of the previous year’s harvest igelatively open-plan nature of those holding cattle. Popu-
removed by early spring (April/May) and the grainlation density is of particular importance for the dynamics
storage areas are cleaned out ready for the next harvest.zoonotic diseases where maintenance of infection is
Rat activity in standing crops increases noticeably duringependent on contact rates between animals.

Table 1 Comparison between rat populations in and around farm buildings with respect to season in terms of
area infested, population size and population density. Data are means + sd. The infested area was calculated by
the number of tracking plates laid at the predetermined density of 400/ha (ANOVA = analysis of variance, NS

= not significant).

Season n Area infested Population size Population density
(ha) (n/ha)
February—April 32 0.223 0.103 82.5t 63.1 373.8211.0
May—-July 19 0.141 0.060 57.3:41.3 400.A 203.2
August-October 38 0.2040.122 109.3 99.6 513.0t 256.6
November—January 13 0.1340.041 76.2+ 48.8 635.4- 237.4
One way ANOVA df 3,101 F 5.4 =0.002 F 2.24, NS F 5.0B,=0.003
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Table 2 Comparison between rat populations in and around farm buildings according to farm type in terms of area infested,
population size and population density. Data are means + sd (ANOVA = analysis of variance, NS = not significant).

Arable Livestock Mixed One way ANOVA
n 39 50 13
Area infested (ha) 0.2150.125 0.164- 0.082 0.18%0.11 F 2.67
df 2,101
NS
Population size 92.568.8 74.1+ 63.1 119.8:125.4 F 2.06
df 2,101
NS
Population densityn{ha) 445.1+ 214.0 438.4- 230.6 619.3 334.0 F3.14
df 2,101
P =0.048

Table 3. Comparison between rat populations living in and around farm buildings in Yorkshire and those living
similarly in Hampshire/Surrey in terms of area infested, population size and population density. Data were collected
during all seasons between 1990 and 2000. Data are means + standard deviation (ANOVA = analysis of variance).

n Yorkshire Hampshire/Sussex One way ANOVA
54 48

Area infested (ha) 0.11890.050 0.263 0.100 F 87.12
df 1,101
P <0.001

Population size 66.2 53.7 110.4t 90.5 F9.219
df 1,101
P =0.003

Population densityn{ha) 523.0t 249.0 397.&224.1 F 70.69
df 1,101
P =0.009

Ecological determinants of management effectiveness determined. Animals that have home ranges larger than the

It seems obvious that total removal of the food supplyiz€ ©Of the treated area may not encounter bait often
would control rats without recourse to rodenticide use, bignough to maximise treatment efficiency. Equally, as the
in reality supplies can rarely, if ever, be so restricted on @ensity of signs decreases, the spacing between baits is
working farm that rats are denied any access. Thus, roderfikely to increase, reducing the likelihood that such baits
cide baits will invariably be competing with other foods forWill intercept rats with large ranges. From the perspective
the rats’ attention and in one study of anticoagulant effe@f the efficacy and safety of rodenticide use, the ranging
tiveness, 12 populations were reduced within 7 weeks by@haviour can reflect the likely fate of rats. The observed
mean of only 24% when stored cereals were present, but i§nhges of four rats living in and around farm buildings
75% ( = 19) when such cereals were absent (Quy et alvere remarkably small (<0.1 ha), some moving no more
1992a). However, a change in the distribution of storethan 20 m from a nest, presumably to and from their food
cereals, not involving their complete removal, led to greateupply; these animals succumbed to an anticoagulant
control (mean 62%, = 8). Such change often meant little rodenticide, as confirmed by signs of haemorrhage on
more than relocation of grain within a building, thusrecovery of their bodies (Table 4). Away from farm build-
suggesting that predictability of supply was more importangs, resources are often more widely dispersed and rat
than its abundance or continuity and that creating controlleglgns are therefore less concentrated: 11 rats that survived
habitat disturbances would encourage rats to approadpr up to 3 months between collar attachment and the
baits. In this respect, rats are more likely to consume bait drattery failing had a mean observed range of 0.2 ha.
livestock farms, because the movement of farm animals ardbwever, rats sometimes move long distances, greater than
high turnover of feed gives a degree of inherent habitgterhaps necessary to find sufficient resources (Taylor and
instability (Quy et al. 1994). Quy 1978), involving journeys into probably less-familiar

Poison baits intended to control commensal rodents agarts of their range. Predators (mostly foxes and dogs)
applied as spot treatments and are never broadcast. WHelted six rats with the largest home ranges (mean 1 ha).
setting up rodenticide treatments, it is therefore simplest tDespite small sample sizes, the differences between the
distribute baits according to the density of rat signs ratheanges for the three groups shown in Table 4 were signifi-
than the movements of individuals, which cannot easily beant (Kruskal-Wallis non-parametric analysis of variance,
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xz = 8.71 2 dfp = 0.03). These data suggest that rodentithat in this area, by accident or design, ecological factors
cide efficacy is enhanced if rats have ranges smaller thaonstrained growth. To illustrate this, two populations
the treated area and, provided predators seldom ventuséth very different recovery rates were selected from the
near farm buildings, the risk of secondary poisoning mightample (Figure 2). Both were first treated at approxi-
be relatively small. In contrast, poisoned rats whose rangesately the same time of year (summer), but there was
extend outside the treated area may have sufficient time very little stored food to support the rats on the arable
move into a predator’s territory, given the delay betweeifarm during this pre-harvest period. However, seemingly
ingesting a lethal dose of anticoagulant and death. Aanlimited supplies of food for dairy cattle supported a
inference that may also be drawn from these data is thatuch larger population on the livestock farm. Post-treat-
manipulating habitat features to modify range size mightnent, both residual populations were of similar size, but
enhance the effectiveness of particular management tedivat on the arable farm recovered to its pre-treatment
nigues. level within 2 months as harvested grain was stored in
open-topped bins. In contrast, over an extended moni-
Tabt'e 4-f':ate of r‘;"ﬁio'co”iredfrs\tls inlreklaltqipn t%hfirréeé?‘”gde Siz€oring period, rat numbers failed to recover (but did not
on two tarms In the county o arwicksnire, unite Ingaom. : :
Individuals were tracked for up to 3 months (the life of theglsappear entirely) on the livestock farm, probably

transmitter battery) between 1994 and 1996. Data are means gcause structural alterations to the buildings made any

sd. stored food less accessible. In this case, restricting

resources did not stop rats invading the farm, but it did
Fate n Home range size & reduce the carrying capacity and hence probably
Survived till recapture or 11 1954.5+ 2470.4 prevented significant recolonisation. Given the unlimited
transmitter battery failure food on the arable farm, it was not surprising that a
Predated 5 958087761.0 subsequent poison treatment carried out by the farmer

had a minimal effect. While these examples present a

Rodenticide 4 450.3 420.0 . . . .
simple and perhaps self-evident ecological concept, its
_ _ significance seems to have been lost for many who now
Ecological effects on population recovery rely exclusively on rodenticide use for Norway rat

While ranging behaviour provides an ecologicalmanagemem'
context for efficacy and risk assessment, it also ca” 139 -
explain the recovery of rat populations during and afte
treatments. The influence of adjacent hedgerow popul 100
tions on the efficacy of treatments around farm building: g
was to extend the period of bait exposure in order tn~§
achieve the equivalent level of success on those farrr% 60
without hedgerow populations (Quy et al. 1992b). It wasz
impractical to treat the adjacent infestations simulta@ 40 [
neously with those in the buildings and the prolongecs

80 -

treatments probably reflected continual reinvasion thz 20

replaced animals succumbing to the poison. Hedgero 0 w w w w w w w w w
populations of rats are particularly common in the easter 0 2 4 6 8 10 12 14
half of the UK, where cereal growing predominates. Months Post-treatment

Conceptually, the rate of recovery is a function ofFigure 1. Recovery of rat populations following rodenticide
productivity of any residual population and reinvasiontreatment on 17 farms. An index of the post-treatment population
into the target habitat, which should diminish as theize for each farm was derived from tracking_ plate scores
distance from reservoir populations increases. Thedxpressed as a percentage of the pre-treatment size (mean * se).
processes were explored when 20 rat populations were
.reduce.d/ellmmat'ed from farms in south-gastern Englangcologically based management strategies
in a mixed-farming area of cereal growing and pasture
and with relatively insignificant numbers of rats along Currently, the economics of rodent control in the UK
field margins. On one farm, putative immigrants wergavour rodenticide use, and to reduce large numbers of
trapped and removed every 2 months and on two othersts quickly, its utility is unquestionable. However,
data were incomplete. The rate of recovery of 17 farm raepeated use of rodenticides can be avoided if the under-
populations showed an approximately linear increaslying reasons for population recovery and movements are
over 12-14 months (Figure 1). (Data were insufficient tainderstood. One approach is to consider rats having a
examine seasonal effects.) Assuming the trend remaineédetapopulation structure, whereby they occupy the whole
linear, the projected mean time to full recovery (i.e. to thagricultural landscape with population subunits concen-
size of the initial population) was 27 months. Given thdrated in resource-rich patches. Transfer between patches
high intrinsic rate of increase of Norway rat populationstakes place along linking corridors, such as hedgerows
recovery seemed to be surprisingly slow and suggestehd ditches. Breaking these links effectively isolates the
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patches, although in lowland agricultural areas patchesith a trap or bait point. Once there, they can be removed
(e.g. farmsteads) can be so close as to fall within they any humane method. This strategy is similar to the
normal home range of many rats. To counteract thitap—barrier system developed to control rats in the tropics
problem, the best tactic might be to treat several neigl{Singleton et al. 1999). If successful, this strategy would
bouring farmsteads simultaneously, thereby removingoth attract dispersing rats before they settle in farm build-
obvious sources of immigrants. This is contrary to preseriings and also reduce connectance between local popula-
rodent control practice, which typically focuses on artions, perhaps making eradication over large areas
individual group of farm buildings as this representdeasible. Such an approach would be especially useful in
(commercially) an easily definable habitat to treat. Suchombating anticoagulant resistance and thus needs to be
control will inevitably fail long-term because of reinva- evaluated as a practical management strategy for whole
sion and compensation (density-dependent birth/deatiiral rat populations.

rates). To keep rat numbers low in the individual patches
post-treatment, it is unlikely, except on rare occasions, .
that the food supply or harbourage can be controlled. Conclusions

More practicable perhaps is to reduce the cover betwegfby rodenticides are unlikely to be developed in the fore-
the harbourage and food source, thus increasing the risk Qfeaple future that will alleviate all public concerns about
predator attack. A recent study by the Central Scienogmaneness and non-target effects. In the meantime,
Laboratory (unpublished) followed the fate of 13 radio-cyrent formulations will continue to be used until either
tagged rats living around farm buildings where the groungasistance in the target species or restrictions on their use
cover (e.g. vegetation) was kept permanently short and 38,4 1o product withdrawal. A more strategic application
tagged rats where the cover was untouched. Over a 30-dgy rodenticides, along with other measures, has been
period, 10 rats in the cleared areas moved away or di%@lggested above that takes account of the potential
with three confirmed predator kills. In the uncleared areéagnohility of rats and the ability of populations to recover
10 animals remainech situ with only one confirmed \yhen resources are seemingly unlimited. If effective, the

predator Kill. strategy should minimise re-application of rodenticides
once established populations are brought under control,
180 - given that lowland agricultural environments in the UK
160 |- will always be habitable by Norway rats. This should
x 140 [ retain the effectiveness of rodenticides whilst also mini-
2 120 mising potential adverse environmental consequences of
< 100 - their use.
5 g
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Abstract. Field trials involving 1200 rural households from three villages (Pinda, Mutange and Mugaveia) in Mozam-
bigue were established to test whether intensive daily trapping inside household-level food stores could effectively reduce
rodent pest populations. The species caught inside dwellings where food was stoRatwsmttugalexandrinugand

Mastomys natalensi¥he proportion of each species caught varied among the three villages and over the 16-month dura-
tion of the trial.R. rattuswas more abundant inside households in Pinda and Mutange; wilemegslensisvas more

abundant inside homes in Mugaveia. Pregnant females of both species were caught throughout the year, showing no clear
breeding seasonality. Householders that trapped rodents inside their house on a daily basis were able to significantly
reduce the level of infestation when compared with householders who did no rodent management. The level of population
reduction among households in the same village was similar, but the degree of reduction significantly varied among the
three villages. The average weightRf rattustrapped inside households through intensive trapping declined by 40%
when compared with those caught in households that did not intensively trap; however, no significant weight difference
was noted in populations bf. natalensisThe population reduction caused by intensive trapping was maintained over the
duration of the trial, and assessments of food stocks indicated that food remained in store up to 3 months longer, with loss
assessments indicating savings of 30—40% when compared with households in which rodents were not controlled. The
implications of these results are discussed in the context of implementing ecologically based rodent management strate-
gies for poor rural communities in Africa.

Introduction tised rodent pests as one of their most important constraints
to improving their livelihoods (Taylor and Phillips 1995). In
Ecological studies and the control of rodent pests in ruralddition to food losses, recurrent outbreaks of plagens{
agricultural settings have largely involved the use oinia pestid occur in parts of Mozambique, and preliminary
rodenticides (Makundi et al. 1999). However, especially istudies have shown that leptospirodieptospira ictero-
rural parts of Africa, there are several constraints to thelraemorrhagiap prevalence (IgG) can be as high as 17%
use. Primarily, rodenticides are not affordable for the rurdlfThompson et al. 2002).

poor who are most affected by rodent pests. Even when Tpe development of ecologically based rodent
rodenticides are widely available, they are often useghanagement strategies that are affordable and easily
inappropriately, leading to low efficacy and to health angplemented by the rural poor of Africa could substan-
environmental risks. Recently, there has been an increas[%;ﬁy improve public health and local economies. The
effort to apply our understanding of rodent populationypjectives of our research have been to test management
dynamics to develop more ecologically based methods gfrategies that attempt to reduce rodent pest problems in
rodent management (Singleton et al. 1999). rural areas. Although some researchers have argued that

Most households in Mozambique traditionally storerapping is an ineffective means of population manage-
their food inside their dwelling for security and spiritualment (Buckle and Smith 1994), previous research has
reasons. However, this storage practice makes it difficult &hown that trapping can, under some circumstances, be an
exclude rodents from the food store, exacerbating foceffective method of rodent management in field crops
losses and contamination caused by rodents. Rural exté@Gebauer et al. 1992; Tobin et al. 1993) and grain markets
sion programs have tried to introduce separate food storagehmad et al. 1995). In this paper, we test whether
structures to the area, but adoption and uptake have begapping can significantly reduce local populations under
limited. Farmers in Zambezia province have indicated thahe high density of rodents found in household-level food
stored food losses by rodents can be severe and have pristéres in Mozambique.
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Materials and methods basket. The baskets were weighed every 4 weeks from

May to December 2001. Maize cobs were assessed for

Three villages in different districts of Zambezia provincerodent damage by counting the number of missing maize
Mozambique, were selected for involvement in the tria|@rains on 10 randomly chosen maize cobs from each
based on reports from farmers indicating that rodents wetsasket every 4 weeks and calculating the percentage of
a significant pest problem, particularly after harvest whewissing grains per cob. Data from treated and untreated

crops are stored within the dwelling. The village ofareas were evaluated using the non-parametric Mann—
Mutange in Namacurra district lies within a flat lowlandwhitney U-test.

rice-growing area, the village of Pinda in Morrumbala
district is in a highland plateau maize-growing area and th 4

village of Mugaveia in Gurué district is in a mountainous )
mixed forest—cropland area. Each village has approx

mately 400 domestic dwellings which typically consist of & & H

mudded timber-frame rectangle (approx< % m) with a i s 0¥ 11 § ' i

grass or palm-leaf thatched roof. The open-plan interic § # * i1 4 I il } '|. j :|' } i
contains a raised platform where food is stored, a cookinz |, " * o : i L A {

fire and a sleeping area for approximately eight people. ‘E

Each village was divided into two portions, one half % Mw
acting as the treated area and the other as the untrea = = S 5 & = & - x|

area (experimental control). The 200 households in th.£ § 2§ ° ' '
treated area were each given 10 break-back traps (k&
shap-e-trap!, Kness Manufacturing Ltd, USA), with all E *1h)

10 traps placed in the dwellings along interior walls anc = I
walkways, especially in places where food is usualyE = § ) i J
stored. Farmers were given individual training on the 5§ LI | ;
operation of the traps and instructions to set them eac 3
evening. Dwellings in the treated area of the three village &
were visited each morning, and the number of rodent 5
trapped the night before were recorded daily for the 35
duration of the trial (November 2000 to March 2002).=
Householders in the untreated area did nothing to manal;-:} 5 5 5555 5555585 88
their rodent problems over this time, and every month = & % & 3 £ 3 4 = & § @ 2 £ 4
subset of 30 households was randomly selected from th 5

area and the occupiers set traps in the same manner a: ; o c)

the treated dwellings but over three nights only. Theg
number of rodents caught during these three nights fror= .- , & ' A ¥
households in treated and untreated areas was record E i o3 e, .
including their sex, weight, species, and whether an g

L] ' )
females caught were observed to be pregnant. Represer-— 4 ‘\, *

tive samples of each species were collected for later tax F 3‘ W
nomic identification. The number of rodents caugh1E

among farmers and villages was analysed by analysis n
variance (ANOVA) with a post-hoc least significant differ- = 5 5
ence (LSD) test to separate the mean values. Comparisc a8 d
between treated and untreated areas in the same village

were analysed using an independent safiést evalu- Figure 1. Comparison between the mean number of rodents caught
ating the number of rodents caught and their averaig householders setting ten break-back traps each night (treated =
weights. The potential interactions between populations of = 200) and householders that did no rodent management, but

R ratt dM. natal ithi h vill I Where a sample of rodents were trapped over three nights each
rattusan natalensiswithin each village were eva month from a different sub-set of houses (untreatliir== 30) in

uated by linear and non-linear regression models using the villages of a) Pinda, b) Mutange and c) Mugaveia.
data obtained on the total number of each species caught

in each household during the trial.

A subsample of 10 randomly chosen farmers in each
treated and untreated area in Pinda was selected to store Results and discussion
5 kg of their maize cobs in an open-topped basket. The
basket of commodity was placed in the same area dhe mean daily catch rate by each householder continu-
food storage as the main household stocks over the usumlsly trapping significantly varied among farmers in the
storage period (May to December 2001), and housesame village (ANOVA with LSDP < 0.01) and among
holders were instructed not to remove any cobs from thine three villages (ANOVA with LSD,P < 0.01).
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However, the daily number of rodents caught in houseratio of rodents caught between treated and untreated
holds in the same village was relatively similar comparedwellings (Mann—Whitney, P > 0.05).
with the numbers caught among the three villages (Figure
1). Higher numbers of rodents were caught during the firs =
month of intensive trapping in all three villages (2#47 4
0.05, 1.24+ 0.04, 3.98t 0.07 rodents/day/dwelling (mean o
+ sem) in first 30 days of trapping in Pinda, Mutange ani
Mugaveia, respectively) when compared with the numbe
of rodents caught in subsequent months (ANOVA witt
LSD, P < 0.01). The decline in the number of rodentsg '™
caught was most pronounced in Pinda, where relativel 5 "
few rodents were caught after the first month (Gt08 E
0.002 rodents/day/dwelling over the next 15 months of th
trial), followed by Mutange and Mugaveia (0.66.006 £
and 2.78t 0.01 rodents/day/dwelling, respectively). The £
two speciesRattus rattusandMastomys natalensisvere = 40
present in all three villages and were trapped inside a'&
households (Figure 2). Approximately equal numbers a7 @
R. rattusandM. natalensisvere caught in households in = :
Pinda and Mutange, however approximately three timeE:
more M. natalensis were caught tharR. rattus in 5
Mugaveia. Linear and non-linear regression analyseE 10
showed that the relationship between the number of ea E
species caught within a dwelling was best represented | #
power regression models for data from Pinda=(215.7,

= 0.52,P < 0.01) and Mutange~(= 176.5,r°= 0.47,P
< 0.01). In these two villages, higher numberRofattus
were associated with higher numbers Mf natalensis
(Figure 3). Regression analysis on the data froni .,
Mugaveia showed that the relationship between the tw 5
species was best represented by a cubic polynoml 8 n
regression modelR(= 5.15,r? = 0.42,P < 0.01). The ‘
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number of each rodent species caught in households
Mugaveia indicated that high numbers Rf rattusmay
regulate the numbers dfl. natalensispresent inside

dwellings in this village (Figure 3). ) I I I l I I i I I3 d
Households within each area of the three village: ¥ ; 3 ; g 3 ; ﬁ E 3 5 ; _3 5

where continuous trapping did not occur (untreateu
control) were shown to have greater numbers of rodenkdgure 2. Comparison between the mean numberRafttus
inside their houses at each of the 3-day monthly assegattus (M) and Mastomys natalensigd) caught inside 200
ments when compared with those where trapping W ellings in traps set by householders each night in the villages
a) Pinda, b) Mutange and ¢) Mugaveia.
carried out daily T-test with equal variance not assumed
P < 0.01, Figure 1). These households caught approxi-
mately twice as many rodents throughout the trial (Figure Weight loss of the standard 5 kg baskets of maize was
1). On average, householders in the untreated area atributed to both rodent and insect damage (Table 1). The
Pinda caught 1.4% 0.26 rodents/day throughout the 16-main insect pest found in stored maize cobs was the maize
month trial duration, with 2.1% 0.17 and 5.8 0.35 weevil, Sitophilus zeamaisDamage characteristics to
rodents/day caught in Mutange and Mugaveia, respeenaize caused by insects and rodents are very distinctive,
tively. On average, the weight d&®. rattus caught in  with rodents completely or partially removing grains from
untreated dwellings was significantly higher than that ofthe cob, whilst weevils infest grains internally. All missing
the same species caught in treated dwellings 8.8 g grains on cobs were attributed to rodent pests. Rodent
and 45.9+ 2.0 g, respectivelyl-test with equal variance damage was observed to occur from the outset of the
not assumed,= 7.46, df = 30.5P < 0.01). However, there assessment period, whereas weevil damage only became
was no significant weight difference between the correapparent after three or more months of storage. Damage
sponding samples ®. natalensiquntreated =52.83 3.2 due to rodents was lower in dwellings that intensively
g, treated = 46.5 3.3 g, T-test with equal variance not trapped compared with dwellings in the untreated areas,
assumedf = 1.15, df = 31.1P > 0.05). No significant while insect damage levels were similar between treated
differences were noted with respect to changes in the sexd untreated dwellings. Questionnaires with farmers in
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the treated and untreated areas of the village indicated thatjue. Household benefits not only included reduced food
householders that had been intensively trapping mairstorage losses as demonstrated in this study, but as rodents
tained stocks of food for approximately 3 months longeare widely eaten by people in Zambezia province, house-
than householders in the untreated area. Farmers thaild trapping was seen to provide families with a reliable
trapped also noted that their food stocks lasted longaource of much-needed protein.

when compared with previous years when harvested Atthe commencement of the intensive trapping trial, it

yields were similar. was not known whether rodent population densities would
vary among dwellings or areas. However, it was considered
1 og) likely that rodent density would be generally dependent

i) upon food availability in the dwelling (Boutin 1990; Krebs
i 1999). Food stores provide an ideal environment for rodents,
offering harbourage and a relatively unlimited food supply.
Although building structures and food storage practice were
similar in all three villages, there were marked differences in
the number of rodents caught among the three villages, the
relative abundance of species and in the efficacy of the
trapping regime. These differences among the three villages
must be related to factors outside the household and to the
differing habitats and ecology found in the localities
(Ferreira and Aarde 1999). There are two observations that
are likely to contribute to these differences. In all three
villages, R. rattusmade nests in the roof thatching of the
dwelling, whileM. natalensidived in burrows in the fields.
Our research on the field trapping of rodents in the area (to
be reported elsewhere) indicates fRatattusis very rarely
trapped in the bush or in farmers’ fields, and the species
appears to be predominantly confined to areas of human
settlement. Our research would support this difference in
nesting behaviour between the two species bedausdtus
populations appeared to be more susceptible to the trapping
program inside dwellings. A second factor likely to be
important in explaining the observed differences among the
villages is the relative distance between dwellings in the
village. Buildings in the village of Pinda were relatively
close to each other (50-200 m), whereas buildings in
Mugaveia were farther apart (500-1500 m). Our results
: . - would suggest thaR. rattuspopulations are higher when
villages are relatively densely populated, &dhdnatalensis
&0 are more prevalent in villages where houses are isolated
200 from each other. In a village such as Pinda, intensive
o trapping on a community level could have a greater impact
d b o e T =M because rodent immigration/emigration is reduced Rnd
Tiortal rusm b of Sathrs rabes caughl ove il duratos noeach Poss . . . . .
rattus immigration from the bush will be slow. In a village
Figure 3. Relationship between the total numbeRattus rattus ~ SUch as Mugaveia, immigration M. natalensisfrom the
and Mastomys natalensisaught inside each dwelling, trapped surrounding bush is unaffected by community trapping, and
on a daily basis in a) Pinda, b) Mutange and c) Mugaveidrapping may be relatively less effective in modulating
Regression analysis indicated that data obtained from Pinda ahdusehold rodent density. This needs to be tested.
Mutange were best represented by non-linear power models, Despite the observed differential efficacy achieved
wher.eas a cubic polynomial model best represented the daé"i‘nong the three villages, intensive trapping with 10 traps
obtained from Mugaveia. did constrain populations when compared with untreated
dwellings in the same area. This was reflected in reduced
capture rates and the reduced average rodent weight of
Conclusion rattus in treated dwellings. A reduced average weight
could indicate changes in age structure arising from
Our study showed that intensive trapping of rodents careduced survival. However, it could be argued that both of
effectively reduce their localised population densitieghese factors are explained by the development of trap-shy
within rural African dwellings. Although trapping is animals.
labour-intensive, the relatively low cost of inputs and the As commonly suggested, long-term development of
benefits accrued to the family unit could favour the techreophobia could result from an intensive trapping regime

a =" 1] 1 20 i a5 111} i1

asfarmys mataienss caughl over dal duradion in mach house
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Table 1 Comparison between the cumulative percentage weight loss and percentage damage to 5 kg of maize cobs stored in baskets
over 8 months inside dwellings in the village of Pinda where rodents had (treated) or had not (untreated control) besy intensiv
trapped dailyrf = 10).

Assessment Weight loss (%) Rodent damage (%) Insect damage (%)
period (2001) (meant sem) (meant sem) (meant sem)
Treated Untreated Treated Untreated Treated Untreated

May 0 0 0 0 0 0
June 2.5:0.04 3.1£0.17 0 1.5£0.03 0 0
July 3.6+ 0.09 5.1+ 1.23 0.5+ 0.01 2.8+ 0.02 0 0
August 4.1+ 0.1%8 12.8+ 3.07 0.5+ 0.08 3.4+ 0.95 0 0.5t 0.07
September 8.2 0.96 16.5+ 3.40 1.4+0.13 6.7+ 1.26 2.0t 0.56 2.8+ 0.77
October 11.:1.1° 28.3+5.67 3.3t 0.7 10.9+ 3.55 3.1£0.79 3.5£0.92
November 17.@ 3.58 46.1+ 5.45 5.5t 0.658 25.0+ 4.58 9.2+ 2.32 10.1+ 2.01
December 18.9 4.18 54.7+5.08 5.8+ 1.98 28.3+£3.83 114 2.38 12.3t 2.18

Treated value is significantly different from the untreated value (Mann—Whitney U, P < 0.01).

(Mathur 1997). As well, smaller size could indicate betteof the total rodent loss to the overall food store in the
survival of young animals with the removal of olderdwelling. Some of the observed weight loss is due to a
animals, or better breeding performance—i.e. the populaeduced moisture content of the maize as the dry season
tion is compensating. progresses, particularly in the first 3 months of storage.
The two species trappeR, rattusandM. natalensis ~However, relative comparisons between households in the

are known to occur in other parts of eastern and southeff¢ated and untreated areas of the village indicate that
Africa (Fiedler 1988)M. natalensiss a known carrier of "odent pressure on the food store was considerably
plague (Gratz et al. 1997), and its foraging inside dwellteduced by intensive trapping because relative weight loss

ings could increase the risk of human infection. Althougtfnd rodent damage was reduced. Questionnaires with
much higher numbers d¥l. natalensiswere caught in farmers indicated that the effects of trapping were notice-

Mugaveia, plague outbreaks are relatively uncommo@ble; as the stored food lasted longer than usual, particu-

there, whereas plague cases are recorded nearly every Y& SO in the most food-insecure households which

in Pinda. The degree of interaction betwéemnattusand nermally do not produce enough to meet their household
M. natalensisin these environments is unknown, and thd€quirements. Other benefits were also noted by farmers,
pathways of plague transmission could be complex WitHOtably a regular supply of rat meat and fewer rat bites to
infected fleas moving between populationsMofnatal- ~ family members.
ensis and R. rattusin and around human settlements !N conclusion, intensive trapping is likely to be part of
(Mills and Childs 1998). Villagers in all three areasa@ny integrated and ecologically based rodent control
consumed rats as a significant part of their diet. Plaguirategy for rural dwellings in these areas of Mozambique.
bacilli are known to survive for several days on deadurther research is required to determine the optimal
rodents (Liu 1991), and thus the handling and preparatidi#mber of traps needed to effectively modulate rodent
of rodents for food could result in plague transmission. AoPulations given particular habitat and population
the trapping program increases the number of dyingarameters. Studies on the population responses of the
rodents within dwellings and the handling of deadWo species at a landscape level also are required to under-
rodents, it is possible that such a strategy could increa§é2nd possible compensatory responses and routes of rein-
plague incidence within the locality. Using multi-catchVvasion. The cost-benefits of trapping need to be more
live-traps instead of break-back traps may offer a way tgdequately understood in order to inform and encourage
reduce plague-infected fleas from remaining inside thEiral communities and agricultural extension programs to
dwelling. Further research is planned to determine anthr&dopt trapping as part of an ecologically based rodent
pogenic and interspecific factors that impact upon plagu&anagement program.
outbreaks. Other rodent-borne zoonoses have been
recorded in the area, particularly leptospirosis (Thompson
et al. 2002), and research is planned to determine how ACknOWIedgmentS
zoonosis transmission could be affected by intensivghe authors are grateful for the taxonomic expertise of
trapping inside rural dwellings. Margaret Hills from the Natural History Museum, United
Losses of stored food to rodents were reduced signifkingdom (UK), who identified all rodent species from
cantly by the intensive trapping. As the baskets of knowfield-collected specimens. This research was funded by
guantity were placed on top of the household food stor¢he UK Department for International Development
the observed losses in the basket could be an overestiméi#-ID) through their Crop Post-Harvest Programme and
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Zambezia Agricultural Development Programme. Thd.iu, HW. 1991. Study on the survival of plague bacillus in

views expressed are not necessarily those of DFID. rodent pelts. Chinese Journal of Vector Biology and Control,
2,114-117.
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Urban commensal rodent control: fact or fiction?
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Abstract. United Nations’ predictions on urban development over the coming 30 years indicate that some 2.1 billion
extra people will be living in urban areas by 2030. The increase will be most significant in less developed regions.

Any explosion in urban development will favour commensal rodents. The increase will be most significant in those
areas least able to cope with the consequences of urban explosion, where refuse, sewage and low housing quality will
particularly favour their development. Such increases in rodent populations will bring with them increases in the risks
of disease transmission, rat bites and structural damage and contamination of the human environment.

The efficacy of effectively applied proactive rodent control programs has been clearly demonstrated. Yet, resources
for such proactive work are being withdrawn in favour of less effective and poorly targeted reactive strategies. This
trend must be reversed. The collection of sound data on the costs (financial and social) of rodent infestation, rather than
the efficacy of proactive rodent control (which has been clearly demonstrated) must assume a priority. The cost—bene-
fits of proactive rodent control must be clearly demonstrated.

Introduction must start with a review of the future of urban areas. Are
we likely to be creating more of the habitats within which
Commensal rodents live in particularly close associatiothese species will thrive?
with people, by all accepted definitions—they ‘live off The answer is well documented within thorld

man's table’. In fact, the name suggests a happy an§panization Prospects: The 2001 Revisiprepared by

almost symbiotic relationship, an image that is very fafhe Unjted Nations Population Division (UNDP 2001).
from the truth. Their relationship with humans wouldtne conclusions for urbanisation include:

perhaps better be termed ‘cleptoparasitic’. In their wild
state, rodents effectively ‘steal’ from humans and the
adverse effects of their presence are significantly detri-
mental, with people rarely benefiting. The commensal
rodents that we find in urban areas make a very good case
for being parasitic on people!

With some 2000 rodent species found worldwide,
there are in fact very few true commensals. Lund (1994)
restricted his list to: the Norway raR4ttus norvegicys
the ship rat Rattus rattuy and the house mous#&ls

The world’s urban population reached 2.9 billion in
2000 and is expected to rise to 5 billion by 2030.
Whereas 30% of the world population lived in urban
areas in 1950, the proportion of urban dwellers rose to
47% by 2000 and is projected to attain 60% by 2030.
At current rates of change the number of urban dwell-
ers will equal the number of rural dwellers by 2007!

Virtually all the population growth expected at the
world level during 2000-2030 will be concentrated in
spp.), all distributed worldwide; the multimammate rat urban areas. During that perio'd. the urban population is
(Mastomys natalengisin Africa; the lesser bandicoot rat ~ €XPected to increase by 2.1 billion people.

(Bandicota bengalengisin central Asia; and the Polyne- * Almost all the population growth expected at the world
sian rat or the Burmese house maitus exulans in the level during 2000-2030 will be absorbed within the
Pacific and Asia. There may be a case for including other urban areas of the less developed regions whose popu-
locally abundant species in this list, but the numbers of lations will likely rise from approximately 2 billion in
species remains relatively small. 2000 to just under 4 billion in 2030.

None of these species, of course, evolved within urban The process of urbanisation is already very advanced
environments—the development of urban environments in the more developed regions, where 75% of the pop-
suits their ecological requirements and they are very good ulation lived in urban areas in 2000. Nevertheless, the
at exploiting the urban opportunity! They have thrived as concentration of population in cities is expected to
urbanisation has thrived and there is no reason for us to increase further so that, by 2030, 83% of the inhabit-
suppose that anything will change in the future. Thus any ants of the more developed countries will be urban
consideration of the future of commensal rodent control dwellers.
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¢ The level of urbanisation is considerably lower in the The history of Europe demonstrates that during the
less developed regions, where 40% of the populatioperiods of rapid urban growth, particularly when this was
lived in urban areas in 2000. This proportion is considassociated with poor urban areas with little or no urban
erably higher than it was in 1950 (18%) and isfacility management, rodent populations thrived. They did
expected to rise substantially to reach 56% by 2030. this to the extent that some 50% of the European human

If you are a commensal rodent, your future is assureghopulation died from rodent-borne diseases in the Middle
More importantly, for those involved in rodent control, areAges, specifically the plague and rat typhus. The human
we able to control them? populations were living in very close contact with the rats
that inhabited their dwellings, much as many developing

. urban populations do today and are likely to increasingly
What can we learn from history? do so in the future.

The levels of infestation that will be reached will depend N these early days, most rodent control would have
upon the conditions in the specific conurbations—th&€€en by rat catchers working for individual customers.

poorer the conditions, the higher the levels of infestation.HOWever, there is evidence that city-wide or town-wide

Ideal conditions for the development of commensaf’lt_temmS were made to control rats. The fable oPikd

rodent populations are provided by the increasing avai‘:Dlper of Hamlynin Germany being an example. of centra-
ability of food and water sources and, of course,'sed rodent control! It was probably not until the 19th

harbourage within which the rodents can live ThusCentury, and even more so in the 20th century, that rodent
exploding human populations can provide inc.reasin control operations began to be handled on a national basis.
\gﬁ the United Kingdom, for instance, it was not until the

availability of these resources because the city and to d Mi X der | h d
amenities and the town planning authorities are unable fgats and Mice Destruction Order in 1319 that rodent

cope. Rubbish and waste is not efficiently removed, wat&Pntrol was to any elxtent cle.nt.rallseld. E\llen then, thhe
and sewage facilities are not developed and maintaineB/09r€ss was probably very limited, largely due to the

and housing quality is poor and develops without th@Psence of any sound scientific informatic_)n on the_
benefits of planning. ecology of the target commensal rodent species. In addi-

All these characteristics are likely to lead to idealt'on’ the techniques (largely trapping and the use of the

conditions for the rodents and significant rodent popula‘”flcute rodenticides) available at the time were not very

tions. There is clear evidence that levels of commensglffICIent and difficult to apply in urban areas.

rodent infestation are determined by the quality of the Urban rodent control is more difficult than in other,
environment (Meyer 1978). Surveys undertaken ifess-densely populated rural areas. The higher and denser
Amman in Jordan, showed that 79% of the variation ithe human population, the more difficult it is to gain the
Norway rat infestation levels between the differentcooperation of that population and the more difficult it is
housing types could be accounted for by differences in tH@ gain access to the habitats within which the rodents are
levels of hygiene. living, because the habitat is compartmentalised.

Perhaps Europe is the best guide to what may happen It was not until the middle of the 20th century that
elsewhere in the world over coming decades. Table dcience was first effectively applied to commensal rodent
shows how European urban populations have stabilisembntrol. At this point, the Bureau of Animal Population at
ahead of most other areas of the world. Indeed, over 508%e University of Oxford in England was given the
of Europeans were living in urban areas by 1950. specific remit to research effective techniques for control-

Table 1 Percentage (%) of world populations living in urban areas, 1950—2030. (Source: UNDP 2001.)

Region Year

1950 1970 1990 2000 2030
World 29.8 36.8 43.5 47.2 60.2
More developed 54.9 67.7 73.7 75.4 82.6
Less developed 17.8 25.1 35.0 40.4 56.4
Africa 14.7 23.1 31.8 37.2 52.9
Asia 17.4 23.4 26.9 375 54.1
Europe 52.4 64.6 72.1 73.4 80.5
Latin America & Caribbean 41.9 57.6 711 75.4 84.0
Central America 39.8 53.8 65.7 68.2 77.1
South America 43.6 60.2 74.4 79.6 87.9
North America 63.9 73.8 75.4 77.4 84.5
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ling commensal rodents. The Bureau undertook mucinfestation. There are few data available worldwide on this
basic research on rodent control, developing manigsue, although there are data from within the UK.
improved strategies for using the available control tech- A survey was undertaken in 1993 (Meyer et al. 1995)
nigues. Perhaps their most lasting legacy, however, was #&olving the inspection of some 11,000 randomly-
start to identify, for the first time, the key elementsselected premises in England and Wales for rodent infesta-
relating to the population dynamics of the three mainion. In domestic premises, about 20% of house mouse
commensal species. and about 30% of Norway rat infestations remained
The research indicated that breeding success was a k@ytreated. At this time, a free service for both house
element in the survival strategies of the rodents. Thimouse and Norway rat infestation was provided by almost
research was complemented by parallel research in tld local governments, and about 50% of house mouse
United States of America (USA) by Davis and colleaguesnfestations were reported to and were treated by local
Knowledge relating to this and to their behaviour patternauthorities. About 65% of Norway rat infestations were
helps us set very basic objectives for our control operaeported to the same local authorities. Owners and occu-
tions today (see Krebs 1999 for review). These studies ipiers of premises claimed to be treating about 30% of
the United Kingdom (UK) and the USA highlighted thathouse mouse infestations and about 10% of rat infesta-
strategies need to be developed that achieve levels @dns. Contracted servicing companies were rarely used by
mortality in excess of 80%. In addition, the target must béomestic occupiers.
to reduce the carrying capacity of the urban areas by Thys, even with a free service, only about 50% of
developing effective environmental management technoyse infestations and 65% of rat infestations were being
niques. treated by professional technicians. There is evidence that
The 50 years following this research not only led toas charges are introduced for these services the percentage
much further research carried out worldwide on the techyf infestations that are reported decreases.
niques for urban_ rodent_control, but also to the develop- gyen these figure provide an overly optimistic view of
ment of strategies designed to use the results of thge eftective levels of control, because the spatial limits of
research as effectively as possible. an ‘infestation’ will not necessarily coincide with the
boundaries of the premises from which the report was
received. Work in the London Borough of Lambeth
Strategy development (Meyer and Drummond 1980) on house mice showed that
There are, practically, three ways of approaching urbaouse mouse infestations were not randomly distributed;
rodent control—feactive’ control; ‘proactive’ control; or  they were clumped (Table 2). Only 33% of those infested
a combination of the two. Both strategies have beewere single premise infestations—the remainder varied
applied in many parts of Europe and North America ovebetween two and six contiguously infested premises. If no
the last 50 years and a brief review of both and theiproactive control were undertaken and only complaining

apparent efficacy is appropriate. premises were treated, it is unlikely than more than about
30% of infestations (with a 50% reporting level) would be
Reactive rodent control eliminated by a reactive complaints based strategy.

Reactive pest control is particularly popular amongsf '¢atéd premises within clumps would probably be re-
politicians and other policy-makers. This is particularly"festéd from —adjoining ~ unreported and therefore
true when considering those rodent control programs thintreated infestations, further reducing levels of efficacy.
are funded by local or central government. This is because As a part of the subsequent proactive control program,
reactive control essentially means that those with a rodefttempts were made to access all premises. About 39% of
problem can request that something is done about it. If tBe occupied premises could not be surveyed during the
work is being undertaken by a governmental organisatiofiormal working week and were surveyed at weekends.
the complainant reports an infestation, the work is dond he infestation levels of those that were surveyed at
and the complainant is satisfied that his/her concerns hawgekends (house mouse 52% and Norway rats 7%
been met. infested) were higher than for those where weekday

A free rodent control service is most likely to reach@cCess was possible (house mice 29% and Norway rats
those with an infestation and the more that payment % infested). Thus, in any proactive strategy, both work
involved the lower the level of penetration (control) of thePatterns and occupier activity profiles have to be kept in
rodent population because people are less likely tm!nd, or disproportionate numbers of infestations may be
respond to infestation. Clearly, the higher the level of th&1issed.
penetration of the problem, the more likely that overall The overall conclusions of this work were that
levels of infestation can be reduced. Conversely, the lowgumbers of infested premises could be maintained at a
the levels of penetration, the less impact that will bdevel of over 90% lower through the application of proac-
achieved. tive control, with only a marginal increase in costs.

Accepting that it would be ideal if everyone with a It is also likely that reactive strategies may miss the
rodent problem did something about it, it would be usefuproportion of the population that are most at risk from
to know what the level of active response is to a rodembdent infestation. If we accept that poor housing and poor
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environmental conditions encourage rodent infestatioripwns in Lower Saxony in the 1960s, following pioneer
then it is likely that highest rodent infestation levels willwork in Cuxhaven (Steiniger 1956). Unfortunately,

occur in those areas with the poorest housing (Meyeailthough initial levels of infestation are recorded, there
1978). Those living in these areas will therefore also be atere no attempts to monitor progress through random
the greatest risk from rodent-borne diseases and rodesurveys nor resurveys of treated properties.

damage. One of the first attempts to develop an urban rodent
control program on any scale—and at the same time to
record the progress of the operations in some detail—was
Oﬁrobably initiated in the town of Folkestone, on the south
coast of England in the early 1960s (Drummond et al.

Table 2 Distribution of house mouse infestations within a block
of terraced housing (428 premises) in the London Borough
Lambeth, United Kingdom.

Number of contiguously ~ Number of Total 1977).
infested premises clumps infestations In New York State, proactive programs were carried
(%) out between 1969 and 1973 in some of the more rat-
1 45 33 infested areas (an average of 24% of premises infested)
2 23 34 (Brooks 1974). Brooks recorded not only the reduction in
3 4 9 infestation levels but also a range of environmental factors
and their management, which contributed significantly to
4 4 12 the strategy. The work in New York was extended in
5 1 Boston, USA in the 1990s. Here a comprehensive rat
6 2 control program was introduced, designed to incorporate

all the elements of an effective strategy identified in
arlier work (Colvin 1990). The elements of much of this

encing a rodent problem to complain, in order to initiate ork as well as the concepts of urban rodent control are

reaction! Those who are most likely to be aware that theg( oroughly summarised in a later paper (Colvin and
can complain and those who are most able to complain—aCkson 1999). .
because they have access to a telephone or to transport orP€'haps the most comprehensive and long-term urban
indeed to the time to complain—will be those in thefodent control program has been. undertaken in Budapest,
higher rather than the lower housing categories. Those [Aungary. Here, a strategy applied and monitored over
the lower housing categories, who are effectively more s°Me 30 years has incorporated not only effective control
risk, are less likely to complain! strategies but als_o an analysis of the b_eha_wour and habitat
Thus, a complaints-based or reactive strategy is leadf€ Of urban environments by rats (Bajomi 1983, 1993).
likely to serve those at greatest risk, and is also unlikely to All these programs demonstrate the advantages of
access sufficient of the infestations to have a significaffoactive rodent control. The later work in particular

A reactive strategy requires those who are experf-a

impact on overall levels of infestation. demonstrates that, when combined with effective environ-
mental management, the strategies can be particularly
Proactive rodent control effective.

The alternative strategy, proactive rodent control, If there is a criticism of many of them, it is that whilst
enables resources to be targeted where risk is greatest dh@y address the efficacy of the control operations, they do
in a way that is most likely to achieve effective control.nOt address in the same detail the cost—benefits of such
The question is, do proactive strategies work? operations when compared with the reactive strategies

Large-scale programs to control rodents in urban areggscgssed earlier. This is not only because the costs of the
have been undertaken in many parts of the world, partic&ﬂon't(?red programs are not well documented, but because
larly since the discovery of the association between raf§ere is an absence of good data throughout the rodent
and plague. Initially, they usually made use of trapsgontrol_ literature on the real costs of rodent _|nfestat|on.
cyanide and zinc phosphide and usually employed too feh€re is an abundance of data on the potential problems
resources to make much impact with these relatively inefhat rodent infestation can cause, in all its diversity—
ficient control techniques. disease transmission, structural damage, contamination of

The commercial development of the anticoagulanf_OOd--- the list is almost enc_;lless! But data on the collec-
rodenticides in the early 1950s and their ready availabilit§}V€ cOSts of rodent infestation are almost totally absent!
over the last 50 years provided an ideal catalyst for thEN€ question remains: What are the collective costs of
application of proactive strategies. heavy rodent infestations in urban areas?

The first attempt seems to have taken place in Lahti in L
Southern Finland in 1950 and over a period of 3 month-ghe current situation
some 5000 properties were systematically inspected and In the UK, in spite of all the evidence that proactive
the 40-50% found to be infested were made rat-free. Theontrol is more effective at reducing rodent infestation
rat problem then remained at an acceptable level hiphan reactive control, the move to reactive control
handing out free warfarin bait to householders (Mylly-continues. It is cheaper and more politically productive. In
maki 1969). Similar programs were initiated in manythe absence of good data on the real economic cost—
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benefits of proactive control, to the community as @ajomi, D. 1993. Rat free city. Chronology of rat control with
whole, the trend will continue. lasting success. Public Health, 10, 13-19.

