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FOREWORD

Rodents are a problem because they cause
millions of dollars worth of damage to
Australian crops each year. There has been
a mouse plague somewhere in the Australian
grain belt every four years on average since
1900. In the last twenty years plagues have
increased to one every year or two. The
1993-94 plague in south-east Australia cost
the grains industry an estimated $65 million.

Rats also inflict significant damage to fruit
and sugarcane. Rat damage to Queensland
sugarcane crops amounts to $2-9 million
annually. In addition, mice and rats have
significant social and environmental impacts
and can spread disease to people and
livestock.

Landholders are not always aware when
rodent numbers are building up so action
to prevent crop damage can be delayed.
Once numbers are high, managing the
problem can be extremely difficult and not
always successful. The key to successiul
rodent management is regular monitoring,
so that signs of an impending build-up in
numbers are recognized, and prompt action
is taken to limit damage.

This book is one in a series produced by
the Bureau of Resource Sciences to provide

Peter O'Brien

Lixecutive Dirvector
Bureau of Resource Sciences

land managers with national guidelines for
managing the damage caused by pest
animals in Australia. Others in the series
include guidelines for managing feral horses,
rabbits, foxes, feral goats, feral pigs, wild
dogs and carp. ‘Best practice’ approaches
are examined for controlling the damage
caused by pests following the principles for
the strategic management of vertebrate pests
described in Managing Vertebrate Pesls:
Principles and Strategies (Braysher 1993).
The emphasis is on the management of
damage rather than on simply reducing pest
numbers. To ensure that the guidelines are
accepted as a basis for pest rodent
management, comment has been sought
from State, Territory and Commonwealth
Government agencies and from land
managers and community and research
organisations. The Standing Committee on
Agriculture and Resource Management has
approved publication of these guidelines.

These guidelines will help land managers
reduce damage to agriculture and the natural
environment caused by rodents through the
use of scientifically based management that
is humane, cost-effective and integrated with
ecologically sustainable land management.

Jobn Lovett
Meniaging Director Grains Research
and Development Corporation
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INTRODUCTION

These guidelines for the management of
pest rodents in Australia are one in a series
of publications developed by the Bureau
of Resource Sciences (BRS) in conjunction
with the Vertebrate Pests Committee (VPC)
of the Standing Committee on Agriculture
and Resource Management (SCARM).
Others in the series include management
guidelines for feral horses, rabbits, foxes,
feral goats, feral pigs, wild dogs and carp.
Each aims to bring together the best
available information for managing the
impact of the particular pest species.

The guidelines are principally for state
and territory agencies to assist them with
effective management of pest damage
through coordination, planning and
implementation of regional and local
management programs.

The guidelines follow the philosophy
outlined in Managing Vertebrate Pests:
Principles and Strategies (Braysher 1993).
The central principle is that effective
management will need to focus on
controlling the damage caused by the pest
rather than the pest itself. For example,
poisoning during a mouse plague may kill
many mice, but it may do little to reduce
crop damage if mice rapidly reinvade the
area. Damage control must be the goal of
all rodent management strategies. All
guidelines have the following process in
common (see Figure 1):

s defining the problem in terms of impact;

« determining management objectives and
evaluating various options;

e implementing chosen  management
options; and

* monitoring and evaluating effectiveness

of chosen options in meeting objectives,

Defining the problem

Rodents are pests in urban and rural
environments throughout the world. These

Muruging Verebrite Pests; Rodents

guidelines focus on managing them in rural
environments. In Australia, the problem
species are:

« introduced house mouse (Mus domesticus)
which can build up to plague densities in
cereal-growing areas of eastern Australia
and cause damage worth millions of
dollars to crops and stored grain, intensive
livestock industries, horticulture and vine
and tree crops;

 introduced black rat (Rattus ratius), a pest
of orchards and stored produce; and

e several native rodents in tropical and
subtropical areas, including the canefield
rat (R. sordidus) and the grassland
melomys (Melomys burtoni) that damage
sugarcane, and the pale field-rat (K.
runneyd) that causes damage in hoop pine
plantations.

In addition to the impact on agriculture
and silviculture, rodents act as vectors for
numerous diseases. Potentially they
represent a serious health hazard to humans
and to stock, especially when the animals
are contained (for example, in piggeries
and poultry sheds).

Further details on problems posed by
pest rodents are outlined in the subsequent
chapters. The first two chapters examine
why rodents are pests and include a
description of relevant aspects of their
biology and population dynamics. Chapters
310 5 specify the extent and types of impact
they have on agriculture and the environ-
ment in Australia, Control methods that
have been used in the past and current
government policies are described in
Chapter 6.

Generally, rodents only cause problems
in some years and then only at certain times
of the year. Because rodent outbreaks are
often episodic, farmers are frequently
unaware populations have increased until
they notice the damage. Consequently, their
management tends to be too late to be truly
effective.

<



Strategic management of rodents at the national level

Problem (Section 8.4)
(Section 8.3)
 who has the H»- ® objectives
* management
* real or percieved options
* define harmful ~ local eradication
impact ~ strafegic
= 8canomic management
— environmental ol
* measure impact management
* mapping ~ no management
7 |
management
* performance
criferia
* allocating
management units
* management
strategy

.

Monitoring and
(Section 8.5) Evaluating
(Section 8.6)
* group oclion - * assess control
— ownership = compare over fime

* whole farm/district * techniques

* government role * evaluation of
aufcome

Figure 1: Strategic approach to managing rodent damage Gafter Braysher 1993)

Management objectives

In some rural areas, the damage from
rodents is sufficiently small that it can be
ignored. In other areas, damage can
reduce the profitability  of
enterprises in some years and needs to be
factored into farm planning. The primary

seriously

aim of all pest management is to use
practical and cost-effective methods that
will limit the impact of the pest species on
production and conservation goals without
degrading the soil and other resources on
which the long-term sustainability of the
land depends. Managing rodents is just one
small component of pest management and
landuse planning.

One ohjective of these guidelines is to
appropriate
management (o restrict rodent damage.

seek  out best practice

Ideally, the aim of management will be to
reduce damage wherever it is cost-effective

for land managers to do so. To achieve this
aim for mice, it will usually be necessary
to restrict the build-up in mouse numbers,
That goal may only be attainable through
the adoption of systematic checking, whole
property planning and local cooperative
action amongst neighbours or local groups
such as Landcare or TOPCROP groups (see
Chapters 8 and 9).

The guidelines will have met their
purpose if the strategic approach they
advocate is accepted and implemented by
a significant number of agencies and
individuals in the areas where rodents are
a problem. If the adoption rate is sufficiently
extensive, it will be possible to evaluate its
effectiveness over time and the strategy can
be adapted as more information becomes
available. The aim is 1o have a strategy that
is [lexible enough to incorporate changes
arising from feedback or new rescarch.

3
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Options for limiting damage

Management options can vary from ‘doing
nothing’ to extensive use of acute
rodenticides during rodent outbreaks. In
between these management extremes are
various techniques that may restrict the
amount of damage. These are discussed in
detail in Chapter 7. However, these
techniques have not been subjected to
rigorous scientific testing and for this reason
the guidelines represent a stage in the
evolution of best practice management for
pest rodents, It is likely that some
techniques will succeed beyond our
expectations and others may prove to be
a waste of time. It is also likely that it will
be not one technique that achieves the
desired goal but a suite of actions. It is
important to  maintain  multi-faceted
approaches at this stage.

Implementing the options

The present Commonwealth Government
approach is to encourage self-reliance and
the adoption of risk management strategies
by landholders. These guidelines have
followed this policy by:

e presenting a  strategy that  allows
landholders to take responsibility for
regular checking of rodent numbers;

e providing information on management
options that landholders may undertake

Managing Vertebmite Pests: Rodents

to minimise damage by limiting any
population increase or by protecting crops
when populations increase uncontrollably;
and

e describing a structure for government
agency support.

Monitoring and evaluation

To be successful, the proposed manage-
ment strategy requires cooperation and
coordination between landholders and
supporting agencies at a local level as
described in Chapters 8 and 9. Since the
techniques it recommends are largely
untested, landholders will need to assess
their effectiveness and provide feedback
through the local groups’ organisational
structure. However, for maximum benefit,
the testing should not be haphazard. Good
coordination between landholders in
monitoring the effectiveness of techniques
is vital. Government agencies are ideally
placed to coordinate and collate the data,
provide feedback to landholders and
support when necessary.

The future

Chapter 10 outlines the developments
required for improving rodent management.
It describes the research required and the
benefits this will bring.

9



1. Species, distribution
and abundance

Summanry

In Australia, two species of introduced
rodents are significant agricultural pests
— the house mouse (Mus domesticus) and
the black rat (Rattus rattus), House mice are
Jound throughout Australia. When
conditions are good, their numbers can
increase dramatically. Black rats are found
in temperate and tropical regions, especially
in areas of human bhabitation. They do not
plague like house mice, but occur in large
numbers under favourable conditions.

Four species of native rodents are also
pests. The canefield rat (Rattus sordidus)
and grassland melomys (Melomys burtoni).
whose natural babitat is tall coastal
grassland in tropical and subtropical areas,
have becaome serious pests in sugarcane.
The pale field-rat (Rattus tunneyi)
occasionally reaches high densities in hoop
pine plantations, The long-baired rat (Rattus
villosissimus) forms plagues during good
seasons in arid dareas of northern Australia,
but between plagues they are rare.

1.1 Introduction

Rodents are pests of agriculture throughout
the world, causing damage worth millions
of dollars annually to stored grain, pastures,
crops, orchards and forests in many
countries (Prakash 1988: Wood 1994). Each
country has a suite of problem species. In
Australia, they are all in the Family Muridae
and include the introduced house mouse,
the black rat' and several native species.
The native species are in tropical and
subtropical areas and include the canelield
rat, the grassland melomys, the pale field-
rat and the long-haired rat.

1.2 House mice

House mice (Mus domesticus, also called
M. musculus or M. musculus domesticus)
probably arrived in Australia at the time of

European settlement (Singleton and
Redhead 1989) and are now widespread.
They usually occur in very low densities in
natural habitats except after disturbances
such as fire. They occur in all agricultural
regions and are usually found in disturbed
areas of long grass (for example, along
roadsides, fencelines or channel banks) or
around sheds and houses. When conditions
are favourable, their numbers can increase
to such a level that they reach plague
densities. Plagues of mice occur primarily
in the grain belts of southern and central
Queensland, New South Wales, Victoria and
South Australia (Figure 2).

‘Plagues of mice occur
primarily in the grain belts of
southern Queensland, New
South Wales, Victoria and
South Australia.”

The frequency of mouse plagues varies
considerably in different parts of the grain
belt (for example, see Figure 3). Based on
the data in Saunders and Giles (1977),
Mutze (1989a) and Singleton and Redhead
(1989), there has been a mouse plague
somewhere in the grain belt every four
years on average since 1900. In the last 20
years, mouse plagues in eastern Australia
have increased in frequency to one every
year or two. Infrequent plagues also occur
in the Western Australian grain belt
(Chapman 1981). In years when mice
plague in agricultural areas, their numbers
can also be high in semi-arid and arid
pastoral country.

Plagues vary considerably in extent,
severity and duration. Consequently, there
is no quantitative definition of a plague.
Generally the term implies mice at very
high densities; however, it is ditficult to
determine their density during a plague
because they are so abundant and normal
methods of estimation fail. An attempt by
Saunders and Robards (1983) using the
‘frequency of capture’ technique (Section
7.1) estimated a density of 2716 mice per

1 A third introduced species, the brown rat or Norway rat ( Rattus norpegicns) has not spread much beyond human
habitation in coastal cities and ports, and is not a significant pest in agricultural areas.

Managing Venebrare Pests: Rodents
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Figure 2: Distribution of the house mouse (Mus domesticus) in Australia. The striped areas indicate where plagues
of house mice cause agricultural damage (after Redhead 1988),

Figure 3: Number of mouse plagues in different areas of South Australia’s cereal-growing region from 1916 1o
1985 (after Mutze 1989a).

hectare in a sunflower crop. Saunders later

checked the technique on an enclosed
population and found that it underestimated
numbers by 33%. He suggested the density
was probably closer to 3530 mice per
hectare (Saunders 1986), By comparison,
in non-plague years, mouse numbers can
be less than 60 per hectare, depending on
location and season. :

1.3 Black rats

Black rats (sometimes called plague rats,
ship rats or roof rats) were introduced

around the time of European setilement
and are now found throughout temperate
and tropical Australian environments
(Figure 4). They are usually found adjacent
to human habitations or in highly modified
environments. They are a pest particularly
in macadamia, banana and avocado
plantations where they cat maturing fruits

(Loebel 1995). In the riverland of South

Australia, they cause significant damage in
citrus orchards and, in years when house
mice plague, have been known to establish
large colonies in cereal grain paddocks.
They are rarely found in natural habitats

12 Burean of Resource Sciences/Grains Research and Development Corporation



Figure 4: Distribution of the black rat (Rattus rattus)
in Australia according 1o Strahan (1995),

although it appears they can establish in
areas where native rodents are absent (for
example, Bowen Island in Jervis Bay
National Park).

1.4 Native rats

Australia has many species of native rodents
but few have a significant impact on
agriculture. The three species that have
become serious pests are those whose
natural habitat is tall grassland — namely
the pale field-rat, the canefield rat and the
grassland melomys. The pale field-rat
causes problems in young hoop pine
plantations where densities can frequently
exceed 100 per hectare (Kehl 1987). The
canefield rat is common throughout
sugarcane crops on large alluvial river flats
and occasionally causes problems in grain
crops in south-cast Queensland. Grassland
melomys are found in highly dissected,

narrow valleys in sugarcane areas and

mostly inflict damage within 15-20 metres
from the edge of the crop.

‘The native species which bave
become agricullural pests are
the pale field-rat, canefield rat,
grassland melomys and
long-baired rat.’

A fourth species, the long-haired rat, can
cause crop damage during plagues in the
Ord River area of Western Australia, but
between plagues they are rare (King 1994).
The distributions of these four native pest
species are shown in Figure 5.

Figure 5: Distribution of native rodents that cause
damage 1o crops and plantations in Australia Cafter
Strahan 1995,

Managing Ventebrate Pests: Rodents

13



2. Biology

Summary

Rodents generally have poor sight but acute
senses of smell, hearing, touch and taste.
Social odowrs are an important means of
communication.

The major pest species in Australia all
tend to be opportunistic feeders, with their
diet reflecting the food available in their
environment. They feed mainly on seeds,
the pith of stems and other plant material.
A house mouse cats 3-4 grams of grain per
day and the larger rats eal 20-30 grams of
food per day.

Rodents are typically highly fecund. The
young grow rapidly and reach sexual
maturity early, They are also good dispersers
and quickly colonise new areas when
conditions are good. Mortality is usually
high and life spans are short.

Breeding generally varies with environ-
mental  conditions. Reproduction is
correlated with rainfall, presumably
through its effect on food avatlability. Pest
rats in tropical and subtropical aredas
typically breed in late summer and autumn
dfter the start of the wel season. Breeding
by mice is mostly in spring and early
summer but can extend to any time of year
when conditions are favourable. Young
rodents reach sexual maturity well within
the span of a breeding season. Femele mice
can produce a litter per month and the
doubling time for a population can be as
short as three to four weeks.

Numbers fluctuate annually in all species
with peak density at the end of the breeding
season in late autumn. In sugarcane, the
numbers in any one year depend on the
timing of the arrival of the wet season and
its strength and duration.

2.1 Introduction

Some relevant aspects of the biology of
rodents are briefly described in this chapter
as these are important in determining which

strategies might be successful in reducing
their impacts. A salient aspect of the pest
status of rodents is their diet and feeding
behaviour because it is these that determine
the type of impact. Another important
characteristic is the reproductive capacity
of pest rodents (Conway 1976). In
ecological terms they are termed
strategists, the term r standing for rate of
increase. That is, they grow rapidly, reach
sexual maturity early and are highly fecund.
They are also good dispersers and quickly
colonise new areas when conditions are
favourable. Conversely, mortality is often
high and the life span short.

2.2 Species description and
biology

Table 1 gives a general description of each
of the five major pest rodent species,
including a physical description and
relevant aspects of their biology,
reproductive potential, diet and behaviour.

2.2.1 Reproduction

Breeding generally varies with environ-
mental conditions. For example, house mice
and black rats living in buildings may breed
throughout the year. With mice, the start
of the breeding season is usually triggered
by an increase in fresh seed and insect
availability in spring (Bomford 1987a; Tann
et al. 1991). The proportion of females
breeding at any time depends on the quality
and quantity of the food available (Bomford
and Redhead 1987) which is largely
determined by rainfall. If a summer is hot
and dry, breeding ceases; if rain falls in late
summer or early autumn, breeding will
resume. Few mice breed in winter in the
field.

‘The proportion of
Sfemales breeding al any lime
depends on the quality and
quantity of food.’

Reproduction in the other pest rodents
is also correlated with rainlall, presumably
through its effect on food availability.
Rodents in tropical and subtropical areas

Managing Vertebrite Pests; Rodents
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typically breed in late summer after the start
of the wet season. Reproductive output in
a season depends on how early the wet
season begins, its duration and the total
rainfall.

Table 2 shows the reproductive potential
of each of the five main pest species. Except
for grassland melomys, females are capable
of mating immediately after they give birth
and a new litter is born as the previous
litter is weaned. The young grow rapidly
and reach sexual maturity well within the
span of a breeding season.

2.2.2 Diet

All five species in Table 1 tend to be
apportunistic feeders, their diet at any time
reflecting the availability of food in their
environment. Generally, they feed on seeds,
the pith of stems, other plant material and
stored produce such as cereals, sugars,
pulses and processed food. They also take
insects and other animal matter, including
gnawing on live animals in intensive rearing
units (Meyer 1994). A house mouse
consumes 3—4 grams of grain per day
(Bomford 1985) and the larger rats consume
20-30 grams of food (Meyer 1994). Mice
can survive without access to water but
black rats cannot.

The upper and lower incisors of all
rodents grow continuously and they
regularly gnaw on hard surfaces or grind
their teeth to keep them short and sharp.

2.2.3 Behaviour

All rodents in Australia are primarily
nocturnal although they can be active
during the day when numbers are high.
Mostly they spend the days in burrows or
nests constructed in natural cavities or in
clumps of vegetation.

Except for grassland melomys, the pest
rodents tend to live in small colonies which
are probably loose aggregations of family
units. Burrows used by the group are
clumped and distinct runways may be
visible  between entrances. When
populations are high, frequent use makes
these runways more obvious.

2.2.4 Home ranges and movement
between habitats

According 1o Mechan (1984), rodents move
to find food, water, shelter and to find and
protect breeding partners and young. A
study by Krebs et al. (1995) found that male
mice had average home ranges of 0.035
hectares and females 0.015 hectares during
the breeding season. These ranges
increased in the non-breeding season (o

Table 2: Reproductive potential of the major pest rodents in Australia (after Watts and Aslin 1981; Strahan 1995),

Species
length (days)

House mouse 19-20
[Mus domesticus)

Black rat 21-22
(Rattus rattus)

Canefield rat 21-22
{Rattus sordidus)

Pale field-rat 21-22
(Rattus tunneyi)

[Melomys burtoni)

Gestation Mean litter size Weaned

é

25

»  Onset and duration of breeding is influenced by rainfall

— Unknown

Age at first *
(days) breeding (weeks)
18-21 5
20 12-16
20 9-10
21 5
21 —
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Mice use a wide range of refugia during the day including burrows along fencelines.

0.199 hectares, regardless of sex. Krebs et
al. (1995) also found that population density
did not seem to affect home range size.
Dispersal over greater distances can occur
as rodents are readily transported in goods
and vehicles.

Rodents move between donor and
receptor habitat patches, for example, from
roadside verges or fencelines into crops.
Dispersal to new habitats occurs particularly
when numbers are high and when sub-
adults enter the population following
breeding. A trapping study conducted by
Mutze (1991) in cereal-growing areas in
South Australia found that roadside verges
were occupied almost continuously, with
mouse populations peaking in late autumn
or early winter and declining in spring even
though mice were breeding. Cereal crops
were unoccupied during midwinter, and
colonised in late winter or spring,
presumably from donor habitats.,

Donor habitats favoured by rodents are
those with abundant resources, such as
fencelines, which provide shelter and a
good supply of grass seeds. Undisturbed
sites for burrowing are important for mice
and large populations are found in sandy
banks and perennial vegetation.

2.2.5 Sensory capabilities

Rodents generally have poor sight but acute
senses of smell, hearing, touch and taste.
In the majority of species, social odours
are an important means of communication.
For example, an individual mouse will
recognise the odours of members in its
social group. These odours are produced
by specific glands and secreted in urine
and faeces (Macdonald and Fenn 1994). All
mice mark with urine to the extent that
most objects in their environment are
coated. They can negotiate their way in
total darkness by smell.

2.3 Population dynamics

The population dynamics of all species are
a function of the number born and the
number dying. In rodents the number born
in any year depends on how early breeding
starts and how long the breeding season
continues. In addition, the quality and
quantity of food available during the
breeding season affects litter size (Bomford
1985, 19874, b; Wilson and Whisson 1990),
and possibly litter frequency. When
conditions are good, mice in particular are
highly prolific and capable of rapid
population growth. Female mice can
produce a litter per month during the

Managing Venebrate Pests: Rodents
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Figure 6: Hypothetical mouse population growth curves. The solid line represents a hypothetical mouse population
build-up. based on a starting density of 20 mice per hectare breeding from spring through to late autumn (October
to May) with the percentage of females breeding in each month as shown (Table 3). The dotted line presents for
comparison the trend in numbers of a population of mice where starting density is four per hectare, the hreeding
season lasting only three months (October to December), and with 80%, 70% and 60% of females participating in

breeding respectively,

breeding season and the doubling time for

a population can be as short as three to.

four weeks. If the breeding scason starts
early in spring, extends well into summer
and the proportion of females breeding
remains high, then numbers can reach
plague proportions by autumn. Figure 6
presents a hypothetical curve of such a
plague build-up (solid line). Plotted on the
same graph is a population trend (the
dotted line) for a more ‘normal’ year (that
is, low population density and breeding
season limited to spring and early summer).
The data represented in this graph is also
presented in Table 3.

The doubling time for mice
populations can be as short as
three to four weeks.’

A characteristic of plague build-up is that
population growth is almost exponential.
Simultaneously, the food requirements of
the population grows exponentially. For

example, the amount of grain eaten by the
mice per month in Figure 6 would be 76
kilograms per hectare in April and 140
kilograms per hectare in May. If mice
exhaust the food sources in their vicinity,
they must disperse and find other sources
or starve. If resources are depleted over a
lurge area, then the population can crash
very quickly.