Some years ago, the World Health OrganizatiorBrooks, J.E. 1974. A review of rodent control programmes in
(WHO) ran a very effective unit advising on the control of ~ New York State. In: Proceedings of the Sixth Vertebrate Pest
rodents in urban areas. That unit no longer operates and Conference. Davis, University of California, 132-141.
there is little input from WHO to commensal rodentColvin, B.A., Ashton, A.D., McCartney, W.C. and Jackson, W.B.
control. 1990. Planning rodent control for Boston’s Central Artery/

In the UK, there is currently no central government Tunngl Project. In: Davis, L.R. and Marsh, R.E., ed.Z Pro-.
department with responsibility for rodent control in urban ~ ceedings of the 14th Vertebrate Pest Conference. Davis, Uni-
areas, the Ministry of Agriculture having withdrawn  Versity of California, 65-69.
support in the early 1980s. Local authority response§0|Vin’ B.A. and Jackson, W.B.1999. Urban rodent control pro-
whereas once very much proactive, are now almost 9rams for the 21st century. In: Singletgn, G.R., Hinds, L.A,,
entirely reactive, with resources being withdrawn and Leirs: H. and Zhang, Z., ed., Ecologically-based manage-
indeed increasingly minimal efforts are being made to MenNt of rodent pests. ACIAR Monograph No. 59. Canberra,

address the urban rodent problem in any effective strategic '2:;”;2?“ Centre for International Agricultural Research,
sense. :

In the USA, “technical support for urban rodemDrummond, D.C., Taylor, E.J. and Bond, M. 1977. Urban rat

control is very limited. Active research programmes do control: further experimental studies at Folkestone. Environ-
. ’ . . mental Health, 85, 265-267.

not exist on the federal, state or university levels. Most ) ; lati

States and municipalities have limited knowledge an&rezs' C.J. 1993.t(:urrent parf"‘d',gm,f |°. rggier;ttpopuGatFl{on

skill in urban rodent control, resulting in limited effective- H)i/:(??l(lz_sA_WL:irsara V:re] q rgz‘z:g 7 n'e q ngsocl)c?'icalll

ness when programmes are implemented. Most efforts by o o 9. 4. ed, gicaly

s = . based management of rodent pests. ACIAR Monograph No.
local authorities are reactive.” (Colvin and Jackson 1999) 59. Canberra, Australian Centre for International Agricul-

tural Research, 33-48.
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Abstract. The need to protect rodenticide baits from non-target animals is self-evident, but too much protection can
impede control if it stops rodent pests from expressing their natural foraging behaviour, which has evolved to maxi-
mise food gain and minimise the risk of attack. One element of foraging is how long individuals are prepared to remain
at food sources, which during control operations include rodenticide baits. The duration of visits by wild Norway rats
to plain baits placed in burrows and boxes was measured under semi-natural and field conditions. Median visit length
in the field to burrows was 12 8 £ 1304 visits) and to a box 17rs£ 1272), a difference unlikely to be biologically
significant. Such short visits are likely to result in bait transfer in which bait particles are removed from secure loca-
tions by individual rats and taken anywhere to be eaten or abandoned. However, 80% of visits to the £ibibveere

and to burrows42 s and under semi-natural conditions rats feeding in groups on whole wheat stayed longer in boxes
than those that fed alone. Longer feeding bouts probably minimise the likelihood of bait transfer. To maximise efficacy,
containers should therefore be open enough to allow several rats to feed together, a feature not present in some com-
mercial products on grounds of safety. Bait transfer can, however, be used to familiarise rats with a formulation type,
such as a wax block, that they have difficulty recognising as edible, especially when it is held securely inside a box to
prevent it being removed and eaten by other animals. In the field, the bait that rats are allowed to transfer should not, of
course, contain a rodenticide.

Introduction case varied from a few individuals to almost the entire
population. The presence of alternative food, particularly
Despite widespread concern about the impact on wildlifstored cereals, notably ‘prevented’ rats consuming lethal
populations of rodenticide use, no cost-effective alternaguantities of bait. However, applying the same baits directly
tive means of quickly controlling Norway ratRdttus into rat burrows overcame any apparent reluctance to feed
norvegicu$ is currently available in the United Kingdom, on bait presented in boxes (Quy et al. 1996). Unfortunately,
and thus rodenticides are likely to remain the means ®hiting burrows is not always possible as active burrows are
first choice when an infestation needs to be controlledometimes difficult to find and uneaten bait is not easily
However, recognising the potential risk that may arise, thecoverable. On grounds of safety, therefore, a protected
pest control industry has designed bait containers thbhit container seems desirable but it has long been recogn-
make it difficult for animals larger than rats to gain accesised, and shown experimentally, that any kind of bait
to the bait—described at ‘tamper-resistant—and hasontainer appearing as a novel object to rats is likely to be
developed formulations that are supposedly less likely tavoided at first (Inglis et al. 1996). To allow rats time to
be eaten by non-target animals. One such formulation typgercome their initial wariness of new objects, empty
is the wax block, which is apparently relatively unattraccontainers have been put out several days in advance and
tive to birds (Johnson 1988). While such baits are genethen rat activity has been monitored during the treatment to
ally thought to be relatively unattractive to rodents also, distinguish baits that remain uneaten because they are
degree of unpalatability might be countered with a highlynisplaced from those uneaten because rats are still reluctant
potent rodenticide (Buckle 1994). to approach the container (Quy et al. 1994). It became
In an intensive study of the efficacy of anticoagulanapparent during such monitoring that a third category
treatments, loose-grain baits were applied for up to 7 weekzisted, namely, boxes that were entered by rats which then
in wooden bait boxes. The results showed that the maate little or no bait, regardless of how palatable the bait had
reason rats survived treatment was that they ate little or seemed to be during laboratory tests. During some treat-
bait (Quy et al. 1992). The number that survived in eaciments, the majority of baits fell into this third category. To
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rats, baits are potential food sources and the strategies thegs flush with the entrance. Care was taken not to damage
use to find, approach and finally eat their usual foods shoutde walls of the burrow as the inhabitant might then
apply to these also. A more detailed knowledge of thesgbandon it. The tube was made of a hard resin, which
strategies might enable the tactics deployed during rodentincased a detector designed to energise and receive
cide treatments to be modified to achieve control morsignals from a passive integrated transponder (PIT tag). A
quickly without compromising the safety of other animals. PIT tag lying along the central axis was detectable not
There have been few accounts of the foraging behawaore than 50 mm beyond the end of the tube. An
iour of free-living rats when new food sources are introarmoured cable carried the signal from the detector to a
duced into their environment. Rats seem prone tgeader unit and then to a four-channel data logger (Francis
transport food and, according to optimal foraging theoryScientific Instruments, Cambourne, UK) up to 20 m away.
they do so to minimise the risk of predation while maxi-Two loggers were needed to monitor activity at the eight
mising food gain. Indeed, the likelihood of bait transfermpurrows. The bait box was 360 mm {)260 mm (w)x
has provoked manufacturers to mould wax block baitsi40 mm (h) and made of marine plywood, but had a metal
which weigh about 20-30 g, with a central hole so thajfid. Entrances at both ends were 70 mm0 mm and an
they can be secured on a rod inside a bait box and henggernal baffle 25 mm high prevented bait spilling out.
cannot be carried away. Rats that transfer bait may subsgyo square-section tunnels (plastic drainpipe), 320smm
quently eat it, cache it or abandon it, but do not appear tss mmx 76 mm, were attached to each side of the box.
deliberately give it to another rat. It has been suggestqehch tunnel was fitted with two PIT tag detectors 300 mm
that rather than minimise predation risk, transfer occurs iapart and was protected by a wooden case designed to be
order to avoid conspecific aggression (Whishaw angdompatible with the bait box. The signals from the four
Whishaw 1996). Thus, small rats are particularly prone t@etectors were relayed to a four-channel data logger via
make frequent brief visits to food sources to collect partizgples of 20 m in length. Each data logger channel was
cles, which may or may not subsequently be stolen byjme synchronised so that the direction of movement
other rats that find the cache. could be determined from the time stamp recorded with

_ Inthis study, we have attempted to answer three quegie pIT tag identification. Twelve-volt car batteries
tions: (1) because all rats are likely to transport food, ho‘ﬁowered the loggers and detectors.

long will individuals be prepared to stay at a food source .. .
(i.e. bait point) if they cannot take particles away; (2) is Nineteen rats (9 males, 10 females) were live-trapped

the apparent success of burrow baiting over containtgr”d each animal was lightly anaesthetised with isoflurane
baiting due to rats feeling safer when feeding close t efore a Sokymat® PIT tag, encased in a biocompatible

where they presumably nest, so making risky foragin Iasis ttl:be 12 mrrr: (Bﬁ mlrcri] (df),lvxéas |njlectedhsul:|)'cutar:ce—h
trips unnecessary; and (3) under what circumstanc sly between the shoulder blades along the line of the

would rats be prepared to stay long enough at a distaf!"€- Each animal was sexed and weighed and was

bait point, so that if rodenticide baits are introduced, relgleased at its point of capture when it had fully recov-

tively little is carried away and the rate of bait uptake i€€d- Of the 19 rats, 6 were juvenile (<100 g) and the

sufficiently high to minimise poison bait exposure period&dults weighed 280-620 g. On the first day of the trial,
while ensuring effective control? 100-200 g of bait was placed into each of the eight

burrows just beyond the end of the detector tube so that it
could be easily seen. The bait consisted of pinhead
Materials and methods oatmeal (92.5% wi/w), caster sugar (5% w/w) and corn oil
(2.5% w/w). A chemical bait marker (decachlorobi-
Field trial phenyl) was dissolved in the corn oil to give a final

Rat activity at baited burrows and a bait box wagoncentration in the bait of 0.01% (w/w). The baits were
recorded on a farm in North Yorkshire, United Kingdominspected daily for 10 days, the take at each burrow being
(UK), between April and May 1997. The farm buildingsrecorded as partial or completely eaten and the bait
were used mainly for storage and the site was thereforeplenished to maintain a surplus until the next inspec-
relatively undisturbed. Rats were present in and arourigPn—although the amount that could be laid was limited
the buildings and along a ditch that ran parallel about 10y the capacity of the burrow. The data loggers recorded
m away. The ditch, which was about 1.5 m deep and 2.4 Misits by tagged rats to the burrows every day. On day 10,
wide at the top, had shallow pools of water intermittentijthe bait box was placed on a rat run along the bottom of
along its length. Eight active rat burrows, identified bythe ditch. The box was sited at one end of the 74 m
well-padded soil and lack of debris in the entrances, wergection where it was dry: the furthest logged burrow was
found along a 74 m long section. The distance betweer.9 m away and the closest 4.3 m away. The box was
one burrow and the next one varied from 2—-18.7 m. (Thefeaited with initially 500 g of the pinhead oatmeal bait;
were other active burrows along the same section that hady uneaten bait remaining in the burrows was removed
too small an entrance or were too close to the ditch bottoand replaced with a 1:1 maize meal:barley meal mix
and thus liable to be flooded.) A tube, 60 mm long wit{97.5% w/w) and corn oil (2.5% w/w). This bait
internal and external diameters 80 mm and 107 mngontained the chemical marker hexachlorobiphenyl
respectively, was pushed into each of the 8 burrows until {0.01% w/w) dissolved in the oil. (The markers were
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present as part of another study which is not reportegspective mean weights of adults and litter in each of
here.) The bait in the box was inspected daily for the nexgroup were: 412 gn(= 3), 107 g1t = 12) immature; 447 g
12 days, the amount remaining each day recorded arfd = 3), 210 gif = 17) maturing; and 503 @ € 2), 470 g
replenished to maintain a surplus until the following day(n = 12) fully mature. The responses of each group when
After 12 days, all uneaten marked bait was removed frompresented with surplus amounts of whole wheat in the box
the box and burrows and dry whole wheat was placed were recorded over one night.
the box for a further 2 days. The data logger recorded In the second experiment, each of two groups was
visits by tagged rats to the box every day for 14 days. presented with 10 wax blocks (a commercial blank
formulation, each block weighing 20 g) threaded onto
Enclosure trials two wires fixed inside the box. One group was familiar
Untagged rats may have influenced the responses with the formulation after previously being presented
the tagged rats at the box in the field. To examine theith loose blocks until they consistently carried them
effect of social interactions more closely, family groups offway and ate them. The other group was naive. The
rats were established in enclosures. For ethical reasonsfésponses of the ‘trained’ group on their third presenta-
was not possible to study relationships between unrelaté@n of the secured blocks were compared with those of
individuals under such circumstances, but interactionthe naive group on their sixth presentation. (By the third
based on size differences could be investigated. Trand sixth presentations, respectively, it was clear that the
enclosures, which were erected inside a large buildinggsponses were not being influenced by other factors such
were 12 m long and 2.5 m wide, bounded by sheet-metab temperature.)
walls bolted to a concrete floor. They were naturally lit ]
through windows in the roof and there was no artificiaPata analysis
heating, although a cooling fan could be switched on The data loggers were designed with a time base that
during hot weather. A tunnel connected two adjacennhcremented every 62.5 ms. If the four detectors attached
enclosures so that the nest area could be separated frtorthe box were numbered as channels 1 to 4 in sequence,
the bait box by up to 15 m. Hay was provided as cover artien the output would show, in time order, that a rat
wooden boxes were supplied for the animals to build nesgmssing through the box was detected by channels 1, 2, 3,
in. Water was available in both enclosures ad libitum frord or 4, 3, 2, 1, where 2 and 3 were the internal detectors
founts, and a tray containing surplus amounts of a grourzlosest to the box and 1 and 4 at the entrances/exits to the
laboratory animal diet was placed near the nest area aththnel. The entrance detectors were set into the tunnel so
was present during all experiments. A bait box identical tthat they did not detect a rat passing by. For a rat entering
the one used in the field trial, but with a perspex lid, waand leaving by the same tunnel, the sequence would be 1,
placed in the adjacent enclosure. Pittag detector tunnels ®f 2, 1 or 4, 3, 3, 4. The length of a visit was taken to be
similar design and construction to those described abovbe time difference between the first and last channel
were attached to each side of the box and the signals warember in a string of 2s and 3s before an entrance/exit
relayed to a data logger located outside the enclosurehannel (1 or 4) was recorded. A string would occur if a
Additional detectors were placed by the connectingat moved relatively slowly through the detection field.
tunnel. Since all rats had to pass through the tunnel th@hus, rats that entered the tunnel and then backed out
separated the box from the nest area, these detectamuld be distinguished from those that went into the box.
served as back-ups, because tagged animals, particulaBy recording the time that the loggers were started each
if they were moving fast, could be missed as they enterathy, all visits were related to real time. The detectors fixed
or left the bait box. into burrow entrances were single channel and could not
Three family groups were derived, each from a wild-give direction of movement. However, as the detectors
caught adult male and two wild-caught adult females. Theould nominally record many events every second, a rat
females were allowed to produce 1-2 litters; sufficient tdeeding on the bait in the burrow entrance would remain in
give a colony of 10-20 individuals. Subsequent litterghe detection field and its tag identification (ID) would be
were removed as soon as they were found to prevent ovéogged repeatedly for as long as it stayed there. The
crowding. After the young were at least 6 weeks old, eachumber and length of visits recorded for each rat to each
family group was trapped and each animal was sexeburrow therefore depended on the time difference between
weighed, lightly anaesthetised with isoflurane andwo consecutive detections that signified the end of one
injected subcutaneously with a PIT tag. visit and the beginning of another. By convention in this
Two series of experiments were conducted once mostudy, two events at a burrow separated by more than the
individuals in each group were regularly visiting the baitaverage visit lengtk22 s, derived from a log-transformed
box. This was done to avoid any neophobic responselistribution of visit lengths) to the box in the field study
confounding interpretation of the results. Firstly, usingwere taken to indicate separate visits. (In practice, halving
whole dry wheat as the bait, the number and length ar doubling the interval made little difference to the
visits to the box were compared between the adults araverage visit length to burrows.)
members of the litter when the litter was at different The distribution of visit lengths was highly skewed
stages of development. A further factor was whether ea@nd therefore the median is given as the most appropriate
animal was alone or with at least one other rat. Theummary statistic. Differences between visit lengths
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related to the various factors under study were examinedsit length for males (median 21rsx 373) differed from
by t-test after first log transforming the data (Inglis et althat of females (median 17rsz 899) (= 2.28,p = 0.02).
1996). In most cases, the test formul_a for unequal vari- The median length of a visit to a baited burrow and
ances was used. All tests were two-tailed and the level @fat to the box differed by 5 s and is probably of little
significance ¢) wasp < 0.05. biological significance. (Equally, the differences between
visit lengths for males and females may have little biolog-
ical meaning.) More significance should perhaps be
attached to the differences that can be seen at higher
percentiles (Figure 1). At the highest percentiles, not
shown in the figure, extremely long visits confound any
Over 10 days, 1623 visits were recorded at the gomparison, as such visits are probably the result of tag
burrows by 12 of the 19 tagged rats. No juveniles wertDs being missed, which can happen if rats move too
detected. Tagged rats visited seven of eight baited burrowsiickly through the detection field. The time synchronisa-
on the first night. Only two rats (males) visited all thetion of events recorded by the logger meant that it was
baited burrows during the trial. From the total number opossible to determine how many tagged rats were in the
visits, 1304 involved multiple detection events within thebox at the same time and whether the number feeding
time reference for a valid visit and were therefore classtogether had any effect on the time individuals were
fied as putative feeding visits. The median visit length waprepared to remain there. There may be a selective advan-
12 s and 80% of visits werl2 s (Figure 1). Mean visit tage in feeding together, in that ‘safety in numbers’ can be
length for males (median 16rs= 432) differed from that a defence against predator attack. Such social facilitation
of females (median 11 §,= 872) ¢ = 2.82,p < 0.005). might be advantageous when rodenticide baits are laid, as
The average number of feeding visits to each burrow by &ts may be encouraged to eat more bait at each visit. In
males over the 10 days was 10.8, and 15.6 by 7 femalesntrast, the confines of a burrow necessarily restrict the
although one female made a total of 413 visits to 4umber of rats that can feed at any one time and while the
burrows over the period. burrow occupant may feel safe emerging from its nest,
No visits were made to the box by tagged rats and ngassing individuals that feed opportunistically risk attack
bait was eaten by any rat for the first 2 days. Thereafteirom behind as they reach for the food. However, the
over the next 12 days, 11 tagged rats made 1272 putatimember of rats feeding together in the box or by each
feeding visits, the first visit by each tagged rat occurring dturrow remained unknown, because untagged animals
different times over the period. The median visit lengttmight also have been present. This problem was overcome
was 17 s and 80% of visits wet&45 s (Figure 1). Mean by marking every rat in an enclosed colony.

Results and discussion

Field trial

100

Cumulative frequency (%)

0 20 40 60 80 100 120 140 160 180
Visit length (s)

Figure 1. The length of time rats spent over a 10-day period at the entrances of burrows (solid

line) located along the sides of a ditch near farm buildings and then inside a box (dashed line)
placed on the ditch bottom for a further 14 days. The same loose-grain plain bait that was
placed in the burrows was dispensed into the box for the first 12 days. The median and its 95%
confidence limits for each curve are: 12 s (10-14 s) for visits to burrows, and 17 s (15-21 s) for
visits to the box.
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Enclosure trials commercial bait boxes seems to restrict access to bait with

Regardless of the age or size of the rat or the type gfgh internal baffles intended to deter non-target animals.

bait in the box, visits by single rats were short, with a Rats unfamiliar with wax blocks had made no attempt
range of median values from 2—15 s (Table 1). With whol& gnaw the blocks secured on the wires after six consecu-
wheat laid in the box, visits by an adult, when at least onlé/® Presentations. The median length of 91 visits on the
other rat was present, were longer than those by &<t night by 13 out of 14 colony members was 8 s;
immature rat (juvenile) that was also not alaive 2.27,p solitary animals made 65 (71%) visits (Table 1). For rats
= 0.03) — a difference that was not found when member@miliar with the block bait, on the third presentation all
of a fully grown litter were the same size as their parénts [1€ blocks were eaten. The median length of 494 visits by
= 0.29,p = 0.8). Despite a difference of 76 s between th 8 rats was 14 s; solitary animals made 196 (40%) visits.

median visit lengths for a group with at least one adult an-ghe ratio of solitary:group visits for the naive colony was

a group with at least one young adult (maturing) rat, tht%.i)”g‘érlemI to tr:atbfor the tra]icned grogp_z(:so.ﬁ, L Sffpf .
difference was not statistically significant< 1.26,p = ) )’. argely because o group.wsns y the offspring in
the trained group. The commercial block used was rather

0.2). Nevertheless, these results support the interpretatig " d it babl ; s to break off rel
that the foraging behaviour of rats is dictated more by fea ritie and it was probably easy for rats to break off rela-

of conspecific aggression than by fear of predatiotlvely large pieces with their incisors. Such pieces were

(Whishaw and Whishaw 1996), even when, as in this cas?ehen most likely to have been carried outside the box

the animals were related. It could not be determined Ilps_tead of being eate_n inside it and may explain why the
- . o visit length for the trained group was similar to that of the
every visit to the box was to obtain food, but incidental . ' e -
. ) naive group. Wild rats seem to have difficulty recognising
observations revealed that any rat, entering the box alone block food i h istic that has |
often emerged after a few seconds carrying grains v¥ax OCKs as 190 ltems, & characteristic that has long
heat in it th and Id th | h . t%een recognised (Bentley 1960). Moreover, the presenta-
w ela ini f mOEcJth and wou €n move eisewnere In hf?on of blocks on a wire suspended above the floor of a
enclosure to eé e.m. _ box prevents a rat feeding in its preferred manner—which
In a study in which the apparatus used to monitor rg§ to pick up a food particle in its mouth, then sit on its
feeding patterns apparently permitted only one individual &aunches, rotating the particle with the paws as it is eaten
a time to obtain food (Berdoy and Macdonald 1991), thewhishaw and Tomie 1987). Nevertheless, training rats by
minimum duration of a feeding visit (presumably to takeallowing them to take loose (plain) blocks away and eat
food rather than eat it on the spot) was found to be 0.4 giem at least allows the animals to become familiar with
while the majority of visits lasted 1-8 s. The implication ofsimilar objects and to discover that they are, after all,
such behaviour during a rodenticide treatment is that baidible. For practical control purposes, such ‘training’ may
transfer becomes more likely when only one individual at 8e deemed unworkable, as there would be no means of
time can access the bait. The rats in our family groupenowing where blocks were taken and how many rats
appeared to prefer eating in the presence of one or mon@uld be ‘informed’ in the process. The alternative is that
other individuals, provided they were not obviously largesecured poison blocks are left in containers until such time
than themselves. By staying longer, bait transfer probablys rats feel able to eat them. In the meantime, other

occurs less often. It is noticeable that the design of margnimals, less inhibited than rats, might eat them instead.

Table 1 Median duration (s) of visitsi(in brackets) by individual rats in different colonies (family groups) to a bait box containing
plain whole wheat or plain wax blocks. Visits are divided into those by an individual on its own or with at least one (aithelt cat
offspring) present in the box. For the latter category, statistical differences between adult and offspring visit leny#mscivithmily
group are shown as P& 0.05) or T (not significant). Each colony had an alternative food source available. The ‘training’ given to the
colony presented with wax blocks threaded onto wires consisted of offering the rats loose blocks until all were reguladyaremov
eaten. The 1:>1 ratio of total number of visits for the naive group (65:26) differed from that for the trained group (1962%9®L).

Bait Number of rats Status of litter
in box Immature Young adults Fully mature

Adults Offspring Adults Offspring Adults Offspring

Whole wheat 1 2(9) 6 (95) 2 (15) 6 (79) - 15 (17)
>1 200 (44) 28*(250) 96 (39) 20T1(170) 100 (38) 1051(206)
Status of colony
Naive Trained

Adults Offspring Adults Offspring

Wax blocks on 1 3(12) 7 (53) 5(28) 9 (168)
wires >1 11 (14) 23 (12) 13 (23) 24 (275)
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Conclusion number of plain blocks available for transfer and the
location and density of stations with poison blocks, a

Because current rodenticides are not species-specific, itpsacticable method for use in the field may be possible.
imperative that every effort is made to prevent other
animals eating the bait during treatments. Whatever
measures are taken should not also discourage rats from References
eating bait and in practice many operators find it hard to ) )
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Abstract. The secondary poisoning hazard of coumatetralyl was evaluated through analysis of residudatiusts (
norvegicus R. tiomanicusandR. sordidu¥ that had eaten coumatetralyl baits in laboratory and field trials, and in a
feeding trial with captive barn owls. R. norvegicused Racumiff over three nights, approximately 4% of the cou-
matetralyl eaten was detected as residue in the whole body. In a similar stuBy tiithanicusapproximately 3.7%

of the coumatetralyl eaten was detected in the whole body. The range of total body coumatetralyl residues per body
weight found in three rodent species had similar maximum values, despite interspecies differences in body sizes and
bait intake. Three-day laboratory feeding studies with Ractigrioduced similar maximum residue concentrations in
tissues to those measured in field-poisoned rodents. Captive barn owls fed for 6 days on coumatetralylRpoisoned
tiomanicusdid not exhibit any secondary poisoning symptoms during the subsequent 30-day period, consistent with
other findings that suggest coumatetralyl presents a relatively low hazard of acute secondary poisoning to predatory
birds.

Introduction effect of repeated consumption of coumatetralyl-poisoned
rats on barn owls.

Reports of anticoagulant residues in predatory birds (e.g.
Newton et al. 2000) and other wildlife (e.g. Eason et al.
2002) appear to have increased over the last decade,

heightening WO.r|(.ZIWIde concern .re-gardlng non-targeh o igues inRattus norvegicus following coumatetralyl
effects of rodenticide use. While this increase may be dLbedit ingestion

in part to more sensitive monitoring and analytical tech- . , o
b 9 y Rats R. norvegicusWistar) were maintained at the

nigues, the presence of residues indicates that primary or ; A
seqcondar (fx osure of non-target wildlife occu?s Noynl__andcare Research Animal Facility, in a controlled-
Y exp g ! temperature environment (18°C = 2°C) with water avail-

target risk is a function of both exposure and hazard, an le ad libitum Seventy-eight young adult rats were

estimates of secondary poisoning hazard to rodent pre%fered Racumifiwax block bait (375 ppm coumatetralyl:

tors may be derived from evaluating residue concentratl%\ayerAG) without alternative food over three consecutive

and distribution in rodent carcasses following lethal, oﬁi%hts On the fourth day, rats were anaesthetised using

sublethal, bait intake. Studies have addressed aspects gas, then killed by cervical dislocation. Six of these

secondary poisoning risk to owls from first- and secondys chosen at random, were analysed for coumatetralyl
generation anticoagulants (e.g. Lee 1994), but most ha¥gncentrations in liver, gut (stomach, intestines and
not included the first-generation anticoagulant coumatgpntents), and remainder of carcass (including skin, feet,
tralyl (Racumirf). An oral LDsg of 5 x 0.3 mg/kg and tail). The analytical limit of detection was 0404/g
coumatetralyl has been determined for rats (Hermann aa@d uncertainty (95% confidence interval; c.i.) w&$%.
Hombrecher 1962). Racunfin products (375 ppm

coumatetralyl) are increasingly used on farms and cropSecondary hazard to barn owls from coumatetralyl-

thus there is potential for predators to be exposed fpisonedRattustiomanicus

poisoned rodents. To assess hazard, residues of coumate-Thirty adult wood ratsK. tiomanicuy were trapped
tralyl were determined after poisoning three rat species smd maintained at the Malaysian Cocoa Board Research
laboratory trials, and in rodents collected after Ractiminand Development Centre, Hilir Perak. Rats were fed with
application in the field. A feeding study investigated thé&kacumirf over 3 daysad libitum and without alternative

Materials and methods
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feed. Six rats were euthanased by cervical dislocation draiting, target species were collected from within and just
the fourth day. Samples of liver, gut (stomach, intestinesutside the sites by breakback-trapping or carcass
and contents) and the remainder of carcass were frozensafarches, and were sampled for liver, gut (including
—20°C for later analysis. The analytical limit of detectionstomach, intestines and contents) and remainder of
was 0.02ug/g £ 9% (95% c.i.). The remaining dead, carcass, and frozen for later analysis. The analytical limit
whole rats were utilised in a feeding trial with barn owlsof detection was 0.02 mg/g + 9% (95% c.i.).
(Tyto albg. Four owls were wild-caught and allowed one
month acclimatisation to individual housing of timber andanalysis of tissue samples for coumatetralyl
chicken wire construction, approximately 12, mwith a ) ] )
nesting box in one top corner. Owls were offered one Except for the analysis of residues of coumatetralyl in
unpoisoned rat per day as their normal diet, and during tf@ sordidusin the cage trial described above, tissue
trial offered one poisoned rat per day for six successiv@@mples were analysed at the International Accreditation
days. Food intake by owls was monitored, and the owldew Zealand (IANZ) accredited Landcare Research Toxi-
observed for 30 days after being returned to a normal diet0logy Laboratory, Lincoln, New Zealand, using methods
based on Hunter (1983). The coumatetralyl analysis was
Residues inRattus sordidus following coumatetraly! shown to be robust with high recoveries (92.5%) and low
bait ingestion method uncertainty. Analyses were validated in an inter-

_ _ laboratory comparison, where the mean coumatetralyl
) Cane-field ratsR. sordidu were captgred from cane residues from the same £ 6) rat livers were 0.75 + 0.08
fields near Ingham, Queensland, Australia. After 7 days Ong/g and 0.78 + 0.08g/g.

a sunflower seed diet, the individually caged rodents wel%

offered a fresh Racunfinvax block each day in addition

to sunflower seeds. Water was availaatk libitum and Results and discussion

food consumption recorded daily. One group of six rats

was euthanased, using €@as, after 2 days and a second_ . . . . .

group after 4 days. Analysis for coumatetralyl concentra_'f«es"(jl_Jes inR. norvegicus following coumatetralyl bait

tion in the liver, gut (stomach, intestines and contents) adg9estion

carcass (including skin, feet, tail and remaining internal The six rats sampled for tissue analysis weighed

organs) was carried out by Conmac Laboratoriegmean + sd) 298.10 + 84.66 g, and ate a mean of 31.1

Bethania, Queensland, according to the method describgds g Racumifi per night for 3 nights, resulting in each rat

by Mundy and Machin (1982). The limit of quantification consuming a total coumatetralyl dose of between 81.94

was 0.1ug/g with average recoveries of 87% (Bureau ofyng 147.80 mg/kg. This was equivalent to approximately

Sugar Experiment Stations, unpublished data, 1998).  geyen times the Ly value for this species (WHO 1995).
Coumatetralyl concentrations by weight of tissues were:

Field residues in Australian rodents following liver (13.35 + 10.45 mg/g), carcass (5.03  2.59 mg/g) and

application of Racumin® gut (2.74 + 5.81 mg/g). These concentrations, and the

In October 2000, the Australian National Registrationveight of the respective tissues sampled, were used to
Authority approved an emergency use permit for use dgialculate total mean amounts of coumatetralyl (mg) in rat
Racumir® wax blocks to controR. sordidusand the tissues (Table 1). The considerable variability in concen-
climbing rat Melomys burtoniin sugarcane crops. Baits trations detected in gut was probably attributable to the
were applied once in November 2001 to two field locapresence of visible bait fragments in some samples. Total
tions in Tully, northern Queensland, at a rate of 25 g  residues in a rat were 5.21 + 2.55 mg/kg, so that approxi-
blocks on a 15< 15 m grid pattern (Bureau of Sugar mately 4% of the coumatetralyl eaten as bait over 3 nights
Experiment Stations, unpublished data, 2002). Aftewas found as residues in the whole body on the fourth day.

Table 1 Coumatetralyl residues Rattus norvegicugRn) andR. tiomanicugRt) after 3 days’ feeding with Racuriir(375 ppm
coumatetralyl). Amounts of coumatetralyl shown are based on concentrations of coumatetralyl measured inusgges the
weight of tissue sampled, with the mean calculated from values for individual rats (BW = body weightmber in sample, sd =
standard deviation).

Speciesif) Mean BW Mean total Mean (1 sd) total amount of coumatetralyl in tissueg)(
(£ 1sd) coumatetralyl eaten Gut Liver Carcass
C) (£1sd)
(mg/kg BW)

Rn (6) 298.10 123.34 (27.65) 49.56 (104.91) 135.85 (140.05) 1235.08 (602.73)
(84.66)

Rt (6) 103.67 109.15 (22.57) 119.54 (83.25) 22.91 (20.66) 264.02 (118.00)
(20.68)
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Secondary hazard to barn owls from coumatetralyl- that ate coumatetralyl-poisoned rats over 3 days, has been
poisonedR. tiomanicus reported (O’Connor et al. 2002).

The six rats sampled for tissue analysis weighed . . ) . .
(mean + sd) 103.67 + 20.68 g and consumed a total &esmges inR. sordidus following coumatetralyl bait
30.33 £ 8.91 g Racumitrover 3 nights, resulting in a total ingestion
coumatetralyl dose of 109.15 + 22.57 mg/kg. Coumate- The sixR. sordidussampled for tissue analysis after 2
tralyl concentrations by weight of tissue were: liver 13.37ays feeding on Racunfiweighed (meart: sd) 148.0t
+ 14.94 mg/g, gut 11.22 + 6.95 mg/g and carcass 2.8834.1 g and consumed a 2-day total of 114#48.72 g,
0.93 mg/g. Total mean amounts of coumatetralyl in rafesulting in a coumatetralyl dose of 27:238.91 mg/kg.
tissues were calculated as above (Table 1). The totAhe sixR. sordidussampled for tissue analysis after 4
residues inR. tiomanicuswere 3.86 + 1.36 mg/kg, so days feeding weighed 1314736.7 g and consumed a 4-
approximately 3.7% of the coumatetralyl eaten as bafay total of 10.05- 5.84 g Racumih resulting in a total
over 3 nights was found as residues in the whole body d¥pumatetralyl dose of 27.77 11.27 mg/kg. In compar-
the fourth day. ison to theR. norvegicusaandR. tiomanicudrials, where
Each owl consumed one entire rat on each of 6 dayB0 alternative food was offered, the availability of alterna-
eating a mean total of 661.507.12 g of rat. Based on the tive food may have partly explained the relatively smaller
total mean residue concentration estimateR.itioman- ~coumatetralyl intake in this trial By. sordidusGenerally
icusfeeding on Racumin(described above) and the body reduced feeding could also be expected 2-3 days after the
weight of individual owls (467.5& 25.86 g), it was esti- first ingestion of bait due to the onset of symptoms. The
mated that owls had each secondarily consumed a 6-dggoup sampled on the fourth day generally had lower daily
total of up to 5.8% 2.07 mg/kg coumatetralyl, or approx- intakes of bait than the group sampled on the second day,
imately 1 mg/kg per day. This is a substantially lower dos#hich may explain why residues were higher R
than an 8-day LB, for coumatetralyl in hens, given as sordidusfeeding for 2 days than those feeding for 4 days
>50 mg/kg daily consumption (Worthing and Hance 1991(Table 2). Considerable variability of coumatetralyl
p. 188). No visible effects on owls were observed and afioncentrations in gut samples after 2 days’ feeding
four were alive and appeared healthy 30 days after feedisgjggested the presence of undigested bait.
on the rats. This result is consistent with survival in a ) ) ) )
steppe buzzardBiteo butep and a spotted eagle owl F|eld_ re§|dues in Aust_ra\han rodents following
(Bubo africanul fed coumatetralyl-killed sparrows (Heyl @pplication of Racumin®
1986). In addition, a lack of obvious ill effects on weka Coumatetralyl was detected in 9 sordidusrecov-
(Gallirallus australig, a scavenging New Zealand bird ered between 1 and 6 days after bait application. Residue

Table 2. Coumatetralyl residues in tissuesRattus sordidusfter laboratory feeding or field application of Racutnim= number in
sample, sd = standard deviation).

Trial Days after Mean total bait Mean (z 1 sd) coumatetralyl residues (mg/g)
) baiting (g/rat) Gut Liver Carcass
Laboratory 2 days 11.48 20.61 (34.33) 8.02 (5.05) 2.40 (1.48)
(6)
Laboratory 4 days 10.05 1.01 (2.24) 2.11 (2.32) 0.46 (0.64)
(6)
Field 1-6 days not known 8.90 (9.65) 6.16 (7.11) 1.68 (2.15)
(6)

Table 3. Coumatetralyl residues (total all tissues) foundRattus sordidugRs) andMelomys burton(Mb) according to days after
Racumir® bait treatment in sugarcane fields, and residu&attus norvegicugRn) andRattus tiomanicugRt) fed Racumifi in the
laboratory (BW = body weighty = number in sample, sd = standard deviation).

Treatment Species n Coumatetralyl residues (mg/kg BW)
(days) Mean sd Range

1 (field) Rs 4 1.57 3.19 0.02-6.44
5 (field) Rs 1 6.51 - -

6 (field) Rs 1 3.02 - -

11 (field) Mb 1 0.15 - -
3 (lab) Rn 6 5.21 2.55 0.51-7.98
3 (lab) Rt 6 4.36 1.84 2.26-6.89
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profiles in these rats were similar to those in the sam@ractice and World Health Organisation guidelines
species offered Racunfiin the laboratory for 4 days, and (Malaysia), approval from an independent Animal Ethics
much less than those feeding for 2 days (Table 2). Consi€ommittee (New Zealand) and protocols established by
tent with observations in the laboratory trials with otheithe James Cook University Ethics Approval for Animal
rat species, the variable residue concentrations detectedBased Research and Training (Australia).

some field-collecte®. sordidugut samples (mean 8.90 DISCLAIMER : All presented results are from studies

9.65 ug/g of t|ssue) sugges.ts that undigested bait MY ded by Bayer AG. This paper can be used for registra-
have been present in some instances. Table 3 SUMMarises” o e only with written permission of Baver AG
the total coumatetralyl residues detected in rodents from purp y P y '
three laboratory and one field trial with Racutniifhe
data are limited by small sample sizes and not statistically References
comparable, but show that the range of total coumatetralyl _
residues found in three rat species had similar maximufe@son, C.T., Murphy, E., Wright, G.R. and Spurr, E.B. 2002.
values on a body weight basis (mg/kg), despite interspe- Assessment of risks of brodifacoum to non-target birds and
cies differences in body sizes and bait intake. On this Mammals in New Zealand. Ecotoxicology, 11, 35-48.

. . . Hermann, G. and Hombrecher, S. 1962. Ratten- und Maeusebe-
basis, laboratory studies over 3 days seemed to provide a .

kaempfung mit Racumfh 57-Praeparaten. Pflanzens-

reasonable simulation of maximum field residues of .. oo rrichten Bayer, 15, 93-112.

coumatetralyl found in a limited sample of rodents. Heyl, C.W. 1986. Cumatetralyl as an avicide against the Cape
sparrow. South African Journal for Enology and Viticulture,
7, 71-75.

Hunter, K. 1983. Determination of coumarin anticoagulant

There were similar concentrations of coumatetralvl rodenticide residues in animal tissue by high-performance
y liquid chromatography: |. Fluorescence detection using

(apprommately 4% cpumatetralyl eaten as_Rac[%imuer post-column techniques. Journal of Chromatography, 270,
3 nights) detected in tissues Bf. norvegicusand R. 267-276.
tiomanicus The major route of elimination after oral | ee C.H. 1994. Secondary toxicity of some rodenticides to barn
administration of anticoagulants in rats is through the owls. In: Proceedings of theMdinternational Conference
faeces (WHO 1995), however residues are probably Plant Protect. Trop., Kuala Lumpur, Malaysia, 161-163.
highest if there is undigested bait in the gut within a fewMundy, D.E. and Machin, A.F. 1982. The multi-residue determi-
days of bait application. In field scenarios, such target nation of coumarin-based anticoagulant rodenticides in
animals would present the greatest hazard of secondary animal materials by high performance liquid chromatogra-
poisoning. Rodents in the laboratory trials were expected PhY- Journal of Chromatography, 234, 427-435. _
to have consumed in excess of a lethal dose of coumafdeion: |-, Shore R.F., Wyllie, I and Birks, J.D.S. 2000. Empir-
tralyl, with the corresponding residue concentrations in ical eyldence of side-effects of rodenticides on some preda-
! T tory birds and mammals. In: Cowan, D.P. and Feare, C.J.,
the whole body close to a worst-case scenario in terms of

> ed., Advances in vertebrate pest management. Furth, Filan-
secondary hazard to predators or scavengers. COMparison ger vierlag, 347-367.

of the total body residues of coumatetralyl in differento'connor, C.E., Eason, C.T. and Endepols, S. 2002. Evaluation
species of rodents after Racufhiintakes showed that of secondary poisoning hazards to ferrets and weka from the
laboratory feeding trials produced similar residue concen- rodenticide coumatetralyl. Wildlife Research (in press).
trations in tissues to those measured in target rodents aft&HO (World Health Organization) 1995. Anticoagulant rodenti-
a field application of Racunin These results, alongside cides. Environmental Health Criteria 175. Geneva, World
limited data regarding the toxicity of coumatetralyl to  Health Organization, 121 p. N

birds, suggest that there is a low acute hazard to barn oWi9rthing. C.R. and Hance, R.J. 1991. The pesticide marflial, 9
feeding on rats containing relatively high concentrations ii?'t'l‘zrlls:”ey' Great Britain, British Crop Protection Coun-
of coumatetralyl residues. ' '

Conclusions
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Abstract. Resistance to anticoagulant rodenticides in Norway Ratifs norvegicyds documented to be associated

with pleiotropic effects, notably with an increased dietary vitamin K requirement. The aim of this study was to quan-
tify these effects in small populations of Norway rat in Denmark and to see how bromadiolone-resistant phenotypes are
manifested when bromadiolone selection is absent. Experimental populations were established under semi-natural
conditions with wild rats trapped at two Danish farms. The individuals caught on each of the two farms were divided
into two experimental groups. One group was regularly exposed to bromadiolone whereas the other group was
untreated. The level of bromadiolone resistance in the experimental populations was followed for two years. The
results presented here are those results obtained in the absence of bromadiolone selection.

The pleiotropic selection against resistance in the two non-treatment populations was found to be insignificant.
Thus, absence of anticoagulant, under the environmental conditions provided, did not lead to a selection favouring
anticoagulant-sensitive rats. However, we found some evidence of selection against presumed homozygous resistant
rats under non-anticoagulant conditions. Haemorrhagic symptoms are not only observed in sensitive rats exposed to
anticoagulants, but are also a symptom for severe vitamin K deficiency in resistant rats. This suggests that bromadi-
olone resistance leads to loss of fithess, albeit that the cost is not strong enough to reduce the phenotypic resistance
level or minimise the effect of random genetic drift.

Introduction vitamin K, with the strongest selection being against rats
with a high vitamin K requirement (e.g. Welsh type), and
The documented pleiotropic effect of anticoagulant roderselection against rats with a moderate increase in vitamin
ticide resistance in rats is an increase in the dietal requirement (e.g. Scottish type) being markedly
requirement for vitamin K in order to maintain reasonableeduced (MacNicoll et al. 2001).

production of blood clotting factors (Hermodson et al. s the benefit of exploiting a removal of anticoagu-
1969). Resistant rats that become vitamin K deficient Wilb g from the environment as an alternative resistance

eventually suffer from haemorrhage, leading to death Qf,5nagement strategy will depend on the extent of pleiot-

the animal (Partridge 1980). . . ropy of those resistant rat populations that are to be
It is generally assumed that resistance to anticoagypntrolled.

lants is selected against when anticoagulants are absent

from the environment (Partridge 1979; Smith et al. 1991). Th|§ study is p.art of-a larger study |nve§t|gat|ng af‘d
A . . €yaluating the pleiotropic effects of bromadiolone resis-

The apparent selective disadvantage of anticoagula ) X : .
ce in Danish rat populations. For this purpose, four

resistance caused by the increased vitamin K requireme . . ) . :
may be beneficial in rodent control. It could be hyIOOthegnclosed populations (excluding reinvasion from resistant/
sised that by limiting the access to vitamin K, a Commoﬁensitive rats) of free-ranging wild bromadiolone-resistant
additive to animal feedstuffs, selection against resistah@ts Were established. TW(_) populations were I_eft untreate_d
rats may be enforced. and the other two populations were treated with bromadi-
cloIone (0.005%) twice a year. The level of bromadiolone

However, the outcome of such initiatives will depend’_". ; .
. .. resistance was monitored by means of a blood clotting
on a number of factors such as environmental conditions

the type of resistance (defined by the vitamin K requirer-éSponse (BCR) test for a period of 2 years. Here we

ment) and genotype frequencies. It is obvious that ﬁmesgr,ester;t r_etrs]utl)ts Ob?'nled from thle t.tWO non-treatment (not
and thus selection against phenotypically resistant raggae with bromadiolone) populations.
must vary in correspondence with the requirement for
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Materials and methods Rats that were found dead between trappings (in all
four pens) were removed and autopsied to find the
Materials possible cause of death.

Wild rats, Rattus norvegicysvere collected from two  Rasistance testing
farm populations (A and B), where bromadiolone resis-
tance was known to occur.

Before establishment of the experimental units, al

The rats that had not been re-introduced into the pens
ere kept individually in standard metal cages with mesh
. oo ottoms (31.5< 26 x 19 cm). Rats were fed plain rye
animals were trapped and caged individually for 4 week L .

! W bp ged individuatly W read and watead libitum Female rats were kept in quar-

in order to test for bromadiolone resistance. All rats fro Intine for 3 weeks to ensure that they were not pregnant
opulation A o = 79) and 95% of those from population . . . . Lo
pop 0 ) ° Pop during the resistance test. Bromadiolone-resistant individ-

B (n = 77) were identified as resistant by blood clotting . o .
response (BCR) tests (A.-C. Heiberg and H. Leirsuf”lli5 were |dent|f|e|q ?LBE.R;EESE (Gill .Et all.:1994). Broma-
unpublished data). Resistant rats from each locality wer%IO one was supplied by Lipha Lyonaise (France).

divided into two experimental groups, a non-treatment -LO dete_rmlne the lpopulat_an Isv_eldpfdresllste;]ncehlnd
(untreated) and a treatment population, resulting in tw§2ch rapping, we only considered Individuals that ha

non-treatment and two treatment populations. In eacf€€N Porn after the previous trapping event. However,

group, we introduced wild rats that were tested as senghe new individuals were not necessarily BCR tested

tive to warfarin in order to ensure the presence of nonhen tlhey V\éeref traprf)ed for '_[he f|rhst gg; I anl an;mr?l
resistant alleles within the populations. Before introducy/as released a ter t. e trapping, the . result of that
tion into the indoor breeding pens (1§)ma” rats were animal was first obtained when the animal was removed

weighed, sexed and marked with a subcutaneous passr\ygm the populatl_on. This procedure was chosen as Fhe
integrated transponder (PIT) tag for later individualreSUItS obtalngd in BCR haye proven to be_z stable with
recognition. The wild, warfarin-sensitive rats, like therespecF fo aging of Fhe animal (A.-C. Heiberg et al.,

resistant farm rats, had been singly caged for a period prubllshed observations).

4 weeks (during the resistance testing). All the immduceg\utopsy

farm rats were assumed to be just as much strangers'to

each other as they would be to the warfarin-sensitive rats. Animals that died during resistance testing or antico-

We did not find any significant evidence for resistant farn@gulant treatments and those animals found dead in
rats being more successful than the sensitive rats Retween trapping sessions were autopsied in order to
becoming established in the experimental population¥erify the cause of death, if possible. The cause of death
(data not shown). Rats were at all times, when not treaté¥es classified into four categories: (1) haemorrhage due
with bromadiolone, fed on lab-pellets (Altromin to an anticoagulant treatment/BCR; (2) haemorrhagic
No0.1324, 3 mg vitamin Kkg). Items like carrots, maize Symptoms with no anticoagulant treatment; (3) no anti-

and sprouting wheat were added regularly. The illuminacoagulant poisoning symptoms, but other obvious sign,

tion cycle was 12/12 hours dark/light. e.g. pneumonia or other inflammatory conditions, starva-
tion (due to teeth damage); and (4) no cause of death
Experimental treatment found.

Every 6 months, all animals were captured and
removed from the four pens. All individuals were checked Results
for PIT tags and their weight and sex were registered.
From the two non-treatment populations, animals wer&he population level of phenotypic resistance in non-treat-
randomly selected for resistance testing. The proportion efent A for males and females did not change over time
animals removed in each trapping session varied betweR,jes= 0.65 andPigmales= 0.99, Pearsong?, STATIS-
30% and 50% depending on the number of individuals iTICA). Likewise, the level of resistance remained
the total sample. In the first trapping, animals werainchanged in the population when not differentiating
selected randomly among all individuals, whereas in latesetween sexes (Pearsph= 0.89, df = 4Py = 0.93,
trappings, animals that were documented older than 1STATISTICA) (Figure 1).
years were removed together with individuals chosen In non-treatment B, the population level of resistance
randomly among new individuals. Though rats of 1.5or females remained unchang@®jefnaes= 0-28) (Figure
years of age still may be reproductively active, rats of that). All sensitive males that had been introduced initially
age will seldom occur in natural populations. died within the first month, thus presumably only pheno-

Those animals that were re-introduced into the pentypically resistant males contributed to the next genera-
were all, under anaesthesia, PIT tagged and blood samptem. The level of resistance remained constant (100%)
from the ventral tail vein collected (blood samples werever the study period. When testing for heterogeneity in
used for later DNA analysis to infer parentage in thehe population irrespective of sex, we only included the
populations; A.-C. Heiberg et al., unpublished data). Aldata from the four trappings. No significant changes were
individuals were introduced into the re-established pensbserved (Pearsgif = 3.81, df = 3Py = 0.28).
simultaneously.
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tendency (though not significant, except in non-treatment
B) for males to be younger in age than females when
100% — dying with vitamin K deficiency symptoms.

Non-treatment A

80 % ]

Discussion and conclusion

60 %

40 % Environmental conditions are important when the impact of
selection against traits is to be evaluated. Rats often live in
environments under constant change, thus the selection
: ‘ pressure and relative fitness of the different genotypes of
Dec.1998  Aug.1999  Jan.2000  Aug.2000  Feb. 2001 the selected trait will change likewise (Mitton 1997). The
cctup Trapping T Trapping2 Trabping3 Trapping4  experimental conditions that were examined in this study
resembled those of farm rat populations in many ways. The
environment of many rodent infestations in rural areas does
Non-treatment B provide, often unintentionally, excellent conditions for
maintenance of anticoagulant resistance; e.g. farm build-

Level of resistance

20 %

0%

100% — — — —
ings allowing rats to reproduce all year and abundance of
g 80% good-quality and unprotected animal feed, which may be
= . . . . .
£ 0w L enriched with vitamin K (Kerins et al. 2001).
g The level of resistance remained unchanged in the
5 0% non-treatment populations when anticoagulant selection
> . .
8 0% L was removed. The presence of a stable vitamin K source
| | | | may have resulted in an insignificant pleiotropic effect, as
0% the vitamin K requirement of most of the resistant rats
Feb.1999  Aug.1999  Jan.2000  Aug.2000 Feb. 2001 :
Setup  Trapping 1 Trapping2 Trapping3 Trapping 4 would have been met. Another explanation for the
N=33 N=35 N=8 N=27 N=35 unchanged resistance level could be the small effective

Figure 1. Level of observed phenotypic resistance within theEoDulmlon SlzeSdN“) tI'I1n ;he ![_rwest]l‘gattled tlpopulatlor(;;t
two non-treatment populations, A and B, (black bars) is mallNe Can render the direction ot selection unpredict-

the proportion of rats that were defined as bromadioloné""‘bIe over few generations due to random genetic drift
resistant using the blood clotting response (BCR) Rishaes  (F@ICONETr and Mackay 1996).
(grey bars) andRy,es (White bars) are the proportions of The N ranged between 8 and 25 breeding individuals
females and males, respectively, being defined as bromadiolore all four populations (A.-C. Heiberg et al., unpublished
resistantN is the number of rats tested using BCR. data), with large fluctuations iNy from generation to
generation. Knowing this, we simulated (a Wright-Fisher
Between the different trapping sessions we foundnodel) how genetic drift in 1000 populations with
animals with haemorrhagic symptoms (Table 1). SincélifferentN, affected the frequency of the sensitive allele
these animals (including those animals from the treatmeintver 1, 2, 4, 6 and 10 generations given the relative fitness
populations as they were found a minimum of 2 monthsomponents of Partridge (1979) (absence of anticoagulant
after the last treatment) had not been exposed to anticoagelection). For non-treatment A, we could ascribe the
ulants before their death, these symptoms were taken aschanged level of phenotypic bromadiolone resistance to
an indication of vitamin K deficiency. There is a generathe effects of random genetic drift, whereas the level of

Table 1 Animals found dead within the breeding pens between trapping/anticoagulant treatments with symptoms indicating vitamin K
deficiency or antagonismNgeaqis the number of dead animals removed in tdi|g is the number of animals with visible
anticoagulant poisoning symptoms. The average age of individuals showing vitamin K deficiency was estimated based on the
approximated age of the individuals. Age differences between males and females were tested with the non-parametric Krsiskall-Wal
Statistical Analysis System (SAS).

Treatmert  Ngeaq Nas Ngeadias femalegeagas Malegeaqas Average age (months £ sd)  Kruskall-Wallis
female male P

Non-A 39 21 0.54 0.57 0.56 8.6+5.6 58+3.6 0.505

Treat-A 34 13 0.38 0.44 0.31 14+5.0 8.6 £6.7 0.163

Non-B 74 39 0.53 0.39 0.63 9+34 43+29 0.001

Treat-B 49 23 0.47 0.36 0.52 6.8+6.0 42+13 0.737

2 Non-A = rats from population A, not treated with bromadiolone; Treat-A = rats from population A, treated with bromadiolone (0.005%) twice a year;
Non-B = rats from population B, not treated with bromadiolone: Treat-B = rats from population B, treated with bromadiolone (0.005%) twice a year.
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resistance in non-treatment B could not be explained by References

the forces of drift or by selection. However, given the

environmental conditions, the relative fitness componenfgglconer, D.S. and Mackay, T.F.C. 1996. Introduction to quanti-
of Partridge (1979) might have been too low for both the _tative genetics, !l edition. Essex, Longman, 464 p.

homo- and heterozygous resistant rat in this experimer@” J-E- Kerins, G.M., Langton, S.D. and MacNicoll, A.D.
indicating that selection against the resistant rats is weak. 1994. Blood clotting response test for bromadiolone resis-

. . tance in Norway rats. Journal of Wildlife Management, 58,
Conversely, large numbers of rats died with haemor- 4z, 4671

rhagic symptoms without being exposed to anticoagUermodson, M.A., Suttie, J.W. and Link, K.P. 1969. Warfarin
lants and, furthermore, the diet supplied to the rats metabolism and vitamin K requirement in the warfarin-resis-
contained 3 mg vitamin 4kg. These signs of vitamin K tant rat. American Journal of Physiology, 21316.
deficiency do suggest that bromadiolone resistance magerins, G.M., Dennis, N., Atterby, H., Gill, J.E. and MacNicoll,
have some marked disadvantages. A.D. 2001. Distribution of resistance to anticoagulant roden-
Homozygous resistant males from treatment popula- ticides in the Norway ratRattus norvegicusBerk.) in
tions A and B later showed that they were sensitive to a low England 1995-98. In: Pelz, H.-J,, Cowan, D.P. and Feare,
vitamin K content diet (M.D.K. Markussen et al., unpub- ~ C-J-» €d-, Advances in vertebrate pest managemeRta
lished results) whereas the resistant females showed ceedings of the'2 Eumpe.an Vertebrate Pest Managem?m
. . - . Conference, Braunschweig, 6—-8 September 1999. Firth,
moderate to no response to the vitamin K_de_flment diet. Th_e Filander-Verl, (Zoological Library), Vo, 149—159.
h_aem_orrhaglc_symptoms do, however, indicate thf'"t thewlacNicoII, A.D., Dennis, N.J., Atterby, H., Hudson, A., Lang-
vitamin K requirements were not met. The role of aging has  ton, s, Kerins, G.M. and Gill, J.E. 2001. Fitness effects of
not been investigated, but it could be speculated that the different alleles of the warfarin resistance gene — implica-
process of aging played a role when considering vitamin K tions for resistance management. In: Pelz, H.-J., Cowan, D.P.
requirement. Older rats may become more vulnerable to and Feare, C.J., ed., Advances in vertebrate pest manage-
various diseases, which hypothetically could reduce their ment Il Proceedings of the" European Vertebrate Pest
ability to fully utilise the vitamin K supplied in the diet. Management Conference, Braunschweig, 6-8 September
We found that females dying with signs of vitamin K 1999. Firth, Filander-Verl, (Zoological Library), VOoR,
deficiency were generally older than males and that manl\X, 171-180. o .
S . itton, J.B. 1997. Selection in natural populations. Oxford,
of the females originating from the treatment populations

. . Oxford University Press, 240 p.
had survived earlier treatments. The fact that femaleéartridge, G.G. 1979. Relative fitness of genotypes in a popula-

generally are less prone to vitamin K deficiency than o0’ of Rattus norvegicugolymorphic for warfarin resis-
males may explain the observed age difference, but most ance. Heredity, 43, 239-246.

of the rats lived in the population for at least half a yeapartridge, G.G. 1980. Vitamin K deficiency syndromes in the
before becoming vitamin K deficient. Thus it can be warfarin-resistant brown rat®Réttus norvegicys Labora-
hypothesised that the death of these rats may be due to atory Animals, 14, 193-195.
reduced ability to utilise the vitamin K or that older resis-Smith, P., Townsend, M.G. and Smith, R.H. 1991. A cost of
tant individuals experience a further increase in vitamin K resistance in the brown rat: reduced growth rate in warfarin-
requirement. However, conclusions on the importance of resistant lines. Functional Ecology 481-447.
the aging process in the context of vitamin K requirement
cannot be made based on these studies. More studies
focusing on that aspect have to be done.
Though we were not able to see a reduced population
level of bromadiolone resistance, the animals that appar-
ently died due to vitamin K deficiency provide evidence
for a pleiotropic effect of being resistant. The relatively
short time span of the study (two yea#s4—5 genera-
tions) may have been responsible for the fact that we did
not see a reduction of bromadiolone resistance. Genetic
drift in the relatively small populations could also explain
why selection has no clear effect. We do, however, believe
that the primary factor leading to the lack of response is a
very weak selection resting upon the heterozygous resis-
tant rat. Thus, removal of the anticoagulants alone as an
alternative resistance management strategy will have no or
only very limited effect.
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Abstract. Warfarin is a first-generation anticoagulant that relies on multiple feeding events to achieve lethality in sus-
ceptible rodents. For the bandicoot rat, warfarin-susceptibility baselines were established using the lethal feeding
period (LFP) test methodology. Against a 0.003% warfarin formulationsd ¥ues of 2 and 4 days, and LfgRal-

ues of 16 and 10 days were obtained for males and females, respectively. However, consumption of rodenticide was
significantly reduced after thd'zand %" day of test, at a time when animals would be expected to experience symp-
toms of warfarin toxicity. This would seriously compromise the Probit analysis, particularly for estimates of higher
percentiles. Although the majority of animals were highly susceptible to warfarin, one female animal that survived a
high dose of active ingredient (79.1 mg/kg) may bode for future resistance

Introduction their guidelines for testing rodents for resistance to antico-
agulant rodenticides.

A number of rodenticides, including the anticoagulants | jke other South Asian countries, a complex of rodent
brodifacoum, bromadiolone, chlorophacinone, diphacispecies is responsible for indoor and outdoor infestations
none, and coumatetralyl, are registered in Pakistan, afpflpakistan. The bandicoot rat is widely distributed in the
are being marketed under different formulations and trad@gion and is one of the more prominent pest species.
names. Total annual consumption of rodenticides (bothfficacy of a number of rodenticides (including anticoagu-
acute and anticoagulants) during 1989-98 was reported|its) has been tested against this species in the field and
be between 0.1 and 45.6 t, according to the Pakistan Ag(inder laboratory conditions (Mathur et al. 1992). Sensi-
cultural Pesticide Association. tivity to warfarin in the bandicoot rat has been reported to

The use of anticoagulant rodenticides is consideredary between geographically distinct populations: in
highly effective and safe due to their delayed mode ddombay, India (Deoras 1967; Renapurkar et al. 1973); in
action and the availability of the complete antidoteKarachi, Pakistan (Greaves and Rehman 1977); and in
vitamin K;. The delayed action prevents the association dkangoon, Burma (Brooks et al. 1980).

cause (the rodenticide) and effect (symptoms of toxicity), The present work was initially conducted to establish
and as a result, conditioned bait aversion (or bait shynesgirfarin-susceptibility baselines for the bandicoot rat
does not occur. The main drawback for these compoungging the LFP test methodology (EPPO 1995). The
was the development of physiological resistance, particimseline data could then be used as a basis to detect the

larly in Norway rat Rattus norvegicysand house mouse emergence of physiological resistance in field populations.
(Mus sp.), which developed in populations following

prolonged exposure (see Greaves 1994). Resistance has

also been reported in other rodent species Ratus Materials and methods

rattus R. tiomanicu} although the genetic basis of the

resistance differs from that of Norway rat and hous&he study was carried out following the EPPO (1995)
mouse (Chia 2000). The emergence of resistance mogideline for testing rodents for resistance to anticoagu-
vated researchers to develop methods for its detection alaaht rodenticides. The rats were live-trapped from the crop
monitoring in rodent populations. The lethal feedingand non-crop areas of the National Agricultural Research
period (LFP) test (WHO 1982) is commonly used forCentre (NARC), Islamabad, Pakistan (33°42'N, 73°07'E)
detection of resistance, and has been included by thetween September 1995 and May 1996. The prevalence/
European Plant Protection Organization (EPPO 1995) status of anticoagulant resistance was unknown in this
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population, although they had not been exposed to an anfi-003%, in order to provide sufficient feeding periods
coagulant for at least 2 years before this study. with incomplete survival. Subsequently, the group sizes

The animals were sexed, weighed and caged individder critical feeding periods were increased to 10 male or
ally, with food and water freely available. The laboratorylO female animals (EPPO 1995). For each test animal,
maintenance diet comprised locally milled wheat floureither survival or the day of death was recorded. Survivors
(40%), corn flour (40%), fishmeal (10%), full-cream drywere observed for a further 21 days post-test observation
powdered milk (5%), crude sugar (2%) and sunflower oiperiod, and animals that died were examined for evidence
(3%). No supplementary vitamin K was provided. Animalsof haemorrhage.

were maintained in the laboratory for at least 3 weeks Surviving bandicoot rats were allowed to recover for
before testing. During this time, daily food and water3p days, and subsequently subjected to a field-strength
consumption was monitored and the animals were kepfarfarin formulation (0.025%) for a 4-day no-choice
under observation to ensure they were healthy and to acdléeding test. Animals that survived the field-strength
matise them to the test conditions. Animals that were pregormulation (plus the 21-day post-test observation period)

nant, sick, poor feeders, or were outside the body weighfere again offered the field-strength formulation in a no-
range of 150-350 g were not included in the study. Thehoice feeding regime until death.

room temperature was maintained at 23-25°C With @ g jethal feeding period response data were subjected
natural day/nlg.ht I'ght regime. to Probit analysis, using Proc Probit (Probit — log days) in
The warfarin baits were prepared from 1% powdereg g (release 6.8) for WINDOWS. Other statistical

concentrate (Sorex Ltd, St Michaels Trading Est., Widneg;,a\yses were performed using computer-based packages
Cheshire WA8 8TJ, England), and the bait concentrationgniTAB (32 bit, release 10.51 Xtra) and Microsoft
(0.003%, 0.005% or 0.025%) were freshly formulated agycg '

required for each test.

In the light of earlier reports on warfarin susceptibility
in the bandicoot rat (Deoras 1967; Brooks et al. 1980),
feeding tests were initiated using 0.005% warfarin bait. In
an initial ranging study, two animals of each sex wer@he feeding test results for bandicoot rats given 0.003%
presented the bait for feeding periods of 2, 3, 4, 5 and Warfarin bait for feeding periods of between 1 and 7 days
days. Complete mortality was achieved with the exceptioare summarised in Table 1. Complete mortality was
of four animals that survived feeding periods of 2 and Zichieved following a 6 and 7 day feeding period for males
days. Survival was insufficient for effective Probitand females, respectively. As the response of males
analysis (Finney 1971). differed significantly from that of femalegz(: 5.0, df =

In accordance with the EPPO (1995) guidelines, th&, P = 0.025), Probit analysis was performed and lethal
warfarin content of the test formulation was reduced tdeeding period percentiles were calculated separately for

Results and discussion

Table 1 Mortality in the bandicoot rat after no-choice feeding on bait containing 0.003% warfarin for various numbers of days.

Sex/Feeding Body weight

Mortality Amount of active ingredient (mg/kg) consumed

Daily intake of Mean days

days (9) (dead Survivors NoN-sUrvivors warfarin to death

meant se tested) mearnt: se meant se (mg/kg/day)

(range) (range) meant se ()

Males
1 289.8+£9.3 3/10 2.20.2(1.6-2.8) 2.920.5(2.2-3.9) 2.61+0.12 (61) 6.7
2 261.2+17.7 5/10 4.20.3(3.1-5.1) 4.8 0.3 (4.0-5.7) 3.01+£0.16 (51) 7.6
3 255.5+£19.9 7/10 6.6 0.6 (5.4-7.6) 9.3 1.2 (6.0-15.3) 3.18 +£0.18 (41) 7.0
4 230.0+ 13.6 6/10 14.6 2.7 (11.0-22.7) 1412.1(9.2-23.5) 3.05+0.21 (31) 8.8
5 211.8£16.2 9/10 12.4 16.8 1.5 (9.0-25.8) 2.28 +0.21 (20) 7.7
6 265.9+ 9.2 11/11 - 13.2 0.9 (7.1-17.3) 1.79£0.35(8) 7.0
Females
2 240.5+9.0 1/10 4.8 0.2 (3.9-5.7) 7.0 2.78 £ 0.11 (60) 4.0
3 235.0£11.9 3/10 8.2 0.9 (6.6-12.7) 8.71.1 (7.2-10.9) 3.02 £ 0.14 (50) 8.7
4 220.0£17.8 8/10 13.23.1(10.7-16.8) 1151.3(7.4-16.8) 2.90 £0.13 (39) 7.4
5 227.8£11.3 8/10 11.60.7 (11.1-12.1) 13381.3(9.3-21.4) 2.57 +0.14 (28) 7.4
6 228.4+10.9 8/10 22.%+1.4(20.8-23.5) 16.11.1(13.5-22.6) 2.05+0.23 (19) 8.0
7 241.4+ 16.6 11/11 - 14.3 2.4 (3.4-30.3) 0.98 £ 0.38 (9) 7.5
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each sex. Against a 0.003% warfarin formulation, 4f~P mortality after a 6-day feeding period with single male
values of 1.9 and 3.4 days, and lgFalues of 15.5 and and female survivors consuming 3.0 and 2.7 mg/kg
9.1 days were obtained for males and females, respewarfarin, respectively (Brooks et al. 1980), while in
tively. EPPO (1995) recommend the use of the dgFP Karachi, male and female survivors consumed maximum
(rounded up to the next whole day) as the discriminatindoses of 97 and 87 mg/kg warfarin respectively (Greaves
feeding period to identify anticoagulant resistance (theand Rehman 1977). The present population would appear
resistance checking test). On this basis, the discriminatirtg be more tolerant to warfarin than the Rangoon popula-
feeding period for warfarin resistance in the bandicoot raton but more susceptible than the Karachi population.
is 16 days and 10 days for males and females, respegrooks et al. (1980) considered these variations in suscep-
tively. tibility to be attributable to the selection pressure resulting
The mean time from initial feeding on the warfarinfrom the consistent use of first-generation anticoagulants,
formulation to death was 770.25 daysi{ = 41) and 7.6 t0 geographical variations, and to the distribution of band-
+ 0.30 daysr{ = 39) for males and females, respectively.iCOQt rats as isolated races in both urban and agricultural
No significant difference between the sexes was observ&fvironments.
(F =0.2, df = 79P = 0.72). Of the 122 rats tested, 88 In the present study, one can speculate that survival of
(72.1%) were affected by the poison (with externathe female animal and its potential descendants following
bleeding and/or the ‘stop feed’ effect) and of these, 8@ prolonged warfarin treatment could initiate a resistance
animals died and 8 animals recovered completely anfbcus. The amount of warfarin consumed by this female
survived the test. Of the 80 animals that died, three devalat is similar to that consumed by survivors in the Karachi
oped symptoms of poisoning (the ‘stop feed’ effect) orstudy (Greaves and Rehman 1977).

the third day of the test. In this study, using a 0.003% warfarin formulation,

For the bandicoot rat, males would appear moreomplete mortality was achieved with a feeding period of
susceptible to warfarin than females. Of animals dying and 7 days for males and females, respectively, thus
after the consumption of less than 5 mg/kg of warfarindemonstrating that bandicoot rats are highly susceptible to
14.6% (6/41) were males and 5.1% (2/39) were femalesyarfarin. However, Probit analysis calculated L§P
and the maximum warfarin dose survived by femalesalues of 1.9 days and 3.4 days, and df\Rlues of 15.5
(23.5 mg/kg) was greater than that survived by maledays and 9.1 days for males and females, respectively. The
(22.7 mg/kg). A similar sex difference has been reportetlFPgg values are much longer than expected, particularly
for the Norway rat (Greaves and Cullen-Ayres 1988).  for male animals.

The results for the screening of the survivors of the Consumption of test bait (and thus active ingredient
LFP test against field-strength warfarin (0.025%) areiptake) was reduced as the test progressed (Table 1).
summarised in Table 2. The only survivor was one femaldmong the 88 affected rats, 9 males and 14 females
that consumed a warfarin dose of 79.1 mg/kg. In thigxhibited the ‘stop feed’ effect, and the majority of these
study, the maximum warfarin dose consumed by all othdrelonged to test groups that were fed warfarin for 5 days
animals that survived a feeding test was 23.5 mg/kg. Ther more. This ‘stop feed’ phenomenon has also been
above female has survived a dose more than three timecorded and described in both the Norway rat and the
greater than that survived by all other animals tested. = house mouse (Rowe and Redfern 1964; Drummond and

Considerable variation in sensitivity to warfarin for Wilson 1968; Lund 1988).
different populations of bandicoot rat has been reported In the analysis of the susceptibility baseline data,
(Deoras 1967; Renapurkar et al. 1973; Greaves arfrobit analysis will assume that the incremental increase
Rehman, 1977; Brooks et al. 1980). Previous studies an feeding period will be equal throughout the test period.
warfarin susceptibility in the bandicoot rat showed twoHowever, in the present study (Table 1), the incremental
levels of susceptibility. In Rangoon, there was highincrease of bait consumed was reduced on'thé'B and

Table 2Mortality in the bandicoot rat after no-choice feeding on bait containing 0.025% warfarin for 4 days.

Sex Body weight Mortality Amount of active ingredient (mg/kg) consumed
@) (dead/tested) Non-survivors Survivor
meant se meant se
(range)
Males 353.0- 17.2 6/6 63.1+ 11.3 (54.6-81.1) -
Females 308.4 13.5 12/13 60.9- 7.7 (43.8-72.4) 79.22

 Subsequent feeding till death on warfarin (0.025%) resulted in mortality on day 8 after consuming 82.77 mg/kg.
Daily intake was: 8.75, 14.29, 16.79, 14.46, 12.77, 8.30, 7.23 and 0.18 mg/kg.
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7! days. This would seriously compromise the ProbiDeoras, P.J. 1967. Tolerance status of some rats to an anticoagu-
analysis, particularly for estimates of higher percentiles. lant poison. Current Science, 36, 207-208.
The problem would appear to be greater for males than f@rummond, D.C. and Wilson, E.J. 1968. Laboratory investiga-
females, and would account for the lower LfPalue and tions of resista_nce to warfarin Sfattus norvegicuBe_rk. in _
higher LFRg value of males compared to females, despite Montgomeryshire and Shropshire. Annals of Applied Biol-
the fact that dose mortality data indicates that males are °9Y: 61, 303-311. _ o _
more susceptible to warfarin than females. EPRO (European Plapt Protec.tlon Organization) 1995. Guide-
The test procedures suggested by WHO (1982) and line for the _evaluatlon of reS|stanc_e to plant protec_tlon prod-
EPPO (1995), requiring the strength of the anticoagulant ?g(;se.ntil—sjsélsrngPrggeghslle:i?lr 2r5es5|§t§1_né:ges o anticoagulant
rodenticide to be adjusted so that some of the suscepti ' rd o '

. ) ) ) ! ney, D.J. 1971. Probit analysi&d &dition. Cambridge, Cam-
population will survive after 4 to 6 days feeding on antico- bridge University Press, 333 p.

agulant, is Cons'_dered f'awe‘?" because of the ‘stop _feeg,reaves, J.H. 1994. Resistance to anticoagulant rodenticides. In:
effect. One possible option might be to assess mortality on gyckle, A.P. and Smith, R.H., ed., Rodent pests and their

the basis of active ingredient intake rather than duration of control. Wallingford, UK, CAB International, 197-217.

the feeding period. However, a reduced anticoagulamreaves, J.H. and Cullen-Ayres, P.B. 1988. Genetics of difena-

strength could undermine the efficacy of the compound in  coum resistance in the rat. In: Suttie, J.W., ed., Current

use due to possible metabolic clearance of low daily doses advances in vitamin K research. New York, Elsevier Science

of anticoagulant—an aspect that may not be related to Publishers, 381-388.

genetic resistance. Greaves, J.H. and Rehman, A.B. 1977. The susceptibility of

Lethal feeding period tests are a useful tool for the Tatera indica Nesokia indicaandBandicota bengalensi®

assessment of physiological resistance, and can be used tothree anticoagulant rodenticides. Journal of Hygiene, Cam-

provide a realistic assessment of the likely impact of resis- Pridge, 78, 75-84.

tance in the field situation. However. where feedind—undv M. 1988. Detecting and monitoring of resistance to anti-

periods extend beyond 4 days, the ‘stop feed’ effect can coagulant ro.derg'c'des Il? pIOPUEtht’.nS cj\?\;own draagus' .

affect results, either by causing an overestimation of the norveglcu; in enmark. 1n. Sutbe, J.W. ed. Lurren
SR . . advances in vitamin K research, New York, Elsevier Science

LFPgg discriminating dose for susceptible animals, or by Publishers. 399-405

misclassifying a susceptible animal as resistant in th ' '

L . . ﬁlathur, R.P., Kashyap, N. and Mathur, M. 1992. Bioefficacy of
subsequent application of the resistance checking test. anticoagulant rodenticides. In: Prakash, I. and Ghosh, P.K.,

ed., Rodents in Indian agriculture. Jodhpur, India, Scientific
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Abstract. Cheetham Hill is an inner city area of Manchester, England. A study area that was typical of other areas of
the city was defined which contained 253 domestic properties. The area has a diverse mix of domestic properties rang-
ing in age and type from pre-1919 terraces to more recently built detached/semi-detached dwellings in public and pri-
vate ownership. Tracking plates were used to detect rat activity externally, but little evidence was found. Only two
properties in the area were found to have indoor rat activity. A qualified surveyor gained access to 117 properties to
undertake a thorough constructional survey. Fifty per cent of the properties had indoor mouse infestations. The factors
associated with these indoor infestations were examined. Variables that were significantly associated with indoor
mouse infestations were screened and allocated to one of four models. Binary logistic regression was used to explore
the ability of these models, including a total model, to predict the likelihood of indoor mouse infestations. All five
models significantly improved the ability to predict indoor mouse infestations in the study area. Whilst the model
which had all variables included was the most reliable in predicting infestation, those which relied on general factors
(tenure of the property, date of construction, and type of dwelling) or the external structure (state of the damp-proof
course, external front and back overall assessment, gaps on the door thresholds, and the presence of airbricks) also
proved useful. These models could be used to investigate other urban areas to confirm their reliability in predicting
indoor mouse infestations. The need for a review of the way in which rodent control services are resourced and deliv-
ered in the United Kingdom is discussed.

Introduction (Murphy and Oldbury 2002). Local authorities in the UK
have powers to enforce statutory instruments to protect
The two main commensal rodent species in the Unitggublic health, and although there is no statutory require-
Kingdom (UK) areMus domesticusind Rattus norveg- ment for them to undertake treatments to control rodents
icus. Both pose a potential threat to public health througin domestic premises, many local authorities do provide
the diseases they may carry and, therefore, an undeuch a service. The way in which this service is operation-
standing of their distribution and potential contact withalised varies across the UK with local political pressures
man is important in trying to estimate the actual riskand sensitivities determining decisions regarding whether
posed. The English House Condition Survey (EHCS) isharges are levied for the service. Charging is often
undertaken every 5 yeaed examines the state of therelated to historical (and often erroneous) views about rats
housing stock in the UK. The 1996 survey form includedind mice, with rats being classified as public health pests
questions relating to rodent infestations and provided gand therefore usually treated free of charge in domestic
important indication of the levels of rodent infestationgyremises) and mice as nuisance pests (with a charge made
associated with domestic properties. This survey reportégr domestic treatments). Some local authorities attempt
modest infestation rates of 1.83% for mice living indoorsio offset the cost of their public health pest control activi-
0.23% for rats living indoors, and 1.6% for rats livingties by charging commercial rates for treatment of
outdoors (Langton et al. 2001). nuisance pests such as wasps, garden ants and mice. In
Colvin and Jackson (1999) emphasised the need &gidition to the services that may be offered by local
define the characteristics within a habitat that favour infesuthorities, private pest control companies offer services
tation and Advani (1995) demonstrated that, in urban envie eradicate pests in domestic properties, and house-
ronments, areas with inadequate sanitary and buildiffwplders are able to purchase rodenticides for personal use.
maintenance measures had higher numbers of rats. Socio-| gcal authorities that do undertake domestic infesta-
economic factors were also found to influence the ecologipn treatments are often hampered in their efforts to effec-
of commensal rodents (Childs et al. 1991). tively control domestic mouse infestations. Whilst
In the UK, a plethora of organisations is involved inrigorous legislation relating to food premises exists which
controlling commensal rodents in the urban environmergrovides authorised officers of the local authority (usually
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Environmental Health Officers, EHOs) with powers ofcontact with the research team and appointment times
entry, the law relating to commercial non-food andconvenient to the resident were agreed. As the same
domestic premises is relatively weak. The main piece afurveyor undertook all of the surveys, consistency was
legislation used in these settings is tAeevention of assured. He did not attempt to estimate the size of the
Damage by Pests Act 194BDPA). This legislation was population but recorded evidence (presence of rodent
introduced primarily to protect agricultural crops againstiroppings, hairs, gnawing, runs, smells, damage to goods,
rodent damage and its fundamental weakness is thatf@otprints/tail swipes) of internal mouse infestations. In
does not furnish EHOs with powers of entry. Althoughaddition to searching for signs of rodent infestation, he
some local authorities have introduced local legislation talso asked the resident whether he/she thought the
provide such powers of entry (for example, Geeater  property was infested and to show him the signs of infes-
Manchester Act 19§1many do not have such legislation tation. A survey report for each property was completed,
in place. Thus, if an infestation is confirmed within aand data were compiled in an SPSS electronic database.
terraced property, EHOs are often unable to gain access@ooss-tabulations were carried out against presence or
all properties to treat the block if the owner refuses entryabsence of indoor mouse infestations, and where signifi-
A tool to predict the likely presence of domestic mous€ant associations were found, the variables were screened
infestations would prove useful in two ways. Firstly, itand spurious results excluded. Variables that were signifi-
could be used as supporting evidence to convince a Magigant, plausible and relatively easy to assess in the field
trate of the need to issue a warrant allowing access to proggere grouped into four categories (see Table 1 for details
erties to confirm the presence of an infestation and speci@f the characteristics included in each model):
measures to eradicate the infestation. Secondly, and more general characteristics of the property;
importantly, it would provide evidence to those who set the external structure;
resource levels available for pest control work that there issa general food hygiene within the kitchen area; and
need to undertake block treatments in certain situations t0 general environment external to the property.

ensure long-term and cost-effective control. Meyer angising these categories, four models were tested using
Drummond (1980) raised concerns about the effectivenegary |ogistic regression to examine the goodness of fit in
of pest control services that only react to public reports qfregicting indoor mouse infestations. In addition, all vari-

infestations. By treating individual premises in an infestedjes used in the models were entered into a total model.
block, the likelihood of re-infestation from neighbouring

properties is high. While they acknowledged that the initial ) )
costs of undertaking block treatments was significant, they Results and discussion
found that once the infestation had been reduced by the first

systematic treatment, the extra cost of keeping it low wasifty per cent of the properties surveyed were found to be
financially justified. infested with mice indoors. This is significantly higher

Fhan the levels of indoor mouse infestations reported in
the EHCS %2 = 933;p <0.001). Whilst the sample size in
Cheetham Hill is modest, this difference may highlight a
potential problem with the way in which the EHCS data
were collected and weighted. Meyer and Drummond
Materials and methods (1980) reported the effects of clumping in mouse infesta-
tions, and the EHCS, whilst giving a good indication of
The research area in Cheetham Hill, Manchester, is iafestations across the UK, may miss the clumping effect,
typical inner city residential area with a mixture ofparticularly in urban areas with a high proportion of older
privately and publicly owned domestic properties rangingerraced properties.
in age from pre-1919 terraces to post-1964 detached and The relationship between specific variables and the
semi-detached properties. The research area encompasggssence of mouse infestations was explored using a chi-
253 residential properties. A qualified surveyor gaine@quare analysis (Table 1). Whilst individually these asso-
access to 117 properties and surveyed them internally agghtions are valuable and provide important information
externally. Only 2 of the 253 properties in the area hagbout the factors which may influence the presence of an
evidence of ratiside the property, and only 4 of the196indoor mouse infestation, using them within a model
tracking plates placed externally throughout the study sitgrovides a mechanism to examine the relative importance
showed evidence of rats outside the properties (see Tayler difference characteristics within the environment.
and Quy 1973for techniques used)The analysis Results from the four models plus the total model showed
presented is, therefore, based on evidence of mouggat for each model the drop in the —2 log-likelihood
activity inside the properties. statistic was significant (Table 2), confirming that each
The surveyor inspected each property internally andignificantly improved the ability to predict the presence
externally and scored the general area with regard to foof domestic mouse infestations. The Hosmer and
general aspects of the properties (described below). Themeshow test statistics were all non-significant,
surveys were undertaken between January and May 20@&nfirming a good fit between the logistic equation and
Residents either volunteered or were recruited durinthe observed data.

This paper examines the reliability of using externa
and internal factors in predicting the likelihood of the
presence of indoor mouse infestations.
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Table 1. Variables related to four general aspects of the properties surveyeg’vathtistics, significance levels and percentage
mouse infestation for each variable (df = degrees of freedenmumber in sample, LA = local authority).

GENERAL CHARACTERISTICS (Model 1) KITCHEN (Model 3)
Tenure of the property Kitchen food storage
(x* = 9.04, 2 dfp = 0.011) (x* = 15.85, 2 df,p < 0.001)
Variable n % infested Variable n % infested
Privately owned 84 48 Good 34 23
Privately rented 23 71 Satisfactory 69 58
LA rented 10 20 Poor 14 79
Date of construction Kitchen refuse storage
(x* = 42.14, 3 dfp < 0.001) (* = 20.52, 2 df,p < 0.001)
Pre-1919 60 77 Good 34 23
1919-1939 6 67 Satisfactory 69 55
1940-1964 3 67 Poor 14 93
Post-1964 48 15
Dwelling type Kitchen under-cupboard access
(x> = 31.7, 1 df,p < 0.001) (x> =9.77, 1 df,p=0.002)
Detached/semi-detached 43 16 Yes 73 62
Terraced/flats 74 70 No 44 32
EXTERNAL STRUCTURE (Model 2) Kitchen overall hygiene
(* = 14.35, 2 df,p = 0.001)
Damp-proof course (front and back) Good 34 23
x* = 25.58, ,p<0. atisfactory
(x* = 25.58, 1 df 0.001) Satisf 64 59
Satisfactory 72 32 Poor 19 68
Unsatisfactory 45 80
External front and back overall assessment GENERAL ENVIRONMENT (Model 4)
(x> = 5.4, 1 df,p=10.02)
Satisfactory 100 46 Vacant properties
Unsatisfactory 17 76 x? =19.09, 1 df,p < 0.001)
Gaps on external door thresholds Little problem 51 27
=14.11, p<0. ubstantial problem
¥? =14.11, 1 df 0.001 Sub ial probl 66 68
Gaps present 30 80 Industrial waste/rubbish
No gaps 87 40 (¢* = 19.09, 1 df,p < 0.001)
Airbricks Little problem 51 27
x> =11.86, ,p=0. ubstantial problem
(x*=11.86, 1 df 0.001) Sub ial probl 66 68
No airbrick present 50 32 Domestic waste/rubbish
Airbrick present 67 64 (¢* = 19.09, 1 df,p < 0.001)
Little problem 51 27
Substantial problem 66 68
Evidence of residents feeding pigeons
(x> = 17.57, 1 df,p < 0.001)
Little problem 50 28
Substantial problem 67 67

Table 2. Statistics for binary logistic regressions (models 1-4 and total model).

Model 1 Model 2 Model 3 Model 4 Total model
Initial —2 log-likelihood 162.2 162.2 162.2 162.2 162.2
Model -2 log-likelihood 104.1 123.7 130.5 141.9 74.2
Chi squared 58.1 38.5 31.6 20.32 88.0
Significance p <0.001 p<0.001 p <0.001 p<0.001 p <0.001
Hosmer Lemeshow test p=0.992 p=0.838 p=0.997 p=0.964 p=0.858
R 2 0.358 0.237 0.195 0.125 0.542
% sample correctly classified 82.1 72.6 69.2 70.1 83.8
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The RL2 statistic (the proportional reduction in the ments. Meyer and Drummond (1980) emphasised the
absolute value of the log-likelihood) confirmed that whilstneed for such an approach over two decades ago, but little
the total model was best at predicting the outcome varprogress in implementing such a policy has been made.
able, model 1 provided the next best predictor of interndUrban pest control is often viewed as a low priority, and
mouse infestation. The ability of the models to correctlythere is, therefore, little hope of a review of the legislative
classify each case ranged from 69.2—83.8%, with the totbdlamework. Sadly, a serious outbreak of rodent-borne
model again proving to be the most reliable. disease within an urban setting is likely to be the only

Although the total model was the most reliable, thedriver to provide the impetus for such a review. Although
collection of all the data specified in this model is resourcg0 evidence of behavioural or physiological resistance to
intensive and in some instances, where access to tfedenticide baits was found in the mouse populations in
property is denied, impossible. The use of external chara&heetham Hill, resistance has been confirmed in other
teristics that are relatively easy to assess may providemaouse populations within the UK (Humphries et al.
useful indication of the likelihood of internal mouse infes-1992), and if these resistant populations increase, their
tations. The high prevalence of infestations in olderavoidance of bait and bait stations may further hamper
privately rented, terraced properties with external indicacontrol measures.
tors of poor general maintenance concurs with previous
studies and these may be more useful indicators of infesta-
tion than internal hygiene measures. The problems of References
leaving potential pockets of infestation within blocks areagvani, R. 1995. Mouse populations and their control in New
well recognised (Rennison and Shenker 1976). However, York City. International Biodeterioration and Biodegrada-
the constraints of the current legal framework in the UK, tion, 36, 135-141.
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ities is to protect public health, but the current legislative
framework for rodent control and the manner of
resourcing the service make it difficult to ensure that treat-
ments are effective in protecting human health. This is
further complicated by a lack of coordination between
those providing pest control services in the public and
private sectors. The results of the Cheetham Hill study
confirm the need for a holistic approach to block treat-

472



Investigating residents’ perceptions of urban rodents
In Manchester, UK

Peter A. Marshall* and R. Gai Murphy

Built and Human Research Centre, Allerton Building, University of Salford, Salford M6 6PU, UNITED KINGDOM
*Corresponding author, email: P.A.Marshall@salford.ac.uk

Abstract. The need to understand and explore the perceptions about urban rodents in communities is an important and
often neglected area of urban rodent control programs. This study investigated the perceptions of a group of residents
living in an inner city area of Manchester about urban rodents. The study area contained 253 domestic properties, and
a questionnaire was sent to all these properties. A response rate of 88.5% was achieved. Forty-four per cent of residents
stated that they currently had mouse infestations in their property, 44% stated they did not, and the remaining 12%
were unsure. Residents were asked to indicate their levels of agreement with nine statements about rodents. The vast
majority clearly understood the potential risks to health posed by rodents and that infestations were likely to spread
through blocks. The majority of respondents agreed with the statement that poisons were the best way to get rid of
mice (65%) and rats (71%), suggesting that they may overestimate the efficacy of such an approach and underestimate
the impact of environmental management. This view was supported by analysis of their approaches to treatments, with
a heavy reliance on the use of poisons and little attempt to undertake environmental management. Significant differ-
ences in opinions were found when the sample was split into those with and without experience of domestic mouse
infestations. This study underlines the importance of providing communities with clear, consistent advice on the biol-
ogy of urban pests and coordinated approaches to control. The need for fundamental research on the biology and con-
trol of rodents in the urban environment is acknowledged.

Introduction and beliefs about the issue at hand; their level of recep-
tivity and openness to the ideas being communicated; and

The need to understand and explore the risk perceptionstbgir concerns about the issue will also affect the way in
communities is an important and often neglected area wfich risks are communicated (Bier 2001).
urban rodent control programs. Only by establishing these Rowan (1991) identified five possible goals of risk
factors can effective risk communication with the publiccommunication: building trust in the communicator;
be successfully undertaken. Previous attempts to involvaising awareness (e.g. of the potential disease hazard of
local residents in control programs have reported varyingdents); educating; reaching agreement (e.g. on a partic-
degrees of success (Margulis 1977; Colvin and Jacksatar strategy for ensuring long-term control of rodent
1999; Lambropoulos et al. 1999). However, if communiinfestations); and motivating action (e.g. encouraging resi-
ties are not centrally involved by ensuring their beliefs andents to adopt an integrated control strategy to reduce
perceptions of urban rodents are incorporated into contrielvels of infestation). Because of this multiplicity of
programs, then they may believe that rodent control igurposes, different strategies of risk communication may
someone else’s responsibility and that they have little the appropriate for different goals.
contribute to control programs. A small, but growing, The success of botiMus domesticusand Rattus
body of empirical work in risk communication and relatechorvegicuscan be largely attributed to their ability to live
fields has investigated the effects of different messagg close association with man (Rowe 1973; Shenker 1973;
formats. No single presentation format has been found ©hilds et al. 1991). Although rats and mice have been
be unequivocally the best, and the preferred formdbund to harbour a wide array of pathogens, the actual
appears to vary depending on whether the purpose of theagnitude of the public health threat posed by rodents
risk communication effort is to educate, to affect riskemains unclear (Gratz 1994; Childs et al. 1998). An
perceptions, or to motivate people to take appropriaténderstanding of the distribution, behaviour and potential
actions. Characteristics such as the audience’s level ofntact of urban rodents with humans is essential in trying
knowledge and education; their mental models, attitudes estimate this public health risk. Different perceptions in
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the attitudes of the public to rats and mice may influencknow. Those respondents who did not currently have an

the way in which they implement their own control strateinfestation were asked whether they had experienced

gies and such actions may inadvertently facilitate thenouse infestations in the past and 41% stated that they
establishment of chronic infestations. This studyhad. The reliability of this information was validated by
examined the perceptions of residents to rodents armbmparing it with the results from mouse tracking plates
examined the beliefs they have about approaches to tre&dft in 202 properties, which confirmed mouse activity in
ments. 73 (36%).Whilst lower than that estimated by the resi-

dents, it does show that the data provided by the residents

. are reasonably reliable. The overall level of mouse infesta-

Materials and methods tion is considerably higher than that quoted by Langton et

Cheetham Hill is an inner city area of Manchester with z?l' (2001) of 1.83%. Whilst the two studies have funda-

history of pockets of chronic mouse infestations, Whicﬂnental differences in the sampling techniques used, the

local residents regularly reported to the politicians reprec_hfferences in |nfestat|on. rates are stnlqng and suggest
at the random sampling of properties reported by

senting that area. However, a review of Manchester Cit .
Council's pest control section records found littleZ2n9toN et al. (2001) may miss concentrated pockets of
gnouse infestation.

evidence of the reporting of these infestations. Th
charging policies of local authorities on rodent treatments . .
vary throughout the United Kingdom (UK) and are oftenRat infestations
related to historical (and often erroneous) views about rats Although the project focused primarily on mouse
and mice, with rats being classified as public health pesisfestations, several questions related to rats. Respondents
(and therefore usually treated free of charge in domestigere asked whether they thought rats had been present in
premises) and mice as nuisance pests (with a charge mate research area during the previous 12 months. Forty-
for domestic treatments). Whilst Manchester Cityeight per cent thought rats had been present, 45% did not
Council's pest control section does undertake domestinow and only 7% believed there were no rats present.
mouse infestation treatments, up until May 2002 a signifiThey were asked to clarify what information they had
cant charge was levied for such treatments (apart fromsed to come to this view. The most common evidence,
those occurring in Council-owned properties) and mayited by 59% of respondents, was that someone else had
partly explain the low numbers reported to them. told them. Fifty six per cent stated that they had seen rats,
A site within Cheetham was selected and the boundt5% stated they had heard them, and 3% gave other
aries were defined to ensure that the study area reflectedeasons. Residents were asked to indicate on a map the
‘typical’ inner city Manchester area in terms of propertyareas where they had seen rats. Of the 274 rat tracking
types (including terraced, semi-detached, detached amdates were placed in the study area (6.65 ha) for four days
cottage flats ranging in age from pre-1919 terraces to pogsee Taylor and Quy 1973 for technigues), only four plates
1964 semi-detached houses), ownership (public/privatshowed positive rat activity. This would suggest that resi-
and the demographics of the population. The study sitdents may overestimate the presence of rats and may
contained 253 residential properties. Community eventamplify the risks posed by rats. Only 31% of those who
before the fieldwork commenced, followed by regulabelieved rats were present had reported it to anyone,
newsletters, ensured that the residents within the study sidespite the fact that the local authority provides free treat-
were aware of the aims of the project. All householders iments to control domestic infestations.
the research area were asked to complete and return a
guestionnaire that sought general and specific informatioBioncerns about the presence of rodents

on personal details, experience of mouse infestations and Respondents’ concerns about rodent infestations were

ge_neral beliefs abo%“ rodents. All data from the que,StiorExplored. Residents were asked to indicate their level of
naire were entered into a SPSS database for analysis. .oncerm about mouse and rat infestations. Seventy per

cent indicated that they were very concerned about mouse
Results and discussion infestations, 20% reported they were concerned, and 4%
reported they were not concerned. Eighty-one per cent
Two hundred and twenty-four questionnaires werestated they were very concerned about rat infestations,
returned, giving a response rate of 88.5%. This high5% stated they were concerned, and 3% reported they
response rate was achieved by sending out further quesgere not concerned. There was a significant relationship
tionnaires to non-respondents and by the efforts dfetween levels of concern about rats and miée (L07.6,
community members in encouraging non-respondents wf = 4,p < 0.0001). Results from intensive tracking show

complete and return them. little evidence of rats in the area, but high levels of mouse
infestations, yet high levels of concern about both species
Mouse infestations were found.