The trigger for a mouse plague is
considered to be above average autumn
rainfall — particularly if the rain follows
one or two years of drought (Figure 7).
Saunders and Giles (1977) suggest that this
relationship arises because populations of
mice and their natural predators, pathogens
and parasites®, decline during a drought,
and then when conditions again become
favourable, mouse populations can increase
unchecked by these normal agents of
mortality which take more time to become
re-established. Redhead et al. (1985).

2 Pathogens and parasites have the potential to affect rodent numbers through their impact on breeding success and
mortality (Singleton and MeCallum 1990; Singleton et al. 1993 Smith et al. 1993).

20 Bureau of Resource Sciences, Grains Research and Development Corporation



Figure 7: Plague build-up model designed for the Victorian Mallee region showing changes in abundance of
house mice (over a two year period) leading up to and during a plague. The heights of peaks may vary between
plagues, and drought in Phase 2 may prevent Phase 3 from occurring (after Redhead 1988).

however, propose that drought-breaking
rain, rather than drought per se, is the
important factor, as it ensures a good
growth of grasses in the following spring
when the breeding season of mice begins,

‘Mice breed in refuge babitats
and disperse out into crops
and pastures.’

When conditions are poor mice survive
in restricted areas of land where there is
good cover to protect them from predators.
When conditions improve, mice breed in
these refuge habitats and disperse out into
receptor habitats such as crops and
pastures. Here they breed successfully,
causing a build-up in numbers that may
develop into a plague.

Other factors may contribute to the
development of mouse plagues. Griffiths
(1993) and Mutze (1993b) suggest that the
severity of the 1993 mouse plague in
Victoria  and  South  Australia = was
exacerbated hy:

* increase in both the area of crops grown
and frequency of cropping;

o greater diversity of crops grown which

extended both the time and amount of
grain available to mice, for example,
barley and canola both shed more seed
at harvest than wheat;

* decline in the grazing of stubble with
the reduction in the number of sheep
run by farmers as a consequence of low
wool prices: and

* conservation management practices
(such as stubble retention and minimum
tillage), which enhanced the survival of
mice and thus the rate of development
of the plague.

Each of these additional factors include
land management practices that are likely
to continue and which need to be taken
into account when strategies for manage-
ment of future plagues are designed.
Modification or removal of screens from
harvesters which results in more grain being
spilt, and shallow sowing of grain, are
further examples of the development of
agricultural practices which increase food
supply for mice. These practices could also
contribute to the severity and frequency of
mouse plagues.

21



Table 3: Representation of the potential population growth of mice. In this hypothetical example, the starting density
is ten adult females per hectare, litter size is constant at six young per female but the proportion of females breeding
in each month varies, the sex mtio is 1:1 and the age at first breeding in females is two months. Mortality is not tiken
into account. These data are presented graphically in Figure 6,

22 Bureau of Resource Sciences/Grains Research and Development Corporation



3. Economic impacts

Summary

There bas been a mouse plague somewhere
in the Australian grain belt every four years
on average since 1900, and in the last
twenty years, the frequency of plagues in
eastern Australia bas increased to one every
year or two. Various estimales of losses to
grain growers bave been made during
mouse plagues. The average of the three
most recenlt estimates is §46 million. If this
average loss is typical, then since 1900, the
average annual loss to grain growers has
been in the order of $13 million, and more
than double this figure for the last 20 years.
But these are very approximate and
conservative estimeates.

Apart from damage to crops, grain
growers also incur damage to machinery
and vehicles, insuilation in ceilings and
walls of buildings, electrical equipment and
Jittings, and to bousebold items and
personal possessions. There is dalso an
additional cost of baiting. However, these
costs are small by comparison with losses
in crop production.

Mice (Mus domesticus) afso cause losses
to other industries. Graziers, orchardists
and vegetable growers sustain dameage and
mice invade piggeries and poultry sheds
causing production losses through stress
and physical attacks on livestock,

Mice also invade ritral townships and
cause damage in homes, businesses, and
community and service facilities such as
schools and awtomatic telephone exchanges.
Rural suppliers and food retailers are
particularly affected through losses to stock.

The native canefield rat (Rattus sordidus)
and prassland melomys (Melomys burtoni)
cause economic losses through damage to
sugarcane crops in Queensland. Another
species of native rodent in Queensland, the
pale field-rat (R. tunneyi), causes damage
in young hoop pine plantations. Black rats
(R. rattus) cause losses in older macadamia
orchards and in citrus, avocado and

banana crops. Black rats are also a problem
in buildings and storages where they
damage equipment by chewing on wood
and plastic. Telephone cables, electrical
wiring, hoses and similar items are
particularly susceptible. Other costs arise
Srom their consumption and contamination
of foodstuffs, damage to packaging and
structural damage.

3.1 Mouse plagues

The greatest damage caused by rodents o
Australian agriculture is that caused by mice
during plagues in eastern Australia. In most
years mouse numbers are low and the
damage they cause is unnoticeable, but
when their numbers increase to plague
densities in grain-growing areas, the
damage on farms in the affected areas and
in adjacent rural townships is measured in
millions of dollars (Caughley et al. 1994;
Kearns 1994). Figure 8 summarises the
types of losses caused by mouse plagues,
both on and off-farm.

3.1.1 Impact on grain growers

The greatest impact during mouse plagues
is to grain growers (Caughley et al. 1994).
Generally, plagues occur in autumn at the
end of a protracted breeding season and
thus the potential for damage is greatest
around the time of sowing winter crops,
and grain fill and maturation in summer
crops. Mouse numbers usually decline over
winter but if survival is high, mice can also
cause severe damage to winter crops at
flowering and early seed set in spring. High
winter survival can also allow rapid re-
establishment of plague numbers in the
following spring and summer, leading to
damage at all stages of crop growth.

In an attempt to assess the economic
cost ol a plague, a survey was undertaken
in winter cropping areas of South Australia
and Victoria during the mouse plague in
1993 (Caughley et al. 1994). In that plague,
mouse numbers reached plague densities
in a single season due to unusual weather.
Early rain in the autumn of 1992 created

Manuging Verebrate Pests: Rodents
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| Damage to
- Fraie i abieied
 eecrical nsalaions
- farm buildings
S —

Remnrmcndirs
- personal possessions

Figure 8: Types of losses inflicted by plagues of house mice in rural Australia (after Redhead and Singleton 1988).
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conditions suitable for mice to begin
breeding earlier in spring than usual. This
was followed by record rains during the
summer which caused severe damage and
lodging of crops. Much grain was left
unharvested, providing mice with an
abundant source of good quality food
throughout summer. The breeding season
extended well into autumn and mouse
numbers peaked in June. The arrival of
autumn rains was delayed and many
farmers sowed dry in anticipation of rain.
After rain fell in late May, many crops failed
to emerge or were patchy because the seed
had been dug up and eaten by mice. In
some crops, damage was greater around
the edges where mice had invaded the
paddock after sowing; in others, mice
followed the line of furrows, digging out
the seeds from the loosened soil (Griffiths
1993). Many farmers had to resow part or
all of their crops, and some farmers had to
sow two or three times to achieve a level
of germination that would prevent wind
erosion of light fragile soils. The mice also
ate newly sprouted seedlings, both before
and after they emerged. Damage after crop
emergence was particularly serious in grain
legumes and oil seeds where damage to
the growing tips killed or stunted the plants.

‘The potential for damage is
greatest around the time of
sowing for winter crops and
grain fill and maturation for
summer crops.’

Apart from the damage to crops, farmers
incurred damage to plant and equipment.
Machinery and vehicles, insulation in
ceilings and walls of buildings, electrical
equipment and fittings were variously
damaged, as were household items and
personal possessions. There was also an
additional cost of baiting.

In Victoria, 257 farmers responded to a
phone-in which was used to gather data

3 Three caveats apply to data collected in this way:

on the extent of losses across the plague-
affected area® (Caughley et al. 1994). On
average, 69% of the areas cropped by these
257 farmers was damaged and 40% of the
farmers reported all crops were damaged
to some extent. The average loss was
$56 000 (Table 4) but individual losses
varied from nil to $360 000. This variation
highlights the patchiness of the plague and
its impact. Severely damaged crops could
be next to others with little damage.

Table 4: Average losses estimated by 257 grain
growers responding to a Victorian phone-in during
the 1993 mouse plague (after Caughley et al. 1994).

Losses -]

Estimated losses in crop production 56 000
Baifing costs 850
Damage fo sheds, machinery 1 500
TOTAL 41 550

Other economic losses experienced by
grain growers — namely from damage to
machinery, stores and household goods,
plus resowing and baiting costs — were
small by comparison with the loss in crop
production (Table 4).

The response came from 7% of farmers
in the region. Their total estimated losses
were $15.5 million, but this value is less
than the total losses suffered by all farmers
in the plague-affected areas of Victoria,
because some who received damage are
known not to have been included in the
survey. As those who were included in the
survey were likely to be a biased sample
who received more than average damage?,
it would not be realistic to extrapolate from
these survey data to all farmers in the
region.

1. Respondents are likely to be a biased sample, those suffering more damage phoning in more than others

less affected,

2. Respondents’ estimates of production losses may not be accurate, particularly when there is compensatory

growth in plants or tillers; and

3, Some damage attributed by the respondents to mice may have been caused by other pests or problems,

Managing Vertehrate Pests: Rodents
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Plagues of mice can devastate grain crops including wheat, maize and sorghum

In South Australia, losses to cereal
production were estimated by the State
Department of Primary Industries. The area
baited with strychnine was used as a guide
by departmental agronomists to measure
the extent of damage and this was
combined with local knowledge of damage
levels in different crop types. Machinery
costs for resowing and losses from damage
to buildings and equipment were not
included. Adding an allowance for these
costs, the estimate of losses to grain growers
in South Australia was in the vicinity of $50
million (Caughley et al. 1994). It was also
estimated that a similar amount of money
was saved as a result of the strychnine
baiting program that was instituted in South
Australian grain-growing areas (Muize
1995),

Losses Lo grain growers in
Soulh Australia were in the
vicinity of $30 million

Various estimates of losses to grain
growers have been made in other plagues
(Table 5). The average of the three most
recent estimates is around $46 million, 1f a
plague occurs once every four years
(Section 1.2), the average annual loss to
grain growers in eastern Australia from
mouse plagues totals $13 million. But this
is a very approximate and conservative
estimate. In the last twenty years, the
frequency of plagues has increased to one
every year or two, which would more than
double this figure. It is obvious from
Table 5 that no data are available for losses
due 1o plagues that have occurred in

Table 5: Estimated losses (% millions) to grain growers during mouse plagues in South Australia, Victoria and

southern New South Wales

Year SA vic NSW
1979-80 = 45-61

1984 0 19

1993 50 15

- Indicates no plague or no estimate available,

Total Source
45-61 Redhead (1988)
21 Redhead (1988)
65 Caughley et al. (1994)

26 Bureau of Resource Sciences'Grains Research and Development Corponition



Queensland, Western Australia or northern
New South Wales during this time. Data for
damage from localised plagues are also
absent but this damage is not insignificant
For example, in 1994 a plague in the
Murrumbidgee Irrigation Area of New South
Wales caused an estimated $7 million
damage to rice, maize and soybean crops
(Croft and Caughley 1995). There are also
few estimates of economic losses available
for years when mouse numbers were high
but not at plague levels. That these are
likely to be considerable is evident from
the study by Singleton et al. (1991) where
the estimated damage to irrigated soybean
crops in 1989 in northern New South Wales
was in the order of $2 million. At the time,
the density of mice was around 200-300
per hectare (Twigg et al. 1991).

3.1.2 Impact on intensive
livestock producers
Pig and poultry farmers in plague-affected

areds can sustain major losses in livestock

Large numbers of mice in animal sheds pose a

infrastruciure

Managing Vertebrate Pests: Rodents

production, from increased feed costs
(rising by up to 50% during the 1993
Victorian plague), stress (pigs in particular
are highly susceptible to stress) and from
direct physical attacks by mice upon the
animals themselves (Table 6). Mice also
block feed lines, gnaw on electrical wiring
in air conditioners and waste-disposal units.
damage sheds (particularly the insulation
in the walls) and even undermine concrete
slab flooring. Brown and Singleton (1997)
estimated the cost of the 1993 Victorian
plague to piggeries was between 512 720
and $16 400 per establishment. The total
losses experienced by intensive livestock
producers during the 1993 plague were in
the order of §580 000 in the worst affected
area in north-west Victoria (Caughley et al.
1994),

3.1.3 Impact on horticulturalists

Mice cause damage 10 a wide range of
horticultural  crops  during  plagues.
Vegetable growers report losses in broccoli,

threat to antmal bealth, feed supplies and shed



Table 6: Losses experienced by pig and poultry producers in Victoria during the 1993 plague (after Caughley

etal. 1994),

Pigs

Sows

Litter size Down 20-30%
Litter mortality Up*
Baconers

Mortality Up*

Carcase quality Down 10%

« Percentage unknown.

tomatoes, capsicums, chillies, garlic,
pumpkins and melons. Grapes, apples and
other soft fruit are also damaged and serious
losses can occur in almond (up to 10% of
production) and pistachio orchards. In the
1984 plague, losses to horticulturalists in
Victoria were placed at $175 000 (Redhead
1988). No estimates are available for other
areas or plagues but losses are likely to be
significant.

3.1.4 Impact on sheep and cattle
graziers

No value has been placed on losses
experienced by graziers during mouse
plagues (Section 10.5). In 1993, farmers
reported severe depletion of medic pastures
and a loss in stock condition, especially in
ewes and lambs. Other losses experienced
by graziers were damage to stored hay and
wool bales. As with all other farmers in
affected regions, other losses would have
come from damage to sheds, equipment
and household goods, to which need to be
added the cost of bait and value of labour
to control mice. Further intangible losses
would have resulted from the depletion of
seed banks in pastures.

3.1.5 Off-farm impact

During plagues, mice often cause damage
in rural townships (see also Section 3.4),

Poultry
Mortality Up 15%
Eggs
Size and quely Down*

The types of off-farm impacts on rural
businesses include:

e damage caused to plant and equipment
(particularly electrical equipment);

= spoiling and consumption of products;

e lost business opportunities from not
stocking, and therefore not selling,
products considered at risk (for example,
packet foods); and

e cost of redirected time and effort
protecting goods and cleaning to
maintain health and hygiene standards.
Businesses which have little food for
mice (for example, machinery sellers or
fuel distributors) are not affected to the
same extent as those that stock
perishable goods. In all businesses,
however, electrical and electronic
equipment is at risk.

A detailed assessment of the economic
cost of a mouse plague to rural towns-
people was conducted during the 1993
plague (Caughley et al. 1994). A broad
spectrum  of retail businesses and
community services in South Australia were
surveyed by face-to-face questionnaire. All
those interviewed indicated that the most
significant cost was the labour required to
mouse-proaof, bait, trap, clean, and search
for and dispose of carcasses. In many
instances, these costs were incurred every

28 Bureau of Resource Sciences/Grains Research and Development Corporation



day for the duration of the plague (that is,
up to four months)™.

‘Off-farm impacts on rural
businesses include damage lo
plant and equipment and
spoiling and consumption of
products.’

Apart from labour, the costs incurred
were principally from damage to goods and
electrical equipment. The extent of the
damage was dependent on three factors:

 type of business — retail outlets with large
quantities of stock feed or food products,
such as rural suppliers, grocers,
supermarkets and bakeries, were at
considerable risk;

e businesses situated on the edges of town
had more problems with mice than
similar businesses located centrally; and

¢ the age and construction of the business
premises dictated how easy it was to
exclude mice.

Rural suppliers recorded the highest
losses (Table 7). Their businesses were
almost always located on the edges of
towns, their stock included large amounts
of produce that mice find palatable (for
example, grain and seed supplies, organic
fertilisers and animal foods) and often their
premises were open sheds which were
impossible to mouse-proof. Food retailers
and hospitality outlets also experienced
high costs. Goods and equipment were
damaged and high labour costs were
incurred in cleaning premises to the
standard required by council health
regulations. Schools and hospitals incurred
similar costs in maintaining standards of
hygiene.

Table 7: Average cosis to retailers, community services and residents interviewed in plague-affected regions of

South Australia in 1993, and some extrapolated estimates for the region (after Caughley ct al, 1994).

Service or business
sampled

Retailers

Rural suppliers 9
Food retailers 33
Hospitality outlets 13
Other (for example, finance) 72
Community services

Schools 9
Hospitals 7
Councils, postal and 14
Households® 48

o Houschold costs do not include labour component.

~ Not estimated.

Number ~  Average @~ Number  Estimated

cost in total
$ plague area $

8120 45 365350
2510 100 251 050
2720 82 223050
850 - -
2980 24 71500
2300 3% 82 650
890 - -
310 - -

4 The estimates were of costs incurred up to the time of the survey. No flow-on costs beyond the duration of the
plague, nor costs incurred prior to the plague (for example, construction costs in making buildings mouse-proof)
were included. Some of the costs identified by a business or individual would have come from the sale of goods
ar services by another, but no method was available to balance the ledger.
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Two other off-farm rural enterprises can
suffer high losses during mouse plagues —
telephone communications and grain
handling. Mice damage electronic
equipment in telephone exchanges by
gnawing and urinating on relays, Automatic
exchanges in plague-prone areas are
constructed to be mouse-proof and they
are regularly checked by technicians who
lay rodenticide baits as an extra precaution.
Despite this preparedness, mice gained
access to one exchange in South Australia
during the 1993 plague. It cost $30 000 to
replace the damaged equipment, and a
further $600 to mouse-proof the building
again.

In South Australia and Victoria, most
grain is stored in vertical silos which are
essentially mouse-proof and hence costs in
terms of mouse exclusion and damaged
grain are low. However, some grain is still
stored in horizontal sheds and covered
bunkers. During the 1993 plague, mice
caused considerable, though uncosted,
losses in these storage facilities. With the
onset of the plague in 1993, grain handling
authorities instituted specific measures to
limit losses. These included increased
vigilance (hunker covers were checked
weekly for holes or other signs of mouse
damage), the removal of grain from districts
where the plague was severe, and the
increased use of rodenticides around
horizontal storage sheds. In Victoria,
between April and October, $13 000 was
spent on bait, South Australian grain
handling authorities spent $27 000 on bait
over the same period.

Many other off-farm costs are intangible.
For example, redirection of state govern-
ment staff to managing mouse issues is
usually uncosted. Quantified off-farm losses
extrapolated by Caughley et al. (1994) gave
an estimate of $1 million for the 1993
plague but that figure is considered
conservative,

3.2 Rats in macadamia and
other plantations

The major culprit in macadamia nut damage
is likely to be the black rat (Loebel 1995)

although native species have also been
implicated. Losses in older macadamia
orchards can be as high as 30% in some
years, equivalent to around 100 tonnes or
$350 000 worth of nuts on some individual
farms (R. Turner, National Parks and
Wildlife Service, Queensland, pers. comm,
1994). The annual extent of the rodent
damage nationally has not been assessed
although 5% is considered to be a ‘normal’
loss.

White et al. (1997) conducted a study of
black rat damage to six macadamia crops
in an eight square kilometre area of the
Sunshine Coast of Queensland, They found
that the macadamia crops grown adjacent
to undisturbed vegetation, consisting of
dense scrubland, experienced mean crop
damage levels of 9.9%. In comparison,
macadamia crops grown adjacent to highly
modified grasslands with no overstarey,
that were regularly disturbed by slashing
and weed spraying (Section 7.4.2), had
mean damage levels of 0.8%. The mean
level of rat damage to all six crops recorded
in the study was 5.1% and there was
evidence that no compensatory production
by rat-damaged trees occurred (Section
7.3.2).

The total Australian macadamia crop is
vilued at $55.6 million, so if annual mean
damage levels of 5% are typical for the
industry as a whole, the total national
damage would be of the order of $3 million
per year. The macadamia industry in
Australia is rapidly expanding (White et al.
1997), so this figure could increase
substantially unless effective control
methods are developed and implemented.
More studies are required on the abundance
of black rats and their economic impact in
orchards and other agricultural settings in
Australia (Section 10.6).

‘Black rats may cause
losses of up to 30% in older
macadamia orchards.’

Damage from rats is reported in citrus,
avocado and banana crops but the extent
and severity have not been evaluated.
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Native rodents also cause damage by
gnawing the bark of trees. In hoop pine
plantations in Queensland, the gnawing of
pale field-rats causes significant mortality
in young trees (Kehl 1987). Yule (cited as
pers. comm. in Kehl 1987) estimated the
loss in timber revenue from rat damage was
$1.7 million for the period 1935 to 1968,
which is equivalent to over $10 million net
present value. In recent years, changes in
silvicultural techniques have reduced the
level of damage. New plantings are not
sited adjacent to the previous year’s and
herbicides are used to control the growth
of weeds. Grazing was also introduced to
reduce the habitability of the plantings for
rats. Poisoning is now undertaken only
when serious localised outbreaks occur.

3.3 Rats in sugarcane and
other crops

The major pest rodents in sugarcane are
the two native species, the canefield rat
and the grassland melomys. Most of the
damage is caused by the canefield rats
eating the pith and gnawing on the stems
of sugarcane which gives entry to sugar-
degrading bacteria, fungi and insects
(Section 8.8.2: Wood 1994). Extensive
gnawing can also lead to bending or
breaking of the canes. The damage causes
a loss in yield and in sugar content.
Whisson (1990) found that sugarcane was
the major component of the stomach
content of more than 30% of canefield rats
sampled between April and September.

‘Gnawing of sugarcane by
rats can lead to bending and
breaking of canes and permit

access of sugar-degrading

bacteria, fungi and insects.’

In total, the loss o the Queensland cane
crop [rom rats amounts to $2-9 million each
year and a further $0.6 million is spent
annually on baiting programs (Wilson and
Whisson 1990), While this level of damage
represents less than 0.1% of the total value
of Australian sugar production ($1.2 billion
in the 1994-95 crushing season; Australian
Bureau of Statistics 1996), in some areas
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Gnawing of sugarcane at the nodes by rodents
can lead to bacterial and fungal infection
and breaking of the canes.

the damage can be significant with more
than 50% of stalks damaged. Large-scale
trials into the efficacy of weed control
combined with rodenticide baiting have
shown that gross margins between treated
and untreated areas can differ by a factor
of 2.3 (Robertson et al. 1995) (Table 8).

In the Ord River area of Western
Australia, the long-haired rat (Rattus
villosissimits) can cause crop damage when
it is in plague numbers (Wheeler 1987: King
1994) but no estimates are available to
quantify the damage. Between plagues,
they are rare and have little detectable
impact.

3.4 Rodents in stores

Mice and black rats eart stored produce and
cause major damage 10 equipment from
their habit of chewing on wood and plastic.
Meyer (1994) lists the following types of
damage they cause:

Food consumption — On average
rodents consume about 10% of their body
weight each day. An adult rat would eat in
the order of 30 grams per day each which
is equivalent to nearly ten kilograms of food
per ye:r:
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Table 8: Gross margin returns and rodent damage in trials on the efficacy of weed control combined with
rodenticides in sugarcane (from Robertson et al. 1995).