Forty-four per cent of respondents reported that they Respondents were asked to specify why they were
currently had a mouse infestation in their property, 44%oncerned about mouse infestations= 132) and the
stated that they did not, and 12% reported that they did nta#rgest group (47%) cited diseases or that they were
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unhealthy. Fifteen per cent mentioned that they wermay overestimate their efficacy in controlling rodent
concerned about the problems they brought to the area apdpulations. The importance of environmental improve-
14% stated that they did not like them. ments may need to be emphasised.

Respondents were asked to consider nine statements Whilst the majority of respondents believed that
and to indicate on a four-point scale their agreement withoisons should be removed when mice were not present,
each statement (Table 1). The analysis that follows wasver a third (35%) agreed or completely agreed that
based on the valid responses, and missing cases wégaving poisons down all the time was a good strategy to
ignored. adopt. Respondents may not be aware that leaving poisons

The link between the presence of rodents and thdown may result in the poison losing potency and may
transmission of disease was well understood by responiso encourage the development of resistant mouse popu-
dents with 96% and 99%, respectively, agreeing olations.
completely agreeing that people could catch diseases from There was clear confusion about where rats are likely
mice and rats. However, anecdotal evidence suggests thatlive, with 71% agreeing that rats live inside houses.
residents are unclear as to the nature of these risks alibis may have been influenced by media reports, which
may be overestimating the actual risks posed. Cheethafirequently cite rodents gaining entry to premises via
Hill has suffered from chronic pockets of mouse infestatoilets etc. This may also partially explain the high levels
tions for many years and it was, therefore, predictable thaf concern regarding the presence of rats in the area.
the majority of respondents (73%) would acknowledge To investigate whether views varied between those
the difficulties of eradicating such infestations. respondents who had experience of infestations (either

The high levels of agreement that if their neighboukcurrently or previously) and those who had not, the respon-
has mice then they are likely to get mice (94%) suggestfents were split into two groups: those with=(154) and
that respondents appreciate the importance of construgithout (0 = 64) infestation experience. The responses to
tional features in facilitating infestations and the need tethe nine questions were collapsed into two categories
treat all properties in a block. (completely agree/agree and disagree/completely disagree)

There was a fairly even split between those whand chi-squared tests applied. No significant differences
agreed (52%) and disagreed (48%) with the statement thatre found to the responses for: disease transmission from
mice are more likely to live in dirty houses, whichmice @ = 0.174) and ratsp(= 0.843); risk of infestation
suggests that not all of the respondents may appreciate tinem neighbouring propertyp(= 0.0550); leaving poisons
need for high levels of hygiene when attempting to eradidown all the timegf = 0.913); using poisons is the best way
cate mouse infestations. to get rid of ratsg = 0.218); or that rats live inside houses

Chemical poisons will usually form an essential(p = 0.55). Significant differences between those with and
element of a rodent control strategy, but analysis of theithout previous experience of mouse infestations were
responses on whether using poisons is the best way to detind in the responses to: easy to get rid of m@'Ee 6.45,
rid of rats (71%) and mice (65%) suggests that residentf = 1, p = 0.011); mice more likely to get live in dirty

Table 1.Analysis of the responses to nine statements about rodent®24; CA = completely agree, A = agree, D = disagree, CD =
completely disagree). The percentages presented relate to valid cases; the number of missing cases is shown below each statemen

Statement CA A D CD
People can catch diseases from mice 137 61 7 1
(Missing cases = 18) 66% 30% 3% <1%
People can catch diseases from rats 153 51 3 0
(Missing cases = 17) 74% 25% 1% -
It is easy to get rid of mice 14 41 100 48
(Missing cases = 21) 7% 20% 49% 24%
If my neighbour has mice | will get mice too 99 93 13 0
(Missing cases = 19) 48% 45% 6% -
Mice are more likely to live in dirty houses 50 54 77 20
(Missing cases = 23) 25% 27% 38% 10%
Using poisons are the best way to get rid of mice 48 78 55 14
(Missing cases = 28) 25% 40% 28% 7%
Using poisons are the best way to get rid of rats 73 66 37 20
(Missing cases = 28) 37% 34% 19% 10%
Always leave poisons down, even if you don't have mice at the moment 27 39 73 50
(Missing cases = 35) 14% 21% 39% 26%
Rats live inside houses 70 68 49 6
(Missing cases = 31) 36% 35% 25% 3%
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houses? = 4.16, df = 1p = 0.041) and using poisons is without the underpinning research to establish the actual
the best way to get rid of micgz(: 6.7, df = 1p=0.01). risks posed by urban rodents, it is difficult to communicate
Respondents were asked how they thought the midBese risks effectively.

had got into their propertyr(= 132). The largest propor- Inconsistencies in the approach to the control of rats
tion (48%) stated that they did not know. Other reasongnd mice as a result of political pressures mean that resi-
included via floorboards (15%), outside doors (11%)dents receive mixed messages about the risks rodents may
general holes (7%), and the cavity walls (5%). Residentose and the most appropriate approaches to control. If
were also asked where they thought the mice were comirigsidents believe that the use of poisons is the best way to
from (n = 149). The largest proportion thought that micegain control, then they will put little effort into environ-
were coming from the garden or outside (34%). Thirtymental management—therefore they need information
two per cent thought mice were coming from next doothat is reliable and consistent on integrated rodent pest
and 20% stated that they did not know where the mic&anagement and the contributions they can make to long-

were coming from. term control. If they do not feel any sense of ownership to
the problems associated with infestations, then
Control measures approaches to coordinated control will remain piecemeal

. . and rodent populations will continue to exploit the
Analysis of the approaches adopted by those in thSlethora of niches available in the urban environment.

study area to control mouse infestations was undertaken.

Of the 154 respondentsho had experienced infestations

either currently or previously, 77% had attempted to get References

rid of the mice themselves. Respondents were given four
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Abstract. The efficacy of rodenticidal compounds can be enhanced greatly if the acceptance or palatability is improved.

In this study, the effect of the addition of L-histidine (which yields histamine, a very active substance physiologically for

decarboxylation and a useful acid-secreting stimulant) on the toxicity of the rodenticide zinc phosphide was determined

using laboratory ratdRattus norvegicysand mice fus musculys The animals were fasted for 0, 6, 12, 18 or 24 h and

then fedad libitumwith baits containing zinc phosphide (2%) alone or zinc phosphide (2%) plus L-histidine (0.004%).
Feeding of zinc phosphide alone resulted in 100% mortality inrat8) and micer{ = 8) when the fasting period

was less than 24 or 18 h, respectively. One of eight rats fasted for 24 h, and one of eight mice fasted for either 18 or

24 h, survived. There was 100% mortality in all rats and mice fed zinc phosphide plus L-histidine. Uptake of this bait

by rats was significantly greater and the time to death shorter than in the groups fed zinc phosphide only.

Introduction rodenticides in rodent pest management programs (Childs
et al. 1994). A more effective formulation of these acute
In rodent pest management programs, poison baiting is tfedenticides would be appropriate. In this study, the
most widely used technique throughout the world (Gratiesponses of laboratory raBaftus norvegicysand mice
1973; Muktha Bai 1996). Although rodenticides can béMus musculusto zinc phosphide (2%) (an acute rodenti-
incorporated either in bait, dust or water formulation§ide) were determined after they had been deprived of
(Pratt 1983), they are generally included in food baits tfpod for different periods of time (0-24 h). These
achieve good control. Much effort has been made tggsponses were compared with those of fasted rats and
improve the palatability of rodent baits to ensurdnice fed zinc phosphide bait (2%) also containing L-histi-
maximum ingestion by the target rodent pests and thereg§ne (0.004%). In the stomach, the histidine is decarboxy-
improved efficacy. A survey of the literature indicates tha@ted to yield histamine, which stimulates acid secretion
several attempts have been made to improve the palgfd aids the liberation of the phosphine gas.
ability of various rodenticides, including alpha-chlorohy-
drin (Ericsson et al. 1971), alpha-chlorolose (Greaves et
al. 1968; Cornwell 1970), norbormide (Greaves et al.
1968; Cornwell 1970; Jackson 1974), strychnine (US .
Patent 1960), warfarin (Cornwell 1970: Abrams and@Its
Hinkes 1974), and zinc phosphide (Cornwell 1970; El- Zinc phosphide (technical grade, 94% purity; Tata
Sebae et al. 1978; Anonymous 1986). These studies havison, Bombay) and L-histidine (Fluka Ag, Switzerland)
involved a variety of methods such as encapsulation angere used. These were mixed thoroughly with the basal
micro-encapsulation. The results obtained have shown, itiet (wheat flour, 26.6%; ragi flour, 26.6%; chickpea flour,
most cases, some improved palatability, but mortality wa®6.7%; peanut oil, 10%; casein, 6.7%; calcium carbonate,
reduced. However, there is limited information availabl®.7%; shark liver oil, 0.7%; and common salt, 2%) to the
regarding the effect of compounds/additives havingequired concentrations of (i) 2% zinc phosphide or (ii)
different pharmacological or physiological modes 0f2% zinc phosphide plus 0.004% L-histidine.
action on the palatability of rodenticides.
Recent outbreaks of hantavirus pulmonary syndrom@nimals

(HPS) and resistance to second-generation anticoagulant Adult albino rats Rattus norvegicusCFT-Wistar strain;
rodenticides have demonstrated a need for use of acuiles, 180-220 g; females, 160-190 g) and adult albino

Materials and methods
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mice (Mus musculusmales, 25-35 g; females, 18-30 g)stock diet and watead libitum and the results obtained
were maintained under 12 h dark and 12 h light periods atere statistically analysed. The results of rats fed zinc
25°C+ 5°C in the animal house at the Central Food Techphosphide and zinc phosphide plus L-histidine for
nological Research Institute. Ten groups of eight rats (foudifferent fasting periods were compared for parameters
males and four females) each were housed individually isuch as body weight, bait intake, and active ingredient
polypropylene cages (418 282 x 150 mm) and were intake using analysis of variance, followed by Duncan’s
provided with food and water ad libitum. Similarly, mice new multiple range test whenever significant results were
were also divided into ten groups of eight animals each bgbtained (Douglas 1991).
were housed in groups of four per cage (R¥P0Ox 140
mm). All the animals were acclimatised for a period of 7
days. These experiments were approved by the Institute’s Results
Animal Ethics Committee.

Laboratory rats (R. norvegicus)

Test procedure Although at ‘zero’ h of fasting the mean ingestion of

All animals were held on a standard diet with wakr the bait was low (1.06: 0.5 g/rat) compared to the
libitum for 57 days before the experiment commencedorevious day’s food intake of 15+20.9 g/rat, all rats died
The 10 groups of rats and mice were then deprived of foadlithin 8 h (range: 6-7.30 h) (Table 1). For fasting periods
for a specific period (0, 6, 12, 18 or 24 h). For each perio®f 6, 12, 18 and 24 h, the mean ingestion of bait per rat was
two groups of animals (for both rats and mice) were use@yeater (2.6t 1.2, 3.5+ 1.3, 4.1+ 2.0 and 3.25 1.6 g,
and at the end of the fasting period they were given eithégspectively), and mortality was 100%, except in the group
baits containing 2% zinc phosphide alone or 2% zinéasted for 24 h before exposure to the bait, where one rat
phosphide plus 0.004% L-histidine. The baits were placegurvived. The time to death ranged from 4-20 h (Table 1).

in the cages for one night only and the next morning the The groups of rats given the baits containing zinc
residues were weighed and intakes calculated. Thghosphide plus L-histidine after the period of fasting
animals were closely monitored for symptoms (such amgested almost twice as much of this bait. This was
restlessness, heavy breathing, ataxia, paralysis of hisignificantly different from the corresponding values of
limbs etc.), mortality and time to death throughout theanimals given zinc phosphide alone. The average time to
experimental period. The survivors were observed furtheteath was reduced to approximately 6 hours and all rats
for a period of 3 weeks while they were maintained ordied (Table 1).

Table 1 Response of laboratory ratRattus norvegicysto baits containing zinc phosphide (2%) either alone or with added L-
histidine (0.004%) (values are mease of eight rats in each group). Means of the same column followed by different letters differ
significantly < 0.05) according to Duncan’s new multiple range test (** = very highly signifipan0(001), * = highly significant

(p < 0.01), ns = not significanp & 0.05). The parameters were also compared with the corresponding values of zinc phosphide (2%)
fed animals using student'test.

Body weight Fasting Food intake Poison bait Intake of active Mean time to Mortality
(9) period before fasting intake ingredient death (%)
(h) () (9 (mg/kg body weight) (h)
(range)
Zinc phosphide (2%)
208.5+ 10.7a 0 15.20.9a 1.06: 0.5a 102 47.5a 7.10 100
(6-7.30)
210.5£ 13.8a 6 16.1+ 2.0a 2.62:1.2b 241.7# 121.4ab 12.20 100
(6-15)
207.2+ 8.6a 12 17.4 2.4a 3.50t 1.3b 330t 124.5bc 12.20 (7-20) 100
208.1+ 6.3a 18 16.52.2a 412+ 2.0b 397. A4 192.7¢c 14.0 (4-20) 100
207.9t5.5a 24 18. 2 5.8a 3.25: 1.6b 309.6t 148.2bc 12.0 (4-20) 87.5
sem:+3.26 +1.13 +0.49 +47.97
Zinc phosphide (2%) plus L-histidine (0.004%)
169.9+ 14.1a** 0 16.0t 2.9a* 3.62+ 0.9a** 399.7+ 195a** 4.0 (2.30-8) 100
170.2+ 14.8a** 6 17.6t 2.6a* 7.12+ 1.1b** 834.6+ 80.2b** 6.16 (3-12) 100
166.8+ 11.9a** 12 16.0t 2.3a* 6.2+ 1.5b** 745+ 142 .2b** 6.0 (4-12) 100
168.8+ 13.2a** 18 17.0t 2.0a* 7.2+ 1.50% 841.8+ 118.4b** 6.32 (3-12) 100
167.9+ 12.3a** 24 16.9t 1.6a* 7.2+1.18% 851.2+ 93.5b** 6.45 (4-10) 100
sem:+4.80 +0.82 +0.44 +40.64
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Albino mice (M. musculus) reasonable to assume that the higher the bait consump-

The responses of the mice to baits containing zindo": the higher the level of mortality. However, the
phosphide were similar to those of the rats. All mice died€Sults Of our present studies have also clearly indicated
in the groups fasted for 12 h or less, and the time to deatfi@t 2ddition of L-histidine to zinc phosphide improves
ranged from 5-11 h. One mouse survived in each grou%gmﬂcantly the palatability, reduces the time to death,

where the fasting period was longer than 12 h (Table 2 ,nd enhances the mortality of rats and mice. This could
and time to death ranged from 8-24 h. While the ba e a significant achievement in the development of a new

intake of individual mice could not be recorded, as theyPrmulation of zinc phosphide and its wider application,

were housed in groups of four per cage, it was noted thgfcause other methods like encapsulation or micro-
in all the groups, all of the bait (10 g/group) Wasencapsulatlon (El-Sabae et al. 1978) or coating with

consumed. For the groups of mice fed baits containing@raffin wax or steric acid (Chyun 1973) have not
zinc phosphide plus L-histidine, all animals died and thdnProved the mortality, although acceptance/palatability

time to death ranged from 4-12 h (Table 2). was enhanced.

It is well known that the toxicity of zinc phosphide,
Table 2. Response of laboratory mickligs musculusto baits  which is hydrolysed by the acid present in the stomach
containing zinc phosphide (2%) either alone or with added Lof animals which have ingested zinc phosphide baits, is
histidine (0.004%). (Values are mean + se of eight mice in eacjye to the liberation of phosphine (Hayes and Laws
group). Mice were kept in groups of four/cage, therefore baijgg1) |n our studies, the rats with no fasting period
intake by individual mice could not be recorded. before being fed with zinc phosphide bait showed 100%

Body weight Fasting Mean time to  Mortality mortality with a mean time to death of 7.1 h. However,
(@) period death (%) feeding rats (0 h fasting) with zinc phosphide plus L-
() (h) histidine resulted in a higher intake of bait/rat (3609
Zinc phosphide (2%) g) and also reduced the mean time to death to 4 h. This

could be attributed to the action of L-histidine plus the

+ — . . .
26.9+ 12 0 8.52 (8-10) 100 presence of food in the stomach and the secretion of acid
26.9£1.5 6 7.0 (5-7) 100 in the animals (Feinburg et al. 1950; West and Todd
26.9+ 1.2 12 10.0 (8-11) 100 1961, pp. 1113-1115; Bell et al. 1965; Muktha Bai
274+ 1.9 18 12.30 (8-16) 875 1979). This was further corroborated in our experiments
28.8+ 4.0 24 22.0 (22-24) 875 by thg resul_ts_o.bse_rved _for the shorter time to_death Qf

rats given histidine in bait compared to those given bait
Zinc phosphide (2%) plus L-histidine (0.004%) without histidine.
29.0+£2.2 0 7.50 (4-10) 100 In rodent pest management programs, much emphasis
30.4+2.4 6 8.0 (4-10) 100 has been placed on increasing acceptance of toxic zinc
298+ 0.7 12 10.0 (6-12) 100 phosphide baits in the absence of improving the efficacy
of rodenticides by adding compounds/additives which
30.2£ 2.0 18 10.0 (6-12) 100

help to release the toxic gas phosphine. In the present
33.2+3.0 24 11.0 (10-12) 100 studies, the results indicate the beneficial effect of adding
L-histidine (0.004%) to zinc phosphide (2%) baits. There
. . was a significant improvement in palatability as measured
Discussion by bait consumption, an increase in mortality, and a

This study has demonstrated that fasting animals befopeecrgase n the.“f.“‘? to death aft_er_ b{:ut consumption. The
addition of L-histidine could minimise the secondary

testing the efficacy of new bait formulations may nOtI”nazards arising from consumption of carcasses of

necessarily lead to increased consumption of baits or g. ) .
S . . oisoned rats due to the presence of unreacted toxicant in
reduction in the time to death. This phenomenon has begq

observed previously (Hollander 1955; Bell et al. 1965) € rodent's stomach. Indeed, Rudd and Ge_nelly (1956)
; ~’have reported that several days are required for the

For research and development studies of new formulations . L
complete breakdown of zinc phosphide in the stomach.

of rodenticides, it may be wise to undertake a pilot experi: h h ibil f q i i
ment to determine the most appropriate period of foog us, the possibiiity of secondary poisoning occurring
uring that time could be prevented by the addition of L-

deprivation before full evaluation of new compounds. C
histidine.

When zinc phosphide baits have been used in large- . o . .
scale rodent control programs, a common criticism hag Thus, adding L-histidine (0.004%) to zinc phosphide

been the level of bait consumption by free-living roden 2%) baits may be more effective for both rats and mice

populations in the presence of alternative food source jving in free conditions with access to alternative food

In such situations, rodents may be expected to consumgurees: because there W,i” b,e an ingrease in the efficacy
smaller quantities of toxic bait and survivors mayo baits through a reduction in the time to death and a

develop ‘bait shyness’ (Muktha Bai et al. 1980: Prakalslr]ninimisation of secondary effects on non-target species.

1988). While the success of baiting programs is always
closely associated with consumption of toxic baits, it is
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Abstract. Roof rats have invaded the Phoenix metropolitan area. Although the desert surrounding Phoenix is formida-
ble to roof rats, residential and urban development has probably sufficiently altered habitat to render it suitable for roof
rats. Ongoing community and government campaigns are reducing the resources necessary for rat survival and are
working to suppress rat populations. Whether these efforts will be adequate to eradicate roof rats from the area is
unknown. Rat activity has declined over the past several months. However, it is difficult to assess whether this reduced
activity reflects decreased rat numbers or if rats have become less active during the summer heat.

Introduction development is changing the Arizona landscape. Intro-
duced plants and increasing irrigation are probably
Roof rats Rattus rattu} first arrived in the contiguous leading to an increase in rat habitat. During the 1970s, an
United States on sailing vessels along with early exploremutbreak of roof rats occurred in the warehouse district of
and colonists (Lowery 1974). Their distribution hadGlobe, Arizona. An eradication program implemented by
expanded considerably along routes of commerce by tthecal authorities continued for 3 years before Globe was
late 1700s (Jackson 1982). Subsequently, roof rat distribakaimed to be roof rat free (Hoffmeister 1986).
tion declined, particularly from northern and inland areas, In early December 2001, a resident notified the
as their populations were gradually displaced by Norwallaricopa County Environmental Services Department
rats Rattus norvegicys (Jackson 1982). The currentthat he had seen a rat outside his home in Phoenix,
distribution of roof rats within the continental United Arizona. The Department’s Vector Control Program
States is along the lower half of the East Coast, throughotgsponded by placing live-traps in the vicinity of the resi-
the Gulf States, and along the Pacific Coast. States locagght’s home. Shortly thereafter, a rat that had been electro-
within the interior of the United States are generally freeuted while crossing a power-line in the same
of roof rats. However, infested cargo may produce isolateteighborhood was positively identified as a roof rat.
infestations (Marsh 1994). Subsequently, a live roof rat was captured on 19

Roof rats have appeared sporadically in Arizona. ThB€cémber 2001. Expanded rat trapping and neighbour-
first known roof rat in Arizona occurred during 1890 withh0d reports suggested roof rats occupied approximately

dual invasions of Tucson and along the Colorado River® knt by early January 2002. This area was expanded to

near Yuma (Cockrum 1960). Two years later, roof ratficlude 41 kma couple of weeks later. _
were reported in Cochise County (Hoffmeister and Good- Th€ objective of this paper is to describe why the
paster 1954). Roof rats did not appear again until a serigdrrent rat infestation may be more problematic than those

of small invasions during 1900 in Yuma and Tucson anfcceurring before it, initial reactions to the infestation, and

towns located in the San Pedro and Santa Cruz valley€liminary results of control measures.

and then a brief emergence near Miami during 1922

(Cockrum 1960). They did not persist after these initial Rat infestation of Phoenix

invasions. Their failure to establish is most likely attribut-

able to poor habitat—specifically, sparse availability oHuman emigration into Arizona has significantly altered
desirable vegetation and limited water resourcesesource availability over the past few centuries, often
Cockrum (1960) reported Arizona to be roof rat free in higxpanding suitable roof rat habitat. Early rat populations
book on Arizona mammals. However, an increasingrobably faded because necessary resources were sparse.
human population and associated urban and resident@éveral changing environmental attributes in the Phoenix
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metropolitan area may be enhancing thaential for electrical wiring, causing communication and power
current invading rats to establish successfully. Water idisruptions. Exposed and frayed wires then pose threats
probably no longer a limiting factor across most residenfor electric shock or fire (Cogelia et al. 1976). Rats also
tial and agricultural areas of Arizona. For example, irrigaserve as vectors and reservoirs for diseases communicable
tion channels and ditches, flood irrigation of crops ando humans (Chin 2000). Therefore, public health is always
lawns, drip irrigation of flowerbeds, sewers, leakinga concern when rat infestations occur in residential neigh-
faucets, and pet dishes—among other avenues—provitt®urhoods.

excellent water sources for rats.

Plant communities also have been significantly alterednitial response
Roof rat distribution has been correlated with introduced Successful urban rodent control needs to focus on
plants. Rat populations on the west coast have expandgghg-term strategic, comprehensive approaches that incor-
considerably because rats have utilised blackb&itye6 porate multiple tactics and partnerships among govern-
spp.) associated with old mining camps (Jameson anflent agencies, community groups and pest control
Peeters 1988), and the lush vegetation planted alorgmpanies (Colvin and Jackson 1999). Whenever
freeways and urban housing developments (Jackson 198Bpssible, such control programs should focus on altering
Exotic plants were first introduced to the Sonoran Desert iyabitat and reducing its potential for attracting and
the Spanish in 1540 when wheat and other crop seeds waigporting pest species. Otherwise, benefits derived from
distributed to Native Americans (Tellman 2002). Todaycontrol measures will be short-lived and frequently
many plants introduced for landscaping or agriculturafepeated (Davis 1972).
prOdUCtion prOVide at least adequate, if not excellent, food Government agencieS, primar”y County, began formu-
and cover for roof rats. At present, an estimated 233 Nofgting a response plan soon after officials suspected a
native plant species contribute to the flora compositiofotential roof rat infestation. The first response to the rat
(Wilson et al. 2002). Introduced ornamentals used for |and5ighting was to identify the species. Once roof rats were
scaping further contribute to a changing plant community;onfirmed, efforts were initiated to confirm boundaries of
Citrus and nut trees in yards, and interlocking hedges anfe area infested by rats. This area quickly expanded from
vines draping over fences are common within the residens kn? to 41 kni, centered on the Arcadia—Camelback
tial neighbourhoods most recently infested by roof ratsviountain area of Phoenix. Whether this expansion
Other sources of rat food commonly found include poorlyeflected increased rat dispersal or merely better surveys is
stored food, pet food and garbage. These readily availahlgiknown. A contingency plan addressing an influx of roof
food sources combined with improved cover and watefats to the Phoenix area did not exist. In retrospect a plan
greatly increase the potential for the new invaders tQ,ould have been beneficial.
become established as compared to opportunities afforded e Maricopa County Vector Control Office sponsored
rats during prior invasions. a series of meetings during January 2002 to gather agency

Altered fauna populations also may benefit roof rasupport, share information, and begin developing a
establishment. Natural predators and species normallgsponse plan. A wide spectrum of interested groups and
competitive with roof rats may be less abundant. Snakesyencies were represented at these meetings. Subse-
have been largely displaced, or populations suppressed,qoently, Maricopa County assumed a lead role in devel-
urban neighbourhoods (Rosen and Schwalbe 2002)ping and implementing a plan to address real and
Domestic cats have contributed to the disappearance pérceived problems caused by roof rats.
many wildlife species, including competitive rat species Maricopa County issued a news release that urged
(Rosen and Schwalbe 2002). Roof rats do not competgtizens to cover trash containers, use rat-proof containers
well with Norway rats (Jackson 1982), and most likely dao store food items, eliminate rat access to pet foods, pick
not compete well with wood ratiNgotomaspp.). Roof up fallen citrus, and harvest fruits remaining on trees. The
rats may fare better where populations of these species aease also announced an upcoming public meeting
sparse. The arboreal nature of roof rats may make thesgheduled to explain the situation and to address public
less vulnerable to cats and other urban predators thaiestions. At the meeting, hundreds of local residents
some other rat species. were provided an overview of roof rat ecology and

Potential problems inflicted by roof rats also havemanagement, and advised to clean up yards, remove citrus
increased as the Sonoran Desert has been develop#gits from their property, and to use traps or baits to
Foraging roof rats can inflict significant negative impacmanage local rat populations. Residents also were told
on citrus and nut crops (Marsh 1994). Acreage devoted tbat the City of Phoenix would haul away unwanted citrus
citrus and nut production in Arizona continues to increaséind assist in organising campaigns to clean up public and
Mean annual production over the past five years is valuggpmmon-ground areas.
at nearly US$150 million. If roof rats became established Direct measures to combat roof rats were implemented
within these orchards, subsequent consequences couldtiye mid-February 2002. More than two-dozen groups
devastating to these industries. Another potential problemarticipated in the rat eradication effort. The City of
is contamination of stored feeds or animal facilities. Rat®hoenix provided bulk trash bins for residents. The
living in attics, walls, and basements commonly gnaw orrizona Department of Health Services, in cooperation
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with Maricopa County Environmental Services, began City, county, state, and federal governmental agencies
testing roof rats for hantavirus, bubonic plague, and tulahave all contributed to roof rat eradication. Public aware-
remia. Food banks and family assistance programsess programs have greatly enhanced public involvement in
accepted undamaged discarded citrus from clean-upt proofing their homes, installing traps and bait stations on
campaigns. Several neighbourhood groups were organisptivate land, and monitoring for rat activity. The Arizona
to clean common areas or assist those residents led3epartment of Health Services has tested rats and has thus
capable of picking fruits or cleaning debris from theirfar not found evidence of disease communicable to humans.
properties. Personal-use bait stations and snap-traps wearicopa County Vector Control has taken the lead role to
distributed by county and volunteer groups until suppliesuppress roof rat populations. Over 1 t of bait has been
were depleted. Home-owner associations sold additiondistributed through approximately 6100 bait stations
bait stations at the cost of materials. Educational programsounted on the utility poles. Few stations (less than 0.5%)
continued, ranging from leaflets to group meetings, urgingave been vandalised or otherwise damaged. Vector Control
residents to take necessary steps to deny rat accessalo has set rat traps in areas believed to contain high rat
cover and food. populations or where bait stations may pose perceived
Maricopa County Vector Control implemented a baitingproblems. Other agencies have enhanced control efforts by
program to suppress and hopefully eliminate rat populasontributing funds, labour, equipment, and expertise.
tions. Their target area, including a buffer zone, was The efficacy of these programs to eradicate roof rats is
approximately 60 kf Certified County employees, |argely unknown. Rat activity appears to have declined,
assisted by volunteer apprentices, affixed approximateljccording to indicators such as bait disappearance,
6000 bait stations 2-2.5 m above the ground on utilityrapped rats, and residential calls to hotlines. Whether this
poles. Utility poles were spaced 30-60 m apart and weggduced activity means suppressed populations or merely
located primarily along alleys. Stations were initially reflects less movement by rats during the higher summer
installed in areas considered ‘hot spots’ and in the 0.75 k[@mperatures is difficult to ascertain. A more accurate
buffer zone established along the outside perimeter of thgeasure of program success will occur next winter, when

chloride (PVC) pipe (30 cm long and 10 cm diameterhrodycing fruit.

capped on both ends, and a hole drilled in the middle to
permit rat access, but minimise non-target exposure. Each
station was treated with 225 g of bait containing 0.005% Conclusions
bromadiolone. The Vector Control group monitored stations
at least once a month, replacing any bait that had be®uvof rats and other rodents have been introduced to new
removed. localities throughout the world. Invading roof rats have
established and wreaked havoc on many island ecosys-
.. . . tems (Atkinson 1989). Urban and residential development
Preliminary results and discussion may be creating islands of habitat suitable for roof rat

) . survival. While ships were required to transport invasive
An integrated plan was developed to eradicate, or at leaghecies among islands, their movement across inhospi-
abate, roof rat establishment in the Phoenix aregypie terrestrial sites should be relatively easy, given the
Numerous community groups banded together to removg iy yransport of goods and constant movement of vehi-
potential rat food and rat habitat. One optimistic volunteeg o Therefore municipalities may need to consider

consulj)ered ;he “re}ts a blessing, not a cursed, in that thh,Whether development is creating habitat for invasive
have brought us closer as a community...and are pus "Becies and the likelihood these species will be intro-

us in a.dir(?,ctiﬁn Yve need to go, and that's ck'aaning UP O ced. If conditions favour a species capable of causing
p_roli)edmes.d'l('j € NEdIGHEO? tt)o T(EIGHBOR Camlpaéglnsdevastating impacts to a region, then contingency plans
picked, an onate. to foo anks, {:lpprommatey ' rﬁay need to be considered. Under some conditions, it may
of citrus through their efforts to rid neighbourhoods of rab o reasonable to establish monitoring programs for early

food. The_|r future goal is to CO”?Ct and donate more thaHetection, e.g. a monitoring program for early detection of
750 t of citrus next season. Resident and volunteer groups

X . of rats in Arizona citrus orchards. However, it is under-
erosned aImo:'st gnother 100t of.waste citrus gnd debré?andable why government agencies are hesitant to extend
mﬁdumpr)]sters dlstnlbu:jed and Sderv'ce.ld bbly thefc]:ty. dTheZJemited resources to address concerns with species
go\?:rs fo?‘itgrejagortjr?;fgse avaiia |!ty ot food an stupposedly non-indigenous to their locality.

. y, some residents have no
participated in the clean-up campaign, leaving pockets of
citrus and other desirable rat habitat attributes. It is References
unknown whether these havens will enable rats to estab-
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Abstract. Rattus with at least 61 valid species, is the single largest genus of mammals. It belongs to a much larger
assemblage of ‘modern’ murines, known informally as the ‘new endemics’, and distributed from South Asia to Indone-
sia. The first members of the geRettusprobably evolved in the late Pliocene, around three million years ago. Early
forms of Rattusunderwent a rapid dispersal across the greater part of island Southeast Asia, despite the presence of a
well-established rodent fauna in most areas. Today, the descendants of these early invaders survive on various islands
and on scattered high mountain pedRattusspecies probably colonised Australia only within the last 1-2 million

years; nevertheless, they succeeded in colonising all major habitats including sandy deseRaftlithithe Norway

rat (R. norvegicugappears to have few, if any, immediate relatives. In contrast, the bla&k rattgg has numerous

close relatives spread across mainland and island Southeast Asia. Three or more distinct species are probably included
within theR. rattuscomplex. At least 15 speciesRéttusare significant agricultural pests. Five of these are true com-
mensals and three species now exist solely within the human environment. The role of these species in causing agricul-
tural damage and in the dispersal and transmission of both human and wildlife pathogens is discussed.

Introduction All of these components will help us to frame one final
question of profound evolutionary biological signifi-
Species of the rodent genBattushave probably been cance—why isRattus so remarkably successful as a
responsible for more human suffering than any othejenus? We cannot promise any profound response to this
group of vertebrates (with the exception bfomo question. However, we do believe that the act of framing
sapien$), not only through their destructive impact onthe question is, in itself, worthwhile, and perhaps takes us
food crops, but also through their role in the transmissiogne step closer to a better understanding of this most

of fatal or debilitating diseases such as plagugemarkable of mammalian genera.
leptospirosis and typhus. However, the genus also contains

species of immense scientific and clinical significance,
such as the familiar Norway or laboratory it forveg- Content and relationships ofRattus
icus), as well as a host of lesser-known but presumably
beneficial species that inhabit a wide range of naturéithough Rattuswas once considered to consist of more
habitats from mangrove forests to sub-alpine grassland§an 550 distinct forms (Ellerman 1941-1949), contempo-
In matter of fact, the genuRattus with a total of 61 rary reviews list roughly one-tenth as many species in the
currently recognised species, is not only the single largegenus (Corbett and Hill 1992; Musser and Carleton 1993).
mammalian genus of all, but also arguably among thiany of the species formerly included witfRattushave
most complex and least well understood. been transferred to other genera such Mexomys

In this paper, we will give a brief summary of currentBerylmys LeopoldamysandNiviventer(see references in
thinking regarding the content and relationshipRaftus ~ Musser and Carleton 1993). However, even more have
We will also summarise the geographical distribution opeen grouped together to form fewer, widely distributed
Rattusand its closest allies, and examine the evidence fépecies (th&attus rattuggroup alone has more than 150
the geographical origin of the genus as a whole and &ynonyms, currently grouped under two species).
some of the economically more important species. Finally, Despite these considerable advances, the boundaries of
some key biological attributes of the genus will beRattusare by no means finally decided. The type species
reviewed, including the role of variol&attusspecies as of Rattusis actuallyMus decumanuBallas 1778, a junior
agricultural pests and as agents of disease transmissisgnonym ofR. norvegicugBerkenhout 1769), the familiar
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Norway or laboratory rat. The other species often thougtegnd early Pleistocene fossil faunas of Europe (van de
of as lying at the ‘heart’ dRattusis the black or ship rat, Weerd 1976) and Australia (Aplin 2002), and appears to
R. rattus The Norway rat is morphologically distinctive have been confined to the Asian region through much of
and appears to have few, if any, close relatives (Chan et &k early history.

1979; Baverstock et al. 1986; Verneau et al. 1998). In

contrast, the black rat is often confused with other Asian .

Rattusspecies and appears to have numerous close rela- Unresolved taxonomic prOblemS

tives. Musser and Carleton (1993, p. 649) listed 21 species within Rattus

in their R. rattusgroup, including the major agricultural

pest specie®. argentiventerR. nitidus R. loseaandR. ~ Several species groups withRattusare clearly still in
tiomanicus need of taxonomic revision: notable examples areRthe

Several groups of species may still need to be excis%yerett' group in the Philippines; thR. niobegroup in

from Rattus These include members of tRe xanthurus ew Guinea; and the. sgrd|dusgroqp n Aust-raha. In
each case, there are additional species that will be recogn-

group from Sulawes; theStenomysgroup from New ised following completion of more detailed morphological
Guinea and Seram; and the ‘native Australian’ group. 9 P P 9

Musser and Carleton (1993, p. 650) listed 10 individua,?hned r?::?flgrszggéensc;;'izviz\c?sri’olrr: ';g grlg:JiE Vl\llfg?guse'lrsnbar-
species that they consider to be on the peripheRatifis 9 gly

many of these species are of special biogeographicﬁqsi/'lngly Ob\t/;]OUS ‘15 itis |rltm:tuds trattus:r()mplex. ¢ th
interest (see below). any authors have attempted to make sense of the

) ) . morphological diversity among the black rats. Most
The evolutionary relationships dRattus t0 other  ,yemnts have been regionally based (e.g. Hinton 1918—

murid genera remain somewhat enigmatic. Musser anfyyg for the Indian subcontinent; Chasen 1933 for
Heaney (1992) includeRattusamong & group of esSen- \14|ayia) and the few broader-based attempts at revision

- This group is widely distributed acrosss “atysfrom otherRattusspecies, includingR. argen-

; . I, R. tiomanicuand R. sikkimensige.g. Ellerman
following genera: Paulamys Hooljeromys Papagomys 1941-1949; Schwarz and Schwarz 1967). In addition, all
andkomodomysf the Lesser Sunda Islands (Nusa Tengg, ;; 5 very few attempts have placed too great an emphasis
gara); Bunomys Paruromysand Taeromysof Sulawesi; o pejiy fur colour, despite clear evidence dating back at

Abditomys Bullimug_ .Limnomys. Tasomys and least to Bonhote (1910) that this is highly polymorphic
Tryphomysof the Philippine Islands; anBalawanomys yithin populations and under relatively simple genetic
SundamysndKadarsanomysf the Sunda Shelf Islands. control (see also Tomich and Kami 1968).

Three mainland Asian genergefylmys Bandicotaand The first significant breakthrough in understanding the

Neso.kia probably also belong to this group (MusserR_ rattus complex came with Yosida’s (1980 and refs)
1981; Musser and Brothers 1994). studies of chromosomal variation. Over a period of a
The notion of a ‘modern and progressive’ ‘newdecade, he documented 11 chromosomal variants that
endemic’ murid assemblage is supported by informatiofesolve into five major groups: (i) Asian black rats with 2
from chromosomes (Yosida 1980 and refs; Baverstock & 42 chromosomes and high C-banding; (ii) Japanese
al. 1983a; Gadi and Sharma 1983), albumin immunologwack rats with 8 = 42 chromosomes and low h|gh C-
(WattS and Baverstock 1996 and refS), DNA/DNA hybrld-band"']g, (|||) Cey|onese black rats withh 2 40 chromo-
isation (Ruedas and Kirsch 1997), DNA sequencingomes; (iv) ‘Oceanian’ (also European) black rats with 2
(SUZUki et al. 2000) and analysis of LINE-1 retrotrans-= 38 Chromosomes; and (V) Mauritius black rats with2
posons (Verneau et al. 1998 and refS). Although none sz (Secondar"y derived from then2= 38 karyotype)_
these methods has yet been applied across the full rangeyekida found regional variation within the Asian black rat
relevant genera, the combined results strongly support thgoup in the frequency of minor Robertsonian rearrange-
notion thatRattusevolved somewhere within the South to ments and in serum transferrin po|ymorphism_ Laboratory
Southeast Asian region. F, hybrids were obtained between all major chromosomal
Just how recently this might have occurred is indicatestariants but these invariably proved semi-sterile, with low
by molecular estimates of divergence times betweeyield of F, offspring. Natural hybrids were detected in
Rattusand other genera. These place the origiRattus four areas, either involving Asian and Oceanian types
at around 2-3 million years ago (Watts and BaverstockEniwetok Atoll, Marshall Islands; Chichijima Island,
1996; Verneau et al. 1998)—a remarkably young age folapan; Karachi, India) or the Ceylonese and Oceanian
such a large and diverse genus. However, these dates ttees (Anaradhapura and Colombo, Sri Lanka).
consistent with the fossil record Rttus which begins in Baverstocket al. (1983b) examined genetic differ-
Thailand with an extinct species of possible late Pliocenences between each of the chromosomally distinct popula-
age (c. 3 million years ago; Chaimanee 1998) antlons, using isozyme electrophoresis and micro-
includes Pleistocene records from India (Gaur 1986), Jaxamplement fixation of albumin. The results show a major
(Musser 1982) and China (Zheng 1993; cited in Chaimgenetic division between the Asian and Ceylonese +
anee 1998)Rattusis conspicuously absent from PlioceneOceanian populations, with lesser differentiation between
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each of the Japanese versus mainland Asian and betwe&mstralia, mainland Southeast Asia and Sulawesi.
Ceylonese versus Oceanian types. As expected, the Maurewever, the true number of natiRattus species on

tius black rats were genetically indistinguishable from thenainland Southeast Asia and on the larger islands of the
general Oceanian type. The level of genetic divergencgunda Shelf (e.g. Borneo, Sumatra and Java) is somewhat
between the two major groups withith rattuswas only  uncertain due to doubts over the original distribution of
slightly less than that separatii®} rattus from other various commensal and agricultural pest species (see
undisputed species ®attus(e.g.R. losea and this led below).

Baverstock et al. (1983b) to conclude that Eherattus

complex couldbe validly divided into at least two species. Island endemics

Musser and Carleton (1993) indeed listed two species 1y,5 groups of endemic species are of special interest.
of the Rattus rattusomplex in their influential checklist, Tne first are the ‘island’ endemics (Table 1, Figure 1). As
using the namesR. rattus (Linnaeus 1758) for the ngteq previously by Musser and Heaney (1985), the
‘Oceanian’ group an®. tanezumfemminck 1844 for the  aiqrity of these species are foundameanicislands that
Asian group. This usage has gained some acceptancte separated by deepwater straits from adjacent major
however the lack of a comprehensive morphologicalsiangs or continental landmasses. The important feature
review of the group has left many field workers ungertal%f oceanic islands is that they remained isolated through
as to whether they are catchiRg rattus R. tanezumor ¢ giacial periods when sea levels fell by as much as 140
possibly even bothAn earlier morphological study by 1, pelow the present level (Lambeck and Chappell
Schwabe (1979) had revealed some apparent differencg§n1)__any Rattus species on these islands must have
in cranial proportions between European and Asian popYaached them by crossing water barriers at some time in
I_atlons, but this finding requires broader-scale confirmag,q past. As shown in Figure 1, the majority of the island
tion. endemics are found in two geographical areas: (i) around

Our preliminary studies of the mitochondrial cyto-the perimeter of the Southeast Asian continental shelf (the
chrome b gene indicate that the taxonomy ofRheattus  Sunda Shelf); and (i) in the Moluccan and Nusa Teng-

group may be rather more complex than suggested by t@ran island groups, situated in the tectonically active
chromosomal and electrophoretic data sets. In particulaggne between Sulawesi and New Guinea.

we have found a fundamental genetic divisidgthin the In phylogenetic terms, the island endemics can be
Asian region between an endemic Southeast Asian taxQ\ided into two broad categories, namely archaic
(recorded from Vietnam, Cambodia and southern Lao roup and amodern group. Members of the ‘archaic’
and a northern and South Asian taxon (recorded thus f Foup generally show no close relationship to oRetus
from Japan, Hong Kong, northern Vietnam, northerryq g in adjacent geographical areas; these may be
Laos, and Bangladesh). These taxa are probably regiogagcendants of early waves of dispersal through the
ally sympatric in parts of Vietham and Laos. Theaqinn Three of the archaic taxa are found on islands
Oceanian typ®. rattusappears to be more closely related|ying to the south of SumatraR. enganusof Pulau

to (although probably specifically distinct from) this IatterEnggano, an®. maclearandR. nativitatusof Christmas
group than to the endemic Southeast Asian taxon. U”tliéland. Two are found in the Moluccan regidt: moro-
further analyses are completed, and the results fu”%éiensisof the Halmahera Island group, aRdceramicus
published, it would be premature to speculate on thgf Seram; and two in the Nusa Tenggaran groBp—
appropriate names for each of the two Asian taxgy,inaidi of Flores andR. timorensisof Timor One final
However, the apparent extension of the northern Asiap,emner of this groupR. jobiensisis found on the islands
taxon (which probably includes Japanesmezumi ot conderawasih Bay of north coastal New Guinea.
through to the Indian subcontinent raises the possibility Members of the ‘modern’ group are more obviously

thattanezumimay not be the earliest available name for ) . .

this group. Rapid resolution of these taxonomic an elatgd to (and presumably. |mmed|ately derived from)

nomenclatorial problems is clearly of high priority givenSpeCIeS found on nearby major islands or Iandma;ses. For

the agricultural and clinical significance of tiRattus egampIeR. pelurusfouqd on Pulau Peleng, to the 'mme-

rattus complex. diate gast of Sulgwesu is a member of the otherwise
endemic SulawesiamlR. xanthurusgroup (Musser and
Holden 1991). SimilarlyR. remotusof Koh Samui and

The geographical distribution of Rattus nearby islands in the South China Sea is very similar to
(perhaps even conspecific withR. sikkimensis of

The contemporary geographical distributionRsttusis ~ mainland Southeast Asia.

amongst the widest of any rodent genus, rivalled only by Eight members of the ‘modern’ group may be related

Mus However, the greater part of this range is clearly dugpecifically toR. tiomanicusof the Sunda Shelf, itself a

to commensalism on the part of a small number oflose relative of theR. rattus complex (Musser and

species, namely, members of Rattus rattuxomplex,R.  Newcomb 1983). One of these specieRismindorensis

norvegicusandR. exulans from Mindoro Island in the central Philippines (Musser and

At a broad scale, the number of natiRattusspecies Holden 1991). Another iR. tawitawiensifrom the Sulu
is highest on the island of New Guinea, followed byArchipelago, off the north-eastern corner of Borneo
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(Musser and Heaney 1985). The remaining six species tibmanicusand its close allies. Another possible member of
this group are found on islands that lie to the south and wesitis group isR. hoffmania widespread and common forest
of Sumatra and the Malay Peninsufa: adustusof Pulau  rat of Sulawesi (Musser and Holden 1991).

EngganoR. lugenf the Mentawi IslanddR. simalurensis Three members of the ‘modern’ group are broadly
of the Simalule Island Grou®. burrusandR. palmarum clustered in the Moluccan regioR: feliceudrom Seram;

of the Nicobar Islands; and (less certaify)stoicuof the  R. koopmanirom Pulau Peleng; ang. elaphinusfrom
Andaman Islands (Musser and Heaney 1985). Several tife Sula Island group. The affinities of these species are
these taxa are quite specialised in different ways, yet eaalt quite so obvious, however Musser and Holden (1991)
shows a basic similarity in dental and cranial structuRe to suggest possible links to the natRattusof New Guinea.

Table 1 Island () and montane (M) endemics within the geRatius Species marked as ‘I,M’ are
found in montane habitats on islands. Morphological groups are: A = archaic and M = modern.