Food contamination and damage to
packaging — Rodents damage and
contaminate more food than they consume.
Through damage to packaging, they cause
spillage or spoilage. Contamination through
urine, droppings, hair and carcasses makes
food unsuitable for human or livestock
consumption. An infestation of only ten
black rats produces some 146 000
drappings and 54 litres of urine a year; and

Structural damage — Damage can occur
to roofing, walls, insulation, electrical
wiring, doors, floors, plumbing and
machinery. Electrical  systems are
particularly prone to rodent damage.

Other problems arising from the presence
of rats and mice in stores are:

Human and animal welfare and disease
transmission — Rodent infestations present
a health hazard to people and domestic
animals (Section 5.2);

Infestation or reinfestation of adjoining
aredas — Where buildings with rodent

infestations are close to houses or crops,
they can act as a source for infestation of
these areas. Control of peripheral
infestations will be compromised if the
source population is not controlled;

Risk of fire — The habit of gnawing
electrical cables increases the chance of
fire. For intensive livestock farmers, the risk
is magnified if their sheds are lined with
polyurethane insulation since it gives off
potentially lethal cyanide gases when it
burns; and

Costs and non-target risks associated
with control or prevention — The costs of
rodent-proofing a structure can be high. It
is usually cheaper to build a rodent-proof
structure than to attempt to proof an
existing structure, Costs of control need to
be weighed against the benefits (Section
8.7). The risks to human health and non-
target species of using poisons may be
considered as an additional cost (Sections
4.2.1,4.2.2, 43.2and 5.2).
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4. Environmental
impacts

Summary

The impact of pest rodenits on the
environment has not been well documented.
During and after mouse plagues, there is
an increased risk of soil erosion from
reduction of vegetative cover and soil
disturbance by mice, Other potential
impacts include depletion of native seed
banks, competition with native fauna for
resources and transmission of disease to
native fauna. When predators are
abundant at the end of a plague they could
switch to preying on native species.

A known environmental impact is that
of poisons on non-target species.
Rodenticides can be non-specific and lead
to unwelcome chemical residues in soil,
water and plant and animal products.
Large quantities of rodenticides are used
during plagues; over one tonne of
strychnine was sold to farmers in South
Australia during the 1993 mouse plague.
Off-label use of many other chemicals for
rodent control is a major concern. Non-
target poisoning can result from other
animals taking the bait or from predators
or scavengers eating poisoned animals,
Native birds can be killed by poisons during
plagues. 1t is difficult to detect non-target
poisoning and therefore the impacts of most
rodenticides on non-target popudations are
poorly quantified.

4.1 Introduction

The impact of pest rodents on the
environment has not been well documented
(Section 10.7) although they have the
potential to:

* compete with other fauna for resources;
e deplete native vegetation seed banks;

= increase the risk of soil erosion through
removal of ground cover;

e adversely affect flora and fauna on
islands;

e cause an imbalance in the type and
abundance of predators; and

» transmit disease to other fauna — rodents
are vectors for many pathogens (Section
5.2.1; Gratz 1988, 1994) but there is no
evidence that this is a problem.

Another important consideration is the
potential environmental impact of poisons.
A known environmental impact is that of
poisons on non-targel species, Several
rodenticides are registered for use in and
around sheds and buildings, and in bait
stations for perimeter baiting of crops, but
they are not registered for use in grain crops
or orchards. Sugarcane can be legally baited
for rodents in Australia. Until recently the
poison used was thallium sulphate, but
contamination of adjacent waterways led
to its withdrawal. It has been replaced by
the anticoagulant rodenticide, brodifacoum,
but no research has been published
regarding the environmental impact of this
chemical. In 1997, the National Registration
Authority issued minor use and trial permits
for the in-crop application of zinc
phosphide. As zinc phosphide breaks down
to relatively inert non-volatile compounds,
residue problems are not expected and
appropriate bait placement and low dose
rates should reduce the risk of non-target
poisoning (Parker and Hannan-Jones 1996).

4.2 Direct impacts

4.2.1 Impact on abundance of
predators

One environmental consequence of high
rodent numbers, and more especially of
mouse plagues, is an increase in the
numbers of birds of prey in the vicinity.
During mouse plagues, owls (especially
barn owls (Tyto alba)), Australian kestrels
(Falco cenchroides), black-shouldered kites
( Elanus notatus), brown falcons (Falco
berigora), kookaburras (Dacelo gigas) and
black kites (Milvits migrans) regularly prey
on mice. So too do ravens (Corvus spp.),
magpies (Gymnorbina tibicen) and straw-
necked ibises ( Threskiornis spinicollis).
Non-avian predators include foxes (Vulpes
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vitlpes), cats (Felis catus) and several species
of snake,

When a plague ends, the predation
pressure on other prey species will be high
because of the greater numbers of
predators. Not surprisingly, as food
resources diminish, many raptors die of
starvation (McOrist 1989).

4.2.2 Impact on other fauna

The major impact of pest rodents on other
fauna is possibly from competition for food.
During plagues, mice could compete not
only with granivorous species such as
finches, parrots, pigeons and native rodents,
but also with insectivorous species. Since
plagues of mice tend to be localised, mobile
competitors will be able to seek other
feeding areas and thus the impact is
probably minor. Less mobile species such
as reptiles, invertebrates and other species
of small mammals may be affected but there
are no published records of a decline in
their numbers during a plague.

Black rats (Rattus rattus) are significant
predators of reptiles and birds in New
Zealand. In the offshore Mercury Islands,
successful eradication of rats led to a
twenty-fold increase in lizard numbers. The
impact of rat predation has not been
quantified on mainland Australia but is
possibly substantial in some areas. On
Norfolk Island, black rats are the prime
predators of the Island Green Parrot
(Cyanoramphbus novaezelandiae cookif)
and they have been known to take chicks
and sitting females from nests (Stevenson
1997).

4.2.3 Impact on native vegetation

Most rodents feed on the seeds of native
vegetation. When rodent numbers are high,
they are potentially capable of modifying
native plant species composition by
removal of seeds, If reintroduction by seed
dispersal is possible, no long-term
deleterious reduction in diversity will result.
In isolated patches of remnant vegetation,
however, seed removal may be a threat to
its continued existence.

4.3 Indirect impacts

4.3.1 Soil erosion

An indirect environmental effect of mouse
plagues is soil erosion in paddocks where
winter crops have failed to emerge or are
sparse and subject to the tunnelling action
of wind and water between plants.
Likewise, denuded pastures and areas of
native vegetation are susceptible to soil
loss. The dust storms in Victoria in autumn
1994 were attributed to the combined
effects of the mouse plague and the dry
summer (J. Williams, CSIRQ Division of
Land and Water, Canberrd, pers. comm.
1994; see also Section 7.4.2).

Itis critical that farmers do not stop using
conservation farming principles because
they think these practices could encourage
mice. If farmers were to revert 1o
conventional tillage, fallowing and stubble
retention practices, the adverse conse-
quences for land degradation would be far
greater than any harm done by a build-up
in mouse numbers.

4.3.2 Impact of poisons

The potential environmental impact of the
use of large quantities of poisons to control
rodents has always raised concern (Sections
7.4.1 and 10.8; Ryan and Jones 1972;
Redhead 1988; Singleton and Redhead 1989;
Bird 1995). In the 1984 mouse plague, the
rodenticide market was valued at $25
million, compared to $5 million in a non-
plague year (Redhead and Singleton 1988).
During the 1993 plague, over one tonne of
strychnine was used by farmers in South
Australia alone.

The potential impact on owls (Nirox and
Tyto spp.) from the use of anticoagulant
rodenticides in sugarcane and orchards has
also raised concerns (Young and de Lai
1997). There is, however. 4 need to collect
reliable data on any changes in owl
numbers associated with rodenticide use
(Section 10.7) and to establish if these
changes are due to secondary poisoning

y
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or, alternatively, reduced food supply for
owls when rats are successfully controlled.

Another concern is the types of
chemicals used. Ryan and Jones (1972)
recorded that during the 1970 mouse
plague, farmers used the organochlorines
DDT, dieldrin  and endrin; the
organophosphates parathion, phosdrin and
fenthion-ethyl (Lucijet™); a fungicide called
thiram;  plus  strychnine,  arsenic,
phosphorus, 1080 and the anticoagulants
Ratsak™ and Racumin™. The use of
organochlorines is now banned and
restrictions on the distribution of 1080
would make illegal use highly unlikely.
However, off-label use of many other
chemicals is still a major cause for concern.
The environmental problems associated
with these chemicals are the:

* hazard posed by residues in soil or water;

* possible contamination of the harvest
(with consequential human health and
trade effects); and

e poisoning of non-target animals.

Non-target poisoning can be either from
other animals taking the bait (primary
poisoning) or from animals eating poisoned
animals (secondary poisoning) (Section
7.4.1; Saunders and Cooper 1982; Phillipps
1993; Bird 1995). Detecting non-target
poisoning can be difficult, particularly if
the chemicals used are organochlorines,
organophosphates, heavy metals or
anticoagulants which accumulate in body
tissues until the amount reaches a lethal
level. Animals take several days to die after
eventually ingesting a lethal dose and are
open to predation during that time.

‘Non-target poisoning occurs
through animals taking bait or
Jeeding on other animals that

have taken bail.’

In  contrast, strychnine does not
accumulate in the body. If the dose is not
fatal, it is rapidly broken down in the liver

and excreted. Scavengers such as ravens
have been observed gorging on strychnine-
killed mice without apparent ill effect. Most
non-target deaths are from primary
poisoning. During the 1993 mouse plague,
birds killed by strychnine in Victoria
included red-rumped parrots (Psepholus
haematonotus), bluebonnets (Psephbotus
haematogaster), galahs (Cacatua rosei-
capilla), mallee ringnecks (Platycercuis
zonarius), white-winged choughs ( Corco-
rax melanorbamphos), crested pigeons
(Ocyphaps lophotes) and feral domestic
pigeons (Columba livia). In South Australia,
where some of the baited areas were
monitored for non-target kills, suspected
primary poisonings were reported on 69
occasions involving 950 birds of 23 species
(Bird 1995). Most of the birds (71%) were
feral domestic pigeons (Table 9). A further
22% were native seed eaters (mostly crested
pigeons, galahs and parrots). Most of those
tested had detectable levels of strychnine,
Strychnine was also detected in two tested
magpies and one raven but  an
organophosphate (omethoate) was also
present. Only one of the raptors tested
positive for strychnine — an immature
letter-winged kite ( Elanus scriptus) whose
gut contained a mouse which when
analysed contained strychnine.

Lundie-Jenkins and Brown in Eldershaw
(1996) monitored non-target species during
a trial strychnine baiting study on the
Darling Downs. Although there was
considerable variation in abundance of non-
target species within and between the
monitoring sites, the results indicated that
‘when bait was distributed according to
baiting criteria®, there was minimal effect
on populations of non-target species but
when bait was laid incorrectly, non-target
birds suffered losses’.

5 Established baiting criteria includes no baiting of bushland arcas or bare ground, and a minimum buffer arex of

50 metres around crops.

Managing Verebrate Pests: Rodents

35



URLPE

Sanrce.

Table 9: Results of testing for strychnine and the organophosphate, omethoate, in birds suspected poisoned by
baits laid for mice during the 1993 plague (after Bird 1995),

Species Number Number Number Number

collected tested for with with
chemicals strychnine omethoate

Domeslic pigeon 653 7 6 1

Columba livia

House sparrow 16 1 1 0

Passer domesticus

Crested pigeon 137 15 14 0

Ocyphaps lophotes

Galah 34 9 5 1

Cacalua roseicapilla

Other parrots 29 8 é 0

Magpie 41 13 2 1

Gymnorhina fibicen

Raven 12 5 1 2

Corvus spp.

Magpie lark 2 2 2 0

Grallina cyanolevea

Black kite é 2 0 2

Milvus migrans

Other raptors 6 5 1 0

Southern boobook 3 2 0 0

Ninox novaeseelandice

Sonrce CSIRO

Environmental risks associaled with baiting can be minimised through the correct preparation
and distribution of bait material.
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5. Social impacts and
attitudes

Summary

Individual perceptions of rats and mice
determine to a large extent bow people cope
with them. Most people perceive them as
unattractive, disease-carrying vermin, and
during mouse plagues they find sharing
their homes with mice for an extended
period bighly stressful. Even so, some riral
peaple consider an occasional mouse plague
one aspect of rural living.

Good hygiene practices are essential
during rodent outbreaks since rats and
mice are capable of transmitting many
diseases to people. During mouse plagues,
cleaning is a repetitive chore because mice
constantly mark surfaces with urine. Work
routines are severely disrupted on farms
and in towns as people spend hours each
day baiting, trapping and cleaning up after
mice. There is a risk of accidental poisoning
during rodent outbreaks, when people use
poisons in ways that they would normally
avoid, such as on kitchen benches where
Jfood is prepared.

The social stress of coping with mouse
plagues is exacerbated for many farmers
and townspeople by the additional worry
of financial loss. Further stress is endured
by intensive livestock farmers from the
actual physical damage inflicted on their
animals by mice and the increased risks of
disease and fire. In rural communities these
social stresses are often more debilitating
than the economic losses.

Rodents are reservoirs for a large number
of infectious organisms, many of which, if
transmitted to people or domestic animals,
may cause outhreaks of diseases with
potential  high morbidity and some
mortality. In Australia, the most significant
rodent-borne diseases that can daffect people
are leptospirosis,  salmonellosis  and
toxoplasmosis. Rattus, including several
native species, is the main rodent genus in
Australia that is a reservoir for these diseases,

although salmonella and toxoplasmosis are
also spread by house mice. Of greater
concern to farmers are stock diseases
carried by rodents such das swine
encephalomyocarditis.

Management strategies that limil the
build-up in rodent numbers are preferred
by animal welfare authorities as these
reduce the need for widespread use of
poisons, limiting the suffering of rodents
being controlled and the risk of non-target
poisoning. Controlling the build-up in
numbers also has the advantage of
preventing the parallel build-up in rodent
predators that often starve at the end of a
plague.

5.1 Community perceptions

Rodents, even native rodents, are
considered to be vermin and carriers of
disease by most people. This perception is
justified since rodents are reservoirs for a
large number of infective organisms which,
if transmitted to humans and domestic
animals, lead to mortality or morbidity
(Section 5.2; Gratz 1988, 1994, Stevenson
and Hughes 1988).

There is also the perception that rodents
are pests because they damage personal
goods and property. For example, during
plagues mice invade homes and build nests
in wall cavities, cupboards and the backs
of stoves, refrigerators and washing
machines. They drown in rainwater tanks
contaminating drinking water. They foul
food, clothing and linen with urine and
droppings. They gnaw on plastic containers,
furniture, books and records. All valued
possessions have to be packed away in
mouse-proof containers.

For many residents in affected areas, one
mouse inside their home is one mouse too
many. When faced with an invasion of
dozens of mice every night for up to four
months, the effects are debilitating. Part of
the problem is the stress that largely stems
from a cultural perception of the presence
of rodents indicating ‘uncleanliness” and
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poor housekeeping. Such a perception is
inappropriate during a plague when mice
are dispersing in all directions, seeking food
and shelter; nonetheless the attitude
remains. As a consequence, many people
are reluctant to discuss their frustration,
which is the converse of what happens
during other natural disasters — droughts,
fires, floods — which tend to draw rural
communities together. This leads to an
increasing inability to cope as a plague
continues. People take measures that they
would normally avoid, such as placing
poison baits on kitchen benches and in
kitchen cupboards.

5.2 Health and safety issues

In addition to the stress alluded to above,
the risks of rodents to human and animal
health are threefold:

= disease and dirvect physical attacks on shed
stock — disease risks are described in
Section 5.2.1, and physical atacks
discussed in Section 5.3:

* poisoning from baits laid for rodents —
there is a risk of accidental poisoning
during rodent outbreaks, when people
use poisons in ways that they would not
normally countenance (Section 7.4.1).
No poisoning of people has been
attributed to rodent baits during mouse
plagues in Australia but accidental
poisoning of domestic pets occurs
frequenty, especially with off-label use
of chemicals. During the 1993 mouse
plague, one veterinarian reported treating
40 dogs believed to have eaten rodent
bait. The owners were often unsure of
what baits their animals may have
encountered and veterinarians were left
with little choice but to transfuse animals
which did not respond to initial treatment
with vitamin K, the antidote for
anticoagulant rodenticides. As a part of
any education program prior to mouse
plagues, town residents must be alerted
to the dangers to pets of accidental
poisoning and offered advice on
available registered rodenticides, how to

prepare baits in bait stations and to lay
them in places inaccessible to pets: and

e fire— the habit rodents have of gnawing
on electrical cables increases the chance
of fire in sheds and other buildings. For
intensive livestock farmers, the risk is
magnified if their sheds are lined with
polyurethane insulation since it gives off
potentially lethal cyanide gases when it
burns.

5.2.1 Rodents as carriers of
disease

Rodents are reservoirs of a large number
of infective organisms which may, if
transmitted to people or domestic animals,
cause outbreaks of diseases with potential
high morbidity and some mortality
(Stevenson and Hughes 1988; Gratz 1994;
Saul 1990). The best known disease carried
by rats is bubonic plague but many other
pathogens are as dangerous. In Australia,
most of these pathogens are absent or rare,
but a few are of concern, particularly when
rodent populations build to high numbers.

‘Rodenlts are reservoirs
of a large number of infective
diseases which may be
Iransmitied to people or
domestic animals.’

Stevenson and Hughes (1988) describe
a number of infections (zoonoses) that
rodents can carry and may transmit to
people. Transmission may be direct or via
contamination of food or water with
infected rodent urine or faeces. It may also
be by arthropod vectors. For example,
rodents can be intermediate hosts for
arboviruses such as Ross River and Murray
Valley encephalitis which are transmirnted
by mosquitoes. Another disease, murine
typhus ( Rickettsia typhi), is transmitted via
rat fleas (Stevenson and Hughes 1988).

Endemic diseases and parasites

The following zoonoses are listed by
Stevenson and Hughes (1988) as potential
human health problems in Australia:
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Bacterial infections — Leplospirosis
(causal agent Leptospira celledoni) usually
spread in water contaminated with urine
from infected animals; Lyme disease (causal
agent Borrelia burgdorferd) spread by ticks;
melioidosis (causal agent Pseudomonas
pseudomallen; salmonellosis (causal agents
several serotypes of Salmonella, mainly §.
typbimurium) spread by consumption of
food or water contaminated by faeces from
infected animals; infections caused by
Streptobacillus moniliformis, Spirillum
minus, Campylobacter spp. and Leplospira
icterohaemorrbagiae,

Fungal infections — Ringworm (7richo-
phyton spp.);

Viral infections — Ross River virus;

Rickettsial infections — Murine typhus
(normally from rats via fleas), Queensland
tick typhus, scrub typhus (mite transmitted);

Parasitic infections — Angiostrongyliasis
(rat lungworm), fleas, mites, tapeworms,
nematodes (Physaloptera spp); and

Protozoan infections — Pneumocystosis
and toxoplasmosis  (causal  agent
Toxoplasma gondii).

Several worm infections of people and
domestic animals have rodent reservoirs
(Gratz 1994), but none are of public health
significance in Australia.

Stevenson and Hughes (1988) addition-
ally list a number of rodent infections
classed as ‘potential zoonoses'. These
include Capillaria bepatica (nematode of
rodents and lagomorphs), encephalo-
myocarditis virus and lymphocytic chorio-
meningitis virus (LCM). LCM is an
increasingly common disease of mice in
North America and Europe (Saul 1996).

Some rodent-borne diseases also present
a risk for livestock. For example, outbreaks
of encephalomyocarditis (EMC) disease
occurred in domestic pigs on some
properties in New South Wales during the
mouse plagues of 1970 and 1984 and
caused serious losses (Acland  and
Littlejohns 1975; Seaman et al. 1986).
Serological surveys have found EMC virus

present in 22% of water rats (Hydromys
chrysogaster) and 5-10% of other rodents
in Queensland (Stevenson and Hughes
1988).

The best means of limiting the risk from
these pathogens is to exclude rodents from
human and animal food and to maintain
high standards of cleanliness in food
preparation and eating areas. It is difficult
to maintain cleanliness in animal sheds,
During mouse plagues, the stressed
condition of the animals and the presence
of lesions from mice gnawing the skin
increases the potential for a major disease
outbreak. Scouring is a frequent problem
in pigs during plagues with mice aiding the
transfer of bacteria between pens. In the
1984 and 1993 plagues, infection with
Erysipelas was reported in some piggeries.

Exotic diseases and parasites

Geering et al. (1995) list rodents as potential
reservoirs of a number of exotic livestock
infections, but most of these are arthropod-
borne viruses. The exceptions are rabies,
the protozoan Trypanosoma cruzi (the
cause of Chagas’ disease) and the nematode
Trichinella spiralis. Of these three
infections, trichinellosis would be of most
concern. Rats could be carriers of 7. spiralis.
This nematode infects a wide range of
mammal species including pigs, dogs, cats,
horses and people.

Bubonic plague, caused by the bacterium
Yersinia pestis, is still a major disease of
humans in parts of Africa and Asia and
could become a problem in Australia. The
introduction of pathogenic strains of
hantaviruses, however, would be of most
concern to human health. Overseas, some
of these viruses cause serious human
diseases, such as Korean haemorrhagic
fever. A new virulent strain of hantavirus
(Sin Nombre virus), first identified in the
USA this decade, was fatal in more than
half of infected cases (Saul 1996).
Antibodies to hantaviruses have been
detected in feral and native rats in Australia
but no pathogenic strains are known to
occur here.
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5.3 Animal welfare issues

Animal welfare goals are to minimise pain,
distress and discomfort to animals, including
livestock, wildlife and pests subjected to a
control program (Johnson and Prescott
1994). Different control options will achieve
these goals to a greater or lesser degree,
Measurements of the humaneness of
rodenticides (or any poison) are largely
subjective, but in animal welfare terms, a
poison which acts quickly to kill or leave
an animal unconscious is better than one
which takes a considerable time to act.

‘Management strategies
which limit build-up in rodent
numbers reduce the need for
widespread use of poisons.’

Management strategies that limit the
build-up in rodent numbers are preferred
(Oogjes 1994). By reducing the need for
widespread use of poisons, these strategies
limit the suffering of rodents being
controlled and the risk of primary and
secondary poisoning of non-target animals.
Controlling the build-up in numbers also

has the advantage of preventing the parallel
build-up in rodent predators. These animals
often starve at the end of a plague (Section
4.2.1).

Minimising the build-up in rodent
numbers also reduces the stress exper-
ienced by penned livestock during a
plague. The extent of physical attacks by
mice on penned animals during the 1993
plague shocked many farmers (Caughley
et al. 1994). In piggeries, breeding sows
and piglets were particularly affected and
badly gnawed animals had to be destroyed
to end their suffering. Poultry also suffered,
and through stress, birds lost condition and
many died.

The Australian and New Zealand
Federation of Animal Societies (ANZFAS)
considers that the current approach to
rodent management, namely crisis
management and the use of poisons during
plagues, is inappropriate. It considers that
a well-planned and coordinated strategy,
as advocated in these guidelines, is likely
to be more humane.
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6. Past management
and current policy

Summary

Some rodents are declared pests under
legislation in Western Australia, Victoria
and the Northern Territory and landholders
may be directed to undertake control
measures. in other states and territories
there is no legal requirement that they be
controlled. The only exceptions are (a)
under health regulations when autbhorised
bealth officers may give ‘reasonable

directions' to the owner or occupier of

premises; and (b) if declaration is made
wnder the Rural Lands Protection Act 1989
in New South Wales. While introduced
species can be controlled at a landbolder’s
discretion, native species are protecled
wildlife and cannot be suppressed without
permission from wildlife authorities.

Management at the farm level usually
involves the use of poisons in and daround
buildings. A number of rodenticide poisons
are registered for use. No rodenticide is
available for in-crop use except for the
anticodgulant brodifacoum in sugarcane.
In other situations, dccess to specific
rodenticides requires approval from the
National Registration Authority through the
issuing of a trial, off-label or minor use
permits. When rodent problems were
particularly severe, such as during the
mouse plagues bettween 1993 and 1995,
state governmen! agencies obtained access
ta strychnine through emergency regu-
lations enacted within the state.

Strychnine bas been the most widely used
chemical for controlling mice but its use
has been progressively restricted since the
1980s. Other rodenticides are now being
evaluated for in-crop use ageainst mice, the
most promising being zinc phosphide. Until
recently, thallium sulphate was available
for controlling rats in sugarcane but the
anticoagulant brodifacoum has now been
registered o take its place. In boop pine
plantations, pale field-rats are controlled

with 1080, Rats in macadamia planialions
are controlled with commercially prepared
products, Bromakil™, Racumin™ and
Talon™ distributed in bait siations.

The administration of the different Acts
relating to rodent management falls within
different state and territory government
departments. Consequently, considerable
liaison between departmenis is necessary
to implement management strategies at a
government level. Relevant state and
lerritory government policies are described
in this chapter.

6.1 Past management

In the past, management of rodent
outbreaks on farms was largely directed
towards reducing numbers with poisons.
A multitude of poisons was used. For
example, chemicals used during the 1970
mouse plague included: strychnine; arsenic;
phosphorus; sodium fluoroacetate (1080);
the organochlorines DDT, dieldrin and
endrin; the organophosphates parathion,
phosdrin and fenthion-ethyl (Lucijet™); the
fungicide thiram; and the anticoagulants
Ratsak™ and Racumin™ (Ryan and Jones
1972).

‘The use of strychuine bas been
progressively restricted since
the 1980s.’

Because of its effectiveness, strychnine
has been the most widely used chemical.
but its use has been progressively restricted
since the 1980s and ceased altogether when
it threatened export markert security in 1990.
During the 1993-94 mouse plagues, farmers
were given temporary access to strychnine
for broadacre in-crop distribution in South
Australia and Victoria, and again in the 1995
plague in Queensland and northern New
South Wales.

Other chemicals have been approved at
different times, For example, during the
1993-94 mouse plague, farmers were
provided temporary access to the
anticoagulant bromadiolone for use around
the perimeter of crops in New South Wales
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(T. Korn, NSW Agriculture, Dubbo, pers.
comm. 1995). Bromadiolone-soaked grain
was prepared by Rural Lands Protection
Board staff and sold to farmers for
distribution.

Until recently, thallium sulphate was
available for controlling rats in sugarcane
but it was withdrawn from sale because of
concern over heavy metal residues in
adjacent waterways. The anticoagulant
brodifacoum has been registered to take
its place. In hoop pine plantations pale
ficld-rats are controlled with 1080,

6.2 Current government
policy

Some rodents are declared pests under
legislation in Western Australia, Victoria
and the Northern Territory and landholders
may bhe directed to undertake control
measures. In other states and territories
there is no legal requirement that they be
controlled (Table 10). Introduced species
can be controlled at a landholder's
discretion and it is illegal to release them
into the wild. Native species are protected
wildlife and cannot be suppressed without
permission of the wildlife authorities.

In each state and territory, there uare
health regulations that relate to rodent
control. An authorised health officer may
give ‘reasonable directions’ to the owner
or occupier of premises to destroy any rats
and mice on those premises or to rectify
conditions that are conducive to their
breeding. In New South Wales, control of
introduced species is limited to declaration
under the Rural Lands Protection Act 1959,

The wuse of chemical poisons is
constrained by regulations in all states and
territories. A number of rodenticide poisons
are registered and these may be used in
and around buildings, animal sheds and
storage facilities (Appendix A). The only

rodenticide registered for in-crop use is the
anticoagulant rodenticide brodifacoum
which may be used in sugarcane. An
application to the National Registration
Authority (NRA) for registration of zinc
phosphide for in-crop use is in preparation
following its widespread successful use
under permit during mouse plagues in
Queensland, New South Wales, Victoria,
South Australia and Western Australia in
1997. No rodenticide is registered for use
in orchards, but the use of anticoagulants
in bait stations is allowed under permit
issued by the NRA in macadamia plant-
ations in New South Wales. No chemical is
registered for use in grain crops, although
temporary access through enactment of
emergency legislation may be given during
mouse plagues.

The administration of the different Acts
relating to rodent management falls within
different state and territory government
agencies. Consequently, considerable
liaison between departments is necessary
to implement management strategies at a
government level. Relevant state and
territory government policies are described
below.

‘State and territory
govermment agencies are
responsible for administering
the different Acls relating to
rodent management.’

6.2.1 Victoria
The following policy statement, taken from
the  Agriculture  Disaster  Manual

(Department of Agriculture, Victoria 1992),
represents standing arrangements for the
Victorian Government's response to an
actual or potential mouse plague, to be
implemented at the discretion of the
Minister for Agriculture. The policy
statement is under review following
Departmental restructure.
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"The Department of Agriculture will be the lead
agency for implementation of government policy
for mouse plague management in Vicioria.

Government role in mouse population
control/damage reduction will be as follows:

{a) Provision of appropriate information and
advice to all sectors of the community;

(b) action to facilitate supply of appropriate
chemicals as required both through
government agencies (as provided) or
commercial outlets;

(c) monitoring of mouse population
characteristics and social, health and
economic effects of mouse populations fo
assist deve|opmem and recommendation of
appropriate strategies;

(d} independent evaluation of control
strategies in the interests of availability of
unbiased information to the community;

(e) continuing assistance with appropriate
technical and economic research relating
to mouse biology, confrol strategies,
community health, and economic loss; and

(i liaison with relevant Victorian, interstate
and national organisations.

The Department, as lead agency will convene
a Standing Commiltee representing the following
agencies: Department of Agriculture, Department
of Conservation and the Environment, Health
Department Victoria, Community Services
Victoria and Department of Local Government.

Functions of the Standing Committee

(a) Provision of policy and technical advice to
government through the Minister for
Agriculture;

{b) recommendation of appropriate strategy
for government response given
circumstances in evidence af any given
time;

(c) implementation of agreed strategy through
relevant agencies;

(d) evaluation of effectiveness of agreed
strategies; and

le) co-option of additional agency
representatives os required.

Managing Vertebrate Pests: Rodents

As far as practicable, strategies adopted will
be consistent with national approaches fo mouse
plague control.

In the event that a threat of expansion of mouse
populations to plague proportions exists, then:

(a) control of mouse populations on privately
owned-leased/occupied land to be the
responsibility of, and at the discretion of
the owner/lessee/occupier, insofar as
Health regulations permit such diserefion;

{b) contrel of mouse populations on land for
which responsibility is vested in a public
authority to be the responsibility of, and at
the discretion of the public authority,
insofar as Health regulations permit such
discretion;

[c) control of mouse populations in Victoria
will not be undertaken by government
agencies, other than [those listed above],
or with the specific direction of the Minister
for Agriculture in consultation with other
appropriate Ministers;

([d] Government may supply appropriate
chemical(s) for approved uses to rural
communities in the form of mixed baits on
the following basis:

— recipients to supply bait materials and
containers;
— levy of charges to represent hull

recovery of government cosfs; and

— supply of chemical(s) will be in
accordance with prescribed
regulations, and will be at the
discretion of the Minister for
Conservation and the Environment in
consultation with the Minister for
Agriculture.

Agency Responsibilities

Department of Agriculture

* Convene Standing Committee.

* liaison/coordination with other agencies.
¢ Initiate special funding requests.

e Facilitate Victorian supplies of rodenticides
from local or overseas sources.

e |Initiate necessary chemical registration
procedures.



* |Initiate additional training programs for key
staff.

* Coordinate preparation, and publish
information bulletins inclusive of inputs of
all relevant agencies.

* lead agency in providing extension advice
to rural communities.

Department of Conservation and the
Environment

®  Monitor research data on population
characteristics.

* Evaluate mouse population control methods.

*  Supply rodenticides fo the rural community
within policy guidelines.

Health Department Victoria

*  Monitor health issues and provide advice
as required.

Community Services Victoria

®  Monitor social welfare issues and provide
advice and assistance as required.

Department of Local Government

* Coordinate advice/information between
Standing Cemmittee and local government
Municipal Health Surveyors to take lead
role in extension advice to town
communities.”

6.2.2 Queensland

At the time of the mouse plague on the
Darling Downs in 1995, the Queensland
Government had no formal policy on
management of a plague but a very similar
strategy to the Victorian Government
Standing Committee was adopted. A Task
Force was convened to oversee the
broadscale strychnine baiting, chaired by
the Department of Lands (now the
Department of Natural Resources) and
included delegates from the Departments
of Primary Industries, Health, Environment
and  Heritage and  Treasury and
representatives from the Queensland Grain
Growers Association and the Wildlife
Preservation Society.

The Queensland Department of Natural
Resources is, at the time of writing,
preparing a policy document, a recent draft
of which states:

“The Department of Natural Resources will:

(a) monitor rodent populations on the
Central Darling Downs and provide short
and long-term predictions of the potential
for plague development;

(b) provide grain growers with technical
advice on best practice mice control
strategies;

() undertake research to support the
registration of rodenticides suitable for in-
crop baiting of mice;

([d) undertake research into effective and
integrated long-term management
strategies for the control of mice in
farming areas;

(e] accept responsibility for coordinating
large-scale emergency mice control
operations;

() collaborate with industry (for example,
the Queensland Grain Growers
Assaociation), State Departments [Primary
Industries, Environment and Health),
interstate counterparts and research and
development corporations, including
CSIRO, as necessary fo satisfy
Queensland’s requirements for mice
control consistent with national
standards; and

(g) cooperate with industry and other
organisations in the development of
control options for other rodent species,
subject to availablity of funding.

The Department of Natural Resources
will not:

{a) declare any rodent species [a pest
under the Rural Lands Protection
Act 1985)."
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6.2.3 South Australia

The South Australian Government has no
formal policy statement on mouse plagues
although it also adopted a very similar
format during the 1993 mouse plague to
the Victorian Government Standing
Committee described in Section 6.2.1.

Under South Australian legislation, pest
rodents are included in the Animal and
Plant Control (Agricultural and Other
Purposes) Act 1986. The three introduced
species, Mus domesticus, Rattus rattus and
R. norvegicus are not proclaimed as pest
species as landholders would then be
required to control them. They are,
however, included in the Class 7 list of
species under Section 44 which prohibits
the release of proclaimed species into the
wild by a wilful or negligent act. Section
44 carries penalties of a fine up to $2000
or up to six months in gaol. The Act was
reviewed in 1995 but at the time of writing,
the amendments have not been approved
by Parliament.

The sale and supply of rodenticides in
South Australia is covered by the
Agricultural Chemicals Act 1955, While
there is currently no legislation on use in
force, steps are well advanced to remedy
this.

6.2.4 New South Wales

The New South Wales Government has no
comparable policy statement on mouse
plagues to that of Victoria. An operational
procedures manual, however, has been
drafted for use in a mouse plague. The
manual covers legal, staffing and safery
requirements, risk assessment, bait
distribution, mapping and communication
including with media (Croft 1997). No
legislation in New South Wales currently
requires landholders to control rodents. An
Amendment to the Rural Lands Protection

Act 1989 allows communities to ‘declare’
pests in a district. If such a declaration on
mice were supported by the Minister,
landholders would then be legally required
to control mice.

Use of pesticides for mouse control in
New South Wales is regulated under the
Pesticides Act 1978, which outlines the
conditions for use of pesticides. In addition
the Threatened Species Conservaiion Acl
1995 provides a mechanism to ensure that
threatened fauna (and flora if applicable)
are not harmed by control practices to a
significant extent®. Before a government
agency in New South Wales can approve
a mouse control program it must apply the
test contained in Section 5A of the
Environmental Planning and Assessment
Act 1979. 1f this shows that the program is
likely to have a significant effect on any
listed threatened species, population or
ecological community or its habitat (listed
in Schedules 1 or 2 of the Threatened
Species Conservation Act 1995) then a
species impact statement must be prepared
to allow the Director General of National
Parks to decide whether to grant
concurrence or issue a licence for the
action.

6.3 Other government roles

State government agencies assist with
advice and information sheets on aspects
of rodent control. Government agencies
are also ideally placed to conduct,
coordinate and collate monitoring data, and
provide feedback and support to
landholders. Unfortunately, resources are
not always available for this. The only
government agency to undertake regular
monitoring of mice is the Queensland
Department of Natural Resources, although
it is widely recognised as desirable. The
methodology for monitoring in Queensland
was set up by 8. Cantrill and J. Wilson

6 New South Wales Agriculture submitted a Fauna Impact Statement (FIS) to the New South Wales National Parks
and Wildlife Service for their consideration prior to the issuance of the Temporary Pesticide Order for the use of
bromadiolone during the 1993-94 mouse plague in the State (T. Korn, NSW Agriculture, Dubbo, pers. comm.
1995). A Review of Environmental Factors was submitted as an amendment to the FIS for the 1995 strychnine aerdal
baiting and a similar document prepared for the potential registration of zinc phosphide

Managing Verebrate Pests: Rodents

45



(Queensland University of Technology) in
1982 and has been successful in giving
advance warnings of mouse plagues on the
Darling Downs. Trapping is undertaken in
June, September, October and November
on an established transect across the Darling
Downs. Each time, data on numbers of mice
caught, their age and reproductive
condition are entered into a model which
estimates the probability of a plague in the
following summer months. The system has
proved to be a good predictor of plagues
and only failed when weather conducive
to the build-up of mice over parts of the
Downs was not experienced within the
established transect. The probabilities are
forwarded to the Queensland Grain
Growers Association.

‘Government agencies may
conducl, coordinale and
collate monitoring dala,

and provide feedback and
support to landbolders.’

Monitoring has been undertaken by
government staff in other states at various
times but it has been difficult for govern-

ment agencies to find resources to continue
trapping programs through non-plague
years. In the Mallee region of Victoria,
CSIRO research projects have provided
information on rodent numbers over the
last 10-15 years which has given warning
of plagues in that area. In South Australia,
the Department of Primary Industries
conducts trapping in response to farmers’
reports of high rodent numbers. In New
South Wales, monitoring by bait cards
(Sections 7.1 and 7.2.2) has recently been
introduced (D. Croft, NSW Agriculture,
Wagga, pers. comm. 1997). Fifty farmers
peg out bait cards every three months and
report the level of activity recorded by the
cards to local Livestock Protection Officers.

AL various times, government agencies
have directed considerable funds towards
rodent research. In particular the need for
a suitable in-crop acute rodenticide has
been recognised and research is in progress
on the potential value of zinc phosphide
(Parker and Hannan-Jones 1996; G. Mutze
and R. Sinclair, Primary Industries South
Australia, Adelaide, pers. comm. 1997) and
brodifacoum for controlling mice.
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7. Techniques to
measure and control
abundance and
impacts

Summary

Tu marnage rodents effectively, fechnigues
are necded fo assess changes in their
afuindance. Rodent numbers can fw
maonitared by rrapping, The most common
method f5 to wse changes in total trap
SHeCess ar i re-lrap success of mearked
irecliniedvianls fo devedof e estimale or indiee
of density. Rodent numbers can also by
matritored by placing ofl-soabed paper cards
in fields and recording the proportion of
edach card eaten overnight. Counts af
Burrows, nest sites, crop damage or numbers
af rodents an roads or arveand buaildings
cant also prrovide density indices. Altbough
these  technigues  give  only  rough
appraximarians of rodent densities, thisy
are wsually adeguate o allow farmers to
determine whent wimbers are fncreasing
g controd meeds to be implemenivd.
Whatceer method  farmers select for
moititoring vodent ntombers, it is important
thait the detar be recorded in a standardised
fowmat coross local regions so that the reselts
Sfrom different farms are comparable.

A means of linking rodent abundance
to potential fmpacts {5 required. Such
imformation is spervse. Pala are also needed
o the link between damage and yield loss
dAlthough  rodents  may  damage  the
vegetalive part of plavels, allowances mist
be made for compensatory growth by the
Mant which reduces the effect of plant
demage on final crop yiclds. The economic
fosses associated with different levels of
rosclent demage will depend on the extent
of sueh compensatory regrowth, Measures
of damage and yield losses are essential for
estimaring the gfficacy and cosi-benefit of
control technigques. The best assessment of
econrpmic damage (s g comparison of crif
weleds et aoneel weithont vodent impeact

Rowdenits fon botly serbary aond ageicultural
environments are stfl predominantly

controlfed by rodenticides. There are fwo
main cetegories of rodenticides: acute or
Jast-acting poisons which stant (o act and

i kel weitivior 249 howrs folfosing o lothal
dosie (3nech as zine phospibicled; arnd chronic,
slow-acting poisons such as anficoagulant
comiprotntels. The mafority of rodenticides
are adwinistersd as poisoned bails arownd
crfes anad bredlelings. Beaits are frefvared By
mrlxving the active podson with an edible e
altractive to rodents and they may be
preesentod as commercial pollets, welx biocks
or coaled cereal grains,

Habital manipulation meay also be
effective in controdling rodent nomibers,
Areas with good cover and food acl as
donor babitats from whiclh vodenis disperse
inle crops and pasiures. Strategies for
Fedncing rodenits in donor babitals incitde
Lrading down, sprayving or slasbing grass
and weeds along fencelines, roads and
chrannel banks, dnd arcid steds ad
gtorages to reduce seed set and remove
Berfrorir. Where erosion (s no fhreal,
pastures can be grazed fghtly and
Sreguenily throvgbowt sprivng aveed sunrmer
o redrice the amonnt of sevd set and cover.
Similarly, stubbles can occasionally be
grazed or burnr. Redueing cover is likely
to tngcrease e vate of rodent mortality from
prrodeticm and extremes of weather.

Management techyigues suftable for
controffing mouse damege (v cereal crofs
include not sowing prain wnril soil s
moist enough to allow rapid gormination,
Pletnting seed af q bigker ree o comsensaie
Sfor poassible losses fo mice, (lanting deefer
s Wit £1-is Baareler for miice 1o find the seed,
dand cross barrowing after sowing o
cllitevate the flirrows. Farmers can redice
the amonnt of grafu spalt ab barvest by
efficient harvesting and also by grazing
shubfdles,

Rodent-proafing buildings and storages
s expensive and difficult unless incorp-
argited aff e comtstriciion stage, As rolents
fented to gy, constriction materials must
b concrete, brick or metal. Doors nist i
well aned be kept closedd.
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Trapping ts wsefid for vemoving rodents
ire andd arownd budldings and storages,
Contral iy chemical repellonts tinds fo be
shart-lived and of Hitle practical value,
Many studies have ailso refected ulivasonnd
s a useful control method, Chemicals used
Sor pertifity comtral are of fitkde practical
perlee Becense fiph feoels of sterility would
neved B be maintained whenceer enciron-
mental conditions  were suitable for
hreeding. I virally-vectoved  immuno-
contraceptive technigues currently being
researched prove successful. fertility control
mey tecome a facticad managemend
afaticeny, Dot 8¢ s sHA ton early fo rell 4F this
techiepoe will worle,

It is likely that offective rodent contvol
will reguire a combinalion of fechnignes.
Farmers need reliable information on the
efficacy, cost-gffectiveness and aoceptability
af different control measures so they can
eleixe gfafrofaricne strafemies,

7.1 Estimating abundance

Many technigques are  available  for
estimating the density of rodents (Davis
1956; Brooks ctal. 1990; Fiedler 19940 The
best methods are based on trapping. Other
quantitative techniques include use of hai
cirds, counts of burrows and rite ol bait
removal, Extent of crop damage is another
possibile indicatar, although signs of damage
may easily be overlooked. Qualitative
methods (for example, sightings of mice
and numbers of predatorss) ane less
satisfactony.

Trapfring
Three methods can be used o estimate
densities of rodents by tmpping:

1. Trap success — Number caught (or per
cent trap success ) is the most commeonly
used density index. Any type of trap can
be used. For single-carch wraps (for
example, break-back trmps), o minimom
af twenty Is set overnight in an area and
the index of density is the percentage of
trags that cateh an animal,

Number of rrps set = 5i)
Number of mice caught =10

Trap success = (10-+500= 100 = 0%

This method is currently used by the
Queensland  Department of  Natural
Resources for monitoring mouse numbers
at 42 sites (20 traps per site) on the Darling
Devwns. At low rodent densities, it is o good
indicator of relative abundance. However,
the relationship berween density and per
cent trp success s curvilinear because
once o trap has caught an animal, it canne
catch another (Figure 93, A correction factor
can be applied (Caughley 19770, but the
precision ol the index declines as the
percentage of rraps fired rises. During
plagues, trap success often exceeds 90%
and the index is no longer uselul,

E:Z 40
& 20
d 'r. T Il_ T 1 =
o 1 2 ‘a ) 5
Index of animal density

Figure % Helationship betwern Ireguency (peer cend
of singlecatch maps catching an individual} and
denmity of trappod populations (Caughley 19771

2, Mark-recapture — The mark-recapiure
mesthed recquires live-trapping carried out
wice (Petersen index) or threg imes
{ Bailey's triple catch {Caughley 19771 All
antmals caught on the first occasion ane
murked nnd released. On the second (and
third} occasion, the number of marked
amimals caught relative o the wtal number
caught can e used to estimate population
size. The method is used regularly in
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ecologioal stucies b it reguines that some
of the animals marked ane recaptured.
Above densities around SO0 per hecture,
mice are 5o numdérous and become so
dispersive that rate of recapture is
exceedingly low and the method is
generlly unsatisfaciory.