Species Habitat Morphologicalocality

group
adustus | M Pulau Enggano, Indonesia
burrus | Nicobar Is group, India
elaphinus | Pulau Taliabu, Indonesia
enganus | Pulau Enggano, Indonesia
feliceus | Seram, Indonesia
jobiensis | Japen, Biak and Owi Is, Irian Jaya
koopmani | Pulau Peleng, Indonesia
lugens | Mentawi Is group, Indonesia
macleari | Christmas Is
mindorensis | Mindoro Is, Philippines

morotaiensis | Halmahera Is Group, Indonesia

nativitatus | Christmas Is

palmarum | Nicobar Is group, India

pelurus | Pulau Peleng, Indonesia
remotus | Koh Samui Is, Thailand

sanila | New Ireland, Papua New Guinea
simalurensis | Simalur Is group, Indonesia
stoicus | Andaman Is group

tawitawiensis | Tawitawi Is, Philippines

=L 022> 2>»>»>»>»>»P>»I>»P>»=2>»<2>»2>»>» > >» » L

baluensis I,M Mt Kinabalu, Sabah

bontanus 1,M Gunung Lamphobatang, Sulawesi

ceramicus I,M Seram, Indonesia

giluwensis I,M Mt Giluwe, Papua New Guinea

hainaldi I,M Flores, Indonesia

hoogerwerfi I,M Gunung Leuser, Sumatra, Indonesia

korinchi I,M Gunung Kerinci, G. Talakmau, Sumatra, Indonesia
marmosurus I,M Gunung Masarang, Sulawesi, Indonesia
mollicomulus I,M Gunung Lamphobatang, Sulawesi, Indonesia
montanus I,M Sri Lanka

omlichodes I,M Mt Jaya, Papua, Indonesia

richardsoni I,M Papua Province, Indonesia

timorensis M Gunung Mutis, Timor, Indonesia

vandeuseni I,M Mt Dayman, Papua New Guinea

osgoodi M Langbian Mts, Vietham
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Montane endemics related but more widesprea®. verecundusat around
A second group of major interest are the ‘montane+300 M elevationR. giluwensisis confined to mossy

endemics. These are typically confined to forested or suf2'€sts and sub-alpine habitats above 2195 m on Mt
alpine habitats on the highest peaks of the continent&iiluwe and the adjoining Lamende Range in Papua New
areas and larger islands (Table 1, Figure 1). Guinea.R. richardsoni and R. omlichodesare found in

Somewhat surprisingly, there is only one montan& €as of sub-alpine to alpine habitat in the Indonesian
endemic Rattus on mair'lland AsiaR. 0sgoodi a rare province of West Papua. The higher altitude species are all

species from the Langbian Mountains of Southerr§mall-bod|ed and the two West Papuan taxa retain many

Vietnam, is morphologically similar t®. loseaand R. primitive dental features.

argentiventeMusser and Newcomb 1985). The absence Interestingly enough, three of the island endemics
of other montane endemics on mainland Southeast Asigould also qualify as montane endemics; these are
may reflect a lack of survey effort in appropriate habitatscurrently confined to montane forests on Serdfn (
However, recent surveys of montane habitats in northe¢eramicuy, Flores (R. hainald) and Timor R. timo-
Vietnam have produced specimens of the widespread taxensi9. These taxa are also similar to the majority of the
R. sikkimensiandR. nitidus but no local endemics (Tam other montane endemics in displaying numerous primitive
et al., this volume). morphological features (Kitchenet al. 1991a,b).

ThreeRattusspecies are endemic to isolated upland areas The survival of relatively archaic forms Bfattuson

on the Sunda ShelR. hoogerwerfandR. korinchifrom  remote islands and in high mountain regions is not totally
Sumatra; an®. baluensigrom Mt Kinabalu on the island unexpected. What is perhaps surprising is the fact that the
of Borneo. The Bornean endemic is probably a closenajority of these are found through the archipelagic
relative of R. tiomanicus (Musser 1986). The two portion of the range dRattus with few examples in what
Sumatran taxa retain a suite of primitive characteristicfight be regarded as its core area of distribution on
(Musser 1986). mainland Southeast Asia. As noted before, this might be a
R. montanudrom the highlands of Sri Lanka is said by function of inadequate sampling of these areas. However,
Musser (1986, p. 22) to resemBlekorinchibut the molar the presence of such taxa in the far-eastern Moluccan
pattern is overall more primitive. This poorly known taxonislands and in New Guinea points to a wide and probably
clearly lies at the periphery &attus rapid dispersal of a small humber of relatively archaic
The extensive mountain habitats of New Guinea suppoRattus species through the region. The absence of any
four endemic Rattus species (Flannery 1995aR. relictual species ofRattus in montane or rainforest
vandeusenis confined to the upper slope of Mt Daymanhabitats of Australia is consistent with the notion of a
in south-eastern Papua New Guinea; it replaces the closeatore recent invasion of this continental area.
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Figure 1. Distribution of island and montane endemic species within the ¢rattiss
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Recent range expansions The wide dispersal oR. exulansover the last few

. thousand years is clearly linked to the spread of Austrone-
Some species dRattushave undergone huge recent _. . o .
sian language speaking peoples; indeed it has been

expansions i geographical range. The best knOWnggested that the rat may have been transported deliber-
examples are, of coursB, norvegicusand members of

the Rattus rattussomolex. both of which are now resentately as a food item (Roberts 1991a). Matisoo-Smith et al.
: PIeX, . P 1998) examined the pattern of mitochondrial DNA varia-
on all continents except Antarctica, and on the gre

L . on among Polynesian populations of the Pacific rat to
majority of the world’'s larger islands. As noted above 9 y Pop

. .~ ~document the course of its dispersal. Similar studies of
members of thRattus rattuscomplex are widely dlstnb_- Indonesian and Southeast Asian populations are now
ut_ed across Southeast and South Asia. A represerjtatlvergﬂuired to document its place of origin and pattern of
this group (presumably thenZ 38 ‘Oceanian’ rat variety) spread in the western part of its range.

is first recorded in the Middle East during the Upper Pleis- one final ) hat h idently b ied b
tocene (c. 20,000 years BP; Tchernov 1968), however it ne final species that has evidently been carried by

does not appear to have reached western Europe urﬁﬁc’p_le mtfol th? P;i'f'c rzglclm R{.‘ pr?]ett?{? cofmmot?]
much later, and did not enter the British Isles until shortiy?P€¢!€s OF lowland to mid-elevation habilats ot horthern

before the Roman Period (Somerville 1999). The later ew Guinea (Flannery 1995a). This species was probably

history of the species in Europe suggests that it Wi%ltroduced to the Bismarck Archipelago during late Pleis-

- ' . . ocene times and, more recently, to the Solomon Islands
initially confined to the major commercial routes, and th ' ” '
y ! anuatu and even to Fiji (Whitet al. 2000). In the

Its geographical coverage increased mainly through thgismarck Archipelago, the introduction Bf praetormay
11"13" centuries AD during the period of rapid urban . RN : .
have contributed to the extinction of an endemic species,

growth (Audoin-Rouzeau and Vigne 1994). R. sanila(Flannery and White 1991).

The natural range of the Norway r&, NOTVegICUsis Several other species Bfattushave made somewhat
generally assumed to be south-eastern Siberia and

northern China (Musser and Carleton 1993, p. 657). IIess impressive inroads into island Indonesia and beyond.

thern Asia today. it i woicall iated wit ne of these is the Himalayan r&, nitidus with a
northern Asia today, it 1s more typically associated With, .,y apje natural range somewhere in the belt of upland
urban and agricultural landscapes (e.g. Won and Smi

; _country that extends from north-eastern India through
1999). The Norway rat evidently spread out from ASIaT\/Iyanmar, Thailand and Laos, to southern China and

much later in time than the_black rgt—it does not appPe&iatnam (Musser and Holden 1991). In southern Chitna,
in the_ European record until th.e Mlddlg Ages. Howevernitidus is a major agricultural pest (Yares al. 1999),
following the arrival ofR. norvegicusn Britain, the black 1, ever in Southeast Asia it is variously recorded in
rat declined to a state of rarif. rattusis now largely  ¢yregted habitat and as a house rat in upland villages
confined to buildings, whereas the Norway rat OCC“p'eﬁvlarshall 1977, p. 463). Outside this aré, nitidus
many different habitat types (Meehan 1984). occurs on Seram in the northern Moluccas; on northern
Other members of th®attus rattuscomplex have Luzon in the Philippines; in the Palau Islands, south-east
expanded into the Pacific region, presumably througbf the Philippines; and on the Bird’s Head Peninsula of
accidental transport with human traffic. This probablywestern New Guinea (Musser and Heaney 1985). The
occurred during the prehistoric period to as far as the Phigpecies is not present in sub-fossil faunas from either
ippines and Sulawesi. Later European activity in theSulawesi (Musser 1984) or the Bird’s Head Peninsula
Pacific probably led to the further dispersal of one or moréAplin et al. 1999) of New Guinea; it is presumably intro-
Asian varieties ofR. rattus and to the introduction to duced in these contexts. On mainland ABianitidusdoes
many islands of the European black rat. On some Pacifitot generally occur in lowland habitats or around ports,
islands (e.g. Eniwetok Atoll in the Marshall Islands) Asianhence the circumstances of its accidental transport are
and European forms of the black rat occur together, withomewhat mysterious.

some evidence for hybridisation and introgression (Yosida R. tiomanicusmay have also reached various island
1980). groups through human agency. This species occurs on
The Pacific ratR. exulanshas a huge geographical many of the islands that ring the Sunda Shelf, often with
range that extends from Bangladesh and the Andamamdemic species derived from earlier invasions of a
Islands in the west, to New Zealand and Easter Island ipmanicuslike taxon (Musser and Califia 1982; Musser
the east. Throughout its range it is closely associated wigthd Heaney 1985). Some of these populations appear to
human activities (Marshall 1977; Musser and Newcomtype subspecifically distinct, but others may have been
1983, p. 523-524R. exulanss absent in the fossil record introduced in recent times.
of New Guinea (White 1972) and Nusa Tenggara (Glover The two major pest species of lowland rice crops on
1986) until the last few thousand years, and it is presumedainland Southeast Asia are the rice-field Ratargen-
that it came from somewhere to the west. Musser an@lenter and the lesser rice-field r&, loseaBoth species
Newcomb (1983, p. 523-524) remarked on the morphdrave probably undergone range expansions as a conse-
logical uniformity of R. exulansacross its range and quence of the widespread conversion of forest and
postulated a possible origin somewhere on mainlanswampland habitats to paddy over the last few thousand
Southeast Asia. years or less (Khush 1997). Musser (1973) attributed
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populations of R. argentiventeron Sulawesi, in the distributed and best-known commensalsRreattusand
southern Philippines and in southern New Guinea t®&. norvegicusboth of which are virtually global in distri-
human-assisted dispersal and further commented on tbation. However, in many parts of Asia and the Pacific, the
morphological uniformity of this species throughout itsmost abundant village rat is the smaller and generally less-
range. In MalaysiaR. argentiventeiis always encoun- offensive Pacific ratR. exulans(Williams 1973). R.
tered in one of two anthropogenic habitats, either ricaitidusandR. turkestanicugoften calledR. rattoide} are
fields or Imperata grassland (Harrison 1951). Marshall recorded as commensals in upland regions of Central and
(1977, p. 468) also observed th&attus argentiventés  Southeast Asia (e.g. Niethammer and Mardsen 1975). As
unknown in the wild state; that is all known populationsnoted above, two of the commensal species, the Norway
are commensal with man, living in rice fields or adjacentat and the Pacific rat, are now so firmly associated with
lalang, oil palm plantations etc.”. In rice fields, the onsethe human landscape that they are no longer known for
of breeding inR. argentiventeappears to be cued to the certain in the wild state.

maximum tillering stage of the crop (Leurgal. 1999). The agricultural pest species can be divided into what
This apparent physiological link to grass phenology mighinay be termedbligate pests andopportunistic pests.
suggest an original wetland or grassland habitat. ‘Obligate’ pests are those that seem to exist across all or

R. loseapresents a somewhat different case. Thigart of their geographical range on the basis of human
species does show some geographical variation in iggricultural production. Included here are the rice-field
morphology (Marshall 1977; Musser and Newcomb 1985}at, the Pacific rat, the Norway rat, the various members of
and it is also known from upland habitats, as high as 900 the black rat complex, and. turkestanicusThe Hima-
in China, Vietnam, Laos and Thailand. Marshall (1977, playan rat,R. nitidus probably qualifies as such in the
466) reports the discovery of this species “in the wild statorthern part of its range but appears to be more typically

. in grass beneath pine forest at 850 m in Chaiyaphum forest rat in the uplands of Southeast Asia.

Province (Thailand)”. Nevertheless, within some parts of its  The scale of damage inflicted by each of these species
range,R. loseais clearly associated with rice fields andvaries in accordance with the scale of the agricultural
there can be little doubt that it has benefited from the spreagistems that they exploit. Globally, members of fhe

of rice-growing as a way of life. Breeding activity v rattus complex may inflict the greatest total damage to
loseais also clearly linked to rice cropping cycles (Browncrops. Black rats are ranked among the most important
et al. 1999) but little is known regarding the precise timingpests in India (Prakash and Ghosh 1992), Thailand (Boon-
of events. song et al. 1999) and the uplands of Laos (Khamphoukeo

These examples illustrate some of the difficulties oft al., this volume). In the uplands of northern India
delimiting the place or origin or natural range of thethrough to southern China, they are probably replaced by
various Rattusspecies that are either strictly commensaR. nitidusand R. turkestanicugs the dominant agricul-
or else have benefited from the widespread habitdtral pests (Zhangt al. 1999), while through much of the
changes associated with the spread of agriculture over tR@cific region this title is held bR. exulans(Williams
last few thousand years. As a final note of caution in thi973). The dominant pests in the major lowland rice-
regard, we would also like to stress that simply encourroducing areas of Southeast Asia &eargentiventer
tering a species in ‘natural’ habitat, far from direct humar@ndR. loseaSingleton and Petch (1994) estimated annual
activity, is no guarantee of ‘native’ status. By way oflosses of around 5-20% in lowland rice systems, with
example, we can report the capture of ®tlexulansand occasional higher losses during ‘outbreak’ years. Chronic
a member of th&. rattuscomplex in mossyEucalyptus losses may be even higher in many rainfed and upland rice
urophyllaforest at c. 1500 m altitude on Gunung Mutis inProduction areas, and these systems are also more prone
Timor in 1991. Both species are clearly introduced td0 episodic irruptions (Douangboupha et al., this volume).
Timor, yet these species have been able to penetrate all The ‘opportunistic’ pests are those that will take
habitat types, presumably assisted by episodic burnirdvantage of human agricultural production, but are not
and perhaps by the lack of competition following extinc-dependent on it to maintain their geographical distribu-
tion of the native Timorese rodent fauna (Glover 1986)tions. One Southeast Asian speci8s, tiomanicus is
Lehtoneret al. (2001) reported a similar penetratiorRby included here (Boonsong et al. 1999), but others such as
rattus into relatively unmodified forest habitat in Mada- R. sikkimensismight also warrant inclusiorSimilarly,
gascar—however, in this case, the invasion has occurr@ly two New Guinean species are listed, but other

even in the presence of an extant native rodent fauna. Species such a@. leucopusR. verecunduandR. novae-
guineae can be trapped in and around gardens and

. presumably also inflict some damage to crops (Taylor et
Rattus species as commensals and as al. 1982). Among the various Moluccan Island endemics,
agricultural pests Flannery (1995b) mentioned thRt morotaiensiandR.
elaphinushave been trapped in garden habitats. Of the
At least 14 of the 61 speciesRéattusare significant agri- four Australian species listed in TableR2, sordiduss by
cultural pests (Table 2). Of these, five species also can b the most important pest in economic terms (McDou-
considered true commensals in the sense that they agell 1947 and refs). HoweveR. collettiand R. villosis-
regularly found inside human dwellings. The most widelysimusare both, in a sense, ‘emergent’ pests that have
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recently invaded new rice production areas in northerbetween closely related taxa. Most Asian murids are
Australia. The undescribdgiattussp. from central Queen- highly susceptible to plague, b&. norvegicusand R.
sland, a close relative &. villosissimusis reported to rattusboth show moderate levels of resistance and may be
inflict local damage on wheat crops. significant enzootic hosts. The principal enzootic host of
plague in Africa is the multimammate rad¥jastomys

. . natalensis(Gratz 1997). However, in Madagascar, this
Rattus Species as agents of disease role is taken over byR. rattus which is evidently

The role ofRattusas an agent of disease is most spectac:tf—pr(—:'adIng as a consequence of forest destruction.
larly illustrated through the example of the great plague Rodents are known to serve as hosts for at least 60
pandemics. Black rats, or possibly just their fleaszoonotic diseases (Hugh-Joretsal. 1995). Many of the
harbouring in cloth and other trade goods, first carried thelinically significant zoonoses are carried by commensal
plague organismyYersinia pestjsfrom Central Asia to the Rattus species (Gratz 1997). Examples include murine
Middle East and Europe in théh&entury AD. In more typhus (rickettsial disease), various spirochetal diseases
recent times, shipping routes provided even more effectii€-9- Lyme disease, leptospirosis) and some protozoal
means of transporting plague-bearing rats around tH#iseases (e.g. leishmaniasis, toxoplasmosis). Of these,
world, leading to the infamous Black Death of thd'14 leptospirosis is of special concern as an emergent infec-
century. The most recent pandemic, dating to around tHius disease, with a recent upsurge in the rate of diag-
turn of the 28' century, was combated to some extent by1osis of this previously ‘hidden’ disease (Singleton,
‘modern’ medicine, but it still killed an estimated 10 Smythe et al., this volume). Commen&attus popula-
million people, 535 of them in Australia (Curzon andtions have been found to carry heavy leptospire infesta-
McCracken 1989). Plague remains endemic in Centrdlons in widespread regions of Africa, Asia, Europe and
and Southeast Asia, many parts of Africa and Southlorth America (Gratz 1997).
America, and across much of the United States of Hantavirus infections are also of particular concern
America (USA). In each area, rodents serve as the primabecause of the high mortality rates (5-35%) associated
or enzootic hosts (Biggins and Kosoy 2001), with thewith several of the 10 or so recorded viruses of this group
pathogenic agent maintaining a sensitive balance betwe@rart and Bennett 1999). The Norway rat is a known
infection rate and death rate in order to persist indefinitelgeservoir for Seoul virus in the USA and a recent epidemi-
in the wild population. ological study of this species in Baltimore showed a sero-
Y. pestishas a remarkably broad host range (>20@revalence of nearly 50%; moreover, naturally infected
species of mammals; Poland and Barnes 1979) and hiags did not show any reduction in reproductive capacity
pathogenic impacts on many species including mogChilds et al. 1989). Boonsong et al. (1999) summarised
rodents. However, susceptibility may differ widely evenserological evidence of hantavirus infection in Thai

Table 2.Agricultural pest and commensal specieRaftus

Region Species Primary affected Economic True Key references
crop significance commensal
Central + East Asia R. nitidus Cereals ++ + Marshall 1977; Yang et al. 1999
R. turkestanicus Vegetables + + Niethammer and Martens 1975;
Hong 1989; Zhang et al. 1999
Southeast Asia R. argentiventer Rice +++ - Marshall 1977; Leungt al. 1999
R. losea Rice ++ - Marshall 1977
R. tiomanicus Oil palm, ++ — Wood and Liau 1984
vegetables
Southeast Asia + Pacific R. exulans Vegetables, ++ + Williams 1973; Marshall 1977
sugarcane
Melanesia R. praetor Root crops, + - Flannery 1995a,b
vegetables
R. steini Root crops, + - Flannery 1995a
vegetables
Australia R. colletti Rice + - Watts and Aslin 1981
R. sordidus Sugarcane ++ - McDougall 1947; Whisson 1996
R. villosissimus Rice + - Watts and Aslin 1981
Rattussp. (member Wheat + - G. Gordon, Qld NPWS pers.
of sordidusgroup) comm.
Global R. norvegicus Various +++ + Meehan 1984
R. rattuscomplex  Various, rice in +++ + Meehan 1984

Southeast Asia
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rodents including rural populations &. rattusand R.  Islands, and in Nusa Tenggara. Secondly, many of the
losea The likelihood of hantavirus infection is closely more archai®Rattusspecies are found in these same areas,
related to the intimacy and frequency of contact withas well as in New Guinea and Australia. Archaic species
rodents or their dried excreta—contamination of storedre strikingly absent from mainland Asia, although they
foods by faeces or urine poses an obvious risk in thiare present both on and off the margin of the Sunda Shelf.
regard. Hart and Bennett (1999) estimated a global infec- Various biogeographical scenarios could be developed
tion rate for hantaviruses of 100,000-200,000 cases p&r account for these distributional patterns, however all
year. would involve one or more early phases of dispersal by
Much less is known about the potential for diseas@rchaic forms oRattus These underwent modest to spec-
transmission between introduceattus species and tacular radiations in many areas. Archaic forms persisted
native rodents. The Australian and Pacific region, wheren many smaller islands and in tropical forests, especially
Rattus intruded late into an already well-establishedin montane refuge®attusmay have entered New Guinea
rodent fauna, provides an ideal model system in which tand Australia independently and perhaps at different
examine the nature of this interaction. Interestinglytimes, leading to significant radiations in each area.
enough, a recent review of the helminth parasites of One of the most remarkable things about the dispersal
Australian rodents by Smales (1997) showed a markeahd subsequent radiation Bhttusis that it occurred in
contrast between the helminth communities of nativénost area the presence of a pre-existing, diverse rodent
Rattus species (dominated by nematodes) and nativiauna This is most striking in the case of Sulawesi, the
rodents belonging to other genera (dominated by trem&hilippine Islands, New Guinea and Australia, each of
todes). Only 13 helminth species are shared between thesbich supports a rich and highly diversified murid rodent
groups, compared with seven species shared exclusivdguna with histories spanning 5-8 million years of local
between the recently introduced rodemat(usandMus  evolution (Aplin 2002). The presence of numerous, estab-
spp.) and nativeRattus Skerrattet al. (1995) made a lished competitors would normally represent a significant
strong case for an ancient transfer of trichostrongylidmpediment to the establishment of an invasive species
nematodes between natiRattus and other Australian (Williamson and Fitter 1996). HoweveRattusnot only
rodent genera. managed to gain a foothold in these areas, in most it was
Another case study that documents the intensity cible to disperse and speciate in varied habitats from
biotic interchange between invasiRattusspecies and an Mmangrove forest to sub-alpine heath; and, in Australia,
established rodent fauna is Roberts’ (1991b) study d¥xtend into true deserts. Later in its histdRattuswas
endo- and ecto-parasites of the Pacific rat. Rober@ple to exploit another suite of newly created habitats—
contrasted populations dR. exulansthat have either the gardens, rice fields and villages of early agricultural
remained isolated from, or experienced contact with, theeoples—and then to travel with the descendants of these
more recently introducel. rattusandR. norvegicusThe ~ People to colonise many of the world's most remote
evidence appears strong for cross-transfer of two nemiglands.
todes, one cestode, four fleas and four mites. In a few To conclude this review, we should ask what it is about
populations, the ‘new’ parasites were found in isolatedh® genusRattus that has made it so phenomenally
populations ofR. exulans Roberts interpreted these assuccessful? We do not pretend to know the answer to this
reflections of unsuccessful invasion by the newly introguestion. However, some elements that might be included
duced Rattus species, where transfer of parasites hadn & satisfactory answer are:

occurred quickly before the mammalian invader becoming the fact that mosRattusspecies are ‘generalists’—in
locally extinct. body size and form, in diet, in behaviour;

» the ability of at least somRattusspecies to utilise
stored abdominal fat during lean periods (e.g. Yabe

Some conclusions and some final 1994);
questions - the apparent propensity &fattusspecies to undergo
frequent chromosomal rearrangements, perhaps

Many elements of the evolutionary history Réttusare favouring rapid speciation in a widely dispersing
beginning to take shape as a consequence of recent group of animals (e.g. Bugt al. 1977); and

morphological and molecular studies. The wider relatione
ships of Rattus clearly lie among the suite of ‘new
endemic’ murine genera, all of which are native to the
Asian region.Rattusclearly evolved somewhere within
this region, but exactly where remains uncertain. The

the willingness of at least sorRattusspecies to enter
water, thereby increasing their chances of dispersal
and allowing them to utilise seasonally inundated hab-
itats.

These few suggestions clearly fall well short of a satis-

available fossil evidence perhaps favours an origin ofactory answer that should perhaps be framed in terms of
mainland Southeast Asia. However, two biogeographicaglhysiological breadth, immunological capacity and repro-
observations point to an alternative origin in island Southductive potential. Unfortunately, knowledge of such
east Asia. The first is that the diversity of ‘new endemicthings is too meagre at present among all but eRattus
genera is much higher in the insular region than it is on thepecies to do more than flag these as potentially useful
mainland, especially on Sulawesi, in the Philippineavenues for thought.
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Abstract. The soft-furred rats of tHeraomysgroup are of economic and health importance but represent one of the most
difficult groups of the Murinae for systematics analyses due to a high degree of morphological similarity among species.
Because neither morpho-anatomy nor morphometrics are 100% efficient, the use of cytotaxonomy and DNA sequencing
is essential. We present together our recent results about taxonomy and biosystematics of the group. The distinction of two
complexesP. jacksonandP. tullbergi is here confirmed both by morpho-anatomy and geometric morphometrics, as well

as by cytochrome b sequencing. It is also shown that the fronto-parietal crest disposition has a phyletic signal. However,
these criteria cannot be applied to juvenile and very old specimens, which restricts its application. DNA sequencing of the
mitochondrial cytochromb gene also confirms the monophyly of x@omysgroup. However, some incongruence is
observed between molecules and morphology due to the paraphyly of thdlgenugs This pattern points out the inac-

curacy of external morphological characters taken as diagnostic criteria. In such a case, like in various other Murinae, the
combination of different techniques appears necessary in order to better understand the taxonomy and biosystematics in
the group. These results have important implications for epidemiological research.

Introduction to East Africa (Uganda to Malawi) and in both primary
and secondary forest zones. The genus comprises 10

Systematics is the science devoted to discovery, identificapecies whose geographical limits are still poorly known
tion, classification and interpretation of biological diver-due to the low level of morphological differentiation
sity. It is often divided into taxonomy (or description,among the species and a long history of confusion and
naming and classification of taxa) and biosystemationisidentifications (Musser and Carleton 1993; Van der
(assessment of the evolutionary relationships betweestraeten and Kerbis-Peterhans 1999). Until recently, the
species, i.e. phylogeny). This distinction reflects differengenus Praomys was broadly conceived and included
approaches and the frequent involvement of differermembers of such well recognised generaviastomys
groups of scientists. Nevertheless, the two disciplinedylomyscusand Myomys A revision of the genus
share the phylogenetic approach and have the same funB#saomysalso requires that we adopt a broader approach
mental aim: the production of stabilised classificationghat includes these taxa, which together constitute the
allowing evolutionary inferences both for fundamentaPraomysgroup. No phylogeny was formerly available,
and applied biology. Systematics has recently benefitatespite the fact that the entire group has economic and
from a complete renewal, with the ongoing developmerttealth importance (Lecompte et al., this volume). More
of new methods and concepts, among them cladisticspecifically, P. jacksoniis a primary natural host of the
morphometrics, molecular systematics and globarenavirus Mobala (Mills et all997) and is probably a
genomics. The integrative application of all these tools teeservoir of Ebola virus (Morvan et al. 1999). Further-
the same study models is now possible and this approactore, some species dfraomysare almost unknown
is developed in our research team. It provides a richecause they are restricted to some isolated montane
approach that leads to more complete and precise descriprests. These species have special conservation impor-
tions of biodiversity. tance.

Tropical Africa supports very high micro-mammalian  Finally, the biodiversity oPraomysmay be underesti-
diversity, especially between African Murinae (Rodentiamated due to the probable existence of sibling species in
Muridae). The soft-furred rats of the gerfimomysare  various African Murinae, as suggested recently by
widely distributed from West Africa (Senegal to Angola)Meester (1988) and Taylor (2000). A careful revision of
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all members of the genus is required, but with speciaiompleted with new characters and increased samples
attention toP. tullbergi the type species of the genus. Inwithin thePraomysgroup. The data matrix had 51 charac-
this paper, we have applied the integrative and comparters on 27 species, including 24 species ofRteomys
tive approach to thBraomysgroup, both at specific and group. Total genomic DNA was extracted from liver, heart
generic levels, in order to solve some taxonomic prober muscles preserved in 70% ethanol using a CTAB
lems. We will highlight the perspective brought by eactprotocol (Winnepenninckx et al. 1993). Mitochondrial
technique, as well as the importance of comparing resulsgquences containing the cytochrome b gene (1140 pb)
and the implications of such an approach. were isolated via the polymerase chain reaction (PCR)
and sequenced directly from purified PCR products with
) an automatic sequencer (CEQ2000; Beckman). The
Material and methods sequences were entered and manually aligned using the

Bioedit software. Mutational saturation was studied for

Vou.cher S,pe.c'm.ens from the coIIectllons_of the Museunéach codon position for transitions and transversions sepa-
National d’Histoire Naturelle (MNHN; Paris, France), therately. Both for morpho-anatomical and molecular data,

Natural History Museum (Lon_don, England), anq thE'the phylogenetic relationships were analysed by the
Royal Museum for Central Africa (Tervuren, Belgium) maximum parsimony (MP) method using PAUP 4.0

have been used for morpho-anatomical, morphometriééwoﬁord 1998). Twenty species of tReaomysgroup

and phylogenetic analysis. Two taxonomic levels ar epresented by one to six specimens, were treated with

considered in this study. First, the initial recognition Ofother Murinae species chosen as outgroups according to

elementary taxonomic units (OTUSs) is made both at gemi_secompte et al. (2002b). The molecular and morpholog-

and species level With the help_ of mprpho_mgtric methOd‘T’caI trees were compared with Treemap 1.0 software (Page
and then, the analysis of relationships witRimomysis 995)

performed through phylogenetic methods and assessed f%r '

their consensus.

At the intraspecific level, 208 skulls & tullbergi
from MNHN have been used for morphometric analyse
(to be reported in detail elsewhere). Twenty skull an
mandible measurements were taken using a caliper (0.
mm precision). Principal component analysis (PCA) an
canonical variable analysis (CVA) were done using log
transformed values. Outlines of dental rows were draw
using a binocular microscope with a camera lucida an
digitised using a standard orientation after preliminan
tests. A total of 194 dental-row outlines Bf tullbergi

specimens from MNHN collections—86 females and 11‘l:igure 1. Dorsal view of @raomysskull showing the landmarks

males, coming from Ivory Coadli & 45), CameroorN=  sed to analyse the shape of the frontal bone.
2), Gabon N = 94), Burkina Fasd\[= 2), Central African

Republic N = 31), SenegalN = 6) and TogoN = 14)—
were digitalised using TPSDig software (Rohlf 2001) and . .
then analysed using specially devised MATLAB V.6. Results and discussion
routines for Elliptic Fourier analysis (Kuhl and Giardina o
1982). Coefficients of elliptic Fourier were calculated forOTU definition
normalised and orientated contours. Four landmarks at the Within the framework of the biological species
junction of the teeth were taken in order to superimposeoncept of Mayr (1963), there is a need to define elemen-
the outlines. Shape and size differences were analysedty taxonomic units (OTUS), especially when looking at
using PCA and CVA of Fourier coefficients. ‘non-natural’ populations (issued from collections or

Seven landmarks were taken on the left anterior half afystematic field inventories) where the critical tests of
the dorsal side of the skulls of differgPtaomysspecies hybridisation cannot be made. It is also necessary in the
(Figure 1). Landmarks were acquired using a chargease of sibling species (morphologically similar species
coupled device (CCD) camera with a macrophotographibut genetically structured and reproductively isolated;
device and the Measurement TV software (version 1.9Mayr 1963). Classical morpho-anatomy or morphometric
Updegraff 1990). Thin-plate spline analyses werdools are well suited for morphospecies definition,
conducted using the thin-late splines relative warfowever in the case of sibling species or a species
(TPSRW) analysis software of Rohlf (2001) allowingcomplex, cytotaxonomic methods, especially using
superposition of landmarks and visualisation of shapbanding techniques, are better adapted.
deformations in function of variance.

On the basis of good taxonomical identificationsMOrpho-anatomy
phylogenetic analysis can be performed. A preliminary The search for diagnostic characters is especially
morphological phylogeny (Lecompte et al. 2002a) wasmportant for species identification. In the past, the diag-
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nosis of species was based on external characters but this Anterior limit of the palatine bone extending to

can lead to considerable confusion, especially in groups
with high levels of morphological similarity and/or vari-
ability. In the Praomysgroup, most of the genera were
long confused and even placed in the same genus (see
Ellerman 1940-1941; Meester and Setzer 1971-19773,
The first morphological revisions of the group grew out of
Petter's (1965, 1975) and Rosevear's (1969) studies of
skull and molar morphology, which provided some useful
characters, both at the generic and specific levelg,
However, these authors each looked only at a few species
of the genus. Around the same time, other authors
reported some supplementary characters that allowed the
discrimination of certain species, but comparisons were
generally very limited. Our research group has, for th
first time, examined all recognised speciesPcdomys

with samples of 15 to 100 specimens per species to accu-
rately assess intraspecific variability. The selection of
skull characters took into account the nature and extent af
variability of the characters; all highly variable characters™
were rejected in devising the identification key.

The cranial characters selected for this identification
key are illustrated in Figure 2. The only external charact
employed here is the mammary formula, because this was
initially used by Thomas (1915) to separate the genera
Myomys Mastomysand Praomys It is expressed as the
total number of pectoral mammae and inguinal mammae.
This character can be used only with adult females and
consequently it is limited for purposes of species determi-
nation. We provide here an identification key for species”
of the genu$raomys(after Lecompte et al. 2001).

1. Supraorbital ridges absent or very weak
(Figure 2, label a). 2.

Supraorbital ridges present, more or less
pronounced.

between M1 and M2 (Figure 2, i), nasal/frontal suture
V-shaped (Figure 2, g), zygomatic bone very thin
(half of the breadth of malar process), mammary for-
mula: 2 +2 =8. P. delectorum

Supraorbital ridges beginning in the middle of fron-

tals (Figure 2, b) 4.
Supraorbital ridges very strong, straight, beginning in
front of frontals (Figure 2, c) 7.

Posterior limit of anterior palatal foramina reaching
anterior edge of first root of M1 (Figure 2, j). 5.
Posterior limit of anterior palatal foramina reaching
halfway between first and second roots of M1 (Figure
2, k). P. hartwigi
Proportions of the teeth normal (ratio of molar row
length/maximum length of skull >15%)P. tullbergi
Microdonty (ratio of molar row length/maximum
length of skull <15%) 6.
Interorbital constriction gradual and amphora-shaped
(Figure 2, d) P. misonnei
Interorbital constriction more sharply angular in the
middle of frontal (Figure 2, e) P. rostratus
Posterior limit of anterior palatal foramina reaching
anterior edge of first root of M1 (Figure 2, j).

P. mutoni
Posterior limit of anterior palatal foramina reaching
halfway between first and second roots of M1
(Figure 2, k). 8.
Four small accessory plantar pads, mammary for-
mula:1+2=6 P. jacksoni
One or no small accessory pad, mammary formula:
2+2=8 P. degraaffi

Some characters must be handled carefully because of
sex and/or age dependence. For instance, the ‘supraorbital
ridges’ present some variation in relation to age—the

2. Anterior limit of palatine bone extending to the levelridges increasing in strength with the age of the animal.
of the posterior part of M1 (Figure 2, h), nasal/frontalThus, oldP. moriocan have similar ridges to youRgtull-
suture almost horizontal (Figure 2, f), zygomaticbergi, and the type oP. moriq a young adult, presents
bone of the same breadth as malar process, mammargry weak ridges, which could be quite misleading. This

formula: 1 + 2 = 6. P. morio

-
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illustrates the necessity of taking into account both sex
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Figure 2. Morphological characters used in the identification keyHmomys
species. See text for identification of morphological features.
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and age influences on diagnostic morphological characharacters for phylogenies or to analyse the evolution of
ters. shape by mapping onto cladograms. Classical morpho-
Molar teeth characters are useful for palaeontologynetric techniques (canonical analyses) have been applied
and determination of remains in owl pellets (Denys 2002successfully to distinguish betwedtraomystaxa. For
Praomysteeth are characterised by an undifferentiate@xample, Van der Straeten and Verheyen (1981), Van der
prelobe of the upper M1/, with t2 and t3 aligned andStraeten and Dieterlen (1987) and Van der Straeten and
hardly distinguishable, low crowned teeth with well-fuseddudu (1990) used these methods to define species
cusps, a lack of deep valleys between cusps, ammbmplexes withinrPraomysand to justify the naming of
bunodonty of very narrow lower molars without devel-new Praomysspecies. Discriminant analyses of distances
oped cingula (Figure 3). In general, molar cusps are wellave also been applied in studies of other African
united and there are few longitudinal crests. Murinae, both to investigate geographical patterns within
species and to search for cryptic species (Taylor et al.
A\ cusptt P £ 1993; Chimimba 1994). We present here the results of

ﬁ b various morphometric analyses performed at different

taxonomic levels, reflecting the fact that, in the case of

Praomys even the generic boundaries still need to be
defined.

Table 1. Chromosomal data available to date feraomys
species (2N = diploid number of chromosomes; NFa =
fundamental chromosome number; X = sex chromosome X;Y =
sex chromosome Y; SM = submetacentric; M = metacentric; A =
acrocentric).

Species Chromosomal data  References
P. taitae 2N =48, NFa =54; Matthey 1965
X =SM

Figure 3. Variation in upper molar morphology among i N _
populationsof Praomys tullbergi left, Ivory Coast specimen; - degraaffi 2N =26, NFa =24 Maddalena et al. 1989
middle, Senegal specimen (notice the smaller size and that cusp jacksoni 2N =28, NFa =26; Matthey 1959

t1 is better individualised); and right, Guinean specimen. All are X=SM

left upper molar rows. P. misonnei 2N =36,NFa=46  Qumsiyeh et al. 1990
P. morio 2N = 34, NFa =32; Matthey 1970

Cytotaxonomy X=SM;Y =M

It has been shown recently that, in the case of AfricarP. rostratus 2N = 34, NFa = 32 Gautun et al. 1986
murids, cytogenetic variations provide some of the mos®, tullbergi 2N =34, NFa=32; Matthey 1958;

reliable diagnostic criteria  (karyospecies concept, X=A;Y=AorX=M Capanna 1996
Dobigny et al. 2002a,b). Unfortunately, cytogenetic infor- praomyssp. 2N = 42, NFa = 62;  Matthey 1965
mation is lacking for some of the 10 recogni§gdomys X=SM:Y=A

species. A preliminary survey of all published data indi-
cates the existence of species complexes and of potential Morphometric methods were first applied at the popu-
sibling species, especially in thellbergi group, where |ation level in order to test whether the chromosomal vari-
two morphologies are known for the sexual chromosomesbility observed by Matthey (1958) and Capanna et al.
(Matthey 1958; Capanna 1996) (Table 1). No banding1996) inP. tullbergihas any morphological basis (Figure
techniques have yet been applied to verify the taxonomig) or if any geographical substructure occurs within the
status of these forms. Molecular taxonomy, in this contexgpecies. In Figure 4, the first canonical variate separates
can also help to understand relationships within taxa anslit P. tullbergifrom Ivory Coast, while the second canon-

perhaps reveal cryptic species. ical variate sets Guinea and Senegal populations apart
) from the others. The major difference between the Ivory
Morphometrics Coast and other populations is size—especially size of the

Morphometrics is the quantitative description of sizemolars. This geographical difference was also investigated
and shape of organisms (Rohlf and Marcus 1993). Initiallpy using geometrical techniques of outline reconstruc-
based on distance measurements (classical morphomtens, specifically to see if changes in dental size were
rics), it has been recently renewed with the use of thiraccompanied by any changes in their shape. Elliptical
plate spline (TPS) and Fourier analysis methods whickRourier analysis shows effectively that, in addition to size,
allow the analysis of shape of organisms (geometrithere are shape differences in upper molar outline between
morphometrics: Bookstein1991). Morphometric techthe Guinean and Senegal populations Rof tullbergi
niques are appropriate in taxonomy for species discrimifigure 5). These results indicate a possible taxonomic
nation but can also help to find useful morphologicatifferentiation within thetullbergi species group for the
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more western part of tropical Africa. Concerning the chroRobust monophyletic groups allow us to make hypotheses
mosomal difference between specimens from the Centrabout the history of characters and distributions. Phyloge-
African Republic and from the Ivory Coast, the morpho-netic relationships within thePraomys group were
metrics analyses confirm some differences but much moieferred using both morphological (Lecompte et al.
sampling is required to investigate this problem thor2002a) and molecular data (Lecompte et al. 2002b). By
oughly. comparing the results of these analyses (Figure 7), several
At a higher taxonomic level, there is confusion in thepoints of incongruency are given emphasis.
literature with the type d®. lukolelagfrom Central Africa.
This taxon was placed in synonymy wiMalacomys Y
(Musser and Carleton 1993). TPS analysis using la fh
marks on the dorsal part of the skull confirms the distir ,
tion between the two species complexe®Eomysand
suggest placement . lukolelaesamong theP. tullbergi
complex. Combined with traditional skull and dental an:
ysis, this strongly suggests by a quantitative method t e - - -
the taxorlukolelaedoes not belong ikalacomygFigure UL
6). Fronto-parietal crest disposition, as well as shape
the frontal part of the skull, helped to firm up the qualit * e ﬂ
tive characters of Petter (1975). However, in all cas Gy |
presented here, morphometrics never provided 1 H s
discrimination between species or populations, her " Bereg
other techniques are now required for OTU determinati =
In conclusion, objective identification of OTUs require
attentive observation of large series of specimens in orde
see the variability and eliminate the age differences. G¢ Figure 5. Canonical variable analysis (CVA) on upper molar row
skeletal preparations and knowledge of anatomy are necéstlines and the representation of extreme shapes on each axis.
sary. The discrimination methods can be applied locallvhe first canonical variable shows malnly_a size difference and
with some specific identification success or at the gener?%e second one a shape asymmetry especially on upper M1/.
level. Hoyvever, in the case Bfaomys other molecular and A new maximum parsimony analysis is presented here
karyological techniques are now needed to solve thgy o) members of th@raomysgroup. The morphology-
problem of OTU definition within this group. based consensus tree displayed in Figure 7 (left), shows that
the Praomysgroup is monophyletic and further confirms
that the genuBraomyscan be divided into two complexes,
Phylogeny retraces the sister relationships of a speci#ise jacksonicomplex and théullbergi complex. The crest
or a group of species. The genealogy obtained is shovamaracter, first qualitatively identified by Petter (1975) and
graphically as a tree where the topology represents assessed quantitatively here (Figure 6), appears to have a
hypothesis corresponding to the inferred evolutionaryobust phylogenetic value insofar as it provides an unam-
relationships between taxa. Congruent phylogenetic tredsguous synapomorphy for thgcksoni complex. The
produced from different types of characters can form thdivergence between thellbergi andjacksonicomplexes is
basis for stable classifications (build the tree of life)supported by a total of 13 synapomorphies. Species within

Phylogeny and classification

s Ivory Coast
= o Cameroun
«

& A Gabon
o~ x Guinea
2 % RCA
<
Senegal
+ Togo

Axis 1 (44.8 %)

Figure 4. Results of the canonical variable analysis (CVA) based on 20 skull
log-transformed measurements for 208 specimestaflbergi from West
Africa (axes 1 and 2) (RCA = Central African Republic).

503



Rats, Mice and People: Rodent Biology and Management

thetullbergi group are distinguishable by up to six synapomonophyletic, as in the morphological tree. On the
morphies but there is no autapomorphy to define this entimntrary,Praomys MyomysandStenocephalemyare this
group. Generally, some characters provide good local syntime paraphyletic. The cytochrome b sequences within the
pomorphies but they show convergence at theRotedmys  P. tullbergi group suggest the existence of a complex of
group scale. species sinc®. tullbergiitself is divided into three para-

DNA sequencing is an important and objective sourc@hyletic units (E. Lecompte, unpublished). This pattern is
of characters usable in phylogeny (Figure 7, right). For theonsistent with previous geometric morphometrics and
cytochrome b gene, theraomysgroup is found to be cytogenetic results.
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Figure 6. Thin-plate splines relative warp (TPSRW) analysis of variation in the dorsal
outline of the frontal bone of differerRraomysspecies. The results demonstrate the
distinction ofP. jacksonion axis 1 and the similarity of the type dfalacomyslukolelae

to members of the. tullbergi complex.

Figure 7. Morphological (left) and molecular (right) phylogenies of Bieomysgroup (after
Lecompte et al. 2002a), showing the incongruence between these arRdgieesysspecies
are identified by acronyms beginning withHRjlomyscuswith H; Stenocephalemysith S;
Mastomysare MER, MHU and MNA;Heimyscusis HFU; and theMyomysspecies are
underlined.
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In a recent article, Hilis and Wiens (1999) References
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Abstract. We employed random amplified polymorphic DNA (RAPD), microsatellite and morphometric measure-
ments to study the microdifferentiation of five insular and four mainland populations of deePen@ayscus manic-

ulatus) from Lake Duparquet (Québec). Population divergence was assessed using distance comparisons and
regressions were used to link the differentiation patterns to ecological and landscape variables. A significant fraction of
among-population variance was detected, indicating a clear differentiation of the populations, in spite of the small size
of the study area (50 Kin PairwiseF,, values and Euclidean distances were computed to derive matrices of interpop-
ulation differentiation. We found that barriers to dispersal were a key factor shaping the genetic structure of the insular
populations. Indeed, three explanatory variables clearly emerged from our analysé®atbé the islands, the
Remotenessf an island from the shore, and tlselation indexcombining the effect oRemotenesand Mainland
geometry The analysis of a total evidence matrix clarified the population differentiation pattern and allowed for a
three-fold increase of the proportion of variance explained by the regression models. A multiple regression based on
the ecological and landscape variables explained over 70% of the combined molecular and morphometric population
divergence.

Introduction spatial organisation and genetics of populations is of
primary importance for management purposes and conser-

Over the last decade, biologists have described and cheation biology (Berry 1986). Indeed, efficient manage-
acterised the genetic structure of numerous rodent populaent of the genetic diversity relies on the quantification of
tions at various geographical scales (e.g. Jaarola atfte population differentiation and a clear understanding of
Tegelstrom 1996; Patton et al. 1996). The structure of thibe relationship between genetic and landscape structures.
genetic variation can reflect historical factors related to thierom this perspective, the study of populations inhabiting
distribution of populations (phylogeography). Howeverjnsular landscapes is of great interest, since insular biotas
the demography of populations and the landscape configtan provide a simple yet accurate model of the long-term
ration can also alter the distribution of the genetic divereffects of extreme habitat fragmentation in a simplified
sity within a species (Gilpin and Hanski 1991). Recentlyhabitat matrix (Vucetich et al. 2001).
the researches in molecular ecology and population Inthe present paper, we have addressed these issues by
genetics have focused on linking the genetic structure witissessing the structure of the genetic variation of insular
landscape features that influence dispersal of individuaé;d mainland populations of deer micBefomyscus
among populations and, consequently, gene flow (e.ghaniculatuy sampled from a single lake covering a
Mech and Hallett 2001). Investigation of the effects ofimited geographical area (<50 K Amounts of inter-
these variables on population genetics will not onlypopulation differentiation were estimated using three
provide insights into microevolutionary processes opeflasses of markers: random amplified polymorphic deox-
ating at the ecological scale, but also extend our undefribonucleic acid (DNA) (RAPD), microsatellite and
standing of the effects of environmental modificationsnorphometric data. We tested whether the observed
caused by human activity at the landscape level. Habitgenetic structure could be explained by the landscape
fragmentation reduces the size of populations anconfiguration and spatial structure of populations. The
increases their isolation, which accelerates genetic drifesults obtained with the three data sets taken separately
and decreases gene flow, respectively, inducing, in turnweere compared and combined to clarify the effect of
quick decline of the genetic variation. For these reasonsabitat fragmentation on the genetic differentiation of deer
addressing the effects of landscape alteration on theouse populations.
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Materials and methods

Sampling sites

Lake Duparquet is located at the southern edge of th

cipal axis is assumed to represent a combination of the
morphometric descriptors related to size, and the 16
subsequent orthogonal components were thus used to
%uantify morphometric differences between populations.

Canadian boreal forest (48°30'N, 79°13'W). It Coverpopylation differentiation analyses

approximately 50 kfand has more than 150 islands of

various sizes. Deer mice were collected from five islands
and four mainland sites in August 1995 and 1998 (Figur

1). Sites were selected to cover a wide range of geograp'r:1)-(,00f,f'er et al.
rRairwise

ical distances from each other or from the mainland (fro

0.2 to 9.2 km). For the purposes of the present study, 64

The amounts of population differentiation were calcu-
@ted using an analysis of molecular variance (AMOVA,
1992). For both types of molecular data,
interpopulation  differentiation  values were
mputed as linearisdgy; values. In the case of morpho-

specimens from nine populations were considered fdpetrlc measurements, Euclidean distances were computed

both RAPD and microsatellite typing as well as for
morphometric analysis (for sample sizes, see Table 1).
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Figure 1. Map of Lake Duparquet (Abitibi, Québec) showing the

five islands (in black) and the four mainland sites (crosses)

analysed in this study.

Molecular data

DNA was extracted from fixed liver tissue, according
to standard phenol/chloroform protocols. Three 10-mer
primers were employed to derive the RAPD patterns,

between all pairs of individuals to measure population differ-
entiation. Provided that the molecular and morphometric
distances can be perfectly represented in a Euclidean space,
this analytical framework applies to any type of data and was
selected for the evaluation of all three distance matrices in a
coherent fashion (see Landry and Lapointe 1999).

Ecological and landscape variables

The three population differentiation matrices were
tested against six Euclidean distance matrices computed
from the corresponding to each ecological and landscape
variables (Table 1). The investigated variables were:
Population statuscoded 1 for island populations, and
0 for mainland populations.

Population abundancenumber of mice captured on
each island (number of individuals/100 traps*night).
Island area for comparative purposes, the area (in ha)
of all mainland sampling sites was set equal to the area
of the largest island included in the analyses.
Remotenesdistance (in km) separating each island
from the mainland; for that matter, mainland popula-
tions have a remoteness of zero.

Mainland geometryangle of the shoreline (in degrees)
at the closest distance from each island (see Landry
and Lapointe 2001); small angles designate peninsulas
whereas large angles indicate a flat-line shore; main-
land populations are assigned a value of zero.

Isolation index combination of remoteness and main-
land geometry (degrees*km); namely, an island situ-

ated close to a peninsula is considered to be less
isolated than one located further away from a straight-
line shore (Landry and Lapointe 2001).

following the methods in Landry and Lapointe (1999),
whereas microsatellite polymorphism was analysed at fivBegression analyses
loci using specific primers and polymerase chain reaction contributions of the ecological and landscape vari-
(PCR) profiles developed fd?. maniculatugChirhart et 5pjes to population differentiation matrices were assessed
al. 2000). Alleles were sized with an automated sequencgking a linear regression framework based on matrix
(ABI Prism 310) for microsatellites or using gel e|eCtr°'comparison tests; the coefficients were tested using a
phoresis for RAPD typing. permutation procedure (Mantel 1967). However, because
i all variables were strongly associated with population
Morphometric data status, the effect of this descriptor was controlled with
The morphological differentiation of populations wasappropriate matrix treatment using a partial regression
assessed by measuring 17 craniometric variables on edchmework and population status as a covariate (Smouse
individual (see Landry and Lapointe 2001). Theseet al. 1986). Ultimately, different combinations of
measurements were submitted to principal componenlistance matrices were evaluated in a multiple regression
analysis to correct for allometric growth. The first prin-model.
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Table 1 Details of the populations and ecological and landscape variables tested in this study.

Population Sample Population Area Population density Remoteness Mainland Isolation
size status (ha) (individuals/100 (km) geometry index
traps/night) (degrees) (deg*km)
Amik 8 Island 13.0 35.6 0.20 60 12.0
Hell 8 Island 2.6 315 1.20 61 73.2
Mouk Mouk 8 Island 78.2 17.2 0.26 150 39.0
Ossements 8 Island 5.7 41.4 0.54 164 88.6
Solitaire 8 Island 6.7 9.4 0.34 90 30.6
Alembert 5 Mainland 78.2 3.1 0.00 - -
Bayard 6 Mainland 78.2 3.8 0.00 - -
Magusi 5 Mainland 78.2 1.6 0.00 - -
Mouilleuse 8 Mainland 78.2 3.6 0.00 - -

Only the matrices contributing significantly to the Pairwise interpopulation differences ranged from 5.56%
regression model were selected using a backward elimie 29.12%, most of which exhibited significant differences
nation procedure (Legendre et al. 1994). These analysasthe 0.05 level (except for one pair: Bayard—Magusi).
were computed independently from each of the three
differentiation matrices as well as from a total evidencéicrosatellite data

matrix averaging the morphometric and molecular inter- The five loci analysed produced 72 alleles, with

populatign distance ma_trices to increase the amounts HLmbers of alleles per locus ranging from 11 to 18. The
information and maximise the explanatory power of thé\\1ova analysis revealed a relatively large proportion of
variables. among-population varianceF4 = 11.5%, p = 0.0001).
Contrary to RAPD findings, no significant differences
were found among the mainland populations except for
The structure of interpopulation differentiation wasgne (Bayard), which was significantly different from all
explored with a split decomposition graph (Huson 1998jhe others. Similarly, no significant differences were
in which the number of branches separating pairs of popietected between the island group and the mainland group
lations and the branch lengths are proportional to th(az_l%, p=0.9805). On the other hand, all inter-island
differentiation among populations. This method 3”0W5comparisons were significant at the 0.05 level, with

populations by relaxing the constraints imposed by a tregy 2oy

representation. It also indicates alternative relationships

sgppqrted by the data, combining informatipn abouforphometric data

historical factors and gene flow, the latter being repre- i di lat d f
sented by reticulated connections (parallel edges) in the Euclidean distances among popu_atlons ranged from
graph. To evaluate the congruence among the three dapp51 10 0.617 and_the_analyss 9f vaniance computed f_rom
sets, the topologies of the corresponding splitsgraphs Wetrféese morphometric distances indicated that populations

compared with a permutation test (Mantel 1967). A total’®'® highly differentiated, with a substantial proportion of

evidence graph was then computed to represent the refgpong-population variance (15.4%, = 0.0001). The

tionships among populations based on the combined dat _ainland populations were found to be morphometrically
omogeneous, whereas the majority of insular populations

were statistically different from one another at the 0.05

Split decomposition graphs

Results level. However, no significant difference was detected
between mainland and insular populations (3.1%,
RAPD data p=0.2742).

Forty-eight polymorphic markers were scored from _
three RAPD primers and 64 individuals. No marker Wagzegressmn analyses
unique to a particular population, and none could discrim- Regression tests revealed that different ecological
inate between insular and mainland populations. Thdescriptors were related to the differentiation matrices.
AMOVA revealed that the sampled populations could b&VhereasRemotenes§ = 0.409,p = 0.047) was signifi-
clearly discriminated despite the small spatial scale, withantly correlated with RAPD distances, thAeea (r =
a large fraction of among-population variance0.214,p = 0.028) was the only variable correlated with
(Fst=21.8%, p=0.0001). Interestingly, a significant microsatellite differentiation. In the case of morphometric
fraction of intergroup variance was established betweedata, Population abundancgr = 0.432,p = 0.031),
insular and mainland populations (6.3%= 0.0071). Remotenes§ = 0.573,p = 0.034) and thésolation index
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(r =0.727 p = 0.003) were all found to be significant in theresults obtained for the same species using similar
simple regression models. When all distances wermmarkers in a different insular landscape (Vucetich et al.
combined in a total evidence matrixiea (r = 0.265,p =  2001). Thus, it appears that such mainland—island dispari-
0.018),Remoteness = 0.816,p = 0.003) and thksolation  ties are likely to reflect the influence of habitat fragmenta-
index(r = 0.547,p = 0.018) were significantly correlated tion on genetic processes. While island and mainland
with the combined data. A multiple regression modepopulations were sampled in different years, it is unlikely
including these variables revealed that 70% of the variandbkat variations in time could solely explain the directional
of the total evidence matrix can be explained by thesehanges implied by the difference observed. Indeed, the
ecological descriptors, which is more than three times thgenetic structure in populations Béromyscusas been
proportion of variance explained in the case of the separasbown to remain stable for six consecutive years (Baccus
data sets. and Wolff 1989).

Splitsgraphs

Few features were congruent in the splitsgrapl
obtained from the different data sets, as an importe
proportion of interpopulation distances was attributab
to single population differentiation. The splitsgraph
computed from RAPD and microsatellite differentiatior
matrices exhibited somewhat different topologies, main
regarding the position of the mainland population
(results not shown). Expectedly, no significant relatior
ship was obtained when comparing the topologic
distances of these two graphs £ 0.191, p > 0.05).
However, restricting the analysis to inter-island compai
sons revealed an exceptionally high level of congruen Figure 2. Split decomposition graph illustrating the
of the two splitsgraphsr £ 0.740,p = 0.002). Alterna- relationships among nine populations of deer mice. The path-
tively, the graph based on morphometric data was fou length distances are proportional to the amount of
to be remarkably congruent with the RAPD grap differentiation Ibetween pairs of populations from Lake
(r=0.733, p=0.001), but not with the microsatellite Duparquet, Québec. Terminal branches are not drawn to scale to

graph ¢ = 0.112,p > 0.05). Again, the incongruence was focus on th_e internal branc_hes of the graph. Ellipses are u_sed to
h . . represent insular populations, whereas rectangles designate
mainly caused by the mainland populations, ar

. . . mainland populations.
comparing only the islands revealed a much higher cori
lation = 0.883,p = 0.049). The splitsgraph of all popu- ¢ ghsence of morphometric or microsateliite differ-

lations based on the total evidence matrix combining thgpiation among mainland populations suggests extensive
RAPD, mu_:rosgtelllte and_ morphometrl_c dlsta_n_ces '35ene flow or large population size on the mainland. This
pres_ented In Flgur_e 2. Th's represer_ltatlon clarified an |so indicates that the interactions involving mainland

confirmed the relationships observed in the separate anﬁ'(')pulations are many times greater than those among
yses. For one, the four mainland populations clearly,q,ar hopulations; indeed, gene flow is expected to come
formed a distinct group, separated from the five InSUIa1rnostly from the mainland. On the other hand, most insular

populations, and with shorter branches among them. Tv‘f?opulations were extremely divergent from one another,

pairs of populations (Hell-Amik and Ossements-Soliyeqargiess of the data set analysed. Collectively, the

taire) also appeared to be strongly supported by thgpstantial amounts of genetic differentiation documented

combined data. Interestingly, the same pairs Wergq o gyggest that insular populations undergo reduced
obtained in the separate analyses of the three data setSamounts of gene flow relative to the mainland popula-
tions. This observation is in agreement with other studies

Discussion tha_t also reported a red_uctlon of genetic varlablllty c_aused

by increased genetic drift and reduced gene flow in insular

Overall, the interpopulation values calculated with the?OPulations (Vucetich et al. 2001).

three data sets consistently revealed a high proportion of Given the substantial gene flow among mainland popu-
among-population variance, indicative of strong populatations, dispersal from the mainland to the islands was
tion differentiation, considering the small geographicakexpected to be of primary importance in determining the
scale of the study area. The amounts of differentiatioamounts of island population differentiation. Three vari-
calculated from the microsatellite data were comparablables were related to this insular dispergnioteness

to those observed from morphometric data, the maiAreaandlsolation). Isolationis a composite index of two
differences among data sets being attributable to mainlamtbscriptors:Remotenesand Mainland geometryWhen
populations. In the case of RAPD data, our analysesonsidered separately, these two variables contribute
underscored a clear division between islands andifferentially to dispersal mechanisms. Wherksnland
mainland populations, which is consistent with othergeometrymeasures the inclination of small mammals to
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enter the water during dispersal (Landry and Lapointeorroborate these earlier findings using three different
2001),Remotenesmeasures the length of the water barrieiclasses of genetic markers. Moreover, the RAPD results
preventing a mouse from reaching an island. These twauggest the existence of a difference between mainland and
descriptors are not collinear and can be thus used in comistand populations, which was also underscored by a very
nation to quantify the similarities among populations. Theimilar study involving RAPD markers iR maniculatus
Isolation indexwas found to be the strongest predictor ofpopulations (Vucetich et al. 2001). Still, this differentiation
population morphometric divergence and was also highlgould not be observed either with microsatellites or
significant with the total evidence daRemotenes®n the morphometric data. Nevertheless, these findings stress the
other hand, was significant in the regression models basaded for a closer scrutiny of insular population genetics,
on RAPD, morphometric and total evidence distancesespecially in the context of population insularisation caused
These results confirmed that population differentiatiorby habitat fragmentation (Hanski 1998).
could not be explained without considering the habitat Finally, the use of a total-evidence approach proved to
spatial structure and the biology of the spedtesomyscus be fruitful to clarify the differentiation patterns among
mice are rather good dispersers on the mainland, and sopepulations. The data combination clearly increased the
mice are known to be able to swim across water barriers @mount of explained variance of the differentiation matrix
to 200 m (Sheppe 1965). Despite their relatively poomn the multiple regression models. This result supports the
ability to cross water barriers, one must bear in mind thatypothesis that adding molecular and morphological
deer mice are active all winter long and could dispersiformation maximises the content of evolutionary infor-
when the lake surface is frozen. Nevertheless, dispersalation. Moreover, the use of a distance approach based on
rarely occurs during the winter months when the activity iractions of interpopulation variance allowed us to
reduced (Fairbairn 1978). Therefore, limited over-watetompare and combine data from very different sources,
dispersal is expected to be an important factor preventingoviding a highly flexible analysis framework. The
the gene flow from the mainland to the islands. residual variance could be attributed to a series of random
Relationships among populations arise both fromevents altering the differentiation of insular populations,
historical factors and lateral transfer, even though pairwis@cluding random genetic drift.
Ftvalues cannot separate these factors. A split decomposi-
tion graph can be used, however, to visualise the relation- )
ships among populations, as it reconciles both conceptual Conclusion
interpretations ofF; values. The model underlying split

decomposition is more flexible and desirable for populatioWe have shown that the amount of population genetic

. . r&lfferennanon is associated with landscape configuration
analysis than the commonly used dichotomous tre . . . .
. : . We used a rigorous approach involving the statistical
(Lapointe 2000). It allows for a larger fraction of the avail-, . . .
: . . . - testing of all descriptors that allowed the evaluation of the
able information to be displayed while only retaining the """ .
relative effects of many variables. Our results clearly

strongest relationships among pairs of populations. More-" ;. . . .
9 P gp Pop indicate that ‘ecological distances’ related to the dispersal

over, the residual fraction of the data is not represented in %ilities of a species are important to explain the popula-

splitsgraph, a desirable feature when working at sma| ; S S .
Plsgraph, : . 9 ion differentiation. The combination of different data sets
spatial scales and when random dispersal is very likely. Few . . : . .
in_a total evidence matrix provided increased resolution to

compatible associations were recovered across the three . ! :
. L urf]derstand the factors influencing the genetic structure of
data sets. Small sample sizes and the limited numbers .0 . .
i . . : - jnsular populations. These results, along with the analyt-
microsatellite loci analysed for the mainland populations . .
. . . . ical approach presented in this paper, could be used to
can possibly explain these discrepancies. However, furthet

examination of the splitsgraphs, ignoring the mainlan(‘frov'de guidelines and a framework for the management

populations, revealed that the three data sets we é rodent populations or metapopulations inhabiting any

extremely congruent. Because of their very high variability,ragmented landscape.

microsatellites require more extensive sampling than other

genetic markers, and it is likely that only the strongest Acknowledgments
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Abstract. The taxonomy of house mice (gerias) of Russia and neigbouring countries is reviewed. Two free-living
specieslus spicilegusM. macedonicusbeth monotypic) and one commensal spedigsfusculus-polytypic) are

found in the former Union of Soviet Socialist Republics. The distribution of these species is described and the origin of
zones of high genetic polymorphism in Transcaucasia and Asia is discussed. The Transcaucasian populations are inter-
preted as early-differentiated formsMf musculughat preserve the ancestral gene pool. In Adjaria, secondary contact
occurs between these forms and differentidtedlomesticugrom Turkey. Analysis of hybrid populations of house

mice in Russia demonstrates the particular significance of hybridisation in the evolution of commensal taxa.

Introduction Taxonomy and distribution of house
Karl Linnaeus described/lus musculusn 1758 from mice In Russia an_d nelghbou”ng
Uppsala. Since that time, a total of 151 morphologically countries

defined taxa of house mice have been described (Marshall ) o . _ o

1998). In the territory of the former Union of Soviet Intensive systematic studies, involving the_mv_e_stlgatlon of
Socialist Republics (USSR) authors described 25 differe@l0Zyme variation among more than 600 individuals, and
taxa of house mice (5 species and 20 subspecies). morphologlcal analysis of both genetlcally marke_d indi-

The systematics of the genddus have advanced V|duals_ and other museum specimens (collectl_ons of
during the last three decades, largely owing to the applicdoelogical museums of Moscow, St Petersburg, Kiev and
tion of biochemical and molecular genetic methods. Twgthers), have revealed three species of the gltussn
large, divergent groups have been identified inkhes ~ the former USSR. One is commensklug musculus
musculusspecies group. The first group includes theéVhile two are free-living M. spicilegusand M. mace-
commensal speceblus musculusM. domesticusandM. ~ donicug - (Mezhzherin ~and  Kotenkova 1989, 1992;
castaneudafter Sage et al. (1993) we consider these alg_rlsman et al. 1990). Some populatlons_ of house mice had
distinct species]. The second group includes the indigfigh levels of genetic polymorphism, sometimes
nous free-living speciedl. spretus M. macedonicusnd extending across large zones (e.g. Transcaucasia and Asia)
M. spicilegus (Mezhzherin et al. 1998; Yakimenko et al. 2000).

The aims of this work are: (i) to review the available Mus spicilegusthe mound-building mouse, is a small
data concerned with the taxonomy of house mice if1ouse with a grey homogeneous or contrasting two-
Russia and neighbouring countries, with emphasis on t§@loured coat. The tail dil. spicilegusis always shorter
distribution of each species; and (i) to discuss the origi? length than its body and it is thinner than the tails of

of Transcaucasian and Asian populations possessing higi{1er speciesM. spicilegusoccurs in Ukraine, Moldova
levels of genetic variability. and some regions of Romania, Hungary, Serbia, Mace-

donia, Bulgaria, and Austria (Sokolov et al. 1998; Figure
1). An isolated population was described at Ulcinj, close
to the border between Montenegro and Albania (Krystufek
and Macholan 1998). Attention should be paid to the east-
ernmost as well as the northern edges of the distribution of
this species. Available data do not support the occurrence
of M. spicilegusin northern Caucasus. Across its range,
M. spicilegusoccurs sympatrically witM. musculus
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Figure 1. Distribution ofMus spicilegugKrystufek and Macholan, 1998; Sokolov et
al. 1998). Dots represent documentbt spicilegus captures or mounds; star
represents an isolated populatiorvbfspicilegus

Mound-building mice inhabit a variety of agro-ecosys-Georgia, Armenia and Azerbaijan. The tail Mf mace-
tems and, as a rule, are locally abundant throughout thedonicusis always shorter than the length of its body. In
range. A distinctive characteristic . spicilegusis its  Transcaucasia, this species occurs sympatrically with popu-
grain-hoarding activity. In autumn, groups of 4-14 micdations of commensal mice that are genetically intermediate
construct special mounds (kurgans) in which to store foodetweerM. musculusandM. domesticugFigure 2), and is
and spend the winter. Seeds of 84 species of plantsund in both agro-ecosystems and natural habitats.
belonging to 29 families have been found within these
mounds; 28 of these are major forage plants (Sokolov

al. 1998). 1\_ (f

The mound-building mouse was supposedly firs
described by Nordmann (1840) Msis hortulanufrom a %

specimen collected at the Botanical Garden of Odess
Ukraine. Nordmann did not mention mounds, which ar
typical of M. spicilegus and indicated that the colour of
M. hortulanuswas brown. In the Zoological Museum of
the Russian Academy of Science, St Petersburg, W
located one skull of a mouse from Odessa (No. 446(
identified by Nordmann abl. hortulanus The skull is {
badly damaged, but the breadth of the zygomatic proce] T‘
of the maxillary (>0.8 mm) suggests that the skull belon o P
toM. musculusGerasimov et al. (1990) used discriminantgigyre 2. Distribution of Mus macedonicuim Transcaucasia.
function analysis to show that this specimen can bgots represent documentiti macedonicusaptures.
referred to adl. m. musculusEvidently, what Nordmann
described was the wild form dfl. musculus which is Mus musculusis a widespread and polytypic
widespread throughout the steppes of southern Ukraingymmensal found in eastern Europe and Asia. Consider-
and Moldova. In 1882, J.S. Petenyi (Chyzer 1982jple variation exists in coat colour and tail length. Coat
described the mound-building mouseMss spicilegus  colour varies from a homogeneous grey to contrasting
The type series is still preserved in good condition in th@yo-coloured. The dorsal colour can be grey, reddish-grey,
Hungarian Natural History Museum, Budapest; the lectoreddish, brownish, light-reddish, sandy and so on. Fur
type is an adult male, mounted, No. 161.7 fromcolour of the belly varies from grey to pure white. In some
Felsobesnyo, collected on 15 April 1852 (Csorba angdommensal populations, especially in large cities, the
Demeter 1991). level of coat colour polymorphism is very high. The tail
Mus macedonicyshe eastern Mediterranean mouse, ican be shorter or longer than the boM. musculus
a comparatively large mouse with a contrasting twoeccurs throughout practically all of the former USSR. The
coloured coat. Mice from Transcaucasia have light sandgnge ofM. musculusan be divided into four ecological
backs and white bellies. Transcaucasia is situated betweeones based on the level of commensalism (Prilutskaya
the Black and Caspian Seas to the south-east of the lar@84; Figure 3). In the northern zone, house mice live
Caucasus mountain ridge and includes the territories gkar-round in human dwellings. In the two intermediate

T

Cuiplan Sea
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zones, these rodents leave the houses in spring and spendYakimenko et al. (2000) investigated pericentromeric
the summer in natural habitats (in the second zone, neveeterochromatin in the karyotypes of about 21000
far from houses). In autumn, they return to human dwellecommensal and indigenous individuals from the former
ings. In the southern zone, house mice are free-living bldSSR and divided the short-tailed house mice into four
sometimes inhabit dwellings. subspecieswagneri gansuensis ‘molossinudike’ and

The former USSR supports a minimum of threemusculus Although this division based on chromosome
subspecies, which differ in external morphology andmorphology requires confirmation, the data nevertheless
according to Lavrenchenko (1994), are readily distinsupport the viewpoint thdlus musculuss a highly poly-
guished on multifactorial analysis of 18 skull measuretypic species that requires additional investigation.
ments. These can be characterised thus:

e Mus musculus musculuginnaeus, 1758 (syn. : :
funereus borealis hortulanug. Colour of back is Zones of hlgh levels of genetlc

grey, reddish-grey, reddish, brownish or light-red- polymorphism and the role of

dish; colour of belly is light grey to whitish. The tail hybridisation in the evolution of
is usually longer than body, however in some regions, :
e.g. Ukraine steppe, the tail is shorter than the body. commensal house mice
This subspecies occurs in Pribaltica, UkraineThe significance of introgressive hybridisation in the
Byelorussia, the European part of Russia, southeraolution and diversification of mammals (includisigs
Siberia, nqrthern Pribaikalie and in some parts of F%USCU'USSQ”SU |ato) is an important pr0b|em of evolu-
East Russia. tionary theory. There is a narrow (16-50 km wide) zone of
* M. m. wagneri Eversmann, 1848 (synbicolor, introgressive hybridisation betweéh musculusand M.
decolor sareptanicussevertzovioxyrrhinus pachyc-  domesticusn Central Europe, and a well-studied zone of
ercug. Short-tailed; colour of back is pale straw;secondary contact (Sage et al. 1993) that traverses
colour of belly is pure white or whitish. This subspe-different habitats along its course through the Alpine and
cies is found in the Pricaspian lowland, KazakhstaBalkan mountains and across the plains of Central
(except some northern and eastern regions) and Migurope. Allozyme analysis has shown that Transcaucasian
dle Asia. populations of commensal house mice possess an admix-
¢ M. m. raddei Kastschenko, 1910 (synariabilis).  ture of musculusanddomesticuggenes (Mezhzherin and
Short-tailed; colour of back is brownish or reddish;Kotenkova 1989, 1998; Milishnikov et al. 1990). This
colour of belly is whitish. The % chromosome has region is either a zone of secondary contact between
increased in size through addition of pericentromerienusculusanddomesticuswith very wide introgression of
heterochromatin blocks. It is not clear how this subdomesticus genes into the genome ofMmusculus
species relates to the more easterly foknsn. man- (Mezhzherin and Kotenkova 1989; Frisman et al. 1990;
chu and M. m. mongoliumM. m. raddeioccurs in  Mezhzherin et al. 1998), or these are relict populations
eastern Kazakhstan, Altai and eastern Zabaikalie.  descended from non-differentiated forms with ancestral

[ ——
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Figure 3. Distribution ofMus musculusn Russia and neighbouring countries. There are four
ecological zones: 1 = house mice inhabit houses during all year; 2 = house mice leave houses
during summer, but stay not far from houses; 3 = house mice leave houses during spring and
summer; and 4 = house mice can be free-living all year round.
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polymorphism (Milishnikov et al. 1990). The main featureSakhalin. The taxa involved in the formation of these
of this zone is the unusually large extentdoimesticus hybrid zones ar#l. castaneugM. domesticuand various
gene which occurs throughout the entire Transcaucassubspecies d¥l. musculusThe hybrid zone of Primorie is
region (about 300 k?o. very young, dating to the last 30—40 years of thé 19
Within the last decade, much progress has been magentury at a time when the territory of Primorie was
in the study of populations of tHd. musculusspecies settled by people from Priamurie—the European part of
group in India and Pakistan (Din et al. 1996). PopulationRussia, Siberia and China.
of house mice from theorthern part of the Indian subcon- ~ Analysis of hybrid populations of house mice in
tinent are more heterozygous than samples from any othBussia demonstrates the particular significance of hybridi-
region. They also contain the majority of the alleles thasation in the evolution of commensal taxa. This enhanced
exist in the various differentiated species at the periphenple in commensals is linked to their unique ability to
of the wider geographic range of the group. According t@xpand their geographical ranges through human agency
a neighbour-joining analysis using Nei's geneticand even survive as commensals in areas that are beyond
distances, and a factorial correspondence analysis tifeir physiological tolerance. Subjects that warrant further
allelic composition, the Pakistani and Indian populationgnvestigation include the mechanisms of precopulatory
occupy a genetically central position with respect to thésolation in commensal taxa and the fitness of mice from
peripheral species. Din et al. (1996) interpreted thesaybrid populations.
results as a retention of ancestral genetic polymorphism
and identified northern India as the probable cradle of this
commensal speciedM. musculusand M. domesticus ACknOWIedgmentS

lineages probably started to differentiate a few hundrer[ihe author's research was supported by the Russian Foun-
thousand years ago in isolated mountain areas, and th

. . ) Gdtion of Basic Research, Grant 01-04-48283.

may have colonised the peripheral parts of their ranges

only recently. In a related publication, Orth et al. (1996)
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Abstract. A terrestrial small mammal survey of Lore Lindu National Park was carried out from March 2000 to July
2001, sampling 11 major vegetation types on eight land systems and at altitudes ranging from 400 to >2100 m above
sea level (asl). The survey used a standardised arrangement of trap type, trap spacing and two types of bait, roasted
coconut and dried fish. Forty locations were surveyed, using 200 traps at each location for a total of four nights (800
trap-nights/survey site). In all, 309 individuals of 22 species of rodents were trapped using snap-traps and cage-traps.
Seven species constituted 75% of captures as folleattus hoffman{17.1%),R. marmosurug15.2%),Bunomys
chrysocomug12.3%),B. prolatus(11.6%),B. penitus(9.7%),Paruromys dominato(9.7%) andlaeromys celebensis

(8.1%). Significantly more rats were captured in cage-traps (171 individuals) than snap-traps (138 individuals) and
dried coconut was preferred (196 individuals) to fish as bait (113 individuals).

Rodent diversity as measured by Fisherjgeaked in the altitude range 1200-1500 m asl and generally declined at
higher elevations. However, a secondary peak above 2100 m in diversity reflected the very low and even abundance of
upper montane species. Simpson’s and Shannon—Weiner indices were relatively constant across all altitude categories.
Among the surveyed vegetation types, rodent diversity was highest in cloud forest, upper montane forest, montane for-
est, lower montane moist forest, swamp forest and marsh habitats, and lowest diversity in lower montane forest, low-
land forest and monsoon forest. Fisher'and Simpson’s diversity indices attained highest values in the Kototinggi
land system and for Shannon—Weiner index in the Telawi land system.

Introduction lidia musschenbroeckiand Sulawesi cuscusStrigo-
cuscus celebensisThree species of murid rodents,

Lore Lindu National Park is located just south of théVlargaretamys elegansMelasmothrix nasoand M.
equator in Central Sulawesi. It lies within the intertroprhinogradoides are recorded only from Lore Lindu
ical convergence zone and contains high mountairf$ational Park (Musser and Dagosto 1987).
rising to above 2100 m above sea level (asl) and formed Despite the publications of Musser (1969a,b,c, 1971,
during late Miocene to Pliocene times. A geographical991), Musser and Dagosto (1987), van Strien (1986)
information system (GIS) (RePPProT 1989), developednd Suyanto et al. (1998) on the murid rodents of
in the context of a Department of Transmigration initia-Sulawesi, little is known regarding the distribution of
tive and with assistance from the United Kingdom’'sspecies in relation to vegetation, habitat, altitude and
Overseas Development Administration (ODA), identifiedand systems. This study was designed to provide
10 major land systems in the park (Lore Lindu Nationatletailed information on the micro-distribution of rats in
Park 2001). The island of Sulawesi has a unigukore Lindu National Park to be used in the design of
mammalian fauna that is not particularly rich in speciegpanagement strategies. In particular, information was
but features a very high level of endemism. This hasought on: habitats or areas particularly rich in numbers
resulted from its long period of isolation from otherof species or numbers of individuals of a particular
landmasses and its location in the biological region dfpecies; on habitat preferences of individual species and
Wallacea, situated between the rich source areas of Salfgir location along altitudinal gradients; and on seasonal
and Sunda. Before the current survey, several importadhifts in habitat requirements of particular species. The
mammal populations were known to occur in this parksurvey represents the most extensive field study of rats
including: dwarf mountain anoadnoa quarlesi baby- Yet carried out in Lore Lindu National Park, and indeed
rousa,Babyroussa babyrusaarsiersTarsius pumilusT. ~ anywhere in Sulawesi.
dianae andT. spectrumgiant Sulawesi civetylacroga-
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Methods Small mammal trapping results from elsewhere in

Indonesia suggest a substantial reduction in rate of

Sampling areas captures of additional species of mammal over a weekly
period (Kitchener et al. 1997; Maryanto and Kitchener

The survey was carried out from March 2000 to July, gg9. | “Maryanto, unpublished). Accordingly, a trapping
2001. All 11 major vegetation types were surveyed: Clou%eriod of 4 days was considered adequate
forest, upper montane forest, montane forest, lower '

montane forest, lower montane moist forest, marsh, mixega;4 analysis

garden, monsoon forest, swamp forest, lowland forest, and _ )

degraded lowland forest. These vegetation types lay on DIVersity measures variably reflect both the number
eight land systems over an altitudinal range of 400 t_gnd relative abundance of species in a community. Three

>2100 m asl. Geological and geomorphic characteristiddices Of species diversity were used: Simpson’s,
of the eight major land systems are given in Table 1. Shannon-Weiner and FishetlgKrebs 1989). The results

Forty sites were selected to represent the varied geo%f the survey were entered into a Microsoft Access

. . : atabase linked to an Arcview 3.2 GIS. Diversity indices
raphy, climate and habitat of the park (Figure 1). Each traWere calculated using an Ecological Methodology

line was geo-located using a Garmin 12 global positionin% mouter package. Chi-square tests were used to analyse
system (GPS), and the elevation of each site recorde P P ge. q Y

using an altimeter. p_atterns of h_abltat association, _and to compare the effec-
- . . tiveness of different trap and bait types.
Seven altitudinal groupings were recognised as
follows: 300-599 m, 600-899 m, 900-1199 m, 1200-
1499 m, 1500-1799, 1800—2099 m and above 2100 m. Observations and results

Table 1 Land system types in Lore Lindu National Park

sampled in this study. Species captured

Twenty-two species of rodents was trapped in the park,

Land system type Land and rock types including 21 Muridae and one Sciurida®rdsciurus

Telawi Precipitously oriented mountain ridges on  murinus two individuals). The murid rodents were:
acid igneous rocks, granite, granodiorite,  Bunomys chrysocomugHoffmann 1887), B. penitus
rhyolite (Miller and Hollister 1921),B. prolatus Musser 1991,
Bukit Balang Irregular mountain ridges on intermediate Lenomys meyerfJentink 1879),Margaretamys elegans
basaltic, volcanics, andesite, basalt breccia Musser 1981,Maxomys hellwaldii(Jentink 1879),M.
Kototinggi Moderately sloping, non-volcanic alluvial ~musschenbroecKdentink 1879)M. wattsiMusser 1991,
fans Melasmothrix nasdiller and Hollister 1921 M. rhino-
Bukit Baringin Very steep, ordered hills on acid igneous gradoidesMusser 1969Paruromys domlnato(Thoma}S
rocks, rhyolite, granite 1921),Rattus exulanfPeale 1848)R. hoffman{Matschie

1901),R. marmosuru¥homas 1921R. rattus(Linnaeus
1758), R. xanthurus(Gray 1867), Rattus sp. (unde-
scribed?),Taeromys celebens{§&ray 1867),T. hamatus
(Miller and Hollister 1921),T. punicans(Miller and
Hollister 1921) andTaeromyssp. (undescribed?). One
individual of the widespread insectivofincus murinus

Bukit Pandan Precipitously oriented metamorphic ridges,
quartzite, schist, gabbro, granite,
serpentinite

Pendreh Asymmetric, broadly dissected ridges on
sandstone and mudstone

Batang Anai Long, very steep ridges over metamorphic ya5 also captured.
rocks
Lindu Lacustrine plains Trapping success

In all, 309 small mammals were caught in 32,000 trap-
nights during the survey. Overall trap success was one

Mammals were trapped using a standardised trappirgnimal captured on average for each 104 trap-nights or
arrangement of trap type, trap spacing and bait. Two typesl%. Seven species of murid rodents accounted for 75% of
of traps were used: small Kasmin cage-traps made of wigaptures, as followsRattus hoffman{17.1%),R. marmo-
with dimensions of 2& 12 x 12 cm; and standard snap- surus(15.2%),Bunomys chrysocomui.3%,B. prolatus
traps of sufficient size to capture the largest rat species. (11.6%),B. penitug(9.7%),Paruromys dominato(9. 7%)

Ten transect lines were set at each survey site. Ea@fid Taeromys celebensi®.1%). Significantly more rats
line was comprised of 20 traps—a cage-trap alternatédlere captured in cage-traps (171 individuals) than snap-
with a snap-trap placed every 5 m. Traps were set for foiaps (138 individualsy(> 0.05,x2 = 3.524, df = 1).
nights, giving a standard trapping effort of 800 trap nights
per site. Two types of bait were used: a lightly roastedrap and bait effectiveness
coconut and dried fish; these were placed alternately in  Dried coconut was preferred (196 individuals) to fish
each trap type. baits (113 individuals)p(< 0.001.%= 22.29, df = 1). The

combination of trap and bait type significantly influence

Capture techniques
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Figure 1. Map of the small mammal survey locations.
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capture rates dflaxomys hellwaldi{p < 0.05,X2: 7.149, Low capture rates make it difficult to recognise clear
df = 1), Paruromys dominato(rp<0.001,x2= 29.119,df= trends in diversity among vegetation types (Table 3).
1), Rattus marmosurugp < 0.05,x2: 3.848, df = 1), However, all three indices indicated that the highest murid
Taeromys celebens{p < 0.001,x% = 25.781, df = 1) and diversity occurred in cloud forest, upper montane forest,
T. hamatugp < 0.05,x2 = 4, df = 1). Among the vegeta- montane forest, lower montane moist forest, swamp
tion/land system types, only captures in lower montanérest, and marsh habitats, and the lowest murid diversity
forest on the Pendreh land system were significantly influisccurred in lower montane forest, lowland forest and
enced f < 0.05,)(2 = 5.04, df = 1) by a combination of monsoon forest. Fisherst and Simpson’s diversity
trap type and bait, with rodents preferring cage-trapidices were highest in the Kototinggi land system, while
baited with dried coconut. There were no significant assdhe Shannon—Weiner index was highest in the Telawi land
ciations of capture rate, trap type and bait type with eithesystem (Table 4). Among habitat types, Fisherdiver-
altitude or vegetation type. Only on Bukit Pandan andgity was highest in Kototinggi lower montane forest and
Bukit Balang land systems were capture rates not signifiowest in Bukit Balang lower montane forest (Table 5).
cantly associateg(> 0.05) with trap and bait type.

Species diversity Discussion

Trends in each of the three diversity indices are showim this study, cage-traps proved more effective than snap-
in Figure 2 (elevational zone), Figure 3 (vegetation typelraps and dried coconut better than dried fish at capturing
and Figure 4 (land system type). All three indices show amall mammals. A similar result was obtained by Kitch-
peak in murid diversity in either the 990-1199 m or theener et al. (1997) in the Freeport area of West Papua
1200-1500 m zones, with a secondary peak above 2100 piovince (formerly Irian Jaya) and on Gag Island, West
However, an examination of the raw data (Table 2) showdapua province, by Maryanto and Kitchener (1999).
that the actual species number above 2100 m is not particu- Twenty-one species of murid rodents were recorded in
larly high (8 species compared with 14 at 900-1199 mlLore Lindu National Park. Of the 51 murids known in
Rather, the return to higher index values reflects the evéatal from Sulawesi, the following species are recorded
representation of species, all of which were caught in vergnly in Central SulawesiMelasmothrix rhinogradoides,
low numbers (total of 16 individuals). The Shannon-M. nasq Lenomys meyeri, Bunomys penitus, B. prolatus,
Weiner values remain more constant across all altitud#largaretamys elegans, Taeromys hamatiaxomys
groups but with a low point at 1500-1799 m. wattsi and the unidentifieRattussp. andlaeromyssp.

Table 2 Comparison of diversity indices based on elevation zones (m above seaNewehufmber of species
captured, Sum = total captures).

300-599 600-899  900-1199 1200-1499 1500-1799 1800-2099 >2100

N 1 12 14 11 7 10 8

Sum 1 83 111 33 18 46 16
Simpson 0.852 0.899 0.905 0.817 0.844 0.908
Shannon—Weiner 2.978 34 3.204 2.399 2.806 2.858
Fisher'so 3.851 4.238 5.773 4.205 3.934 6.365
Fisher'so se 0.622 0.756 2.691 3.762 1.132 26.845

Table 3. Comparison of diversity indices based on vegetation tyyyesnumber of species captured, Sum = total captures).

Cloud Degraded Lower Lower Lowland Marsh Mixed Monsoon Montane Swamp Upper

forest lowland montane montane forest garden forest forest forest montane
forest forest moist forest
forest

N 13 1 13 4 7 6 1 4 11 8 8
Sum 54 3 131 6 20 11 5 8 35 17 17
Simpson’s 0.861 0.863 0.8 0.863 0.891 0.786 0.892 0.882 0.772
Shannon— 3.058 3.76 1.792 2.633 2.482 1.811 3.128 2.749 2.396
Weiner
Fisher'so 5.432 3.585 5.244 3.827  5.408 3.183 5.514  5.896 5.896
Fisher'so se 1.497 0.607 2.203 2491 6.703 18.982 2.305 34.261 34.261
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Table 4 Comparison of diversity indices based on land system types fumber of species captured, Sum = total

captures).
Batang Bukit Bukit Bukit Lindu Kototinggi  Pendreh Telawi
Anai Balang Baringin Pandan
N 4 5 12 6 9 10 7 18
Sum 4 19 49 15 28 19 27 148
Simpson’s 1 0.708 0.894 0.829 0.878 0.924 0.86 0.893
Shannon- 2 1.845 3.244 2.333 2.901 3.156 2.652 3.523
Weiner
Fisher'so 4 2.21 5.066 3.706 4.592 8.54 3.064 5.37
Fisher'so. se 1.665 1.075 1.476 4.024 2.209 12.144 1.238 0.833
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Figure 4. Comparison of trends in three diversity indices across land system types (BGA =
Balang Anai, BBG = Bukit Balang, BBR = Bukit Baringin, BPD = Bukit Pandan, LDU = Lindu,
KTT = Kototinggi, PDH = Pendreh, TWI = Telawi).

The three diversity indices used in this study (Fisher'species of bat were collected compared with rodents in
o, Simpson’s and Shannon-Weiner indices) did nothis study.

always indicate the same trends in diversity. Indeed, corre- The very low capture rates for rodents and other small
lation coefficients calculated between pairs of indices foferrestrial mammals pose considerable difficulties for
each of the four data sets generally show weak associ@ocumenting patterns of habitat association in small
tion; R? values are typically below 0.3 and never exceeghammals of the park. Overall trap success was less than
0.6. The strongest association was found between thes with one capture on average per 104 trap nights. This
Simpson’s and Shannon—Weiner indices for the elevaapture rate is comparable with the trapping figures
tional data setR® = 0.591). Peet (1974) noted that thereported by Kitchener and Yani (1998) from Gunung
Shannon-Weiner index was particularly sensitive tQRanaka, Flores, where, on average, 117 trap-nights were
changes in the abundance of rare species. Because ragguired to collect each small mammal (total 37,604 trap-
species are probably poorly sampled by the trappingights). These Indonesian capture rates appear very low
approach used in this study, the Shannon-Weiner indg¥hen compared to other tropical Asian studies. Medway
was perhaps the least appropriate method to apply to ogr972) reported that at 300-2400 m asl on Gunung
data. Fisher'sx method of estimating diversity is perhapsBenom, West Malaysia, 50 trap-nights were required to
the most appropriate index for data of this kind, but ircapture each small mammal (total 5777 trap-nights).
reality it may be concordance between the variousieaney et al(1989) reported that at 300-900 m asl on
methods used in this study that gives the most re|iab|§eyte Island, Philippines, 30 trap-nights were required
indication of biological meaning (Krebs 1989). Whitmore(total 3485 trap-nights), and at 0-1500 m asl, on
(1984) observed that plant diversity in tropical rain forest&uisayawan, Negros Island, Philippines, 11 trap-nights
generally falls with increasing elevation. Heaney et alwere required (total 3231 trap-nights).
(1989) a_nd Medway (1972) _showed that d|ver5|ty of 1 summary, this study showed that species diversity
pteropodid fruit bats also typically decreased at highegs myrig rodents in Lore Lindu National Park varies with
elevations. Little is known in Indonesia of changes inyitude, vegetation, land system and habitat. It is impor-
either species richness or species diversity of mamma{gn; that future management practice in the park protects
with increasing altitude. the full variety of animal habitats. In particular, the
The highest estimate of rat diversity using Fisher's environs around Lake Lindu contain marsh habitat that is
was recorded at altitudes above 2100m (Fisher's  here identified as having high murid species diversity.
6.36). However, this value has a very high standard errdthis area also produced what may be a new murid
(se = 26.845) and we have little faith in this result. Simispecies; hence, it is important that the marsh habitat is
larly, all of the highest values of Fishetidased on vege- represented within the core zone of the park. Human
tation, land system and habitat categories have higincroachment onto this marshy country and its progres-
standard errors. Maryanto and Yani (2001) reported muchive conversion to paddy is of major concern. Finally, the
lower standard errors in the estimates of species diversitgonsoon forest vegetation/habitat type is also identified in
of bats from Lore Lindu National Park and this undoubtthis study as being distinctive; this habitat should also be
edly relates to the fact that many more individuals of eacimcluded in the core zone of the park.
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Table 5. Comparison of diversity indices based on habitat tyldesrfumber of species captured, Sum = total captures).

Cloud Cloud Degraded  Lower Lower Lower Lower Lower Lower Lower Lowland Lowland Lowland
forest— forest— lowland montane  montane montane montane montane montane  montane forest— forest— forest—
Bukit Telawi forest— moist  forest-Bukit forest— forest— forest— forest— forest— Kototinggi  Telawi  Batang Anai
Pandan Telawi forest— Balang Bukit Kototinggi  Pendreh  Telawi  Batang Anai
Bukit Baringin
Baringin
N 2 13 2 4 5 10 7 7 12 2 5 5
Sum 3 51 4 6 19 21 9 27 58 2 10 10
Simpson’s 0.667 0.865 0.5 0.8 0.708 0.905 0.944 0.86 0.844 1 0.844 0.867
Shannon—Weiner 0.918 3.092 0.811 1.792 1.845 3.065 2.725 2.652 2.916 1 2.171 2.246
Fisher'so 5.629 5.244 2.21 7.478 9 3.064 4.594 3.978 3.978
Fisher'so se 1.641 2.203 1.075 70.057 2.497 1.239 1.162 21.233 21.233
Table 5. Continued
Marsh— Mixed Mixed Monsoon Montane Montane  Montane  Montane  Swamp Upper Upper Upper Upper
Lindu garden— garden—  forest— forest— forest— forest—Bukit forest— forest— montane montane montane  montane
Lindu Telawi Telawi  Batang Anai  Bukit Pandan Telawi Lindu forest— forest— forest— forest—Bukit
Baringin Pendreh Telawi Bukit Pandan
Baringin
N 6 2 4 2 9 4 3 8 5 1 2
Sum 11 6 8 2 19 10 4 17 10 3 2
Simpson’s 0.891 0.333 0.786 1 0.912 0.733 0.8333 0.882 0.905 1
Shannon—Weiner 2.482 0.666 1.811 1 3.011 1.761 1.5 2.749 2.236 1
Fisher'sa 5.401 3.183 6.686 2.47 4 5.896 3.978
Fisher'so se 6.703 18.982 48.475 3.286 1.665 34.261 21.223
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Abstract. Ecological niche models based on museum specimen data were generated to provide predictions of geo-
graphical distributions of native rodents known to be agricultural pests in Mexico. By overlapping rodent pest distribu-
tions, we found significant correlation between predicted presence of rodent species and crop damage in four main
crops widely distributed nationwide. This study provides a first step for generating risk maps for crop damage due to
rodent pests in agricultural regions. Museum collections may thus provide essential information for expanding these
analyses to other pests.