3. Removal trafghing — Measuring density
by the removal trpping method requires
that traps are set for six (o ren mghes and
the number caught per day is plotted
against the cumulative total up to that day
CLeslie's method ) {Caughley 1977; Brooks
et al 19900, A line i drawn throwgh these
praints and the intercept on the y-axis gives
an index of starting density. The method
may be useful for estimating rat density
incrchards

As well as indicating rodent abundance,
frappng provides a means of medsuning
the success of any control operation. An
index of density is obtained Pelore ancd
after the control operation, The change in
index indicates the level of success in
reducing rodent numbers. Then, if the
relationship between density index dand
damage hus  been  determined, the
effectiveness of the contral operations for
reducing rodent dumage cun be evaluated
{Section 7.3),

All these methods bave o number of
assumptions that ane easily violued (lor
example, no mmmigration and emigration
during the measurement interval and equal
trappability  of all animals in  the
population). However, the indices they
provide are probably  adeguare  for
monitoring  rodent  populations  until
research can develop a more accurate
miethedd {(Section 10,2)

Breeding condition (hody fan, laetation
and pregnancy mtes) are just as imporant
as o actual numbers when monitoring
population increases as they indicate the
potential for population growth (Section
2.3, For this reason trapping, which allows
brecding condition 1o be assessed, has an
advantage  over  other monitoring
technigues.

Trapping has an advamtage
over other monitoring
technigues in thal it allows
breeding condition to be
axysessed.”

Other gquantitative metbods for
estimating numbers

L. The bart cord technigue wis developed
during the 1969 plague by Byan and Jones
19720 1 was widely used during the 1993
mouse plague in Victoria and South
Australia when squares of candboard (10
centimerres by 10 centimetres) soaked in
linseed ol wene pegged oul overnight in
crops,  stubbles and  other mouse
ervironments (Griffiths 1593 Mutee 1995
Halting in Victoria was recommended (F
an average of 2000 of the carcdboard ad
heen chewed. The technigue was also
wsend in Queensland during the stevehnine
haiting program in 1995 (Queensland
Prepartment of Lands 1995 Eldershaw
1996

The walidity of the technigque  for
estimating mowse numbers lus not been
substntiated and rescarch is needed w
correlate the data obtaimed by bait cards
with that from quanuiuive trapping
techmiques. One ditficulty with the
techmigue is that when alternative foodd
is available mce will not eat the bait
curds

2. Another possible index of local mouse
abuncdance is the numbser of active Burrow
entrances ina unit area (for example, per
10 square metres)  Cowrts of active
Iigeroes may be macle in crops, in channel
hanks around irrigated crops, inogriss
verrges anc along fencelines or in stubble.
Mouse holes ilong transects cim be lighitly
covered over one day and those reopened
recorded on the next day to give an index
of abundance based on active holes,
Alernatively, especially just after sin in
light sonl areas, freshly excavated soil @
the entrance to a burrow shows thut the
heale i= active”. Runways or trodden paths
hetween burrows are also visible where
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colonies are well-established. Mouse holes
und runways are most easily seen in sundy
red soils (for example, in the Mallee
region), In cracking grev soils (for
exumple, Darling Downs), the mice shelter
in the cracks and burrows are less evident,
although worn pathways can be seen
entering the cracks when mouse numbers
are high.

A, The reateoff removal of Beit Cwath or without
poison) s another indicator of abundance.
A known amount of bait is placed in a
Pt station, where it cannot be taken by
other species, and the amount remaining
the: following morning is mensured to give
a guantiative index of abundance
{Saunders 1983,

4. Crop demege is unother possible indicaor
For example, mice will dig out newly-
planted seeds, chew on the stems of
voung plants and eat the seeds aur of the
maturing heads, Damage by mice s
distinguishable from damage by insects
or hirds in that chewed husks, mouse
droppings and other debris are visible
around the base of the plints. When
mouse numbers are high, these signs of
damage are obvious but may be easily
cvierlooked at other times. For thas reason,
crop damage {5 mrely @ satisfactory
indicator of mouse density. s likely o
Fue 1 benter indicaror For rats. For example,
the proportion of canes damaged is used
tey measure the density of mts insugarcane
Buckle 1994h0, A stmilar rechnigque couled
b wsed in orchards and hoop pine
plantutions.

Qualitative metbods for estimating
numbers

1. Mice do nor only nest in burrows, Nests
are also found under planks., in length of
pipes and other similar environments.
Moty ameneitering of nest sites for stpns
of mice i a simple tisk and has the added
advantage of detecting whether mice are
breeding, The repeated presence of young
i mests in summer and autumn indicates
the petential for a build-up o plagoe
dlensithes,

2. Sightings of mice on roads and tracks m
night and in homes and sheds may be an
indicator of high population levels.
Hemwwever, it is important o recogmise that
mouse numbers fluctuate annually and
there will always be more at the end of
the breeding season, [n addition, mice ane
often maost noticealde in winter when they
miove nto homes and sheds secking food
and shelter from the cold, An infllux a
these times does not necessarily imply
that numbers are approaching plague
clensities,

3, Another indicator of @ build-up is an
increase in the rnmeber of prodators (such
as raptors, foxes and snakes). For example,
several mptors feeding ina particular area
can he an indication of high mouse
numilers, as can the prescnce of fox trcks
in o crop. However, predators are
generally slow to pespond toa change in
rodent populations. As Saunders and Ko
C1984) comment, mice have usually
reached plague proportions by the time
there is a naticeable increase in predatons.

4. In buildings and storages the number of
rodent droppings or carcasses may be a
useful indicator of abundance (Buckle
188 ).

Sales of commercially available roden-
ticicles through retail outlets can also
provide an  indication of  rodem
abundiance on o local scale.

7.2 Monitoring numbers to
predict mouse plagues

7.2.1 Causes of mouse plagues

Hypotheses on the couses and triggers for
micise plagues are discussed in Section 2.3
However, local variations in climate, swil
type, crops and frm management systems
ke it impossible 1w predict where mice
will reach plague proportions in o given
region. It is necessary that landholders
conduct regular monitoring of mouse
numbers on their properties o obrain
advance warning of build-ups so that
contral weehnigues can be jmplemented
before numbers reach plague densities.
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7.2.2 Landholder monitoring
programs

Monitoring and record keeping is becoming
an integral part of best farm practice.
Incorporating records of abundance into
an exisling crop monitonng program is the
preferred  approach  for  maimaining
awareness of rodents and the problems
they pose. In the 19905, networks of self-
help crop monitoring groups have been
established by grain growers 1o monitor
crops at various stages of development
These innovative landholder programs are
coardinated by regional state government
agriculwral officers. One such monitoring
program is TOPCROP, funded by the Grains
Rescarch and Development Carporation
(GRDC), Similar programs are run within
privite consultancy or Eurmer groups. Under
cach program, information on crop
condition is recorded by farmers on seare
sheets ina standarcised format, IFf mouse
monitoring were included on these score
sheets, it would provide an excellem
method for maintaining Grrmer awareness
of rodent numbers and detecting changes
in their abundunce (Section  10.2),
Standardised recording allows comprrisons
between properties, districts and regions,

Teleally, mouse monitoring
systems should be
incorporated inlo gencral
crafy monitoring programs,’

In arcas where there are no crop
monitoring groups, other local groups such
as Landcare groups could coordinate
moniloring  activities, Groups  formed
specifically w monitor mice are less lkely
1o be able 1o sustain grower interest in
moniterng when mice are at low densities.
Where possible, it will always be preferable
L inCOrponRite § mouse monitoring system
o a general crop monitoring progrm
that encompasses the whole spectrum of
pests and  crop  condition.  Rodent
monitorng should become part of routinge
farm management.

T Only suitable for areas with soils where holes are obyvioos

Farmer monitoring for mice

11 Farmier monitonng for mice 13 encouraged
in o local group program, there are a
number of options that may be used o
measure  the abundance of mice in
paddocks. These options may  vary
accondling o the stage of crop development.

Up o crop Nowering, farmers may:

= count the number of active mouse holes
seen on a metre wide strip each side of a
100 pace transect in from the edge of a
crop’;

= count the number of runways or iracks
on i metre wide steip over 100 paces
through the centre of a crop ar along
the edge of a crop;

e pluce u weighed amount of grain in a
series of bait stations (for example, an
icecream container with holes cut in the
sicless 1o give mice access Lo bail covered
with Dags or sheets of iron ) inor around
crops, Weigh remaining  grain on
following day:

+ lake Fve squares of paper, each 10
soquare centimetres, ruled up into 100
small sequares and soaked in linseed or
canola oil. Peg these paper squares
{ealled bair cards, Section 7.1 around
or in o crop overnight. Count the number
of ruled squares that are chewed away
By mice®; or

e et 20 break-back traps ina line through
each crop or along the edge of crops at
five-pace intervals and record the
number of mice caught overnight.

Alter Nowering, methods include:
= all of the above; plus

« counts of the number of damaged”, bent
or remiwed seed heads.

Monitoring signs of mouse gctivity in
resaddsicle vegetation and adjacent paddocks,
and around buildings, may be as imponant
a5 Monitoring mouse activity in crops.
Information should also be gathered in
these areas,

A Rescarch i necded o vibidine the accuracy of thiz techniguee for estanating nuinbers,
0 Meed v distinguish between mouse damage and insect, bind or fross damage 1o seed heads

Managing Venehoaic Posts Hochenes
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Whatever method farmers select for
monitering mouse abundance and damage,
it i important that the results are recorded
in a standardised format by all Farmers in
the monitoring group 1o allow Jocal paterns
undd trendds 1o be recognised.

7.3 Estimating impacts
7.3.1 Estimating damage

Concocting damage assessment is essential
for understanding the nature and extent of
a rodent problem. As Buckle 1994 sttes,
chanuige assessments cin be used o

« gstimate economic costs, S0 justifiable
expendinre on control can be evaluated;

+ determine damage distribution so control
effort can be comcentrated in areas when:
it bs moat needed;

= estimite efficacy of control methods, so
different management strategics can be
compared; and

= provide information for planning, such
as allocation of funds for research and
development progrums

Where feasible, dumage should be
measured by direcr methods, for example
the percentage of chewed tillers in random
plots. Where direct mensurements are not
feasible, it moay be possible (o use mdirect
methods, For example, rat damage to ol
praalis has Deen calculated Trom an cstinate
of rodent density based on mark-recaprure
methods (Section 7,10, mulnplied by the
guantity of oil palm eaten per rar per day
(hased on liboratory fecding tals) i Buckle
1498410, At best, such methods provide only
a rough approximation of rthe actual
damage (section 10,30

Direct measurements require skill. For
muost grain crops at the pre-harvest stage,
damige levels less than 5% are difficul w
detect and damage levels less than 10% can
B difficult o gquantify by untrained
olwervers. One of the main problems is that
the damage tends o be patchy und irs
assessment requires complex sampling
technigues. Staristical analysis is essential

il valid conclusions are 1o be drawn from
the data collected. Random sampling is
wserally adeguiate in wmform habites. Where
the envirenment in which damage is being
measured is variable, sampling may need
to be strotilicd so there is adeguate
representation of different arcas, The
number and size of samples required will
depend on the type, level and pattern of
damuge. These techniques have been
applied successfully by Singleton et al,
199171 and Mutze C1993a) in soybean and
wheal respectively.

‘For most grain cropps al the
pre-barvest stage, damage
levels less than 5% are
difficull to detect.”

Damage to stored produce may be
quantified by measuring the number of
items eaten, chewed or infested. Indirect
methods, such as described above using
estimates of rodent numbrers (using trap
stccess of mark-recapure, Section 7,10 and
multiplying this figure by an estimate of
thee quantity of food eaten per day, are
unsatisfactory since much mdent danuige
is e 1o contamination ar destruction,
rather than consumphion, of stones

7.3.2 Relationship between
damage and yield loss

The correlation between dumage assess-
rvent after Mewering and vield loss has been
examined by Mutze in wheat (Mutze
199340, but most assessments of vield loss
are subjective, For example. the extent of
damage in the 1993 plague presented in
Section 3.1 was based on landholder
eatimares of production losses (Footnate 3
Section 3.1.10 These may be inaccurite
since some crops can recover if damage
occurs at particular times Jduring the
vepetutive stage (Wood 199460 According
to Buckle (1994b) young rice planis can
fully compeensite For destruction of up to
A0 of prowing tillers. Tobin et al. C(1993)
suggest mocadamia trees may compensale
for rat dhmage by retsining nuts that migh
otherwise hove dropped prematurely. The
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extent to which the plant can compensate
depends on the level of rodent damage and
its timing.

Alternatively, a small level of rodent
damage 1o a crop may cause yield losses
far in excess of thut caused directly by the
radents — for example, if the damage leads
to bacterial or fungal infections, Due withe
complex relationship thar may  exist
between the level of damage and actual
vield loss, care needs 1o be tken in the
interpretution of damage sampling. For
example, Willlams (1974) categorised
coconut palms according 1o the level of
dlamage they ststained, and then monitoned
nut vields and found no apparent difference
in vield berween palms that sustained low
and high levels of damage. This was
because damaged palms increased Aower
production which compensated for nuts
lost due to rats. There is an obvious need
for experimental trials, with and without
rislent dumage, to ascentain vield losses,
This may be achicved either by exclosures
or by the application of reliable control
medsures  (Section 7.4 Wood 1994)
Exclosures are expensive and are a ool
suitable only for research. Compraring arcas
with and without rodent control can be
done between similur crops or between
yeurs with and without rodent problems,
I e cases, however, variation of other
factors which affect vield must be mken
into account Uor example, weather, other
pests and cultivation wechniques)

Other Factors that may need o be taken
into acoount when assessing vield boss are
a downgrading in the guality of the produce
due to rodent damage (Woodl 19940 and
the effect of delays in harvest, both of
which add to the economic effect of direct
vield loss,

Measures of damage are essential for
estimaring the effectiveness of control
megsures (Section 74,51, and whether their
cost s economically justified by returns in
inereased  yields, Figure 10 shows a
comparison in mdent damage levels o frait
on Brodifacoum-treated  and  unireated

Mapagiig Vemibraie Pests, Nodents

experimental control plots. Clearly the
treatment reduced rodent numbers and
damage 1o fruir,

‘Measnres of damage are
essential for estimaling the
cost-¢ffectiveness of control

measnres.’

7.4 Control technigques

Imtegrated pest management 15 the key o
effective rodent contral. Contral is most
likely to be effective if 0 number of
management technigues are combined
although the increased costs of using mone
than one technigque needs o be weighed
against the benelits. A range of options are
avallable including poisoning, habita
manipulation and tapping

741 Poisoning

Redenticide chemicals are stll the mainstay
af all practical rodent control programs in
both urban and agricultural environmenis
although the henefits of non-chemical
methods are increasingly heing recognised.
Appendix A gives o description  of
rowlenticices that are, have been, or have
the potential to be, used for the contral of
agricultural pest rodents in Australia
Examples of their use in integrated pest
management for rodents are given in
Section 8.8, Section 8.8, 1 discusses the use
of poisons o prevent and control damage
cacsed by mouse plagues in corcal-growing
regions. Section 8.8, 2 describes the use of
poisons W reduce damage coosed by
rowdents in sugarcane. Information on the
agriculiural applications of modenticides is
given in Appendix A (Table A2), Reference
should e made o relevant state authorities
Tor specific applications permitted at the
time of use,

The majority of  rodenticicdes are
administered as polsoned baits, There are
twis maln categories of rodenticides: acure
or fast=acting poisons which stan to act and
often kill within 249 hours following a lethal
doses aned chironic, slow-acting polsons such
as anticoagulant compounds (Appendix A;
Buckle 199401 Genetle resistance 1o firs
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Figure 10: survival of sudicetracked ras and levels of fresh fron damage on brodifconmetreated and untocated
experimental comml plots Gafer Chig et sl 1990 in Buckle 1994a).

generation antivoagulants, such as warfarin
and pindone, has been recorded in many
rodent populations (Saunders 1978) and in
some sitiations use of these chemicals nay
be unsatisfuctory. Resistance to ‘second
generation”  anticoagulants, such  as
brodifacoum and bromadiolone, has heen
recorded inorat populations i some pars
of the world (Buckle 1994a), but has net
vet been demonstrated in Australiand they
are still satisfactory rodenticides.

I aclelirion to standard rodenticide bais,
other poisoning options include the use of
fumigants, liquid baits, contact or grooming
toxicunts, tracking powders, rodenticide
gels and impregnated wicks.,

Baits

Barirs are prepared by mixing the active
poison with an edible hase attractive to
rodents. Baits may be presented as
commercial pellets, wax blocks or coated
cereal grains, In the last case, high grade
wrain should be used; it is a false economy
1o use poor quality groin becaose of low
avceprance.

Compeounds must be sufficiently toxic 1o
act At concentrations that are nol un-
palutable o trger species. The speed of
action is also important. Rodents are
unlikely o consume a lethal dose of a
poison if the onset of oxicosis s oo rpid
{Buckle 1994920, Problems can also oceur IF
the concentration of poison in bait is too
low. I the dose un animal receives makes
it sick, it may learm to avoid the bait in the
future. Therefore it is important that hairs
contain an appropriate concentration of
rodenticide.

Laboratory studies have shown tha mice
can feed from up 1o 20-30 different sites
euch night, eating only a linle ar each
Ipcation. An effective baiting strategy for
mice i therefore likely o be one whene
sl quatntitics of bait are placed ata lage
number of sites (Macdanald and Fenn
1994). This technique will also ensure that
subardinate animals in a populaton have
access to the baits.

Appendix I describes the use of poisons
for managing rodent problems in and
around buildings and storages. When using
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anticoagulant poisons around sheds and
storuges, it is advisable w conduct pulse
baiting since rodents will continue to feed
on baits over the several days it rakes for
the poison o act. IF pulse baiting is not
conducted, overconsumption of bait adds
to the expense and increases the risk of
secondary poisoning of predators, Rodents
preferably should have access o bait for
twer or three nights anly. To ensure that
each animal receives o lethal dose, a large
guantity of bair should be provided in a
number of bat stations on these baiting
occasions, The remaining bait is then
removed and the procedure repeated i
regular intervils until there is no furmher
evidenoe of radent activity

ber formulations

[hust and gel formulations are available as
contact poisons that can be applied in
Iaurrromws, horbourages and around Buildings
and stormges (Buckle 199400, The poison
is ingested from fur and feer doring
grooming, An advantage is that, unlike
Basting, intake is not affected by the
availability of alternative foods, Contact
gels are usually applicd o woxic wicks in
innels. These preparations usually carry
a much higher concenteation of rodenticide
than baits, so non-target safety Is an issue,
particularly if particles can become
alrbirne.

Cither formulations are presented in
water, Black rats CRatres retties) need access
b winter 1o survive and may be poisoned
by adddition of o rodenticide 1o a dranking
station. In this situation, great care is needed
to keep non-turgel species away from
poisoned water,

Poisonous gases (Tumigants), such as
phosphine. can be used where an infes-
tation s in g smallarea which can be sealed
tFor example, appropriately constructed
feed stores or bulk grain storage facilities),
Fumiganis can also be used in ran hurrows.,
Fumigatiom s hazardous and should only
he conducted by skilled opermtors,

Slamaymg Yerichnaie Pods: Bosenis

Registration

The only rmdenticides that may be used are
those regrstored by the National Registration
Authority (NKA) Appendix A (Table A2)
lists the rodenticides that are reglstered for
use around buildings. Some of these
rodenticides have also been approved for
wse in some states for perimeter baiting and
one, brodifacoum, has been registered for
use in sugarcane. For other crops, in-crop
Lsitinge is an option only iF a landholder
has been given temporary access to o
rowlenticide under state legislation, Ar the
time of writing an application  for
registration of zine phosphide for in-crop
Baiting is in preparition. Registration of a
range of poisons for broadacre use would
e valuable so that the most appropriate
rodenticides could be used at a particular
tie. A visriety of modenticide options would
also reduce the risk of resistance, bail
avoidance and use of ather chemicals by
Farmers in the absence of an available
alternative. Research is continuing into the
safety of alternative rodenticides for in-crop
baiting.

Kesidues and non-target risks

Regulimtary authoritics necd o ensurne that
rowlenticides are not persistent in terrestrial
and aquatic systems, or in agricultiral
products, and that there is no likelihood of
other adverse effects on the environment
The wuse of illegal poisons, or off-label use
of legal poisons, poses unaceeptable risks

Because Austrulia needs to maintain a
‘elean and green' image for its agriculural
produce, it is important that more research
Is eonclucted on residues, particulory where
polsoning is conducted in-crop or near
wiaterways, There is o widely aceepted
standdard approach for evaluating the risk
roclenticides and their residues pose 1o non-
fargel species [Brown et al, 1985 Brown
19941 All rodenticide approvals given hy
the NRA consider environmental impacts
including an evaluation of non-Gorget
susceptibiling.

Many rodenticide registrations thor were
current when the Commonwenlth Agri-
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crilttre and Velerinary Chemicals Code Act
o was introduced in Australia were
accepled without testing, Hence there has
heen lintle research on non-target impacts
and residues for some rodent poisons
currently wsed in Australia. For future
rolenticide registrations, full testing will
be required.

It has proven virtwally impossible o
develop a rodent-specific poison, and
therefore non-target species  may  be
pedsoned if they are exposed o bairs
(Section 4.3.2; Buckle 19%94a ), Gramvorous
birds are particularly susceptible. Also
species that prey on rodents may be
poisoned indirectly, Rodenticides that are
ripledly broken down in the bodies of
rosclents after ingestion reduce the risk of
indirect poisoning of predators,

‘Use of illegal poisons and
off-label nuse of legal poisons
prose nnaccefptable risks,’

People and dogs may accidentally ingest
rodenticides because of the commensal
behaviour of introduced rodent species,
The avuilability of an antidote for treating
accidentally paisoned animals or people is
desirable, Few acute rodenticides have a
specific antidote and even if one exists, the
rapid action of most acute rodenticides
means  there a5 linde nme for s
administration. This lack of an antidote,
combined with the high toxicity of maost
acute rodenticides, enhances the risk
peaple and other non-target species and
has led to limitations on their use (Buckle
19%4a ). Anticoagulants, with their slow
mode of action and available antidote
(Vitamin K1, are much safer. Another safety
sErtegy s 1o incorponite compounds into
baits which will decrease the risk of
accidental  poisoning of people, For
esumple, modents appear o be unnbile o
taste, or at least are not repelled by, some
compounds that humans find unpleasant
(For example, Bitrex™ — denatonium
henzoare),

Regulatory authorities also fequire that
the wse of rodenticides will cause no risk
ol abortifacient (eavsing  ohortions),

tertogenic (eausing abnormal foetuses),
ancogenic  (Causing  [umours)  or
carcinogenic (causing cancer) effects for
people or non-target specles. Anticoag:
ulants generally produce no carcinogenic
or teratogenic effects, although there is
evidence warfurin may adversely affect
human foctal development (Buckle 1994u),

Animal welfare

Animal wellare agencies consider that it is
desiruble to make a balanced evaluation of
the benefits of using o rodenticide against
the cost in erms of suffering inflicted on
the target and non-targer animals and in
comprrison with alternative control options
(Sections 5.3 and 8.4.4) In Australia the
NEA attempts o consider animal wellare
issues when assessing apphcations for
approval 1o use rodenticides.