Introduction consultation of maps, and reduced to unique latitude—longi-
tude combinations. The four thematic geographical cover-

Mexico is an extremely varied country with a rich Cropages used (annual mean temperature, annual mean
diversity. Historically, Mexico has mainly focused on agri-precipitation, elevation, potential vegetation) consisted of
culture, which presently occupies almost half of its aregaster grids (5x 5 km pixels), obtained from Conabio
producing corn, beans, sorghum, and sugarcane, amqi@02).
other crops. Mexico has a diverse rodent fauna, which has
been reported as pests in crops (de Ita 1992). Most ¢todent pest distributions

these rodent species share the life-history traits of frequent Ecological niches and potential geographical distribu-

litters, short gestation periods, post-partum oestrous,_ alagns were modelled using the genetic algorithm for rule-
atsedasonal rezroduc’?(t)n h(N_owacI; 19913' ”I_n a prlevpu§et prediction (GARP) (Stockwell and Peters 1999; see
S_“hy' W‘i ‘isf 30"‘: ect ”'tqugstor mode 't”9 t.eclo 09icH|0p)| 2002). Specifically, GARP relates ecological char-

niches o rodent pests to determine potential SPECi&wq istics of known occurrence points to those of points

distributions, and showed that crop damage was relat? ndomly sampled from the rest of the study region,

significantly to the predicted presence of rodent pests in t@%eking to develop a series of decision rules that best

Mexican state of Veracruz (Sanchez-Cordero and Martl'neg.[j marise those factors that are associated with the

Meyer_ 2000). Her_e, we expgnd the_se _analyses ata nati_ogs cies’ presence (Stockwell and Peters 1999). GARP
level in four main and widely distributed crops. This;, e several distinct algorithms for niche modelling in
appro::_xch can b_e used as a first approximation for gengls artificial-intelligence-based approach. Occurrence
ating risk maps In crop damage (_jue tf) rodent pests, as Wﬁ@ints are divided evenly into training and test data sets. It
as other pests, in agniculiural regions in the country. works in an iterative process of rule selection, evaluation,
testing, and incorporation or rejection, choosing a method
Material and methods from a set of pos_sibilities (e.0. _Io_gistic regression, biocli_—
matic rules) applied to the training data. Then a rule is
Distribution data for each species were obtained from th#eveloped or evolved. Predictive accuracy is then evalu-
mammal collections of the University of Kansas Naturahted based on 1250 points resampled from the test data
History Museum (KU), The Field Museum of Naturaland 1250 points sampled randomly from the study region
History (FMNH) and the Coleccion Nacional de Mamif-as a whole. The change in predictive accuracy from one
eros, Instituto de Biologia, Universidad Nacional Autbnoméeration to the next is used to evaluate whether a partic-
de México (CNMA). Species names and taxonomialar rule should be incorporated into the model—the algo-
arrangements followed acceptadthorities. Loclity data  rithm runs 1000 iterations or until convergence. These
were geo-referenced to the nearest Hegree by direct component ‘rules’ are then incorporated into a broader
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rule-set, defining portions of the landscape as within ogophers Qrthogeomys hispidus H; Pappogeomys
without the ecological niche. GARP models thus providenerriami H; andThomomys umbrinust).

a heterogeneous rule-set that delimits a polygon or set of

polygons within which the species is expected to be ablerop loss and statistical analyses

to maintain populations, and outside of which it should dth icultural q h id
not. This model of the ecological requirements of a We used the 1999 agricultural census data that provide

species is the key to the inferential portion of the methoff!iable information on planted and harvested areas for
(Stockwell and Peters 1999). GARP has demonstrategfasonal crops of corn, sugarcane, beans, and sorghum for
ability to predict small mammal species’ distributions in€ach of the 193 crop districts nationwide (SAGARPA
the Neotropics (Peterson et al. 1999; Sanchez-Corder®02). We included only non-irrigated agricultural areas.
and Martinez-Meyer 2000). Crop loss was calculated as the difference between

Rodent pest species previously identified to be relatdgfanted and harvested area, assuming that non-harvested
to crop damage (see Sanchez-Cordero and Martine3l€as were partially related to damage by rodent pests
Meyer 2000), and included in the present analyses, wekdable 1, Figure 1). These estimates are biased since biotic
(G = granivore, H = herbivore, O = omnivore): one Squirre(other pests), abiotic (climatic conditions), and economic
(Sciurus aureogaste0), thirteen rats and mic#licrotus (lack of funding for harvesting) factors are also related to
mexicanus H; Oligoryzomys fulvescensD; Oryzomys crop losses. We overlapped the distribution hypotheses of
couesj O; O. melanotis O; Peromyscus aztequs; P.  rodent pests with the crop districts using a geographical
leucopus G; P. levipes G; P. maniculatusG; Reithrodon-  information system (GIS) (Arc View 3.2) (Figure 1).
tomys fulvescens; R. megalotisG; R. mexicanysG; R.  Forward stepwise multiple regression analyses were
sumichrasti G; Sigmodon hispidydH), and three pocket performed using Statistica 4.3.

Table 1 Total area cultivated and area lost (cultivated — harvested), as well as statistical signifantestepwise multiple
regression models relating areas with crop damage reported for the 1999 agricultural census data najloranitieogfent species’
presence (§), and numbers of granivore (G), herbivore (H), and omnivore (O) species included in the statistical analyses. In
parentheses are parts of plant crops damaged by rodents.

Crop Total area Area lost (ha) 2 Fn2 n1(P) G H (0]
(ha)
Corn (seeds, stems) 157,269,099 16,278 0.08 Fy4 154(0.05) 4 3 2
Sugarcane (stems) 2,708,207 165,445 0.12 F3 g9(0.01) 4 3 2
Beans (seeds) 4,775,180 415,323 0.38 Fsg 132(0.005) 6 1 3
Sorghum (seeds, stems) 155,706 16,278 0.05 F3 »3(0.094) 6 1 3
L 7 e - " 0. couesi
L
Too ] i) 1400 Mikes

N

Figure 1. Map depicting the predicted distribution (in black) of the rice @ayzomys

couesj a major rodent pest in Mexico. Green dots are known collecting localities of rice
rats, and polygons represent all crop districts, where the 1999 agricultural census data for
corn, sugarcane, beans, and sorghum are available nationwide.
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predicted coverage of that crop district by each of the 17 gecretaria de Recursos Hidraulicos y Ganaderia.

rodent species (independent variables). Models for all cropgwak, R.M. 1991. Walker's mammals of the world, volume II.
were statistically significant, explaining 5-38% of variation  Baltimore, Maryland, Johns Hopkins University Press.

in crop damage, and rodent food habits matched food itengterson, A.T., Soberon, J. and Sanchez-Cordero, V. 1999. Con-
supplied by these crops (Table 1). Interestingly, these statis- servatism of ecological niches over evolutionary time. Sci-
tical relationships were previously documented for these ence, 285, 1265-1267.

crops and rodent pests when analyses were conducted in fif@kash, I. (ed.) 1988. Rodent pest managergion Rouge,
Mexican state of Veracruz (Sanchez-Cordero and Martinez- Florida, CRC Press, 480 p. )

Meyer 2000). We interpret these findings to strengthen OlﬁAGARPA (Secretaria de Agucultura, Ganaderia, Desarrollo

modelling approach for identifying risk areas in other agri- Rural, Pesca y Alimentacién) 2002. 1999 agricultural census
g app 9 9 data. On the Internet: <http://www.sagarpa.gob.mx>.
cultural regions.

aE ) Sanchez-Cordero, V. and Martinez-Meyer, E. 2000. Museum
Considering the scale (the whole country) of cultivated  specimen data predict crop damage by tropical rodents. Pro-
areas used in the present study, the predicted distribution ceedings of the National Academy of Sciences USA, 97,

of rodent pests suggests significant economic impacts of 7074-7077.
rodent pests on large agricultural regions in Mexico; croingleton, G.R. and Petch, D.A. 1994. A review of the biology
loss estimates were 0.1% for corn, 6.0% for sugarcane, and management of rodent pests in Southeast ASIEAR
8.6% for beans, and 10.0% for sorghum (Table 1). These Teéchnical Report No. 30Canberra, Australian Centre for
results are supported by recent studies documenting crgp International Agricultural Research, 65 p.

(6]

damage caused by the cotton igmodon hispidysnd ckwell, D. and Peters, D.. 1999. The GARP modelllng
system: problems and solutions to automated spatial predic-

the ”C.e ratQryzomys couesbn sugarcane and sorghL_Jm tion. International Journal of Geographic Information Sci-
fields in several states, such as Veracruz, Morelos, Micho- .. 13 143-158.

acan, Tamaulipas, Sinaloa, and Sonora (de Ita 1992;
Sanchez-Cordero and Martinez-Meyer 2000; SAGARPA
2002).

Conclusions

Integrated pest control programs require robust distribu-
tional hypotheses of pest species across agricultural land-
scapes (Prakash 1988; Buckle and Smith 1994; Singleton
and Petch 1994). Our approach provides a solid baseline
to launch such programs at a national level, and can serve
as a useful tool with applicability to other pest taxa and
agricultural regions worldwide.
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Abstract. AlthoughMastomys natalensesndM. couchaare widely distributed in South Africa, the respective distri-
butions of these medically and agriculturally important cryptic species of rodents are still uncertain. Karyotyped and/or
electrophoretically identified specimens were used to clarify the geographical distributions and predict the most likely
areas of occurrence of the two sibling species; and the derived distributions were compared with reported incidence of
plague in South Africa. Both verified and predicted distributions show a geographical separation along the eastern
escarpment of South Africa that appears to be influenced by altitude and riinfedkalensisoccurs in the low alti-
tude/high rainfall area of the eastern coastal region, extending to north-eastern South Afridd, edulehaoccurs in

the high altitude/moderate rainfall area of central and north-eastern South Africa. The two species were found to be
either sympatric or to occur in close proximity at four localities. Statistical analyses showed significant differences
between eco-geographical characteristics of localities associated with each of the two sibling species. The reported
cases of plague in South Africa to some extent coincide with the distributional raMgeaicharather than that of

M. natalensis

Introduction Materials and methods

Mastomys natalensisensu latpwas considered a single Locality data were gathered from karyotyped and/or elec-
species until it was found to include two electrophoretitrophorectically identified specimens in the collections of
cally distinct cytotypes (@ = 32, ‘slow’ haemoglobin the Transvaal (TM) and Durban (DM) Museums, South
electromorph; and 2= 36, ‘fast haemoglobin electro- Africa, as well as from the literature (Hallett 1977; Smit et
morph) (Gordon and Watson 1986). This, together witgl- 2001). The predi(?tic_m of the most likely areas of occur-
the absence of hybrids in areas of sympatry, led to tHgnce of the two sibling species was based on spatial
recognition of two cryptic species referred to as th@nalysis (Eastman 2001) using the following eco-

nominate speciedd. natalensig2n = 32) andM. coucha geographical variables (EGVs): altitude; mean annual
(2n = 36). precipitation; mean annual temperature; mean daily

Althouah th bined hical fth minimum temperature for July; coefficient of variation of
o thoug _t € combined geographical range o the tw recipitation; mean primary production; and potential
sibling species in South Africa is extensive, their respe svaporation

tive geographical distributions remain uncertain. There is

itical df liable delimitati f h Analysis of variance (ANOVA), unweighted pair-
a critical need for more refiable delimitations ot geograp group arithmetic average (UPGMA) cluster analysis, prin-

ical ranges of these two species as they cause extenslyg, .omnonents analysis (PCA), and canonical variable
damage to agricultural products and have been implicatggis criminant) analysis (CVA), in combination with multi-
in epidemiological problems. variate analysis of variance (MANOVA), were used to test
The present investigation represents the first attempt for statistical differences in EGVs between localities asso-
delimit the geographical distributions ldf natalensisand ciated with each of the sibling species. EGV loadings
M. couchain South Africa, based on specimens positivelyderived from the PCA were used to weight each EGV’s
identified by karyotype and/or electrophoretic data. Theelative contribution for the spatial analysis.
distributions so derived are in turn used to predict the most The geographical ranges derived from both verified
likely areas of occurrence of the two cryptic species, andcality data and predicted distributions were used to
for assessment with reference to previously reported inckssess historical incidence of plague in South Africa as
dence of plague in South Africa. reported by Davis (1964).
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Results and discussion is resistant, toversinia pestisinfection. However, the

imperfect match of plague incidence with the geograph-

Positively identified records were located from 77 localiqcal range of M. coucha may suggest that either a

ties in South Africa, of which 31 were fiM. natalensis complex of taxa is involved in the epidemiology of the

and 46 were fok. coucha The geographical distributions disease, and/or that population eruption&otouchain

of M. natalensisandM. couchashow a distinct pattern of these areas do not attain infectious levels.

segregation along the eastern escarpment of South Africa.

Their distributions thus appear to be largely influenced by )

altitude and rainfallM. natalensisoccurs along the low Conclusion

altitude/high rainfall eastern coastal region, extending u

to the north-eastern corner of South Africa. In contist,

coucha occurs in the high altitude/moderate rainfaIIM couchain South Africa, derived from karyotyped and/
Cen:ﬁl ?\:/d northjeastern parts Zf ioug}] Afr_|ca. t or electrophoretically identified specimens, show a

| e IO SPecles \Q[/er'([a recoL ethel etrfln sylmpe}_tr_y Odeographical separation along the eastern escarpment.
€ise In close proximity fo each other at four 10CaIles ;g pattern of distribution seems to be influenced by
namely Pretoria and Satara (K_ruger National Park) in th titude and rainfall wherebi. natalensisprefers low
north-eastern part of .SOUth Alrica, and Grahamstown an titude/high rainfall regions, whilel. couchahas a pref-
Adc_io Elephapt _Park in the East(_arn Cape province. Integ'rence for higher altitude/relatively drier parts of South
estingly, predlctlo_ns of the most likely areas of OCCUITeNCR¢rica The two species appear to have a zone of parapatry
for the two species also suggest a zone of ovgrlap alo ng the eastern escarpment but are locally sympatric.
fche eastern escarpme_nt. However,_e_ldd|t|onal field surv he geographical distribution of previously reported
is needed to determ!ne _the specmp zone of parapatiy, nan cases of plague in South Africa seems to coincide
between the two species in South Africa.

. L _ more with the distributional range bf. coucha a species
. The ANOVA showed highly statistically _S|gn|f|ca_nt that is susceptible to plague infection, than with the more
differences P < 0.001) for all EGVs associated with

. . ; ) plague-resistarni¥l. natalensisHowever, there are signifi-
collecting localities ofM. natalensisand M. couchain

) ) cant exceptions that caution against any simplistic inter-

South Africa. UPGMA clus_ter analysis and PCA of _the£retation of the epidemiology of plague in South Africa.
EGV data showed two discrete clusters of localitie
which coincided in large part with the collecting locali-
ties associated with each of the two species in South References
Africa. Where overlap occurs, the localities in question
fall in areas of potential sympatry or parapatry betweeR
the two species. A CVA and a MANOVA indicated a .
highly _statistically significant difference betvv_een_groupEas?r?gf‘J\/_vﬁfuzr‘goiebgsuk;g;s‘tg' 360|15 and image processing,
centr0|_ds F7‘69_:_20.21,P < 0.001) of the species-linked IDRISI32 Release 2 Guide 2, 7—21.
collecting localities. Gordon, D.H. and Watson, C.R.B. 1986. Identification of cryptic

PCA Ioadings from the first two axes suggest that all rodents Mastomys Aethomys Saccostomysin the Kruger
of the EGVs are important in determining the species’ National Park. South African Journal of Zoology, 21, 95-99.
distributions. The inverse relationship between the coeffidallett, 3.M. 1977. Cytological and cytogenetical studies on the
cient of variation of precipitation and the mean annual multimammate mouseraomys(Mastomy}natalensisMSc
precipitation is of particular interest as it suggests that thesis. University of the Witwatersrand, South Africa.
natalensis prefers relatively wet areas with a stableSMit A., van der Bank, H., Falk, T. and De Castro, A. 2001. Bio-
rainfall pattern, wherealsl. couchaprefers relatively dry chemical genetic markers to identify morphologically
areas with a more erratic rainfall pattefie particular i'k':;rlnai::;Osu;ztg::?;w:rslgoggjczzdggt_'g'OMu“dae)' Bio-
importance of mean annual temperature on PCA axis 2 e
may further imply thaM. couchais more able to with-
stand a drier environment thadh natalensis-this can be
tested through controlled laboratory investigations.

Geographical distributions based on both the verified
locality data and the predicted distributions show that
previously reported cases of plague in South Africa
coincide to some extent with the distributional range of
M. coucharather thanM. natalensis Exceptional areas
include the north-eastern parts of South Africa that have
records ofM. couchabut no historical records of plague,
and the western parts that have no recordd.afoucha
but have reported incidence of plague. Since the
discovery of the two sibling species, it has been demon-
strated thaM. couchais susceptible, whil&l. natalensis

E;eographical distributions of two medically and agricul-
turally important rodent specidgiastomys natalensend

avis, D.H.S. 1964. Ecology of wild rodent plague. In: Davis,
D.H.S., ed., Ecological studies in southern Africa. The
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Abstract. Bandicota indicaandB. savileiare broadly sympatric across Southeast Asia and both species can be locally
abundantB. savileiis not often reported in ecological or rodent management literature and is presumably misidentified
either as immaturB. indicaor as other rodent species. New material from Vietham and Cambodia helps to clarify the
morphological distinction between these species. Special care is needed to distinguBhsadilétifrom juvenile or
immatureB. indica The Cambodian specimenskfindicaandB. savileirepresent the first records for either species

in this country where so little collecting has occurred.

Introduction were weighed and an external assessment made of sexual
maturity and reproductive status. The following standard

Burrow systems dug by bandicoot rats of the g&ared-  external measurements were taken: head+body length; tail
icota are one of the most conspicuous signs of rodeméngth; pes length (without claw); and ear length. Selected
activity in the agricultural landscapes of South and Souttspecimens were prepared as voucher specimens (either
east Asia. However, with the exception of one specieghole bodies, skins, or heads). The majority of the
found chiefly on the Indian subcontinent, comparativelyoucher material is registered in the Australian National
little is reported in the scientific literature about eithewildlife Collection, the Commonwealth Scientific and
their basic biology or their role as pest species in agriculndustrial Research Organisation (CSIRO), Canberra.
tural systems. Accurate field identification represents the k. Aplin and N.P. Tuan examined specimen8afdi-
first step towards improving ecological knowledge, but fotota in the zoological collection of the University of
Bandicotathis has proven elusive. Hanoi (previously reported by Tien 1985).
Across most of its geographical range, the geBasdi-
cota is represented by co-occurring large and small
species. The larger form is generally calRedndica The Results and discussion
smaller forms were previously treated as a single species
under the namé. bengalensisbut are now generally Geographical distributions of Bandicota species
divided into trueB. bengalensisf the Indian subcontinent The probable natural geographical rang@andicota
and B. savileiof Southeast Asia (Musser and Carleton

: o : . Indica includes all or part of India, Sri Lanka, Nepal,
199_3). Wherea$. pengalens,lsand B. indica differ in Bangladesh, Myanmar, Thailand, Laos, Cambodia,
obvious morphological features (Musser and Brothe

i .
o L T ietnam and southern China (Musser and Brothers 1994).
1.994)’ B. !ndlcaand B. savileidiffer pnman[y n adult This taxon was introduced historically to Taiwan and to
size. In this paper, we report on new materiaB ahdica

and B. savileifrom Vietnam and Cambodia that helps tothe K_edah anc_i Pe_rlls regions of the Malay Peninsula, and
ossibly pre-historically to Sumatra and Java (Musser and

gl{;’:\erlg/esthe morphological distinction - between these![zlewcomb 1983). We have recorded this species in

' numerous localities in both the south and north of Vietham

(Brown, Tuan et al., this volume; La Pham Lan et al., this

Materials and methods volume) and in the vicinity of Phnom Penh and in

Kampong Cham province in Cambodia. It is sympatric

We variously trapped and purchasBd indica and B.  with B. savileiin southern Vietnam and in both study areas

savilei at various localities in the north and south ofin Cambodia. Musser and Brothers (1994) noted other
Vietnam and in two provinces in Cambodia. All specimen@stances of sympatry in Vietnam and Thailand.
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B. savilei is recorded from scattered localities in  The Cambodian specimensBfindicaandB. savilei
Central Myanmar, Thailand and Vietnam (Musser andepresent the first records for either species in this country
Brothers 1994). In southern Vietham, K. Aplin, L.P. Lanwhere so little collecting has occurred (see Figure 1 for
and N.M. Hung collected specimens Bf savileiin Ho illustrations of live animals).

Chi Minh City province and in Binh Thuan province—no

specimens were obtained within the Mekong Delta propetdentification of Southeast AsianBandicota

despite intensive sampling (La Pham Lan et al., this
volume). A. Frost collected specimensBfsavileifrom
two localities in Cambodia (Somrong commune,

Kampong Cham province and near Phnom Penh). which exceed 3 mm in combined width, even in juve-

Aplin and N.P. Tuan recorded specimensBofsavilei niles) and by the nature of their claws, which are

from several northern provinces (see Table 1) in thgtrai hter and more forward projecting than in typical
zoological collection of the University of Hanoi. These 9 broj 9 yp

include specimens previously reported by Tien (1985) argurlds. AdultBandicotatend to have coarser pelage than

. . most other rodents, with conspi rd hair t th
B. bengalensiB. savileiis also tentatively recorded from ost other rodents, conspicuous guard hairs, but the

. djfference between an adt savileiand aRattus rattus
southern Laos (Khamphoukeo et al., this volume) base . . o . .
. in this regard is subtle. The tail is relatively shorter in
on a photographic record.

. . Bandicota species than it is in manfRattus species,
The natural range @. bengalensigrobably includes however there are exceptions in the latter genus Re.g.

all or part of Pakistan, India, Sri Lanka, Nepal, Bhut"’margentivente) that negate the diagnostic value of this
Bangladesh and Myanmar (Musser and Brothers 1994). 4t~ .o

has been introduced to Penang Island off the west coast of
Malaysia, to the Aceh region of Sumatra and eastern J

in Indonesia, to Saudi Arabia, and possibly to Kenya &0
East Africa. In central Myanmar, this species ahd

Bandicota species can be distinguished from other
Southeast Asian murid rodents, including members of the
enusRattus by their relatively broader, heavier incisors

savileihave been collected within 30 km of each other a E 51 ® 8. indica £
they may yet be found in sympatry. = & B savilal F
E - o B mdica M
B % B. savile M

4 Fai) 160 200 240 280 33
Head + Body (mm]

Figure 2. External measurements (head+body length, pes length)
of Bandicota indicaand B. savileifrom Bin Thuan province,
Vietnam, showing a complete bivariate separation of the two
species. Slight overlap in pes length occurs between young
femaleB. indicaand fully adult malé. savilei.

Our largest regiondandicotasample, comprising 82
individuals ofB. indicaand 59 ofB. savilej comes from
Binh Thuan province in the south of Vietnam. In this area,
adultB. indica are readily distinguished froB. savileiby
their much larger size, overall darker colouration and
more prominent guard hairs. However, imma@réndica
closely resembl®. savileiin colouration and fur texture,
and considerable care is needed to reliably distinguish the
two species. AdulB. savileioften have a rust-coloured
patch on the chest and throat that is rarely, if ever, seen in
B. indica

For both species in the Binh Thuan sample, males
average slightly larger than females for all measurements
(Table 1). There is considerable overlap between the

Figure 1. Adult individuals of Bandicota indica(top) andB. A > A
savilei (bottom) from the Cambodian Institute of Agricultural SPecies in head+body, tail and ear lengths, and in body
and Rural Development field station near Phnom penwyeight. The ratio of tail to head+body does not distinguish
Cambodia. Photographs by A. Wildman and A. Frost. the species or the sexes within each species. In contrast,
pes length shows little overlap between the two species
and no overlap when used in bivariate combination with
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Table 1 External measurements Bandicotaspp. summarised by locality, species and sex (SVN = southern provinces, Vietnam;
CVN = central provinces Vietnam; NVN = northern provinces, Vietham). Measurements of specimens from Bac Thai, Hai Phong, Hoa
Binh and Hung Yen provinces are taken from specimen labels in the Zoology Museum, University of Hanoi. Measurements for Gai Lai
province are from Tien and Sung (1990; type serids tiengalensis giaraiensgisAll other measurements were taken by the authors

on live or freshly dead specimens. Details given are meaandard deviation, range (where relevant) and number in sample.

Locality/Species Sex Head+body Tall length TaillHB% Pes length Ear length  Body weight
(HB) length (mm) (mm) (mm) (9)
(mm)
Binh Thuan, SVN
B. savilei M 171+ 30.6 141+ 23.4 84+ 4.6% 35+3.2 23+2.0 157+ 65.0
102-228 90-183 75-92% 26-40 19-25 45-290
(n=21) (n=20) (n=20) (n=21) (n=21 (n=21)
B. savilei F 169+ 28.5 139+ 20.6 83+ 6.5% 33+25 23+1.4 147+58.1
120-228 95-176 74-98% 27-37 20-26 55-292
(n=37) (n=36) (n=36 (n =37) (n=37) (n=38)
B. indica M 231+ 34.9 196+ 28.6 85+ 4.1% 51+4.2 25,5+2.1 370.5+191.0
167-300 147-248 73-91% 42-58.5 19-29 125-870
(n=138) (n=34) (n=34) (n=38) (n=34) (n=37)
B. indica F 229+ 28.2 190+ 26.6 84+ 6.3% 49+ 3.9 25+1.8 364.5+ 130.4
160-278 135-235 73-99% 39-56 21-29 110-640
(n=44) (n=37) (n=37) (n=41) (n=37) (n=43)
Vinh Phuc, NVN
B. indica/savilei M 213+19.4 197+ 17.1 93+ 6.1% 41+ 4.6 22+3.3 239+ 106.3
180-285 150-234 82-111% 35-54 18-34 115-600
(n=35) (n=31) (n=31) (n=35) (n=35) (n=35)
B. indica/savilei F 233+ 25.6 212+ 26.4 84+ 2.5% 44+ 4.2 26+4.0 277+ 97.9
200-280 164-255 95-105% 37-50 19-31 154-473
(n=14) (n=13) (n=13) (n=14) (n=14) (n=14)
Hai Phong, NVN
B.indica M 275 270 98% 48 31 600
B.indica F 255.0 216.0 85% 47.0 28.0 483.0
Hoa Binh, NVN
B.savilei M 235 195 83% 38 22 235
B.indica M 185-205 170-175 83-95% 40-41 27-28 170-235
n=2) n=2) (n=2) (n=2) n=2) (n=2)
B.indica F 207 185 89% 40 28 246
Bac Thai, NVN
B.savilei F 220 182 83% 38 22 235
B.indica M 258 250 97% 46 30 550
B.indica F 240 182 76% 43 26 235
Hung Yen, NVN
B.indica M 285.0 260.0 91% 50.0 35.0 616.0
Gia Lai, CVN
B. savilei F 164-205 136 83% 33-36 21-25 -
n=2) (n=2) n=2)
B. savilei M 193 183 95% 33 25 -
Ho Chi Minh, SVN
B. savilei F 190 - - 35 24 190
Cambodia
B. savilei M 120-125 110-115 92% 35-36 22-23 78-88
(n=2) (n=2) (n=2) (n=2) (n=2) (n=2)
B. savilei F 120-175 110-159 80-95% 32.5-36.5 19.5-25 78-157
(n=3) (n=3) (n=3) (n=3) (n=3) (n=3)
B. indica M 232+ 32.9 196+ 28.6 93+ 6.4 49+ 3.0 26+1.1 402+ 203.2
175-285 147-248 84-107 43-54 24-29 78-830
(n=19) (n=18) (n=18) (n=19) (n=19) (n=18)
B. indica F 229+ 25.8 218+ 35.2 95+ 7.6 48+ 3.3 27+1.3 370+ 1214
175-285 140-270 78-108 40.5-52 25-29 115-540
(n=14) (n=14) (n=14) (n=14) (n=14) (n=14)
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head+body length (Figure 2). The very slight interspecififrom Gia Lai province, but published measurements
overlap in pes length occurs between young ferBale (repeated in Table 1) are consistent with the other material
indica and fully adult maléB. savilei The hind foot oB.  referred here t&. savilei
savilei is more slender than that of juvenie indica

(Figure 3) but is similar in colouration and the configura- g,

tion of plantar pads. . # B.i Binf Thuan

‘_‘ . o R Cavibada
LA
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Figure 4. External measurements (head+body length, pes length)
of femaleBandicota indicaandB. savilei(B.i and B.s in legend)
from various localities in Vietnam and Cambodia. The sample of
B. indicafrom Vinh Phuc in northern Vietham probably includes
some individuals oB. savilei
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Figure 3. Sole of the right hind foot of a juveniRandicota b - =+ +F +B.5 Binh Thuan
indica (on left) and an adulB. savilei (on right). Both A & B2 Cambodia
individuals are from Binh Thuan province, Vietnam. Note the
more robust nature of the hind footBfindica R
B 1 Bk s 1] 30
The smaller Cambodian sample also includes tw Haad + bedy (mm)

clearly distinct taxa that compare favourably with the
Binh Thuan samples (Figure 4). However, Cambodian : e ot )
of maleBandicota indicaandB. savilei(B.i and B.s in legend)

indica ?‘ppe"’“ to _have sl!ghtly larger hl.nd feet and aTrom various localities in Vietham and Cambodia. The sample of
proportionally longer tail that sometlme_:s_ eXCEEdSB. indica from Vinh Phuc in northern Vietham probably
head+b0dy Length (Table 1) MalB. savilei from includes some individuals &. savilei
Cambodia also appear to have slightly larger feet than
their counterparts in Binh Thuan province of Vietnam
(Figure 5).

The Bandicotasample from Vinh Phuc province in Conclusion
northern Vietham was measured over the course of an
extended period of fieldwork (Brown, Tuan et al., thisB. indica and B. savilei are broadly sympatric across
volume) and few voucher specimens were taken. In bothoutheast Asia and both species may be locally abundant.
sexes, the hind feet are shorter relative to head+bodyowever,B. savileiis not often reported in ecological or
length than in the Binh Thuan and Cambodian samplge@dent management literature and is presumably misiden-
(Figures 4 and 5). There is also a strong suggestion thified either as immaturd®. indica or as other rodent
two species are included within the sample, especiallgpecies. Close attention to the incisors and nature of the
among the males. Without voucher material of the smallezlaws on the hind feet will distinguidBandicotaspecies
taxon, the identity of this population cannot be resolvedrom other rodents such as speciesRattus Southeast
However, specimens from Hoa Binh and Bac Thai provAsian Bandicota indicaand B. savileiare readily distin-
inces leave us in no doubt tl&tsavileiis present region- guished by the size and morphology of the hind feet,
ally in the north of Vietham and this species may well bavhich are proportionally larger and heavierBnindica
present in Vinh Phuc. We have not examined the typ8pecial care is required to distinguish a@ulsavileifrom
series ofB. bengalensis giaraiensien and Sung 1990 juvenile or immaturd. indica

Figure 5. External measurements (head+body length, pes length)
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Abstract. The multimammate rats (genktstomyy are widely distributed throughout Africa and their interactions

with human populations can have important consequences in regard to agriculture and human health. The latest results
in the systematics and phylogeny of fddastomysspecies, namelyl. coucha M. hubertj M. erythroleucusandM.

hubertiare presented here, combining results from morphology, morphometrics, cytogenetics and molecular analysis.
In generalMastomysspecies are morphologically similar, some of them being sibling species, thus no simple method

of discrimination between the four studied species is successful. The use of morphometric analysis on skull and dental
measurements does not allow complete discrimination, despite the faddagtamyspecies are strongly molecularly

and chromosomally divergent, which allows reconstructions of their phylogenetic relationships. By comparing the dif-
ferent data sets, we are able to detect evolutionary patterns Miisitomysand to raise some new perspectives for

further analyses. The use of a variety of different techniques will be necessary to resolve the systematics of the group.

Introduction Tanzania was more than 1400 rats/ha (Mwanjabe et al.
2002). At such densities, these rodents can cause seed
The method of integrative systematics combines resultdepletion and losses in field crops, which have strong
from numerous methods to improve the taxonomy andconomical consequences (Mwanjabe et al. 2002). In the
phylogenetic resolution of a group under study. This ikealth domain, somdastomysspecies are reservoir hosts
even more important in the case of sibling species fand/or vectors of viruses and parasites responsible for
which classical identification techniques are not efficienthuman diseases such as bubonic plague (Green et al.
and where a good attribution is fundamental for angy978), Lassa fever (Wulff et al. 1975; McCormick et al.
phylogenetic work. 1987), Rift Valley fever (Diop et al. 2000) and schistoso-
The African multimammate ratdvastomysspecies) miasis (Imbert-Establet et al. 1997; Duplantier and Sene
are found in all savannah areas in sub-Saharan Africa000). EachMastomysspecies has its own biological
Different populations can be morphologically very similarproperties in contact with the virus or parasites (Diop et al.
but chromosomally highly divergent (reviewed by2000).

Granjon et al. 1997). Some of these species are A good knowledge of the systematics of these rodents
commensal, with_ very wide areas of distributiqn, and thejy clearly necessary and the integrative approach could be
are often found in sympatry, but not always in the samgssropriate. The results obtained by the simultaneous use
biotopes (Duplantier and Granjon 1988) since there i morphological, morphometric, cytogenetic and molec-

strong ecological structuring amoMpstomysspecies. A 5y studies on the same individuals are presented here in

recent review by Granjon et al. (1997) recognised Sevef}qer 1 give an overview of the systematics and evolution
species in the genus but indicated that the status of SO%‘PoneMastomysibling species complex

forms was still to be resolved.

The interaction of certaifMastomysspecies with
human populations can have important consequences, Materials and methods
especially in regards to agriculture and human health.
Several species can achieve high local population dendihe Mastomys sibling species complex studied here
ties and outbreaks dflastomys natalensihlave been comprises four species, namély couchaM. huberti M.
reported in East Africa (Leirs et al. 1996; Mwanjabe et akrythroleucusandM. huberti,identifiable unambiguously
2002). The highest population density observed ionly by their karyotypes (Table 1). The morphological,
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morphometric and molecular studies were all carried oudecay index (DI) using Autodecay software. The diver-
on karyotyped specimens. gence dates were calculated based on transversion in the
34 codon position. The molecular clock hypothesis was

Table 1 Chromosomal characteristics and geographicatested by relative-rate tests using RRTree and Mega
distribution of Mastomysspecies (2N = diploid number of programs.

chromosomes; NFa = fundamental autosome number).

Chromosomal data Distribution

Results and discussion

M. coucha 2N = 36; NFa =54 South Africa
M. huberti 2N =32; NFa =44 West Africa Results
M. erythroleucus ill\li :—Sgiz 56 WestthAfricI;rt]q . The four Mastomysspecies considered show very
_ a= o southern |op|§ similar morphology and high intraspecific variability.
M. natalensis 2N = 32; Sub-Saharan Africa Thus, no qualitative characters have yet been found to
NFa = 52-54 discriminate between them.

The skulls of all specimens were examined under a 1h€ DFA of dental measurements of karyotyped speci-

microscope, with close attention paid to the tympanién€ns (Figure 1) shows thad. erythroleucusand M.
bullae, the foramina and the teeth. The characteristics Bptalensisare rather well discriminated both by size and
the fur were not considered because of their high intrasp&?@pPe- This is not the case fr hubertiandM. coucha

cific variability. The specimens were sorted by agdvhich are not very different from each other. The
according to their stage of dental wear (Verheyen anpercentage of misclassified specimens for all species is
Bracke 1966) so that age-related variation could be ascdl9h (between 45.86 and 57.74%) andvalicouchaspec-
tained. Due to the wear of their molar crown surface, olddf€ns are misclassifiedd. natalensisand M. erythro-

specimens of stages 5-6 were not incorporated into tH%UCU_S .have the best reclassification results. Axis 1
analyses. discriminatedM. natalensisandM. erythroleucuson both

A total of 208 specimens belonging M natalensis size and shape, whiM. hubertiandM. couchaare indis-

M. hubertj M. couchaand M. erythroleucuswere used tinguishable. Overall, no complete discrimination has

and 12 dental measurements taken from each (lengths a%%en f?””‘.j between_ any tVYO qf. the fedastomysspecies
widths of the crown for the three upper and three Iowe?nd wide intra-specific variability has been observed for

molars). Log-transformed data were analysed using prirM' natalensigDenys 2002).
cipal components analysis (PCA) and discriminant

function anaIySiS (DFA) Mariemrye 4 speces vy & shape

Mastomysspecies are cytogenetically divergent anc  * . T
the chromosomal characteristics can be used to inf 3 o
phylogenetic relationships. Chromosome analyses we = SR :‘ r‘“"",_l, .y .
performed on preparations obtained from fibroblas i E.dmu,,; .’ '.:-q .
cultures. Each identified structural rearrangement we _ ' P e -1-"1_. .
considered as a character and its presence or abse :.'_ g, ‘%E" AR .r n
scored in the various taxa (see details in Volobouev et i & " . o s ;.3.:1: - "
2002). The matrix of chromosomal characters wa . “f:_.c. ¢+Ej¢ "SR .
analysed by maximum parsimony (MP) using the exhau = ¥ _h__::' o B e %
tive search option in PAUP 4.0 (Swofford 1998) for 5 taxi o Py
and 41 characters. ety Y S

Total genomic deoxyribonucleic acid (DNA) was | v i
extracted from liver, heart or muscles preserved in 70¢
ethanol using a CTAB protocol (Winnepenninckx et al T 'i_',-_'i_'"i':"f_ﬂ_i'_

a1 3 1L

1993). Mitochondrial sequences containing the comple
cytochrome b gene were isolated via polymerase chaé

. . o igure 1. Discriminant analysis on 12 molar measurements for
reaction (PCR) and sequenced directly from purified PC ryotyped specimens of four speciesMastomysThe sample

products with an automatic ~sequencer CEQ20005hsists of 10M. natalensisrom Senegal, Tanzania and South
(Beckman). The sequences were entered and manuapifica, 43 M. hubertifrom Senegal, 14. couchafrom South
aligned using Bioedit software. Mutational saturation wagfrica and 54M. erythroleucusrom Senegal. Where possible,
studied for each codon position, with transitions anehe type of each species has also been measured.
transversions treated separately. Phylogenetic relation-

ships were analysed by MP. The phylogenetic analyses Phylogenetic relationships withiMastomysspecies
were conducted using PAUP 4.0. The MP analysis wasave been inferred by chromosomal and molecular data
done with a heuristic search using stepwise additior(Lecompte et al. 2002; Volobouev et al. 2002). Figure 2
Robustness of trees was assessed by the bootstrap methorhpares the results obtained from the two data sets. The
performed by PAUP 4.0. (1000 replicates) and by theytogenetic and molecular trees are incongruent in regard
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to the phylogenetic position &fl. erythroleucusandM.  Duplantier (1988) and Dippenaar et al. (1993). The use of
natalensis which are sister taxa according to the molecgeometrical morphometrics is now required. This tech-
ular data set, whild!. natalensiss closest toM. huberti  nique has proven successful for discriminatiius
in the chromosomal phylogeny. species (Auffray et al. 1996) aRtaomysspecies (Denys
With respect to the molecular data, the highest genetit al., this volume) but less effective in the case of sibling
distance between the four species is approximately 10%aterillus species (Dobigny et al. 2002). When standard
The monophyly of this clade is strongly supported (100%aryotypes fail to discriminate between taxa, cytogenetic
of bootstrap replicates). The basal positiortMofcoucha banding analysis is required. Moreover, this banding
versus M. huberti is less supported at 77% bootstrapinformation allows phylogenetic reconstruction, and can
support. M. erythroleucusand M. natalensisare sister be integrated in a global analysis and compared with other
species in this analysis, with high support (88%). Thejata sets, such as morphology or molecular data. Previous
relative rate tests do not reject the molecular clock hypOtfbhybgenetic re|ationships WithMastomySNere inferred
esis for this data set, hence we are able to estimate thgm chromosomal data (Britton-Davidian et al. 1995) and
dates of the divergence betweklastomysspecies. The from DNA/DNA hybridisation (Chevret et al. 1994).
initial divergence of the four species is estimated about $hese studies gave incongruent results and an absence of
million years which is congruent with discriminate cjeay (robust) resolution at the interspecific level. In the
analysis (DA) ofMastomysfossil at 3.7 million years .5se of the cytogenetic studiéd, natalensisand M.
(Denys and Jaeger 1986). The two first species within thig hertj were identified as sister groups, while erythro-
terminal clade appear almost at the same time, Bhen o,c\,swas found to be most divergent (Britton-Davidian
erythroleucusand M. natalensisdiverge 1 million years et al. 1995). In the DNA/DNA hybridisation tred.
later. coucha was found to be the more divergent species
(Chevret et al. 1994), a result that is supported by the new
Discussion molecu_lar data. Thg chromosomal and_r_nolecular trees are
clearly incongruent in regard to the positiond/ofcoucha
Our analysis suggests that traditional morpho-anatomicand M. erythroleucusThe DNA sequencing data allows
and classical morphometric techniques do not seem veug to solve in part the irresolution of the DNA/DNA tree,
efficient at discriminating between sibling species ohowever both new analyses confirm the instability of
Mastomys.This confirms previous work on skulls by Mastomy<lassification.
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Figure 2. Phylogenetic relationships withiMastomysspecies reconstructed using molecular

data (left) and chromosomal data (right) (after Volobouev et al. 2002 and Lecompte et al. 2002).
The molecular phylogeny is the strict consensus of two trees (consistency index (CI) = 0.695;
retention index (RI) = 0.766). The chromosomal tree is the most parsimonious tree (Cl = 0.941;
RI = 0.900). The values above the nodes (molecular tree) are bootstrap values; the values under
the nodes (cytogenetic tree) are decay index values.
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The degree of morphological stasis in the groupBritton-Davidian, J., Catalan, J., Granjon, L. and Duplantier, J.-
together with the incongruence between phylogenies, M. 1995. Chromosomal phylogeny and evolution in the
suggests that this lineage is the product of radiation that 9enusMastomys(Mammalia, Rodentia). Journal of Mam-
involved formation of numerous sibling species. The Malogy, 76, 248-262. _
almost simultaneous divergence of MecouchaandM. ~ Chevret, P., Granjon, L., Duplantier, J.-M., Denys, C. and Catze-
huberti is consistent with this hypothesis, whereas the 1's: F:M. 1994. Molecular phylogeny of theraomys
mitochondrial phylogeny provides evidence of divergence complex (Rodentia: Murinae): a study based on DNA/DNA

) -~ hybridization experiments. Zoological Journal of the
betweenM. erythroleucusand M. natalensisl million Linnean Society, 112, 425-442.

ygars later. The seemlngly Iatg dlverggnce of these ta’ﬁ’enys, C. 2002. The problem of species identification in palae-
might result from the introgression of mitochondrial DNA ontology and biology: the case dfastomys(Mammalia:
between the two forms during hybridisation, as hypothe- Rodentia) and its dental variability. In: Baylac, M., Klingen-
sised by Volobouev et al. (2002). This introgression could berg, C.P., Fermon, Y. and Bailly, N., ed., Morphométrie
explain the incongruity between the molecular (mitochon- multivariable, systématique et evolution: concepts, méthodes
drial) and the cytogenetical (nuclear) phylogenies, and the €t applications. Paris, Muséum National d'Histoire
later divergence of these species. Hybridisation between Naturelle-Institut de Recherche pour le Développement
Mastomysspecies may occur during the early stage of (MNHN-IRD) Editions (in press). _ _
their diversification, thus explaining the incongruitiesPenys: C- and Jaeger, J.J. 1986. A biostratigraphic problem: the
among the data sets. The chromosomally distinct forms case of the East African Plio-Pleistocene rodent faunas.
s ) . Modern Geology, 10, 215-233.
within M. erythroleucusalso suggest a possible speciesy, - o . . ,

. p, G., Thiongane, Y., Thonnon, J., Fontenille, D., Diallo, M.,
complex (Volobouev et al'_ 2002). It will be necessary to Sall, A,, Ruel, T.D. and Gonzalez, J.-P. 2000. The potential
test these hypotheses with new data for more Systems (e of rodents in the enzootic cycle of Rift Valley fever virus
including nuclear markers, and to add supplementary i Senegal. Microbes and Infection, 2, 343—-346.
specimens of the rarétastomysspecies. Dippenaar, N.J., Swanepoel, P. and Gordon, D.H. 1993. Diag-

nostic morphometrics of two medically important southern
. African rodents, Mastomys natalensisand M. coucha
Conclusion (Rodentia: Muridae). South African Journal of Science, 89,
300-303.
The variousMastomysspecies are morphologically very Dobigny, G., Baylac, M. and Denys, C. 2002. Geometric mor-
similar, and complete discrimination cannot be achieved phometrics and diagnosis of sibling species: the complex of
using only qualitative morphology or classical morpho- West AfricanTaterillus (Rodentia, Gerbillinae). Biological
metrics. In all cases, cytogenetic analysis is needed for Journal of the Linnean Society (in press).
identification. Sibling species withirMastomys are  Duplantier, J.-M. 1988. Biologie'evolutive Eje, populations (_ju
strongly genetically divergent based on both molecular 9enreMastomysRongeur, Muridae) au Sénégal. PhD thesis.
and chromosomal data. Phylogenetic relationships recon- universite de Mompe”'_er' _ L
structed using cytogenetic and molecular data are partiaIR/Uplanf'er’ J-M. and Granjon, L. 1988. Occupation et Utlhs,a tion
incongruent. However, the contrasts between the two data de 'espace par des populations du génastomysau Seéne-

- gal: étude a trois niveaux de perception. Sciences et Tech-
sets have generated new hypotheseslastomysorigins niques d’Animalerie et de Laboratoire, 13, 129-133.

and evolution. The results of this study suggest that, fcLr)uplantier, J.M. and Séne, M. 2000. Rodents as reservoir hosts

further progress iM&StQmYS}/Ste_maticsa we will need to in the transmission dchistosoma mansoim Richard-Toll,
explore new fields of investigation, such as geometrical Senegal, West Africa. Journal of Helminthology, 74, 129—
morphometrics or nuclear molecular analyses. 135.

This example demonstrates the |mportance of the int@ranjon, L., Duplantie.r, J.‘M., Catalan, J. and Britton-Davidian
gration of different methods to make correct taxonomic 3 1997. Systematics of the gedastomygThomas, 1915)
determinations and to accurately infer relationships (Rodentia: Muridae). A review. Belgian Journal of Zoology,

. . 127 I. 1), 7-18.
between species. Incongruence between data sets high- (suppl. 1), 7-18 o
lights areas that are testable by other data sets. The com oo €A, Gordon, D.H. and Lyons, N.F. 1978. Biological
9 : species irPraomys(Mastomy} natalensig(Smith): a rodent

nation of these dlffer_ent methqu is essential to th? carrier of Lassa virus and bubonic plague in Africa. Ameri-
development of a precise and reliable method of determi- can Journal of Tropical Medicine and Hygiene, 27, 627-629.
nation ofMastomysspecies. This is even more important|mpert-Establet, D., Moné, H., Tchuem Tchuenté, L.A. and
when the species are implicated in applied research, such jourdane, J. 1997. Permissiveness of two African wild
as in epidemiology or durable interactions. rodents, Mastomys hubertiand Arvicanthis niloticus to
Schistosomaintercalatum epidemiological consequences.
Parasitology Research, 83, 569-573.
Refel‘ences Lecompte, E., Granjon, L., Kerbis-Peterhans, J. and Denys C.
2002. Cytochrome-b based phylogeny of Bneaomysgroup
Auffray, J.C., Alibert, P., Latieule, C. and Dod, B. 1996. Relative ~ (Rodentia, Murinae): a new African radiation? Comptes
warp analysis of skull shape across the hybrid zone of the Rendus de I' Académie des Sciences, Série lll (in press).
house mouse Mus musculus in Denmark. Journal of Leirs, H., Verhagen, R., Verheyen, W., Mwanjabe, P. and Mbise,
Zoology London, 240, 441-455. T. 1996. Forecasting rodent outbreaks in Africa: an ecologi-
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cal basis forMastomyscontrol in Tanzania. Journal of Winton, 1897). Annales du Musée royal d'Afrique centrale
Applied Ecology, 33, 937-943. de Tervuren, 144, 91-101.