Efficacy

People managing pest rodents need
informanion on the cost-cificacy of using
different poison types and application
technigques so they can plan appropriate
control strtegies (Sections 700,53, 8.4 and
B.7% Direct baiting with no pre-balting in
and around agricultural crops is the normal
practice.  There  is, however, litle
infermation on the cost-efficacy of this
approsch

7.4.2 Habitat modification

Rodent numbers may be manipulated by
changes in agricultural practices or land
wse, For example, habitats may be modificd
1o reduce or prevent bulld-ups, Rodents
need habitar with good cover 1o protect
them from predators and bad weather. Mice
are more abunduant in undisturbed dreas
such as roadside verges and fencelines
{Twigg and Kay 19495 Chambers et al.
19960}, These areas of refuge habitar act as
a ‘donor habitat from which mice disperse
across the landscape into crops and
pastures (Mutee 1949770,

Ether donor habits include areas whene
weeds  or rubbish oare  allowed o
accumulate; buildings including animal
hewses; and grain, hay and food storages
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{Singleton 1959), To prevent the build-up
in mouse numbers and therefore reduce
the impact of rodents on crops, it is
essential to manage these donor habitats

Reducing mice in donor babitats

Reducing mice in donor habitats involves
removing weeds and debris around crops,
buildings and storages and controlling
growth along fencelines, channel banks
andd roads by grading, ploughing, burning,
grazing ar applying herbicides (Saunders
and Kom 19840, It is imporant 1o ensure
that there are no undisturbed areas where
rodents can shelter, Attention 1o grain, hay
and food stornge areas is also imponant.
Hessian and paper packaging should not
be used. Bags of seed and other food are
hest stored off the ground, or berter still,
in rodent-prool continers (Meyer 1994),
Areas around storages, piggeries and
poultry sheds should always be kept tidy
and Iree of spilt grain or other food sources
for mice. Occasional trapping or baiting
with anticoagulant rodenticides may be
warranted around feed sheds. Temporary
arain or hay storages should be logited
away from growing crops to minimise the
potential for colonisation from these sites

Reducing rats in donor babitats
The same principles as those given above
for mice are applicable to rats. In sugar-
growing arcias, slashing and spraving grass
on headlands and maintaining weed-free
crops are proven strategies for controlling
rodent numbers (Wilson and Whisson 1987
Robertson et al. 1995), Cleaning up debris
tincluding old or unmarkerahle produce)
in orchards and around storages is broadly
advocated as is contralling growth along
fencelines and  roads, paricularly as
predators such as rmptors and foxes often
hunt in these areas Csee Box on Contral of
Rats in Macadamin Orchards).

Reducing mice through crop and
stubble management

Unelistarbed stubble can harbour mice. Tt
uppears that the progressive adoption of
stubble retention and minimum illage

practices, along with the sharp increase in
summer cropping in northern cereal-
prowing areas, has increased the amount
of habita and food available to mice, and
plague frequency appears to be increasing
as o consequence. Therefore crop and
stubble management is important for
reducing mouse numbers if this s
compatible with conservation goals,

In cereal-growing areas, minimising grain
spill al harvest by carelul setting of combs
and sieves is desimble. Introducing sheep
to clean up spilled grain in stubble soon
after harvest con be effective in reducing
food for mice (Saunders and Korn 1984).
Burning stubbles o remove cover is also
frequently adopred, bur exposes the surface
o potential erosion and invasion by weeds,
Henee careful consideration of all aspects
i5 requined before deciding o burm. Another
management oprion that is occasionally
used 1 working up stubbles or ripping
praistures o break up the mouse burrows
and o bury surface seed, but it is seldom
cost-elfective unless it Is ted in with
planned future land use for the particular
arga. Neither nipping nor burming are
proven methods for reducing mouse
numbers and neither are recommended
practices for soil management. Research is
needed mto the effectiveness of these
praciices,

Management technigques recommencdesl
foor managing mice at the time of sowing
(Saunders and Kom 1984; Griffiths 1993,
Mutze 19930) include:

* ol sowing grain uneil sofl is moist enough
e allow immediate germination so that
miice Brave less time (o find the seed before
it germinates and grows beyond the
susceptible stge;

= planting seed, particularly legumes, at a
higher mle o compensate for passihle
lewssess tes mice; andl

= planting deeper (except Tor semi-dwsirl
whear varietiesh so that it is harder for
mice o find seed.
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The primary method recommended for
controlling rats in macadamia orchards is
good hygiene (Table 11), Skirtings,
prunings, old kernels, fruit and other
refuse should not be dumped In or around
the orchard but bumt or removed. Regular
slashing of weed growth in the crop and
control of vegetation in adjacent gullies
or surrounds is also advised. For
macadamia orchards, Barnes et al. (1989)
recommend that barner grass, used as a
windbreak for young trees, be cut down
in Seprember every second year and
allowed to ratoon. When the trees are six
1o seven years old, these internal
windbreaks should be removed.

There are a number of predators of rats,
including carpet snakes (Marelic spilole),
owls { Tyto and Ninox spp.), cats (Felis
caims) and foxes  Vilpes vudpes), Carpet
snakes in particular should not be killed
as they are renowned for feeding on rats
{Loebel 1995). Owls may be encouraged
by constructing nesting boxes in and
around orchards (Barnes et al. 1989: Smith
1994), Landholders need to ensure
rodenticide use will not put these birds at
risk (Sections 4.3.2 and 8.8.2).

Current management of macadamia
crop damage caused by black mts mainly
relies on the use of rodenticides in and
around macadamia crops and, according
to White et al. (1997), there is no evidence
that this is a cost-effective way o reduce
damage. These authors suggest macadamia
damage could be greatly reduced by
habitat manipularion of areas adjacent 1o
crops with dense scrubland  which
harbours rats, White, |., Horskins K. and
Wilson, |, (unpublished) found that when
such habitat was reduced in three sites
each with 125 metres of orchard frontage,
damage in the adjacent area of orchard
(each area being 25 trees by 7 rows) was
reduced by 63% relative o two untreated
sites. Their manipulation involved clearing
scrub from the strip of land adjacent 1o
the orchard in spring, 1o a disiance of 20
meires away from the edge of the crop,
and spraying the cleared land with
herbicide 1o prevent regeneration through
summer. The average cost of habitat
manipulation was $292 for each site, and
the savings in enhanced production was
$980, resulting in a profit of $686 for each
wreated sire.

Table 11: Seasonal calendar for rat contral in macadamis coops Calter Loebel 1995)

Activity Time

Burn off gully areas. Juby=August
Remove lower lmbs from moture trees. These prunings should be Sepember-Octaber
mulched and not lefi bring in tha inter-row ansas,

Carry out ground works eround dams ond drains 1o fill in holes September-Cciober
ond depressions,

Commence baifing progrom in windbreaks and vegebation on the Diecamber
edge of eraps and in ree rows where rat activity may be noficed.

Remeva bait siations from undemeath trees prior to harwese, March

Ensure that verges are sashed regularly over the wet seaon,
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Oriher strategies for reducing the damage
at sowing could include cross harrowing
after sowing 1o obliterine the furrows since
milce are reported o work” along furmows
digging up the seeds, Prickle chains and
dingonal rolling harrows can be used o
obtam a similar effect. It is critical o ensure
that seed drills are Kept horizantal bath
Tore andalt, and sideways, o avoid varable
sowing depth. I is alse desirable to plant
crops only where surrounding arcas can
be cleared of potentinl harbour (Suunders
and Korn 19847

‘Crofy and stubble
management s imporiamt_ for
reducing monse numbers,”

During the growing season, gencral
management options include straegic
Frating of the penimeters of sown paddocks
and mouse refuge areas 1o prevent
development of colonies or invasion of
paddocks from adfacent arcas (Section
T4 Grozing paddocks adjacent to crops
1y reduce habita For mice is also advisable
at this ome, provided the risk of erosion is
taken into account. Thas practhice will have
the added advantage of reducing seed set.

Grain left behind in paddocks after
harvest, through poor Teirvest teehnigue or
timing, 15 the single most imponant source
of food for mice over the summer and
autumn period, and will encourage a build-
up i meouse aumbers, Several management
practices can influence the amaunt of food
left for mice in stubble ficlds, Modern Farm
practices aim for a fast harvest 1o reduce
seed shedding and the rsk of min damage
Harvesters should be fired with o soreen,
and preferably o double sereen, to capture
broken and pinched grain and weed seeds.
Where crops have been lodged by high
winds or storms, it is important to use alr
fromes or lifters o lift the lodged stems when
harvesting or grain resicdues Jeft in paddocks
can be particalarly high, The problem of
unharvested or spilt grain can be acute
whiere the stubble is not grazed by livestock
afrer harvest When wool prices were high,
sheep were olten put into stubble fields to
clean up shed and spilt grain afrer harvest

With lower wool prices this practice has
been largely discontinued. Heavy and
prolonged grazing is still, however, the most
ellective and cost-elficient method o
reduce graln residues,

Enterprise substitution

I mouse numbers start to build up, farmers
may consicer plunting crops that are less
susceptible to mouse damage, In gencral,
legumes are more susceptible to odent
damage than cereals (Caughley and Crofi
19941, Ol seeds vary in suscepribility; for
example, canola may be little damaged,
whereas  sunflowers can be  heavily
damaged. Even with cereal grains mice
show preferences, with triticale being
favenred over soft wheats, and soft wheits
betng lavoured over harder varieties and
barley. The location of crops relative 1o
danor habitms is also imporant and may
have as much inlluence on damage levels
as the type of crop,

For antensive  livestock  producers,
destocking 15 one option during mouse
plagues, bul the costs of destocking and
restocking are high. Farmers usually choose
to persevere with Baiting and the constani
aare of stock. The aim of strategic contral
of mice should be w prevent the population
huild-up and not let the problem develop

Encouraging raplors

An aption that has been investigated both
in Australia and overseas is the placement
of raptor perches in or at the margins of
crops to increase the level of predation on
rodents (Howard et al. 1985; Kay et al
199403, While birds of prey cannot eat
sufficient mice to prevent a plague (Sinclair
et al. 19900, they may mke cnough over
the summer to delay plague formation by
several weeks, This is illustrated by o
hypothetical example in Figure 11 inwhich
the rate of growth for a population of mice
with predation s compared with the rate
when there is no predation,

The value of perches in increasing the
number of raptors hunting over o crop and
in slowing a buoild-up in mice was
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estublished in New South Wales by Kay et
al. (1994b) using perches 2.5 metres high
and 100 metres apart. In North America,
however, Howard et al. (1985) found no
significant reduction in the numbers of
voles (Microtus californicus) or pocket
gophers { Thomomys bottae) in lucerne
ficlds even though raptors were using the
perches as roosts and for hunting almost
immediately after their erection. More
research may be needed o validate this
technique for controlling rodent numbers
in Australia,

Erosion control

The prablem of soil erosion in aras with
sandy sails could be addressed by planting
windbreaks, Windhreaks need 1o he
properly constructed o prevent wind
wnnelling which may exacerbate erosion
of light soils. Windbreaks are a long-rerm
solution but advantageous in that the rrees
will ilso provicde perches and nest sites for
capars, Landholders need o weigh these
patential benefits against the cconomic
benelits of growing crops on this land.

Exclusion

Rodent-proafing struchures

Exclusion from structures such as storages,
houses and grain silos needs 10 ke

account of both the physical ability and
hiotogy of the marger species (Smith 1994,
The hlack rar is an excellent jumper and
climber, and can scale vertical walls if they
have a rough surface. Climbing guands necd
to be sulficiently high to prevent access by
jumping and be sufficiently wide to prevent
access by climbing around them (Meyer
1994), Both rats and mice can hurrow
deeper thin 30 centimetres, so ndent-proaof
walls need to be sunk ar least 45
centimetres, Rodents can squeere through
any aperture their heads will go through
tSmith. 1994 therefore  rodent-proof
structures must not have apenures larger
than the head diameter ar weaning age,
which is as small as six millimetres (the
digmeter of 4 pencil) for house mice (M
domesticus). Doors must fit well and be
kept closed. Drains and sewers must have
drain raps fined. All vents must be
sereened, Proofing materials must be gnow-
resistant, for example, concrete, brick or
metal, Rodent-proofing existing structures
can be expensive, technically difficult and
often impractical, It is usually more
effective, and far cheaper, 1o incorporate
these requirements at the design and
construction stage of building, rather than
amempting 1o rodent-prool  existing
sIUCTres,

Figure 11 Mouse population growth carves showing bypothesical effec of predation. Chan assumes o strting
density of 20 mice per beciare and reprodective mie of s young pes month, Predation rtes of four mice per
mcnth andd o mibce per month ane plotted, '
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Barriers

Barrier fencing may only be economically
viable for very valuable crops hecause of
the cost of materials and high maintenance
requirements. The ability of rodents 1o
climb most surfaces, penetrate small gaps
and find weakness in the harrier system
has been exploited by incorporating traps
into the corners of plastic fences in Molaysia
(Singleton and Peteh 1994 The com-
bination of i fence and multi-catch system
has heen further modified ar the Inter-
mational Rice Research Institute in the
Philippines, Engineers developed a cheaper
fence containing a ap overy 15 meires
Studies indicate the barrier/trap system can
substantilly reduce crop losses (Lam et al.
1980 citedd in Singleton and Petch 19941,

Sheet metal toa height of 0.9 metres can
prevent access but rodents may climb over
at joins or exposcd cormers (Smith 15944
Generally the cost is so high tha effecrive
metul barriers may only be justifiable where
no alternatives are available (Smith 19943,

Electing fences may be an option in smoll
areas v protect valuable resources although
their efficacy varies between species
i McKillop and Sibley 1988). Shumake eral,
(1979 evaluated the use of non-lethal
electrical barriers {or protecting rice crops
from pats, and concluded the approach had
potential value [or protecting high-value
crops and plant breeding plots,

Barrlers may be uselul sround storage
areas in g plague (Section 58510

Ultrasonic devices

Many studies have rejected ultrasound as
a practical means of rodent control (Mechan
1984; Heward and Marsh 1985; Bomford
and C'Brien 1900; Shumake 1997), Even if
rodents initially withdew from a loud new
ultrasonic noixe, they start to ignore il
within a few days.

Chemical repellents

Chemical repellents have been proposed
as a4 means of controlling rodents partly
because of their acute sense of smell
(Section 2.2.5; Stoddart 19881, Although

many wildlife repellents affect rodents, in
practice, the repellent effect rends o be
short-lived. As noted by South (1994,
‘hehavioural modification is only effective
if the animal can choose a more attrctive
altermative, Il food or harbourge is short,
ar population density is high, methods that
do not cxclude absolutely may be
overcome because the animal perceives
that the altermatives are worse’, The sucoess
af repellent use is dependent upon critical
evaluation of the biological  and
environmental context in which they are

applicd.

7.4.3 Trapping

Trapping is probably only useful for
removing redents in and around buaildings
and storges, such as mice that invade
homes (Raukeinen 19940, Trapping is the
preferable aption in homes and other
buildings because the use of poisons may
pose d risk o human and anmimal health,
Trapping can also be effective around trial
plots or small areas of crops like vegerables,

Break-back traps, also called snap-traps,
tavailable from hardware shops and
supermarkets) are adeguate for most
purposes, single-carch lve rraps are more
expensive but may be necessary to control
Black rals since they are often difficult e
catch with snap-traps, Pit-traps (hucket-
trpsd are often used during mouse pligues
and can successfully catch many rodents
bur, ar such densities, trapping is unlikely
to be an effective means of reducing
populations,

Trapping is a good tool for monitoring
roddem numbiers (Section 7,10, However, it
may pose the problem of catching non-
targel species.

7.4.4 Fertility control

Lising ferility contral techniques to manage
mouse and rar populations is a difficult
proposition,  given  their  promiscuous
Beluviour, opportunistic breeding and shon
lifespans (Boamford 1990). Jackson (1972)
suggests that nearly 10096 sterility would
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be required for effective contral of rodents
in the genera Mus and Rattus. Such high
levels of sterility would need to be
maintained  whenever  environmental
conditions were suitable for breeding and
achieving this for rodents would be
prohibitively  expensive.  However,
MeCallum  and Singleton (19891 and
Singleton and MoCallum (1990) suggest that
when conditions are suitable for mouse
plagues to form, fertility control could
reduce litter size or linter frequency
sufficiently to preven rapid exponential
population growth and so avert plagues,

Chemical fertility control

Many chemicals are known to cause
infertility in rodents, although many of these
are not species-specific, and some are woxic
i Marsh 1988; Bomford 19900 As yet none
are considered 1o be of practical use for
relent control,

Because fentility control chemicals need
0 be delivered repeatedly, any technigue
that kills mice (rather than sterilises an equal
number) could be expected o reduce
population growth rates wan even greater
degree than Tertility control, because dead
mice do not breed (Bomford and O Brien
19671, I is therelore more effective 1o use
rodenticides than chemical sterilamts o
reduce rodent populations {Bomford 1990,
Garrott 19917, The only exception would
b if sterilised rodents reduce access o
reaources necded by fertile mdents for
breeding (for example, access o food or
nest sites through territorial or dominance
behaviour), It is probable that at tmes of
plague formation, such environmental
resources are abundant and behavioural
interference would not limit breeding by
unsteribsed mice. Therelore, unless fentility
comntrol lechnigues are cheaper than lethal
technigques, or have some other significan
advantage, they are unlikely 1o be g
preferred option.

10 Murime cvtormiegalovines (MUMY)

Biedagical fertility control

Immunocontraceion — Research is being
conducted o develop a technigue o use
a viral vector to deliver immunocontra-
ceptives 1o rodents CTyndale-Biscoe 1994),
If this technigue is successful it may be
possible 1o permanently sterilise a high
proportion of @ rodent population @t a
sulficiently low cost to make ledility control
a practical management option. This
approach is currently being investigated at
the Verehrate Bocontral Cooperative
Research Centre in Canberra and at this
stage the likelihood of its successful
development and implementation is difficuls
to estimate. To date, @ mouse-specilic
virus'" that is present in neary all Australian
mouse populations has been identified as
a suitable vector for the fenility-blocking
protein, Labaratory trials have shown that
the virus will carry Foreign material and that
the modified virus will replicate in mice.
The next step in the research is o identify
an appropriate fertility blocking protein
which only affects house mice.

Capilfaria bepatica — The porential for o
parasitic nematode, Capiflaria befvitica, 1o
contral mouse populitions has been
investigated (Singleton and McCallum
1990). Beeause mice infected with ©
hepatica have less frequent lirers, it was
hypothesised  thar this could  slow
population growth rates and so prevent
plagues (MeCallum and Singleton 1989),
Field tests, however, iled o demonstraie
any decline in breeding by mouse
populations  that were experimentally
infected with € bepatice (Singleton et al,
1945; Singleton and Chambers 19960 and
the research hus been discontinued,

7.4.5 Estimating the effectiveness
of control measurcs

The elfectiveness of baiting during mouse
plagues has been evaluated in a number
of studies (see Box on Effectiveness of
Poisoning to Control Mice) Itappears that
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once mice have reached plague densities,
Baiting is generlly oo late o prevent crop
damage, although it may reduce it in some
cases. During build-ups of mice, hiwever,
haiting may he an option for reducing
numbers, Although no mdenticides are
currently registered For broadaere use, trials

on gine phosphide have been complencd
and an application for registration for in-
crop contenl 18 in preparation. The cost
effectiveness of zine phosphide  and
appropriate stategies for its use in limiting
Builel-ups will need to be evaluated.

WHWNM@LM

per - baitin
Wnﬁpmmwrhithg. the aim is to bait
shelter areas where the mice feed and
breed. Such areas include irrigation
channels, check banks, fencelines,
roadsides and headlands, The mtionale of
the technigue is that it will reduce the
number of mice and the rate of crop
invasion, thus decreasing crop damage.
Perimeter baitng Is of value IF it is
undertaken prior 1o the onset of breeding
and before offspring disperse into crops,

Perimeter baiting was used in New
South Wales during the 1984 mouse plague
(Saunders and Korn 1984). At that time
Saunders and Kom cautioned landholders:
that it ‘will have linle effect on a mouse
population already established in a crop.
However, it will play a role in limiting
movement into the crop, especially if used
in conjunction with clearing around that

crop’.

Mutze (1995) found perimeter baiting
with strychnine ineffective for controlling
mice in grain crops, but Kay etal, (1994a)
evaluated the effect of baiting refuge
habitats around irrigated soybeans with
bromadiolone, They found  that

bromadiolone significantly reduced the

number of mice inhabiting the refuge
_habitat and also reduced the rte at which
mice colonised the adjacent crops.
However, no significant reductions in
damage were detected in the crop us
where crop damage was detectable. Their
findings support the rationale of perimeter
baiting but do not confirm that it is
effective for limiting crop damage.

In-crop baiting

In-crop baiting is subject to greater
restrictions than perimeter baiting because
of the need to prove freedom from crop
residues. Because perimeter baiting has
little impact on mice living within a crop,
permission is given for in-crop baiting at
various times. IF protection is needed for
only 1 shart time, for example, during crop
establishment, baiting may be beneficial.
Strychnine-coated grain was spread in-
crop following sowing during the 1993
plague in South Australia and Victoria. Bait
was mixed by the Swmie government
agencies and distributed by air or from
spreaders on the ground ar a rate of one
kilogram per hectare (equivalent © 2.7
grams strychnine per hectare, or 2-3 grains
per square metre). Bait was dyed green
and it was recommenced that it be spread
in the late afternoon to reduce its
consumption by birds, Aerial application
of strychnine treated bait was also
approved for use in Queensland and New
South Wales in 1995, In 1997, permission
was given for the broadacre use of zinc
phosphide treated bait in Vietoria, South
Austrilia, Queensland and Western
Australia. Control work in Geraldton,
Western Australin, demonstrated the
success of controlling mouse damage in
maturing erops with well advanced seed-
set. Following aerial application of one
kilogram of grain treated with zinc
phosphide per hectare, mouse populations
were reduced by more than 90M (G.
Martin and D, Hill, Agriculture Western
Australia, Western Australia, pers. comm.
1997),
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11 Commgprisangs comt of bait and grain (55000 cost of bait statioens (525000 Cachich cold be resused ) amd cosd of Blour
152500 (Sangtletan ot al, 1991 ),
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The effectiveness of all the habita
manipulation technigues recommended in
Section 74,2 for controlling mice have not
heen evaluated. Some of these wehnigues
have been investigated by the CSIRO
Division of Wildlife and Ecology and the
Department of Natural Resources and
Environment in Victoria (Brown etal. 1995;
Brown et al. 1997a). The research, funded
by the Burcau of Resource Sciences and
Grains  Research  and  Development
Corporation, evaluated Dest farm manage-
ment practices’ for mouse control in the
Wimmera and Mallee. Results of the
effectiveness of management technigues
eviluated by the project are summarised in
Table 12. A comprehensive list of the
recommended practices for reducing
the impact of mouse plagues is given in
Tuble 13,

746 Integrated pest management

Successful rodent contral is likely o require
o combinution of upproaches o deal
elfectively with the overall conditions that
foster rodemt outhreaks. For example,
poisoning to control rals in sugarcane is
more effective when it is combined with
weed control (Roberson et al. 1995,
A, Brodie, Bureau of Sugar Experiment
Stations, Queensland, pers. comm. 1996,

In developing a management strategy for
roddents, the broad spectrum of possible
control wechnigues should be considered
and compared for efficacy, cost-effective-
ness and acceptability, Combinations that
Pest meet long-term sustainable manage-
ment aims can then be selected for use
(Section 54,30,

Data are needed an the efficacy and
ceonotic benelits of all rodent control
technigues and strategies (Section 10.9),
For a truly comprehensive assessment,
large-scale replicated experiments which
eover a range of seasonal eonditions and
rodent densities are required 1o evaluae
the effect of farm management practices on
mouse  populations. The “best  farm
management practice’ project conducted
by Brown et al. (1997a), evaluated the
effectiveness, costs and feasibility of
implementing praciices for mouse contral
in the Victorian Wimmera and Mallee. The
recommended actions arising from the
praject are listed in Table 13,

A Break-even analysis undertaken by
Brown et al. (1997a) showed that farmers
inthe Mallee would need to prevent losses
of between 0013 and 019 wnnes per hectane
in cereal crops (B=12% of average yields)
1o cower the costs of mouse control, In the
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Table 12: Effectivenss of management fechnigues for moise contiol in (he Winiers aod Mallee regons of Victonia
(after Brown ot ol 1997a),

« The effiect of bromadiolone m sprmg 1994 in the Wionmera was inconclusive due o insufficiens mice,

Winmers, the figures were between (.19
and 0.23 onnes per hectare for cercals
£10=13% of average yields) and between
0,09 and 0,13 tonnes per hectre for pulses
(8-11% of avernge vields) The total cost
of implementing mouse control options
aver a three year period for the Mallee was
517 per hectare for both cereals and pulses
and for the Winmera was $29 per hectare
and 820 pot hectare espectively for cencals
and pulses.

HBrown et al. (19974 also conducted a
survey of farm management practices which

showed that some of the recommended
practices for mouse contral were already
parrt of the normal farm management,
Slashing or spraying along fencelines, for
example, has o number of benelits apart
Trom mouse contral. Other practices could
easily be incorporated with appropriate
resources while some would only be
implemented during mouse plagues. Tt is
impartant that the adoption of conservation
Firming in all its aspects is not compromised
by mouse management practices. Best
practice Farming will it mouse management
in with conservation farming.
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Table 13: Recommended detions to reduce the impaot of imouse plagues, These actions are spplicalde w the Mallee
and Wirnemera regions of Vicdona, bur the underying principles are valid for enstern Australio Cafver Brown e al
1ITa )

Actions: Winter/spring
= control weeds and Fencolines. channel barks soed sal,
sproying or slashing: == i 2
. wvwddmmuumddﬁds.hﬂ:lnr.hbd&rmhnﬂhqu&g

check fodder ralls for ochivity, if rolls consist of which contained
Muwmﬁuymmm‘ﬁki-md Sl pros ok

= monitor for signs of mouse activity.

Privenioivve actions if high mowse numben are forecast for autumn:
. Hhﬂwuﬂblﬁﬁﬁ-ﬂmdﬁ bonks eic] in lale Seplember and Ocleber.

and use "bail cards™ in differant bait
M h m:dudi&uimhmm use habitats;

* sproy-iop or groze pasture hard to minimise seedset of grosses ond weeds,

Actions: Summer (harvest time)
FRoufine octions:

= el mochinery o horvest os cleanly oy procticoble o minimise grain ko

* monitor how much grain is lest;

* harvest af the best fime o minimise groin los ensure conola is windrowed of the appropricte tima

u-aduu:mmlm;-u w:hﬁwl *

= dean up any concentrated spillage of grain, partieularly around field biny, augers and silos.

wmfﬂpﬁmmmhmhm

. h\HmuﬁhmmmMﬂiﬂb&uﬂdmﬂ

o T Pruct I ol igh vl K bl | et

Actions: Autumn (sowing time]
Routine octions:
* 0w jo aven depth;
* sow os sarly os possible to get plonts esioblithed quickly;
“ kaop poddocks free of groin spilloges; and
*  monitor signs of mouse oclivity [burrows) and use bait cards®.
Proveniative octions il meuse numbers o mockrce:
serw 05 doep o1 ogronomically possible, oppropriote for sach crop;
consider sowing ot o higher rafe;
do net plant dry,
cross harrow, roll or prickle choin after sowing ensuring groin is well covered;
do not direct drill inte heowy stubbls; and
consider i Fhe in the retotion, For ; ahar is o high risk
et o T S b wpan. T oS o bt b
Crisis managemand if mouse numbers are high:
= monitor then conult with rlevant govemment agency 1o see whether bailing i+ warranted.

o it carnds (canola sgquores) provide a more effective index of mouse density whien Tinke aliermusiive high
cpuality fisosd ks availabile to mice. Henee the cards are more effective i antumn than spoing and ssmeme

5ectiom 7,13

-
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8. Strategic
management at the
local and regional
level

Summnrary

The fonr components of the sirategic
apparoach o manaying pests are: defining
the problem, developing g managenent
plan;  implementing  the plan;  aned
monitoring and evaliuating the progress
and owfcomes, For rodends,  strafegic
management ineolves (ntegrating control
aperations inte ovevall land management
[lernning foachieve a particelar rodent
dlensity or rogent fnipact otilcone, faking
fite aecount specific focal knowlodpe and
conelifions.

Diepereeling on the nature of the frrobilem,
fandbaolders bave two opfions. The first
aption is sustained management wbich
ineedves an initien widlesproadd aond intensice
control campaign o veduce Pofunaleationes fo
fearer feendls, folfoued By maintenance confrof
fo preetent popailation recovery. This strategy
is appropriate for managing deantage
cettesedd fry reits 10 archerels or vats ard mice
i storages and batldings, The second
ufaricn, more appropriate for controlling
miice (n crops, i5 ldvgeted management
tbere the contral effort atms o minimise
dermage al a pearticular e, Successfil
implementation of this strategy binges on
mianitoring moese saambers so theat Ddld-
sps atre detected early, then implementing
managenient strategies that precent or delay
a plague so that damage is avelded or
recluced.

Witk monese plagues, the peotdem s that
dletecrion aften comies toe fite o alleciate
eherrmerge sfpndficantly. Crisis management
iy aste resonrces anel bave linle lasting
Benefir since mice can refnvade the treated
sites from swrrounding nnfreated areas,
There are occasions wlbere Crisie marnape-
et may be offective, such as brogdseole
derial in-crop baiting duving  molse
plagues, afthough there are few data
dreitlehile to vvaluate the efficacy of such
appragehes.

Strategic monitoring of the build-nps in
s nuembers will aflow fandbolders o
ferkee arction by modifving a number af farm
mandgemen practices which affect the
ctmmoti el of food and barbour available to
rrvice, anted qulsor fo implernent carly poisoning
where this is desivable. Whenepor possifile,
rerneitoring einved fonplementadion of corntrol
strategies shonld be comducted at a district
fevel so that action can be conrdinated
across peighbouring properties. Manage-
meent plans showded be devised for areas of
laned thal are small enough 1o e
mcenrcipeatle by focal farmor gronfs bt also
farpe enough to minimise the effects of
refneasion foffating control.

Management plans need o include
provisions for monitoring the effectiveness
of the control operations and the overall
strategy. Borh aspects arve an essential
component of g managenienl rogrant
Monitoring of program cfficiency and
ottcomes procides informatian which
allows borh the control strategy and the
resonree frrotection goals o e continneally
Fproved. It s fmportand 1o distinguish
between efficiency and effectivencss, For
example, management can be efficient if
it kills meanry rodents for a small cost, b
ineffective it fails w reduce damage or
fncredse crop Welds. T some cases. comtrol
meny nof be environmenially or econom-
feally fustiffod i the cost of conteod excoeds
Hhaee Denrefits

Economic frametvorks can assist land
sidniagers assess the relative valne of
elifferent rodent control stralegies, Snch
Srameworks reguire: deffuition of the
econtomic froldvo deata on the relative costs
and benefits of different management
strathetes; an ctderstanding of by actions
af fndividual land managers mey nol lead
to effective fevels of rodent conteol; and
assessment of the means by which
LOrCrnmenis ﬂlfmﬁf THter N 10 pLerconts
fdentificd problems. Land wandgers can
tesie spec b ecorremic framnvrks fo defect the
mst appropiriate roedent management
stretteg ) for thetr civcumsiances.
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8.1 Introduction

The challenge for landholders and others
concerned with mdent management s to
develop a strategic nanagement plian for
lessening the damage caused by rodents,
using  information  described  in the
preceding chaplers, combined with local
knowledge and the processes described in
this chapter.

Three primary facts need 1o be
constdered when planning control of
ronlenits;

* rodent breeding success depends on food
availability;

= modents disperse when food runs out; and

o gquantity and quality of lood varies
berween areas and over time.

Because rodents disperse readily, areas
that have been bated can be recolonsed
rapidly from adjacent unbaited arcas, They
also guickly mvade an area when food
becomes available (for example, when a
crop comes to head ), When their habiar is
disrupited (for example, by harvesting), they
tl]'.l}' maove o an Jllji:tL'L‘nl l.,'rl_'l'l'l Con-
segquently the benefit of controlling rodents
by haiting or destruction of harhour may
be shom-lived. Nonetheless the benetit may
be adeguate il the time that the crop is
susceptible s also shor (lor example, at
sowingl It may also be satisFactory if it
restricts damage o tolerble level

I crop damage extends for more than o
short time (for example, in sugarcane and
gratin crops between flowering and harvest)
or i% likely o be unacoeptably high, then
contral must be maintained 1o be cffective
since the population will recover quickly
during the breeding scason. Altermatively,
the contral method must change the
carrving capacity of the environment,
that is, it must reduce food or shelter
sites or increase the level of predation
[Section 7.4.21,

8.2 Strategic approach

The previous chaplers have described
current knowledge concerning pest rodents
in order to develop general principles and
strutegies for best practice management of
rodents. This includes the wse of reliahle
knowledge on the biology and impact of
rodents and lessons learnt from previous
attempis to alleviate rodent damage. This
particulirly applies in the case ol mouse
plagues where crisis management (Section
B.4.20 is invariably employed,

The components of the strtegic approach
deseribed by Bruysher (1993 and set oul
in Figure 1 are:

= defining the problem;
o developing o management plan;
& amplementing the plan; and

= monitoring and evaluation

8.3 Defining the problem

Chapters 3 and 4 set out the initial steps in
defining the problem of any rodent
management progem. in the cose of mouse
plagues, the problem can be sporadic; for
rats in orchards and sugarcane, it tends o
be seasonal. Technigues lor measuring
relent numibers anc impacts are described
in Chapter 7. In most enterprises the impact
of rodents on production is known
although not always costed or gquantificd
(Chaprer 33 There is a paucity of wechniques
and knowledge that allow growers o relate
rodent numbers to levels of damage or
potentinl damage it no action s instigated,
This is an area in rgent need of reseach
(Section 1041,

Generally, the problems associated with
sporadic rodent damage are that controls
are initiated o e o alleviare damage
significantly. For mice, there is a lack of
marsgement practices Being implemented
that alery Bormers 1o the potential for a
mouse plagoe, This could be alleviated by
tncluding rodent monitoring within a formal
process dlready used by some farmers 1o
reecord crop conditon (such as TOPCROP
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or similar programs, Sectlon 7.2.2), This
would maintain and reinforce grower
awdareness of the potential for rodem
infestation on each occasion the crop is
insprected.

These agencies and agribusinesses
facilitating local erop monitoring progrims
would be able o advise landholders on
appropriate rodent monitoring echnigues
and integrate the results of the monitoring
acrtoss  local areas (Chapter 93 By
combining the results of the monitaring
with recent weather events, it may be
possible o predicr the future development
al rodent numbers within localities and
regions. When this information is passed
back o landholders, they will have the
opportunity to modify o number of farm
management practices that will alfect the
amount of food and harbour available w
rodents (Section H.6)

‘Withant reporting systems,
coordination of early detection
and management (s difficull.’

Where there is no eporting sysiem in
plice hetween landholders, coordination
of early detection and introduction of
management strategies 1o restrict the
likelihood of damage 15 more difficult.
Industry publications and local media
outlets are possibly the only means of
achieving awareness of potential re damage
amangst orchardists and sugarcane growers,
Avenues for increasing awareness of
potential rodent problems need improving
(see Chapters 9 and 10)

8.4 Management plan
H.4.1 Objectives

The abjective of pest control 15 o educe
of prevent the damage caused by the pest
in the most cost-effective and safiest way
possible, keeping in mind long-term
sustainability  goals. However, when
formulating a management plan it is
necessiry 1o be more specific and define
the olyective in werms of an outcome that

can be measured, That is, the objective
states what will be achieved and by when.

For protecting agriculiural production
fromm rodent damage, @ reasonable oljective
is b limit the extent of damage 1o an
aeceptable level, prl..:i.]l..:lul'minuci hy the
vilue of the enterprise and the environ-
menial benelits, and the cost of cantrol
(Section 8.7h Usually rodent control
programs attempt o achiove this objective
b stabilising numbers at low levels o by
reducing or delaying upsurges in numbers,
The principal tool available to growers in
reaching this objective is 1o manage their
properties so as to limit food supplies and
harbour available o rodents. thereby
limiting their reproduction and reducing
survival,

Objectives for management plans on a
regional level might include reduced nion-
target incidents or monthly rodenticide
sales, or increased participation in local
group meetings or activites.

8.4.2 Management options

Once an ohjective has been set, the nex
step in developing a management plan is
o select management aptions. In selecting
options it is important 1o match them o
the destred objective and to be realistic in
terms of aviilible resources and technical
Teasibility. Constructing a ‘decision matnx
can be a useful aid for evaluating which
aptions are most appropriate along with a
‘pay-ofl matrix’ for determining their
benefits (Appendis G, Step 7; Nomon 1988),

A range of options are available for
munaging vertehrte pests:

Local eradication

Local eradication is the permuanent removal
of the entire pest population from a defined
arca within a set time (Bomford and O'Brivn
1995}, This is rarely likely 1o be technically
feasible or economically desirable for
rodents, except in the following two
InslanCes:

= on small offshore iskinds™ where rodents

12 Hewhenes have been sucoessiully ensdicated omn islands g to 2000 hiesctanes in New fealand 0% Gireen, Depannsent

of Comservation, New Dealand, pers. comm. 19900,
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hive been threatening the survivil of mre
or endanpered species; and

= in buildings which have been externully
rodent-prooled but where there s still an
interrnal resident population

Eradication should not be attempred
unless it is an antainable goal. Bomford and
O'Brien (19050 list six pssessment criteria
which can be used 1o determine whether
an attemp o eradicare a rodent infestation
is worthwhile for any given situation.

Strategic managenient

Strategic menagement is that undertaken
where local eradication is not an achievalile
option and where it is clear that pest
damage will require continuing manage-
ment. It involves integrating control
aperations into overall kind management
planning to achieve a specific reduction in
damage. There are three major types af
slrategic management: sustained, trgeted
or one-off,

Strategic  sustained  management —
Invoslves an initial widespread and intensive
control campaign 1o reduce populstions o
lovw levels, followed by mainteniance control
1o prevent population recovery, Rodent
damage can be restricted o tolerable levels
il their density is held below a certain
threshold. This s o practical option for
managing some cises of mt damage. For
example, it would apply 1o Keeping areas
around sugarcine lelds clear of vegetation
that provides food and refuge for rats
(Section 7.4.2). Belore this approach is
emburked on, resources must be allocated
to ensure control is maimtained for the
foreseeable future. Managers need o
determine the level of effort ar which the
benefits of control ar least equates with the
costs ol control.

Mrategic rgefed management — Where
the contrel effort is margeted 10 manage
roclent damage at a paricular time, cither
when the crop is most susceptible 1o
damage or when the rodent population is
most susceptible we control. This is the
principal strategy for managing damage

caused by mice during plagues. The key
tes the strategy for controlling mice is 1o
monitor density so that forewarning is
recenved of potential upsurges, and then w
implement a strategic, trgeted response o
avaid or reduce damage at such tmes,

Strentegic ane-off management — Involves
asingle action o achicve the long-term or
permanent reduction of rodent domage 1o
an acceplable level. An example might be
the release of an effective biological control
agent if one wis aivalabile for rodents

Crisis management

Crisis management is when action is taken
when the pest species is already having
LIF].;IT.'I'.'!:I'}'L!IJ‘J{' ERCCRCAITNG t'l'l'l.'l.l'ﬂnrrl.t'nl.;ll
impact. All too often managers underake
rosclent control only when populations are
large enough to be causing obvious
damage. Crisis management is generally
unsuccessful in limiting further dumage
since rodent numbers rapidly increase 1o
pre-control levels due to immigration and
breeding, Considerable resources may be
wasted for little lasting benelit, There may,
however, be occasions where  crisis
management is effective. One example
might be broadacre in-crop rodenticide
Paiting durimg mouse plagues (Muize 1T995),

Commercial management

Commercial harvesting can be 4 manage-
ment option for seme pestspecies, but no
modents have commercial value in Austealia.

Neo management

In some situations no modent control may
be the most environmentally or econon-
ically justifiable aption. For example, land
manugers may  perceive that control
mieasures will cost more thun the resultane
gains in production; in such cases, no
management is the appropriate strategy
This will panticulardy be the case in pastoral
areas where control would not be cost-
effective.

Flexible managemeni
A flexible approach is required when
managing complex nuatural systems, One

-
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such approach is known as adaptive
management o ‘leaming by doing” (Walters
and Holling 19900, 1t is based on the
concept that knowledge of such systems is
always incomplere. Not only is the science
incomplete, the system itself is dynamic
because of natral variability and chunges
in community expectations and perceptions,
management practices and kind use, Hence,
nanagement aptions shoold aim o improve
understanding of the system as well as
meeting  environmental,  social  and
economic goals, Danckwers et al, (1992)
recommend that managers can learn from
their own past successes and mistikes Gand
those of their neighbours) and make
management decisions based on this
expErience.

8.4.3 Choosing a management
option

Having determined the most appropriste
management approach from the alternatives
listed in Section 8.4.2, the next step in
developing o management plan is 0
imtegrate the  chosen  management
technigues into @ management sirategy.
The strategy needs 1o ke aceount of the:

= potential Tor applying strategic control to
have maximum effect on rodent pop-
ulations ata particubr time of the year—
for example, through baiting of reluge
habitats in spring or early summer;

= gvailability of resources o implement
pptions — (or example, where funds are
limited  but  human  resources are
satisfactary, ground  baiting may  be
preferable to serial Baiting: ancd

= pature of the habitar and size and location
of the namgenient unit — for example,
technigue selection may be constrained
by decess 1o management area or res of
bair application,

Farm Livout and location with respect 1o
surrounding habit (for example, location
of roadside reserves and land vse on
adjacent properties) may be important i
assessing the above factors as well as the
potential for mice o recolonise areas

tSection 7.4.2). Variables such as logal
geagraphy, land use, resources, soil rypes,
fencelines and refuge areas will all influence
the decision on whar is o reasonuble
management  unit. Small  hand-drawn
property maps may be uselul for recording
these factors.

‘Multipte approaches and a
combination aof differcnt
technigques may be needed to
achiere opltimal management,’

A management strategy sets oot Lhe
technigues and when and how they will
be wsed. This includes methods for
monitoring rodent populations tw provide
lorewarmning of outhreaks and for reducing
rodemt density and damage. Control
rechniques need o be compared for
efficacy. cost-effectiveness, safety and
acceptability of alternatives. Multiple
approaches and a combination of differem
techniques may be needed o achieve
optimial effectiveness, prevent development
of bait shyness and tmste aversion and take
account of neopholia,

8.4.4 Factors affecting acceptance
of control strategics

When selecting  appropriate contral
technigues, it is not sufficient to consider
only the issue of whether they work and
Tow much they cost. Environmental, social
and legal issues also need w be considered.
Risks 1o non-target species are particulorly
imponamt for rodenticides (Sections 4.3.2,
3.2 and 7410 Animal wellure issues should
alsor be considered in all pest animal
mamigement  plans.  Animal  wellare
agencies consider that it is desirable o
make a balanced evaluation of the benetits
of using a rodenticide against the cost in
terms of suflering inflicted on the target
animals relative 1o alternative control
options (Section 53.3; Oogles 1994,

Norton (1988) describes a series of
guestions that can be asked o discover the
hindrinees to the acceprance of o manage-
ment steategy. His cquestions, and the
answers for the strategy proposed here (or
managing movse populations, are listed in
Table 14.
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Table 14: Decisken amilysis table for consideration of faoio
nnmpng mouse popelatons (questions after Noron 1958)

Chsestions
s the proposed contral meausrs:
= nchnically passibla?

- proctically featible

E:ﬁpm &1 oul ?.-I'J

M.thﬂm.whiﬁnimh be
manoged ore lorge.

s allecting the acceptability of control measures for

hqwlm of
on use pnhdm

~ economically favourahla? uncerfain, o studies ore needed on cosi=benefil analysis;
anpect it will depand value, farm business equity and
mhhlm!ﬂmu;i?mpﬁmm

yos, provided non-larget

mertality and residues from use of

Fs oo b e s o red Boion § 5% o

T4
conservation farming proctices may need 1 be maintained in
nﬁrﬂhmﬂﬂﬂ?ﬁﬂh?&ﬂ

= socially accapiable?

mhgﬁ:

inlo account,

concern about vie of poisans ond onimal
52ond 7.4.1);

difficulty of maneging o problem before it becomes opponent,

= Thar s, the proposed conteel measune will reduce posprala

These questions and answers identily
five problems:

& the current back of a registered chemical
for baiting;

environmentil mpacts on non-sirgel
APeCics;

conservition farming practices in sandy
sl

limited time and resources [or lirge

landholders: and

the difficulty of managing a problem that
is nob apprErent

8.4.5 Performance indicators

Where rodent damage is affecting crop
presluction, effective rodent contral should
Ve ImMprovemenis preaofitahiliny
comnpured w ith areas with no or less rodent
control. Increased crop productivity for

T

Hagprau ol Barnamirce Scicnaoes

theen size sufficiently 1o reduce domage hevels

excample, should be susmined (or comtinue
o improve) where long-term  rodem
marcigement is implemented, However,
allowances need o be made for other
Eactors influencing production before wnd
after rodent control. For example, varation
in sessonal conditions which can cause
natural declines of rodent populations in
the absence of any Imposed controls
Because mouse plagues are sporadic,
performance indicators may need o ke
into account factors such as the extent of
dimage in crops during previous plagues
when no control was implemented or the
levels of damage recorded in surrounding
areas where no control was ill]i)]ulfll,'nh:d.