McCormlck, J.B., Webb, P.A,, Krgbs, JW., Johnson., KM andsjohoueyv, V.T., Aniskin, V.M., Lecompte, E. and Ducroz, J.-F.
Smith E.S. 1987. A prospective study of the epidemiology 002, pattern of karyotype evolution in complexes of sibling
and ecology of Lassa fever. Journal of Infectious Diseases, gpecies within three genera of African murid rodents inferred
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Abstract. Rats are caught in the field and sold as dressed meat or as live rats for human consumption in the Mekong
River Delta region of Vietham. This study describes six different components of the rat market and the results of sur-
veys of people involved in different parts of the distribution chain. These surveys were focused in six provinces where
the rat market is concentrated: Ca Mau, Bac Lieu, Soc Trang, Can Tho, An Giang and Dong Thap. The annual produc-
tion of rat meat for human consumption was 3300-3600 t of live rats, with a market value of about Vietnamese dong
(VND) 25-30 billion (US$2 million). This market provides an important avenue of income for many poor farmers,
who are the primary rat catchers. Supply of rats is highest during February to April and lowest in September. Move-
ments in the price of rats showed a pattern similar to the quantity of rats available.

The survey also considered health risks. No person—from rat catcher to processor—was aware of health risks
related to the handling of live rats. Analysis for presence of three types of zoonotic bacteria in water samples collected
at processing points and in nearby waterways indicated the prese@teswidium perfringensand Enterococcus
faecalis Of concern is that the highest concentrationS.gferfringenswvere found in the waterways. More research is
required on the health risks to people involved in this trade and to others living near processing plants.

Introduction marketing of rat meat in the Mekong Delta or on the
health problems related to the handling of live rats. This

Rodents are one of the most important pests of rice apéper reports on a survey aimed at gathering information
many other crops in the Mekong River Delta. They feedn the operation and scale of rat catching and processing
not only on standing crops but also on grain in storage. Bs meat for human consumption in the region. The specific
rice cropping systems, rats are most prevalent whembjectives of this survey were to:
cropping is more intensive, particularly where two or thre@, describe the marketing channels of rats caught and
crops are grown a year (Sang 1998). Where two rice crops marketed as meat from catchers to assemblers or trad-
are grown, rats have a greater impact on summer Crops. ers to consumers;

Farmers attempt to control field rats by several means, ostimate the volume of rats caught and consumed as
including use of chemicals, trapping, digging of burrows,  eat or as feed: and

g?r?trlzggrt:%?al o1r99a9) combination of these methodg. describe the agents involved in the marketing of rat
9 ' ' meat, their operations, their income from rat trading,

A peculiar aspect of field rat control in the Mekong  4ng their awareness of health risks related to rat pro-
Delta is the existence of markets for rat meat for human cessing.

consumption. In the province of Bac Lieu alone, there are

estimated to be as many as 2000 full-time rat catchers, and

in all the provinces in the Mekong River Delta there are Materials and methods

about 50 specialist rat distributors. Rat meat is popular in

this region, not only because farmers have few sources Rhts are caught, assembled and processed at several loca-
protein, but also because it is regarded as ‘good meat'. fions in the provinces of the Mekong River Delta. These
addition, catching rats is an important source of incomassembling places are located near town centres and along
for some poor farmers. Notwithstanding profit motives othe sides of roads or along canals that are used for the
health benefits of consuming rat meat, there are healttansport of goods. An initial survey was conducted to
risks associated with the handling and processing of raggther general information on the distribution of rat
(see Gratz 1994). There have been no studies on thecessing and collection. The information was gathered
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through interviews with personnel from provincial andRat catchers and trappers
district plant protection services, with people they identi-  \ost rat catchers are poor and landless farmers.
fied as key informants on the rat meat market, and witharmers use several methods to catch rats. The most
participants in rat catchin'g and processing in the ProVsopular are digging them from burrows, driving them into
inces of Ca Mau, Bac Lieu, Soc Trang, Can Tho, Athets and trapping using wire cages. The methods used
Giang and Dong Thap. We then surveyed rat dealers agdry with season, condition of terrain and vegetation of
processors to gain detailed descriptions and estimations @fs" grea. Only live rats are sold to agents. A premium is
marketing channels for rats. From the assemblers anhiq for rats that look healthy if they are to be kept alive
catchers, we traced backwards for information on smallefn (ransported long distances to processors or retailers.
rat assemblers and rat catchers, and traced forward along All the rat catchers interviewed use steel traps. These
the marketing routes for information on rat-meat dealerare cheap devices costing less than VND2000 (US$0.15)
and end users. apiece. Many rat dealers and processors invest in steel
A further survey was conducted from a random samplg, s then lend them to rat catchers or advance them to rat
of rat processors and rat catchers on the rat busin€sgichers as credit. In return, these people catch rats exclu-

system, including methods of capture, price of rats alya|y for the dealer or processor, ensuring a stable supply
different stages in the supply chain, labour linked to the|6f rats.

part of the rat trade, awareness of health risks, and histo&/ professional rat catcher usually owns a boat and
of illness that respondents thought might be aSSOCiateodperates with about 100 traps. When rat numbers are high
with handling rats. : '

. . . a catcher harvests an average of 15 kg of live rats per day,
Estimation of the quantity of rats traded on the marke fnarvests verag goriv P Y

. \t7al ed at US$7.
was obtained based on the amount of rats sold as dressedJ $
meat or as live rats by the processors and retailers at pril8mall-scale rat assemblers

cipal markets. These rat dealers usually operate within a local area,

8-10 km from their home. They buy rats from other
_ _ o _ farmers and re-sell to dealers. They own a small boat or
The Pasteur Institute in Ho Chi Minh City tested 1 Lpjcycle, collecting live rats from other catchers, then

samples of water collected from either within the areaelling them either to rat dealers in a local area (depot) or
where rats were processed or near the terminal drainagemobile rat collectors.

points of canals and streams where the effluent was

discharged from processing households. The samples Bft assemblers

water (three from households and six from waterways) Rat assemblers own a motorcycle or boat and operate
were collected in Soc Trang and Can Tho. The wategithin 30 km of their home, collecting rats from small
samples were cultured to screen @ostridium perfrin-  assemblers. Many of these rat assemblers are friends or
gens, Yersinia cheopandEnterococcus faecalis relatives of rat dealers in the province. They usually
receive a cash advance from dealers to buy rats from other
assemblers or catchers. The amount of live rats collected
per trip is 80-100 kg if using a motorcycle or 200-240 kg

if using a boat.

Disease assessment

Results and discussion

Market agents and their operations

The markets for dressed meat and live rats in the prol2€alers
inces of the Mekong River Delta have well-established There are usually one tihree dealers per province
routes, with up to five levels of handling before the meat ibuying rats from catchers or other assemblers. These
sold at market (Figure 1). dealers have fixed business premises. They also buy and
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Figure 1. Main collection and distribution channels of live rats and rat meat for human consumption.
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sell other animals caught in the field, such as snakes, birgsocessed, one processor will hire 10 to 20 workers—
and tortoises. many of them are young children. Processing usually
begins at 1700 h and lasts until late in the evening,
because live rats are delivered to the processing place late
These operators buy rats from catchers, other loc& the afternoon and the meat needs to be brought to
assemblers or from dealers, and sell to rat processors. Thegrket very early the next morning. Workers usually
operate a motor tricycle with an average of 700-800 kg afpecialise only in one stage of the process and are paid
rats per trip. Rats are kept in cagesx®.@28x 0.2 m that according to the weight of rats processed.
weigh about 50 kg.

Long-distance rat assembler-dealers

Rat market channels

Rat processors Principal rat market channels are described in Figure

Rat processors tend to concentrate in specific placés The following routes are the most important channels of
with several households within one hamlet involved in thdive rat transport:
business. The highest concentrations are 18 householdslin Rats collected in Ca Mau are sold in Bac Lieu and
Xeo Don hamlet of Phung Hiep district, Can Tho, and 36  Soc Trang.
households in Binh Chien hamlet in Binh Long village of2. Rats bought in Bac Lieu and Soc Trang are re-sold in
Chau Phu district, An Giang. These two hamlets process O Mon and Can Tho.
about 70% of rats traded daily in the Mekong Delta withg, Rats bought from rat catchers or collectors along the
highest production occurring from January to May (Table  border with Cambodia are re-sold to depots in An Phu
1). Several households in these hamlets have been district of An Giang province.
involved in rat processing for more than 10 years. In other Apout 60—70% of the total traded volume of rats pass
provinces, such as Bac Lieu, the rat trade is increasinghrough these three channels. From December to April,
with many businesses only 2 years old (Table 2). most of the rat supply comes from the first two routes.
A large processor can process up to two tonnes of livierom May to July most rats come from grass fields along
rat per day or approximately 25,000 rats. The averaghe Cambodian border.
amount of rats processed daily per household was highest Rat assemblers in Ca Mau province specialise in
in February (480 kg) and lowest in September (77 kgbuying live rats from farmers or from small rat collectors
(Table 1). Depending on the quantity of rats needed to hie the districts. They operate depots in Ca Mau town then

Table 1 Mean quantity of rats processed daily per processor (kg of live rats/day) and mean monthly price (Viethamese dong (VND)
per kg; VND13,006G- US$1).

Factor Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Quantity (kg/day) 367 480 421 336 342 302 191 144 77 101 145 223
Price (VND/kg) 8361 8414 8548 8671 8397 8355 8319 8000 7178 7344 7626 7790

Table 2 Number of living rats (kg) bought monthly at 11 rat businesses (from December 2001 to June 2002) in three provinces (Can
Tho, Soc Trang and Bac Lieu) of the Mekong Delta, southern Vietnam.

Province Shop no. Years in Dec Jan Feb Mar Apr May Jun
business 2001 2002 2002 2002 2002 2002 2002
(kg) (kg) (kg) (kg) (kg) (kg) (kg)
Bac Lieu 1 4 170,514 170,500 154,120 77,542 56,557 5787 no data
2 2 8618 12,152 42,165 90,621 48,832 5309 1140
Soc Trang 3 10 3317 2400 29,800 30,000 25,100 23,900 1840
7750 8370 6215 16,417 21,655 10,780 2740
no data 10,983 21,391 30,452 19,440 9880 570
7756 8685 8400 7750 7180 7862 1820
Can Tho 7 12 25,171 24,617 23,400 18,000 21,000 11,500 4500
10 no data 4154 8680 12,400 12,301 10,151 2831
12 4650 4650 11,205 21,724 32,296 22,601 4175
10 14 9325 15,500 22,436 6226 11,180 19,400 645
11 3 10,540 13,330 17,645 9345 9178 2851 no data
Total 247,641 275,341 345,457 320,477 264,719 130,021 20,261
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sell to traders from Bac Lieu, Soc Trang, Dong Thap, Arseropositive for leptospirosis (Singleton, Smythe et al.,
Giang and Can Tho. In general, rat traders in Ca Mau ardis volume).
Bac Lieu are not involved in rat-meat processing, but sell The sampling of wastewater from within and outside
live rats to traders. These are then processed in Soc Tratige processing households returned positive cultures for
Can Tho (Phung Hiep district) and An Giang (Chau Phiboth C. perfringensand E. faecalis(Table 3). Both of
district). Traders in Soc Trang and Bac Lieu buy live ratshese bacteria can be transmitted from rats to humans. No
from assemblers in Ca Mau, Bac Lieu and Soc Trang, arghmples were positive foYersinia cheopis The high
transport them to depots in O Mon, selling them to traderigvels ofC. perfringendn the waterways are of particular
from Cai Dau (An Giang) for processing. Processors iconcern. This bacterium is typically associated with
Phung Hiep (Can Tho) buy live rats from assemblers idecaying animal carcasses. However, this was a pilot
Bac Lieu and Ca Mau, and then sell meat to dealers in Catudy with small sample sizes and with no comparative
Tho. measures of these bacterial levels in waterways remote
Rat meat is used for direct human consumption. Théfom rat processing plants. Further studies are warranted.
survey did not find any other uses of rat meat as in
processed food. By-products from processing—head&uantity of rats caught and marketed as meat

skin, tail—are used as feed for fish. We covered all the major rat processors and dealers in
the selected provinces, with estimates based on the
Protection measures and health problems amount of rats sold as meat or as live rats by the proces-

No labourers who worked at the 69 processing and r&0rs and retailers at principal markets. This estimation is
trading units wore protective clothing. Only five proces-conservative.
sors provided labourers with hand cream to protect skin Demand for rat meat appeared to depend on the quality
from long working hours in water, and disinfectant to beof rat meat and the availability and price of other meat and
applied to rat bites. Workers who participated in rafish. Rats are more fatty in February to April and very lean
processing were not aware of health problems related t8 September, coinciding with the highest and lowest
rat handling. Only 11 of 69 surveyed processors reporte@tantity of rat processed, respectively. Naturally caught fish
that their hired workers had acquired infections from ra@re more abundant in September and October. Movement in
bites. the price of rats showed a similar pattern as quantity of
Wastewater from rat processing was dischargeH‘_eat produced (Table 1). These _trends for th_e supply and
directly into canalsr(= 6), rivers (1 = 8), enclosed ponds Price of rat meat are unusual since the perlod_ of Iqwer
(n = 6), or onto the soil surfaca € 5). Local government supply corresponds with Iower prices instead _o_f high prices
did not allow rat processors to discharge wastewater in@S in the case of other agricultural commodities. The rats
waterways, except in Binh Long village in An Giang. cau_ght and processed annually over the last four years were
Doctors at local hospitals and Red Cross units wergStimated ataround 3300-3600 t (Figure 2).
sent a questionnaire enquiring about reported human
diseases transmitted by rodents. Few questio.r!naire's were Conclusion
completed because the doctors were not familiar with the
range of rodent-borne diseases and so had nothing The rat-meat market in the Mekong Delta of Vietham
report. This is surprising given that leptospirosis is relaprovides an important avenue of income for many poor
tively common in Thailand and approximately 25% offarmers and local businesses. The annual production of rat
rodents sampled in a cross-sectional study of ratmeat for human consumption (3300-3600 t of live rats)
collected from processors and dealers in Soc Trang wehas a market value of VND25-30 billion (US$2 million).

Table 3.Results of analysis of water samples@wstridium perfringenandEnterococcus faecaliVater was
sampled from within the households processing rat meat or in the waterways where waste was discharged.

Shop no. Water sampled at point of rat processing Water sampled in waterways where waste
was discharged
C. perfringens E. faecalis C. perfringens E. faecalis
(No. bacteria/mL)  (No. bacteria/mL)  (No. bacteria/mL) (No. bacteria/mL)
1 1 10 1050 10
2 2900 14 2150 10
3 3 10 2250 10
4 2400 10
5 2100 10
6 1800 10
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Although there are a number of families that have beethrough better survival of remaining rats through to the
involved in the rat trade for up to 20 years, there has beéext breeding season. The impact of the industry on
a recent growth in the number of traders, especially in Bdguman health also requires urgent attention.

Leiu. It will be interesting to monitor whether this growth
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Abstract. The aim of this study was to determine the seasonal changes in metabolic properties and thermogenic
capacity in the greater long-tailed hamsteri¢etulus tritor). During seasonal acclimatisation, there were no signifi-

cant seasonal changes in basal metabolic rate, however non-shivering thermogenesis and maximum metabolic rate
increased significantly in winter compared with summer. We also calculated the shivering thermogenesis by subtract-
ing basal non-shivering thermogenesis (NST) from the maximum metabolic rate. Results suggest that shivering ther-
mogenesis plays an important role in total heat production in summer, and NST plays an important role in winter heat
production. In the natural environment, greater long-tailed hamsters mainly depend on an increase in NST to adapt to
the cold of winter. These physiological adjustments are closely related to this species’ biological characteristics, such
as being solitary, nocturnal and non-hibernating, and having a seed-dominant, omnivorous food habit.

Introduction commercial laboratory rat chow pellets plus cabbages.
Food and water were supplied libitum All determina-
The greater long-tailed hamsteEricetulus triton)is a tions were made within 10 days of capture.
very common pest rodent in the farmlands of northern
China. It is a predominantly seed-eating, omnivorouMeasurement procedure
species, and nocturnal, burrowing, non-hibernating and of

solitary habits. In the natural environment, it faces a Iargg Rates of oxygen consumption were measured using a

. . . sed-circuit respirometer. Temperatures inside the animal
seasonal fluctuation in environmental temperatures anf P P

unstable food resources because of agricultural activitie%‘t":]mberi (sgetz i;GChtr_?ﬁ) vt\)/e(rje measureg Sng n:amtamed
However, this species can use stored food during wintdfth & water ba hi(1°C). The body mass and body temper-

and early spring. Although many aspects, such as popufé\tyre of animals were recorded before and after each

tion dynamics, chemical communication, and othefXPeriment. Body temperature was measured by insertion

ecological aspects (Zhang and Wang 1998), have belh @ digital ther_mometer (Beijing Normal University
studied, there is no information available on season4iStruments Co.) into the rectum to a depth of 3 cm.

patterns of energetics and thermogenesis for this species Measurements of metabolic rates were made at

(Wang and Wang 2002). The primary aim of this researdemperatures ranging from 5-36°C. Before each experi-

was to determine the seasonal changes in metabolism andnt, animals were weighed to the nearest 0.1 g and

thermogenesis d. triton in order to understand its phys- fasted for 3 h to minimise the specific dynamic action of

iological survival strategies. food. Each measurement lasted for 60 min and oxygen

consumption was recorded at 5 min intervals. Animals

. were allowed to adapt to the metabolic chamber for about

Methods and materials 1h before measurements started. Two consecutive

minimum readings were taken for metabolic rate calcula-

Animals tions. All measurements were made daily between 0830—

Adult greater long-tailed hamsters (males and nont900 h. Metabolic rates were expressed as mplg.D)
pregnant, non-lactating females) were live-trapped in thgPrrected to standard temperature and pressure (STP).
farmlands of Hebei province in spring, summer, autumn, After resting metabolic rate measurements had been
and winter. Animals were kept individually in cages undecompleted, non-shivering thermogenesis (NST) was stim-
natural photoperiod and temperature conditions, and fadated by a subcutaneous injection of a mass-dependent
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dosage of noradrenaline. The maximum response to norBMR (although it tended to increase in winter), however

drenaline was regarded as the maximum NST. NST and MMR increased significantly in winter
Maximum metabolic rate was induced using a He:Ocompared with summer.

(80%:20%) mixture and was measured at 0°C and 5°C. Many small mammals inhabiting fluctuating and cold

When the experiments finished, most of the animals haghvironments display enhanced capacity for seasonal

reduced body temperatures. changes in NST and MMR, such as the Djungarian
hamster Phodopus sungoriis(Heldmaier et al.1989),
Statistics short-tailed shrewRBlarina brevicauda (Merritt 1986),

Data were analysed using the SPSS software packagrsg;ga;ggg)voglegee;gf';f;gofgzzt;u;gu§$§§i o oS
Differences between temperatures in each season X '
! S W peratures season W le (Microtus oeconomys(Wang and Wang 1996).

determined by repeated measure analysis of varian f ial rodereal hich i
(ANOVA) and seasonal differences were determined b% owever, a fossonal rode ba acopus_cyanb;sw icn1s
ot faced with cold stress, has a relatively low physiolog-

ANOVA, with a statistical significance level Bf< 0.05. . - . . )
ical plasticity which is in accordance with a fossorial

mode of life—it has a remarkably high NST, low MMR
Results and discussion and, surprisingly, nearly no shivering thermogenic
capacity compared to other rodents (Nespolo et al. 2001).
Basal metabolic rate (BMR), nonshivering thermogenesibeist and Rosenmann (1976) showed that the arctic—
(NST), and maximum metabolic rate (MMR) in greatersubarctic red-backed vole has a greater capacity for NST
long-tailed hamsters are shown in Figure 1. The thermé&han rodents from temperate latitudes, probably because
neutral zones for spring, summer, autumn, and wintghis species is acclimatised to colder seasonal conditions.
were 26-32°C, 29-34°C, 26-34°C and 24-34°C, respetiolloway and Geiser (2001) showed that BMR and
tively; BMRs (mL O)/g.h) were 1.68 0.33 (sd), 1.2&  thermal conductance were lower in winter in the sugar
0.02, 1.54+ 0.22 and 1.5& 0.22, respectively; NST rates glider (Petaurus breviceps a marsupial, but maximum
(mL O,/g.h) were 3.22+ 0.56, 2.63t 0.63, 4.19+ 0.43 heat production was raised significantly in winter,
and 4.54+ 0.31, respectively; and MMRs were 5.2 suggesting that, despite the apparent lack of functional
0.56 mL G/g.h in summer and 7.490.79 mL GQ/g.h in  brown adipose tissue, sugar gliders are able to signifi-
winter (Figure 1). cantly increase heat production in winter.
In conclusion, our present study suggests that shiv-

r ering thermogenesis plays an important role in total heat
= O Spring B Summer production in summer and NST plays an important role in
L O Autumn B Winter winter heat production for greater long-tailed hamsters. In

its natural environment, this species mainly depends on
the increase in NST to adapt to the cold winter. These
physiological adjustments are closely related to the living
habits of this species, such as living singly, being
nocturnal and non-hibernating, and having seed-domi-
nant, omnivorous food habits.

Oxygen consumption (mlO,/g.h)
O = N W b U1 OO N 00 VO
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Abstract. In China, studies of the physiological ecology of rodents began in the 1950s and developed rapidly from the
1980s. Some areas have been well covered for some, but not all, species. Most of the work has focused on thermogen-
esis, temperature regulation and digestive physiology. Almost 20 small mammal species have been studied and these
species are mainly distributed in northern China. Because the majority of these species are rodents, much basic
research work must be done before we can test hypotheses and/or make predictions or generalisations. It is essential to
continue to develop excellent hypotheses and then undertake experimental manipulations to obtain robust, repeatable
and precise results. This paper reviews the status and development of rodent physiological ecology in China, including
the history of studies, current trends in research on physiological ecology, and areas for development in the near future.

Introduction mass in studies of metabolism. In the late 1970s, Professor
Wang Zu-Wang, Northwest Plateau Institute of Biology

Physiological ecology combines the disciplines of physitnow Institute of Zoology), Chinese Academy of Sciences,
ology and ecology, and focuses on studies of individualand his colleagues measured seasonal changes in meta-
Physiological data are used to answer ecological quesolic rates and digestibility for two field small mammals
tions, which are related to the animal’s survival and I’eprC(p|ateau pika1OChotona curzonigeand p|ateau zokor,
duction, and to explain their distribution, abundance anfllyospalax bailydi in the Qinghai-Tibet Plateau. This
richness in the natural environment. Since the 1940@as the first work on seasonal acclimatisation in meta-
physiological ecology has become a mature discipline. IBolic rates in China.
this paper, we briefly review the developments in studies Since the 1980s, studies in physiological ecology in

of physiological ecology of rodents in China. China have progressed rapidly. Some new areas and more

rodent species have been reported and studied, including:

History of studies in China a comparative study on the metabolic rates of three rodent

species of the southern Yangtze River; the effects of
The first systematic studies on the physiological ecologluddling on the metabolic rates in the lesser rice-field rat
of small mammals appear to be those of Professor ZhéRattus losep the development of homeothermy in
Yibing of Peking University in the 1950s on thermoreguMongolian gerbilseriones unguiculatysand root voles
lation in hedgehogs. In the late 1950s and early 19608Vlicrotus oeconomys the relationship between average
Professor Sun Ru-Yong, Beijing Normal University,daily metabolic rates and resting metabolic rates; the
studied geographical variations in the physiological propmetabolic properties and the average daily metabolic rate
erties ofClethrionomys rufocanuand Microtus agrestis for root voles in the Qinghai Plateau; the seasonal changes
at Moscow University in the former Soviet Union (hisin mass, structure and composition of brown adipose
work was published in the Bulletin of Beijing Normal tissue and capacity for non-shivering thermogenesis in
University). In the 1970s, Sun Ru-Yong measured thplateau pikas and root voles; the metabolism and ther-
metabolism of Chinese white-bellied ratsRaftus moregulation during hibernation and the non-hibernation
niviventer confuciangysand Norway rat¢Rattus norveg- period in Daurian ground squirrelsSgermophilus
icus), two farmland rodent species. He introduced analysigaurica) and hedgehogs; and seasonal variations in digest-
of covariance (ANCOVA) to account for the effect of bodyibility in root voles in the Qinghai Plateau.
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In the 1990s, Li Qing-Fen, Beijing Normal University,  Areas for deve|0pment in the near
and her group studied the molecular thermogenic mecha- future in China

nisms for Brandt’s volesMicrotus brandt) and Mongo-

lian gerbils in the laboratory (Liu et_al. 1998; Li et al. 1o following topics of rodent physiological ecology
2001). Wang De-Hua (1993) examined the effects ofy, 4 he developed strongly in China for the majority of
photoperiod and temperature on thermogenesis in plategy, native rodents. For the testing of hypotheses and/or
pikas and root voles after acpllmatlon in the Ia_boratorymaking predictions or generalisations, much more work
Wang Zheng-Kun (1996) studied the thermogenic capack, st he done in the areas of (1) water balance, especially
ties of tropical and subtropical small mammal speciesy,, gesert rodent species; (2) hibernation (torpor) and
Wan.gYu-Shan (1997) determined energetic constraints %ophysiology; (3) individual differences and genetic
survival, reproduction and growth and development fOyiterences in physiological parameters; (4) relationships
alpine small mammals: Liu Xlao-Tuan'(1998) f'rSt,St“d'e%etween characteristics of physiological ecology and
the molecular adaptive thermogenic mechanisms ig,njation biology: (5) digestive tract morphology and
Mongolian gerbils and Daurian ground squirrels. BaQyigestive strategies: (6) reproductive energetics: (7) physi-
(1999) compared the characteristics of ecophysiology angl,gica) limitation and its evolutionary significance; and
water metabolism in four rodent species from the OrdoEB) body weight maintenance, regulation and energy
Plateau of Inner Mongolia. Wang De-Hua and his,gance” (leptin and its role in body weight regulation).
colleagues determined the seasonal changes in thermgs o rodent species need to be studied for their ecophysi-
genesis gnd thermoregulation in Brandt's voles, Mong06|ogy_ We should also expand our knowledge on those
lian gerbils, and greater long-tailed hamsters (e.g. Wangpecies for which we have some information, such as

De-Hua et al., thig vqumg). Ffe? _(2000) measyred thgmall mammals in the alpine meadows and Inner Mongo-
effects of food quality on digestibility and retention timeian grasslands.

of digesta in Brandt’s voles and Mongolian gerbils. Liu
He (2002) was the first to systematically determine the
reproductive energetics of Brandt's voles and Mongolian Acknowledgments
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Abstract. Many beliefs exist on what influences the population dynamics of rodent pests. In some instances, these
beliefs get mentioned so often that they become dogma and in too many instances national policies on rodent manage-
ment are based on dogma. We review five dogmas that have varying degrees of influence on policies for rodent man-
agement in Australia and Southeast Asia. Three are associated with regional or local movement patterns of rodents, one
with the efficacy of predators as biological control agents, and one with the influence of farming systems on rodent
dynamics. We provide results of experimental studies conducted to test the three dogmas associated with movement
patterns. Two of these dogmas were rejected and one accepted. We conclude that rodent management requires a scien-
tific approach, and the science of rodent management requires managers to conduct experiments.

Introduction with clear alternative hypotheses (McNab 1983; Sinclair
1991; Krebs 2002). In the case of rodent management, we

In a cogent review of the science and practice of wildlif@re not arguing that this experimental approach be adopted
management, Sinclair (1991) succinctly stated: “A sciersimply to provide scientific rigour to our art. In too many
tific statement is one which can be tested and disproved.imstances, national policies on rodent management or the
it cannot potentially be disproved than (sic) that statemehegliefs of farmers are based on these dogmas, and there-
falls into the realm of religious belief. Such beliefs havdore it is important that these beliefs are addressed scien-
no place in a scientific decision-making process fofifically to assess their worth. If this is not done, then
management, because they involve value judgemen@@vernments and farmers will not be receptive to other,
subjectivity, bias and dogma.” In rodent managemenROssibly more effective, management regimes.
both in developed and developing countries, there are We review five dogmas of rodent pest management
many beliefs surrounding what leads to outbreaks dfrevalentinAustralia and Southeast Asia. We have applied
rodent populations or to their chronic nature. Mention thdhe experimental approach to three of these dogmas and
you work on rodent pests when Visiting a local bar ofeport on our flndlngs We also brlefly review the scientific
coffee shop, chatting with farmers or attending a scientifieasis for the other two.
workshop, and you will be soon inundated with unsolic-
ited (but well meaning) advice on why these rodents are :
pests and on how to control them (see Singleton et al. Materials and methods

1999 for discussion of the range of techniques used ifje describe experimental field studies we conducted to
Southeast Asia). In some regions, these beliefs have begat alternative hypotheses for the first three dogmas. The
around so long or been repeated so often that they becorgst two dogmas will be described and reviewed in the
dogma. Yet when one examines the rationale for the$@esults and Discussion section.

dogmas, the scientific data cupboard is usually bare.

The paradigms for scientific studies for wildlife Dogma 1
management may be based on the density-dependentin Australia, mouse populations undergo aperiodic
school of thought focusing on regulation (see Sinclaibutbreaks resulting in densities of >1000 mice per ha
1989) or a more empirical approach focusing on limitatioifSingleton and Redhead 1989). Many farmers attest that
(see Krebs 1995). Regardless of which paradigm omaouse populations build up in the south-west (South
adopts, the proponents of the differing paradigms agrefustralian wheatfields or in areas of natural woodland)
that the way ahead is to adopt an experimental approaghd moveen masséo the north-east to invade the grain
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fields in Victoria and New South Wales (NSW), devouring  The study was conducted in the Ha Tien district, Kien
crops in their path. Stories of fish (Murray cod) caught irGiang province (10°23'N, 106°23'E), Vietham, from 29
the Murray River, which defines the southern boundary dbeptember 1996 to 22 March 1997, and from 26
NSW, with mice in their stomach supposedly providedDecember 1997 to 3 March 1998. These periods were
positive evidence that mice swim across the Murray Rivechosen because Vietnamese farmers report migration from

to invade NSW. Cambodia of rats around the lunar New Year. This is a
A 6-year replicated study was designed to distinguisiolitically sensitive region and politics influenced the
between the following hypotheses: length of the study periods. The region has dry (December

* Hypothesis A: Mouse populations build up in areas ofo March) and wet (April to November) seasons; 97% of
natural woodland Hucalypt or Callitris dominated the ramfa}ll occurs during the wet season. The average
woodland) and then invade the adjoining cereal-cropannual rainfall is 1500 mm.
ping regions. (Accept dogma 1.) In Ha Tien (Vietnam), there are two rice crops grown

«  Hypothesis B: Mouse populations build up in both natPer year, each with a short growing season (90-105 days).
ural woodlands and cereal-cropping habitats. (Neithel? both years, the dry season crop was planted in
accept nor reject dogma 1.) December and harvested in mid to late March, and the wet

+ Hypothesis C: Mouse populations build up in cerealS€aSon crop was planted in April and harvested in August.

cropping regions and then invade the natural woodn Cambodia, there is one rice crop per year with a 6-
lands (Reject dogma 1.) month growing season: transplanted in August and

The study site was the central mallee region of Victoriga""rv(aSted in January and February.

centred around Walpeup (35°08'S, 142°02'E), which iprift fence plus traps
characterised by an extensive strip of cereal-cropping land A 1.5 km plastic fence (0.70 m high) was established

with woodland to the north and the_ south (Figure 1). I:ror(l/ithin 50 m of the Vietham—Cambodia border. The bottom
March 1983 to March 1988, a grid ob75 Longworth 50-100 mm of the fence was buried. A live-multiple-

live-capture traps was set on average every 7 weeks Bpture cage trap made of wire (60800x 300 mm) was
eucalypt Woodland (th_ree rephca_teé)alhfms woodl_and laced every 30 m flush with, and opening to, a hole in the
(thr_ee replicates) and in crops (six replicates) (Elgure 1 ence. The rats enter a wire cone, squeeze through and are
A line of 35 traps was set also along the margin of thg e 15 retumn (see Singleton et al. 1998 for details).
crop (thr_ee repllcz_ites). This was a capture—mark—rele_aﬁ\eﬁemate live-capture traps faced either Vietham or
SFUdy with trapping cond_ucte(_j for three CONSECUtV&- 4 mhodia. Rats caught only in the central 1 km of the
nights, or for two consecutive nights per trapping sessiof, .o 6 = 35 traps) were included in the analyses. Rats
0 ;
when greater than 75% of traps were occupied. Ea ere necropsied upon capture, identified to species, sexed

mouse was sexed, preeding c_ondition noted (see Singletgﬂd females examined for breeding condition (number of
1983), marked with a uniquely numbered ear'tagembryos presence of uterine scars)
weighed, head-body length measured, and then released ' '

at the site of capture. Dogma 3
Abundance indices for mice were calculated using trap
success per 100 trap nights, adjusted for frequency usir&go
the method of Caughley (1977, p. 20).

Rats invade from neighbouring villages and devour
ps. Farmers feel that the rodent problem is beyond their
control because it originates from elsewhere. This is in
essence the same as dogma 2, except at a more local scale.
A 4-year study was conducted to distinguish between
On the Southeast Asian ‘mainland’, rats invade frompe following hypotheses:
neighbouring countries, so farmers feel powerless t© Hypothesis A: Rats show seasonal movements that
manage the problem and are only interested in developing rack the different crop stages with no consideration
palliative (crisis) management rather than tactical for village borders. (Accept dogma 3.)

management. Since our research on rodent pests began inHypothesis B: Rat populations build up only within a
Southeast Asia in 1995, we have had numerous reports of village and stay within these bounds. (Reject dogma

rats moving across borders from Cambodia to Vietnam, 3y
Cambodia to Thailand, Laos to Thailand, Burma to Thaitpe study was conducted in West Java, Indonesia (6°20'S,

Dogma 2

land, and Thailand to Laos. 107°39'E) from 1995 to 1998. The movements of rats
A 2-year study was designed to distinguish betwee@ere monitored between two large holdings, a research
the following hypotheses: farm of 400 ha and seed farm of 1400 ha. Share farmers
* Hypothesis A: Rats invade Vietnam from Cambodiagrow the rice on the seed farm and on two-thirds of the
(Accept dogma 2.) research farm with most farmers responsible for 1-5 ha of
* Hypothesis B: Rats invade Cambodia from Viethnamcrop (mean of 2 ha). The two holdings share a common
(Accept dogma 2.) boundary of 3 km that is separated by the national

¢ Hypothesis C: Rats show seasonal movements thhtghway. There are two rice crops grown per year, a wet
track the different crop stages with no consideration afeason and a dry season crop The research farm has a
national borders. (Reject dogma 2.) short fallow of approximately 1 month between the wet
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season and dry season crops and a 3-month fallow aftelnannelled into wire multiple-capture cage traps. These
the dry season crop. The fallow seasons were more everitgps were cleared each day and the number of rats
spaced on the seed farm, which led to the crops beirrgcorded.

planted asynchronously (Figure 2). The main rat access

between the two farms was large stormwater drains that . .

ran under the highway. A high flow of traffic on the Results and discussion

highway 24 h a day limited the movements of rats across ]

the surface of the road. High rat damage was reported ogma 1: Australia and mouse plagues

1995-97 to the dry season rice crop in May and June. To The rate and timing of the population increase of mice

monitor the level of rat movement to the research farmacross the four habitat types shows that populations in
from late May to mid-June, rat access via the drain wasoodlands are 2—4 months behind the on-farm habitats
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Figure 1. Location of nine study plots in woodland and crop habitats in the central mallee region of Victoria,
Australia.
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Figure 2. A schematic illustration of the timing of crops on the seed farm and the research farm at West Java, Indonesia, for
1995-97. The histograms show how many rice-field rats moved from the seed farm to the research farm during late May and
June of each year. Movement between the farms was highest in 1997 when the time lag was short between harvest of the seed
farm wet season crop and planting of the research farm dry season crop. The black bars indicate the period of crop development
that is most attractive to rats (Dry = dry season rice crop; Wet = wet season rice crop).

(Figure 3a). Also, the populations in the woodlands/ietnam and at the onset of annual flooding of the
increase with few, if any, females in breeding conditiorMekong delta (October/November). These movements
(pregnant and/or lactating) in the sample before theppeared to be associated with the stage of the crop on
increase (Figure 3b). Together these results suggest thather side of the border. Before flooding, 2544 rats were
crop habitats are source habitats for mice, whereas woogaught migrating from Vietham and only 49 from
lands are sink habitats. Cambodia. After flooding, the trend reversed: 279 rats
There have been five detailed studies of changes in tipgere caught migrating from Vietnam and 3718 were
demographic machinery of mice during the formation of @aught migrating from Cambodia. The movements from
mouse plague in Australia. Three studies were conductagletnam corresponded to completion of harvest of the rice
in irrigated crops in NSW (Redhead 1982; Boonstra angrop in Vietham and the flowering/booting stage of
Redhead 1994; Twigg and Kay 1994), and two on rain-fegtambodia’s rice crop. After waters had subsided in
cereal farms: one in South Australia (Newsome 1969) angietnam (January/February), rats began moving from
one in Victoria (Singleton 1989). A further study in Southcambodia. This coincided with the harvest of Cambodian
Australia reported changes in mouse abundance, breedifge and burning of rice straw. At the same time, the Viet-

performance and habitat use of mice over a 10-year perigfl nese dry season crop was approaching the tillering/
(Mutze 1991). The live-trapping components of all Ofbooting stage (Table 1).

these studies were conducted either in one or two In the 1997/98 he f d onl
paddocks of a single farm or in a number of habitats but " the wetseason, fne fence was erectec ony

still within the borders of a single farm. Mutze (1991)"n late December so we could monitor the movement
conducted snap-trapping over large geographic areas, Ratterns of rats only after the floods had recede_d. As in
these studies were restricted to monitoring changes #P96/97, most rats (2021 of 2367 rats caught in the 6
abundance and breeding of mice for three habitat type&eeks after 19 January) migrated from Cambodia to
cropped areas, roadsides and grassland/pasture. Al ¥etnam. However, in 1998, the migration began in mid-
these studies highlighted the importance of seasonal ud@nhuary and peaked at the end of January, one month
by mice of different habitats within a cropping landscape€arlier than in 1997. The earlier timing of movements was
However, the current study is the first to address the isstiost likely related to the rainy season ending in late
of whether native woodland is a source or sink habitat fdpecember 1997 with the floods subsiding a month earlier
mice. It is clear that mouse populations build up in cereathan in 1996/97 and harvesting beginning earlier in
cropping regions and then invade the natural woodland§.ambodia.

This leads us to reject dogma 1. In summary, these seasonal rat migrations appear to
track the availability of high-quality food on a local
geographical scale (Table 1). National borders did not

In 1996/97, rats began moving primarily from Vietnamdefine a high net flow of rats in one direction, indicating
into Cambodia after the harvest of the wet season crop that dogma 2 could be rejected.

Dogma 2: border region of Vietham and Cambodia
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Figure 3. (a) Trap success of house mice in four habitat types in the Walpeup region shown in Figure 1. Population
changes in the forest habitats lag behind the agricultural habitats by several months. (b) Percentage of female mice
breeding and trap success in each habitat type. Breeding mice were captured in the forest habitats only after the
population had increased; indicating the forest habitats are sinks rather than sources.

Dogma 3: local rodent movements in Java research farm decided to plant both their wet and dry
Large numbers of rats were caught within a 3-weeR€ason rice crops synchronously. There were so few rats

period each year from 1995 to 1997. These pulses gpoving from the seed farm to the research farm in those
movements from the seed farm to the research farm wey§ars thatit was decided by the farm managers (with input
associated with the harvest of the rice crops and subd&om scientists who had valuable research plots to protect)
quent land preparation on the seed farm. The rats mov&@t there was no need to set up a barrier plus rat traps.

to the research farm where the crop was beginning the We accept dogma 3 that rats show seasonal move-
generative stage of development. The shorter the falloments that track the different crop stages with no consid-
following the wet season crop on the seed farm, the higheration of village borders. Similan masseanovements

the number of rats caught moving towards the researditave been reported by Saucy and Schneiter (1997) in
farm (Figure 2). In 1998 and 1999, the seed farm and thjavenile water volesArvicola terrestris In this case, it
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was natal dispersal of a species that spends much of @écats. Promoting predators, particularly cats, was part of
time as an adult in underground burrows. We know of na Prime Ministerial Decree on 18 January 1998 (number
other well-documented reports eh massalispersal of 09/1998/CT) to encourage farmers to manage rodent
rodents. pests.

There are insufficient replicated studies, with appro-
priate controls, to assess the impact of predators on rodent

Predators, particularly barn owls, have been proposgsbpulations. This dogma therefore requires more research.
as a biological method for limiting rodent pest populations

in rice agro-ecosystems below levels that cause econonmifogma 5: farming intensification and rats
hardship to farmers (Lee and Ho 1999). The reason that . . i . o
barn owls are not able to do so is the lack of nest sites, Changes in farming systems, especially intensification
Provision of nest boxes (one per 6-8 ha) will lead 1@f rice productiqn in Asia qnd greater .hete.rogeneity.of
recruitment of barn owls into an area where they will rais€"0PS and continuous-rotational cropping in Australia,
young and the resulting increase in barn owl predatioh*ad_to extensm_n of brt_aedmg seasons of_rodents and better
will limit rodent populations (Smal et al. 1990). However,surV'Val’ W.hICh in turn is responsible _for increased rodent
many of these studies were done in conjunction witroblems in agricultural systems (Singleton and Brown
rodenticides, where they were aiming to poison 90% 0_}.9_99)_. In Southeast Asian countries, increases in areas of
the rat population. This high knock-down rate is required”'gat'or_‘ and changes to thelr_market economies have led
because models indicate that owls are unlikely to be abf@ tWo rice crops per year being grown where there was
to limit rat populations if there are >60-70 rats/ha (SmaPréviously one grown, and three crops where there were
et al. 1990). There is evidence that avian predators arePEViously two. Also, many of the crops are now grown
major cause of density-dependent (see Sinclair et g@Synchronously within a region.
1990) or delayed density-dependent (Lima et al. 2001) The Mekong delta in Vietnam is a region that would
mortality of rodents, however too few studies haveprovide a good test of the effect of farming intensification
examined the ability of rodent populations to compensaten rodent populations. Before 1990, rodents were not
for predator removal (see discussion by Singleton andonsidered a major pre-harvest pest to rice. In the
Petch 1994). following decade, rats became a serious pest. In two prov-
In the Red River delta of North Vietnam, it is claimedinces, Bac Lieu and Soc Trang, the rat situation is so
that a reduction in cat numbers (allegedly through trade tgevere that enterprising farmers have taken advantage of
China for body parts but also from misuse of poisons) habe situation by ‘harvesting’ millions of rats each year and
led to substantial increases in rodent populationgrocessing them for rat meat. In 2001, we visited two rat-
Although there is no scientific evidence to support oprocessing businesses and knew of one other. In 2002, the
refute this allegation, the Viethamese government iaumber of businesses had grown to at least eight, with
encouraging farmers to raise cats and research is production of dressed rat meat in the vicinity of 1 tonne
progress on the breeding performance of different breeqi®r day per business from February to April.

Dogma 4: predators and rats

Table 1 Summary of patterns of cropping systems on either side of the Vietnam and Cambodia border in Kien Giang province,
Vietnam, and the migratory responses of rats from 29 September to 20 March in 1996/97 and 26 December to 2 March in 1997/98.

Vietnam side Cambodia side 1996/97 1997/98

Terrain Low terrain (<5 m above sea level) Higher terrain, small mountains,
4 km from border

Cropping system  Irrigated; two crop seasons/year Rainfed; one crop season/year
Land preparation  April and November July

Rice variety Improved, dwarf variety of rice; Local, ‘traditional’ variety of rice;
90-115 days growing season; twd 80—240 days growing season
crops per year

Planting time 15 April — early May End of July — early August
20 November — early December
Harvesting time August Mid to late February in 1997
15 March-15 April Mid to late January in 1998
Fallow September to October March to July
Migration periods Migration to:
October Fallow before floods Vegetative rice Cambodia No data
January—FebruanMegetative rice Harvesting and straw burning Vietnam Vietham
March—May Harvesting and then fallow Fallow No migration in No data

March
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That farming intensification leads to more rodent plague and non-plague years, and the role of refugia. Wild-
problems is an emerging dogma that is vitally important to life Research, 18, 593-604.
sustainable agriculture and needs to be examined furthélewsome, A.E. 1969. A population study of house-mice tempo-
The more we know about the effects of changes in rarily inhabiting a South Australian wheatfield. Journal of
farming systems on rodent population dynamics, the AnimalEcology38, 341-359. _
better equipped we will be to not only tackle existingRednead, T.D. 1982. Reproduction, growth and population
problems but also to anticipate the responses of rat popu- dynamics of house mice in irrigated and non-irrigated cereal

lations to new or proposed adricultural broduction farms in New South Wales. Unpublished PhD thesis. Can-
systems prop 9 P berra, Department of Zoology, The Australian National Uni-

versity, 304 p.

Saucy, F. and Schneiter, B. 1997. Juvenile dispersal in the vole
Arvicola terrestrisduring rainy nights: a preliminary report.
Bulletin Société Vaudoise des Sciences Naturelles, 84, 333—
345.

Pclair, A.R.E. 1989. Population regulation in animals. In:

Conclusion

This review has considered five beliefs associated Withi
rodent peSt. biology and management. This is but a SUbS% Cherrett, J.M., ed., Ecological concepts. Oxford, Blackwell
of the beI_lefs that have become dogmg for rodgnt Scientific Publications, 197—241.
mqnaggrs In ,bOth dev.eloped and developing Countrle§Inclair, A.R.E. 1991. Science and the practice of wildlife man-
This brief review is telling because of the three dogmas agement. Journal of Wildlife Management, 55, 767—773.
for which we had reasonable scientific data, two wergjciair AR.E.. Olsen, P.D. and Redhead, T.D. 1990. Can pred-
rejected. No matter how simple or unrealistic beliefs may aiors regulate small mammal populations? Evidence from
appear to a wildlife biologist, it is of paramount impor-  house mouse outbreaks in Australia. Oikos, 59, 382—392.
tance to make a scientific assessment of those that becogifgleton, G.R. 1983. The social and genetic structure of a
dogma. Too often in our experiences in Australia and natural colony of house michus musculusat Healesville
Southeast Asia, dogmas form the foundation of policies Wildlife Sanctuary. Australian Journal of Zoology, 31, 155—
for rodent management adopted by government or agri- 166.
cultural industries. These dogmas are of particulafingleton, G.R. 1989. Population dynamics of an outbreak of
concern because governments often adopt the consequenthouse miceNlus domesticysin the mallee wheatlands of
management approaches to the exclusion of emerging Australia—hypothesis of plague formation. Journal of
practices or do not invest funds to develop and test alter- 200109y (London), 219, 495-515.
native management practices because they think th&ynd'éton. G.R. and Brown, P.R. 1999. Management of mouse
already have the solution. plagues in Australia: mtegra_tlon of population ecology, bio-
. . control and best farm practice. In: Cowan, D.P. and Feare,
We end by paraphrasing the concluding statement of ¢ j 4. Advances in vertebrate pest management. Firth,
Sinclair (1991)—rodent management requires a scientific - Fjjander Verlag, 189-203.
approach, and the science of rodent management requitgifigieton, G.R. and Petch, D.A. 1994. A review of the biology
managers to conduct experiments. and management of rodent pests in Southeast Asia. Can-
berra, Australian Centre for International Agricultural
Research, 65 p.
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