The final important component of a
management plan is scring one or more
measurable perfformance indicators, For
exdmple, a pedormance indicator might be
that average levels of crop loss in o region
will B less than 5% in o year when o plague

Cirans Hosexrch amd Dy |.'||||||l||'r|| Cempmmition



is forecast. Performance indicators will
demonstrate whether or not the manage-
ment objective is being achieved. If success
5 ol achieved, it may be necessary o
change the management strategy, or ot least
accept that it has ceased 10 be worthwhile
1o continue spending money on the failed
strategy. Where rodent management does
noat lewed to ineressed profitability (entenon
for fatlure), the effectiveness ol control
techniques should be reassessed.

8.4.6 Scale of plans

Plans to manige rodents must be for
defined areas of land and can be at any
scale — mtional, state, regional, district or
furm. Management planning requires
cletermining the right size for a managemoent
unit, Selecrion of an appropriate sized
management unit will often be a reade-off
between several Factors, such as:

# risk of reinvasion if the munagement wil
{5 small;

= ecomomics of scale for management of
Larger units Uor example. derid application
of poisond; and

= achvantages of simall community groups
working together to solve o problem in a
local area (Chapter 93,

Rowlents can disperse over considerable
dlistances (Krebs ot al, 19951 so whaole areas
may need o be wekled wr one time for
elfective rocent contml {Section 881 M34;
Wond 19941 otherwise reinvasion may
occur. Often the area where rodems inflict
damage (such as o crop) may not be the
same as the ared where numbers build wp.
Also rodents may move Trom one area o
andrlier as food supplies or other resources
change (lor example, in a mosaic of crops)
{Section 8,10, These movements of rodents
Between habitt patches need o be taken
into account when contro] strategices are
planned and &t is clear thar nefghbounng
bindholders need o work together as o
group o manage modent problems (Section
Do4d Management units should nod,
however, be so large that groups fail o
function as colwesive units

8.5 Implementation

Implementation of rodent management
stralegivs requires Cooperanve action
Between lundholders, government agencies
and other stakehaolders. This is described
in detail in Chaprer 9.

8.6 Monitoring and
evaluation

Both the damage caused by rodents and
the effectiveness of contml rechnigues 1o
recduce this dimage need e be moniiored
and  evaluated  against  performance
indicators (section 84,50, Although many
landholders and government agencies
recognise that evaluaion of performance
is necessary, in practice implementing
control is usually given a Bar higher poocity
than memitering and evaluation. On a busy
farm, or in the urgency of getting poisons
out when a mouse plague is threatening
and mice are damaging crops, no tme or
resources can he found for an activity that
does not have an immediate benefit. This
i= 2 Lalse economy. Without monitoring and
evaluation a lot of money may be wasied
on ineffective campaigns. 1IF this waste is
not identified, the same ermors will continue
tor be made. Therefore, the monitoring and
evaluation component is an essenfial pan
of best practice 10 ensure that rodent
management becomes more  efficient,
elfective and sale. Monitoring of progrm
efficiency and outcomes provides infor-
mation which enables the continuing
refinement aof both the control strtegy wnd
the desired outcomes,

‘Monitoring and evaluation is
essential to ensure that rodent
management becomes more
efficiemt, effective and safe.’

It i important that the management plan
distinguishes between elficiency (oper-
ational  objectives) and  effectiveness
i performance objectives) as management
can be eflicient but inelfectual, For
example. 78% of mice may be Killed
efficiently for Hile cost by a poisoning
strategy, but this steaiegy could fail w meet
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the resource protection goal of reducing
crop damage if mouse numbers rapidly
build up o pre-conral levels due o
breeding and immigraton. Both operational
monitoring and performance monitoring
are therefore essential,

8.6.1 Opcrational monitoring

Operational monitoring aims 1o assess the
efficiency of o control operation — w
determine what was done, where and at
whar cost. Most states and rerritories have
developed, or are developing, compuler
based  Pest Management  Information
systems (Fordham 19911 which could be
usedl 1w collare this information and provide
landholders with an analysis of the sucoess
of a particular strategy,

8.6.2 Performance monitoring

Performuance monitoring aims (o assess the
effectiveness of the management plan in
meecting  its  objectives. The  primary
objective is the reduction of rodent damage
to an acceptable level. Therefore, the
effectiveness of the rodent control progrim
15 mesured by the level of crop protection.

Performance indicators should therefore:

= comprare the results obtained from differ-
Nl Management actions;

* consider changes in the parameter being
assessed over time, that is, immediately
before and after contral and then annually
or more frequently i reguined;

= use measurement indices and recording
procedhores that ane stanckrdised 1o enable
comparisons over time and berween
diffeerenr habitar ivpes;

& ise methods that are compatible with the
resources and skills avadable w the land
manager; and

= include as many berween-site comparisons
as mesources allow,

8.7 Economic frameworks

Economic frameworks can assist land
managers assess the relative value of

alternative control strategies and select the
most appropriate fodent management
strategy for their circumstances, Lamd
managers who wish w determine the
optlmal ceonomic strategy for managing
redlent problems need to consider a number
of issucs or steps which are outlined in
mare detall in Appendix C. Briefly the steps
are as follows, First of all, the question
What are the desired oulcomes? necds 1o
he asked. In most instunces this will he
increased crop yvield und for such an
outcame it should be relatively straight-
forward 1o make dallar value estimates,

The next step s to listall control aptions
and how much it would cost o implement
them, These control options can be different
techmigues or different levels or frequencies
of application of wchnigues, It is imponan
that the aptions for control are expressed
as activities thut the land manager can select
o do or not to do,

The last step 15 o estnmate the
relationship between rodent density and
damage for each resource damaged by the
pests, In the case of damage where i is
present in most years (such as rats in
sugarcine) it 1s a simple caleulation of
identifyving what level of production will
be achieved by reducing rodent density in
the crop by say 50%. The ealculation will
not be so simple when damage varies
murkedly between vears, as for example
during mouse plagues. By necessity, mouse
plague control will need 1o be pre-emptive
orsteategic, The land manager will therelone
have to tike into accoum the probabilities
of correctly predicting that significant
dommage will oweur. 18 will also be necessary
1o take into account the outcome of control
activities i relation W surrounding arcas,
In somme yedrs the most econonuc option
with the prospect of a widespread mouse
plague might be w plant no crops at ull
Im most cases gocurate information 1o
suppornt the making of these decisions will
be absent and the Lind manager will have
o rely on d series of ‘hest puesses”

-
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8.8 Case studies
8.8.1 Mice in cereal crops

Mice live in a diversity of rural environ-
ments — crops, pastures, road verges,
fencelines, dam and channel edges, sheds
and hay stacks. During dry times mice
survive in pockets af favourable habatat,
then in years when food is plentiful and
breeding is successful, they disperse o
from these pockers into other habivars,

including crops, where if conditions remain
favourable, they will colonise and continoe
oy breed through the summer months
(Section 23, Newsome 1969, Singleton
1989; Mutze 1991), In some agricultural
arcis, they may reach plague densities
within a single breeding season (for
example, in the Mallee regions of Victoria,
Singleton 1989; and of South Australia,
Mutze 19938 in other areas, the dara
suggest thar two [avourable seasons are
recquired (Redbead 1958)

Best practice management of mice in cereal crops

Mice periodically build up to plague
densities and cause millions of dollars

worth of damage in grain-growing areas
of eastern Australia (Section 3,1.1),

M2.1 Objective

The ohjective is to predict when mouse
plagues are likely to occur and to act o
reduce or delay the build-up of mice to
plague densities, orif this fails, 1o reduce
their numbers suffictently in and around
crops o cost-elfectively reduce crop
damage.

M2.2 Management options
The management option selected for

preventing plagues is strategic, sustained
monitoring o detect build-ups and

strategic, targeted control in response 1o
build-ups.

M2.3 Managen . .
When munaging mice, two levels of

strategies need to be employed:

1. regular monitoring 10 recognise mouses

Jbuild-ups  and  put  managemesnt
-strategies in place that restrict numbers
and impact; and

Mamrng Ve ehnale Pesds: Bogkesis

2. specific actions when plagues occur
“despite these preveniative strategics.

M2.3.1 Monitoring mouse numbers
and preventing build-up

Reducing the impact of mice means
limiting the build-up of populations. The
greatest hourdle o be overcome for
successful plague prevention is recognition
that a build-up in mouse numbers is
happening. At present, a farmer’s first
indication of a mouse plague is usually
damage 1o a crop and this is often oo late
1o ke effective preventative action. Yet
sufficient advance warning of a plague
can be obtained from monitoring mouse
nmumbers, particularly if this information
has been entered into 4 crop monitoring
program.

Government level action begins with
plague prediction from monitoring mouse
numbers. Currently, monitoring s
undertaken in the Victorian Mallee region
by CSIRG, Agriculture Victoria s
monitoring sites in the Wimmera and
Mallee under funding from the Grains
Research and Development Corporation.
New South Wales Agriculiure has recently
begun collating information provided by
farmers. The Queensland Department of
Nawral Resources underakes regular
monitoring on an established transect
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B.5.2 Rat damage to sugarcane in
north Queensland

Two species of nutive rodents, the canefield
rat (Rattus sordidus) and the grssland
melomys  (Melomys burtoniy, damage
sugarcane in north Queensland  with
approximately 30 of the cane-growing
arei affecred (Wilson and Whisson 1990).

Sugarcane growers in north Queensland
have traditionally relied on rodenticides to
control rats. Before 1990, the rodenticide
used was thallium sulphate but because of
concern over heavy metal residues in
adjacent waterways, it was withdrawn from
sale, The anticoagulant Drodificoum
Chleratd has been given reglstration 1o take
its place, the recommended application rate
heing the placement of twao blacks at five
metre intervals in every seventh crop row
tequivalent to two kilograms of bait per
hectare), Avrial application is not permined

and ground baiting is condueted in January
and February before the sugarcane canopy
closes,

Research on its efficacy has shown that
application of Klerar s of litde benefit
unless i s used in conjunction with weed
management  in and  around  crops
{Robertson et al. 19950 Other research
suggests that it may be having undesirable
environmental effects; such as a reponed
decline in the abundance of owls in the
area as 4 result of secondary poisoning (A
Brodie, Bureau of Sugar Experiment
Stations, Queensland, pers. comm. 1990).
Sturvation could also conteibute to owl
deaths, as the number of rits availuble as
foud for the owls is reduced following a
baiting program. It is therefore importan
that the management plan incorporares the
use of the rodenticide only when and
where it is necessary.
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The lollowing case study, provided by
the Bureau of Sugar Experiment Stations.,
shows that best practice management of
rodents in sugarcane regquires habitar
management to reduce harbourage and
in-crop weeds combined with occasional
strategic mrgeted control comprising tmely

rodenticide use. Regular monitoring of
rodents, weeds and sugarcane damage
allovws assessment of the effectiveness of
the strategies for reducing weeds and
rodents o achieve the overall objective
of reduced sugarcune damage.

Best practice management of rodents in sugarcane
(Provided by A. Brodie, Bureau of Sugar Experiment Stations, Queensland)

R1. Problem definition

Two native species of rats, the canefield
rat and the grassland melomys, damage
sugarcine by feeding and gnawing on the
stems of sugarcane, allowing entry to
bacterial and fungal infections, which lead
to 4 decline in sugar content. Extensive
gnawing can cause bending or breaking
of the canes (Section 3.3} leading 1o further

direct losses, Up to 50% of the cane stalks:

can be damaged in some blocks. The total
cost of damage in the affected region
varies between $2-9 million each year.

R2. Management Plan
R2.1 Objectives

The abjectives e o

» implement management strategies that
will reduce damage caused by redlents
in sugancane 1o level of less than 5%;

* reduce rodenticide use; and

= increase district awareness of rodent
numbers and weed levels,

R2.2 Management options

The two options available 1o achieve the
objectives are strategic, sustained control
using habitat management 1o reduce
harbourage and in-crop weeds, and
occasional strategic, targeted control using
rodentcides early in the breeding season
il conditions indicare that habitar manage-

meni will not reduce rodent numbers

sufficiently,

R2.3 Management strategy

R.2.3.1 Habitat management

The two broad habitat management
strategies for reducing numbers of rodents
in sugarcane are reducing harbourage in
non-crop areas and excluding weeds in
Crops.

i Bt
Weed control around crops is implem-
ented throughout the year, There are
several methods for controlling weeds:

* keeping grassy headlands mowed,

* clearing weeds from deains and similar
areds;

& mowing or intensively grazing grasskand

areas; and

= revegeiting unused grissland ureas with
closed-canopy forest,

Revegetating grassland areas with {orest
is very effective for weed control,
especially where access for mowing is
difficult. In trial areas where forest irees
have been planted by landholders and
local conservation groups in cooperation
with government agency staff, up to 75%
fewer rodents were caplured one vear
after planting (Robertson et al. 1995).
a closed canopy and the resuftant shading
made the arex totally unsuitable for rats,
Up to 35 different native tree species are
suitable.
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9. Implementing a
management
program

Summary

This chapter addresses the involvement of
landhbolders, community, government and
other stakebolders. It discusses group
dynamics and the social aspects of rodent
management. Group action to develop and
implement rodent management is essential
as it gives a sense of ownership of the
problem and its solution to all people
responsible for, or interested in, rodent
control. Cooperation between landbolders
is needed to achieve successful control
because rodents move between buildings,
crops and properties and rapid reinvasion
occurs if only small areas are freated.

In addition. the successful implemen-
tation of a rodent management strategy
relies on two key factors. The first is the
commitment of property managers lo lake
responsibility for solving rodent problems
on their land. The second is the provision
of technical and financial resources
adequate for the size of the problem.

The role of government agencies is to
advise land managers on appropriate land
managemen! for rodent control. Govern-
ment also bas an important role in
coordinating landbolder monitoring of
mouse populations and facilitating actions
during mouse plagues.

9.1 Identifying stakeholders

Management of rodents needs to be scen
within the wider context of landholders’
goals for long-term sustainability and
profitability of their lands. Although the
primary stakeholder is the landholder, all
stakeholders need to be identified and
involved, particularly at the planning stage,
to implement a management plan
effectively. Effective on-farm management
requires cooperation and assistance from
other individuals and agencies who have
the potential to influence individual

property management practices, As in most
land management issues, problems will
only be solved if those responsible for
implementing the solution ‘own’ the
problem and the solution. Scientists may
be able to assist in recognising management
problems, but it is the local land managers
who must remedy the situation.

The involvement of multiple stakeholders
spreads ownership and thus commitment
to successful outcomes. As well as
landholders and government, animal
welfare groups, conservationists, rural
industry and grower groups, and companies
producing rodenticides and baits, have an
interest in rodent management. They have
different perspectives and through
cooperative action, a common under-
standing of the problem and the complexity
of related issues in each local area is
achieved. One means of involving interest
groups is to include them on a state or
regional steering committee along with
representatives of landowners, grower
groups and government agencies that have
influence on local and regional planning
to help ensure appropriate frameworks are
used. Local communities must also be
involved in all stages to ensure adoption
of rodent management plans.

9.2 Government involvement

Governmenlt agencies are a legitimate
stakeholder in rodent management as
legislators, regulators of chemical sale and
use and as representatives of the wider
community.

At the national level, the Commonwealth
Government is involved in the management
of policy issues arising from rodent
outbreaks. For example, the national
interest could be endangered by an exotic
disease outbreak during a rodent plague
or from rodenticide residues in crops which
would jeopardise export trade income. Strict
regulations are imposed at the national level
to manage these risks, such as registration
of rodenticides through the National
Registration Authority.

Managing Vertebrane Pests: Rodents
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The Commonwealth Government also
has a role in environmental management
and funding of pest management research.
[t represents the national interest on
Stte—Commonwealth intergovernmental
committees. The Vertebrate Pests Committee
(VPC) is one such committee and acts as a
formal coordination body in setting national
priorities for pest animal management.

The role of state governments is broader,
and varies from area to area and at different
times according to the nature of pest rodent
problems. Generally, state government
agencies have a continuing role in
encouraging landowners to adopt good
management practices, achieved by
providing appropriate incentives. education,
training, research and development.

‘Governmenl! has an
important role in facilitating
group action.’

Another key role state governments can
have is to coordinate monitoring of mouse
numbers to predict plagues. This requires
sustained commitment on the part of
government for the longer term, particularly
during non-plague years. State government
agencies need to maintain close comm-
unication with landholder organisations at
all times, not only when monitoring
indicates that a mouse plague is likely. The
results of the monitoring need 1o be passed
on regularly to industry organisations,
commercial  bait  manufacturers  and
distributors, farmer groups and other
relevant government agencies so decisions
about action are undertaken jointly by all
stakeholders.

It is not the role of government to
manage pest rodents (Section 6.2). The
impetus for rodent control needs to come
from the landholders and community.
However, governments have an important
role in facilitating group action. Previous
experience with outbreaks in South
Australia, Victoria, New South Wales and
Queensland indicates that a government
initiated and supported committee is very
effective. The Mouse Task Force for the

1995 plague in Queensland had rep-
resentatives  from State government
departments concerned with agriculture,
pest management and human health as well
as rural industry, conservation and animal
welfare groups. A similar Mouse Plague
Task Force is used in South Australia when
stakeholder input is required in decision
making. In Victoria, government policy
requires the establishment of a Task Force
to manage mouse plagues, The Victorian
policy statement provides for similar interest
groups to be represented and could be used
as a model. This Mouse Plague Committee
or Task Force needs to be formed whenever
monitoring indicates a mouse plague is
highly likely but before it develops to a
stage where crops are seriously damaged.

9.3 The role of extension
services

Implementation of a strategic approach
towards management of rodents involves
several control technologies and processes
(Chapter 7). Extension officers receive on-
the-job training on these methods and their
role is to provide landholders with advice
on appropriate control options and to
encouriage a group approach towards
management. The role of extension officers
will vary depending on the management
option chosen. Different extension
techniques need to be adopted to suit the
situation, the management goals and scale
— national, state, regional, district or farm.

During mouse plagues, local extension
officers are also involved in facilitating
district control programs, providing advice
on safe use of rodenticides and, in some
cases, operator training in rodenticide use.
Local conferences, workshops and meetings
are also held where mouse biology, ecology
and control options are discussed with
other stakeholders. Extension officers from
other states may visit a plague area to
observe the alternative strategies used.
Additionally, technology may be borrowed
or shared. In Queensland, for example, the
Department of Lands (now the Department
of Natural Resources) contracted the South
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Australian Animal and Plant Control
Commission (APCC) to exhibit the bait
mixing equipment devised by the APCC.
The monitoring systems implemented by
each state were also discussed.

Extension officers also act 1o encourage
a group approach towards the management
of the problem. Given the pivotal role of
group action for effective management of
rodents, extension officers need facilitation
skills, vet most extension staff do not
receive formal training in advisory
techniques, contlict resolution, negotiation
and problem definition. Sound technical
knowledge is essential, but has to be
complemented by skills which permit front-
line extension officers to determine both
landholder and wider community views
quickly and negotiate around that
knowledge. Courses that offer training in
these skills are a priority for those officers
involved in coordination and facilitation of
stakeholder groups (Section 10.10).

9.4 Group formation

An increasing emphasis has been placed
on involving a broader range of stake-
holders in environmental management
(Campbell 1992; Carr 1994). Participation
at the community level with groups is one
of the key strategies to achieve sustainability
(Alexander 1993). Group structures can also
be useful in different levels depending on
the particular circumstances. Cooperative
action is recognised as essential in pest
rodent management for many reasons.

At the community scale group schemes
allow better management of rodents that
cross property boundaries by providing for
broadscale, synchronised actions to
minimise reinfestation. Groups with a
shared understanding of the problem can
monitor performance and results, and
integrate the knowledge gained into their
regular property management (Woods et
al. 1993). Joint action by landholders over
several properties can also lead to
economies of scale by reducing costs to
the individual.

At broader scales, group structures are
also helpful in that they:

s encourage strong ownership of the
problem by the group as it develops
cohesiveness;

= promote greater interest and awareness
of the problem and its solutions within
the group and local community;

= result in peer group pressure, thus further
contributing to group ownership; and

s can lead to more strategic long-term
management.

‘Group management of pests
reduces individual costs and
minimises reinfestation.’

In strategic management, opportunities
to involve stakeholder groups occur during
all of the four components — defining the
problem, developing the management plan,
implementing management practices and
monitoring and evaluation (Section 8.2),
People learn better when they are involved
in all of the stages from problem definition
through to evaluation (Kolb 1984). If
government and landholders both need 1o
learn about specific situations, cooperation
is required at all times.

9.4.1 Landholder groups

Rodents may cross property boundaries and
each landholder’s action, or lack of action,
may affect his or her neighbours. Therefore,
management ol rodents requires a
cooperative group approach to effectively:

e gather data about rodent numbers;

e make sound, free and informed decisions
about what actions 1o take;

e implement  those decisions  with
commitment; and

» coordinate actions, including integrating
rodent habitat reduction into property
management.

The structure of such groups may vary
between states and regions but in general,
groups which meer regularly to discuss
general farm management strategies are
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ideal. One example is TOPCROP groups
which meet four times a year (Sections
7.2.2, 8.3 and 8.8.1 M4). Farming
organisations such as Queensland Grain
Growers Association (QGGA), South
Australian  Agricultural Bureaus and
consultant groups may also provide an
appropriate forum.

9.4.2 Broader community groups

The use of broader stakeholder groups is
essential during mouse plagues. Town
communities as well as rural properties can
be seriously affected. In addition, the
control options proposed are often of
concern to conservation and animal welfare
groups. Further, health and trade risks
posed must be addressed by government.

All stakeholders should therefore be
involved. The proposed Mouse Plague
Committee or Task Force (Section 9.2) is
one way of representing the views of a
wide section of the community and
addressing the issues which have the
potential to cause conflict. Other regional
groups may be needed as well, depending
on the scale of the problem. The severity
and extent of mouse outbreaks determines
the level at which action needs to be taken.
At the state level, a Plague Committee
provides a mechanism for state-wide
decision making involving many stake-
holders. At the local level, it is preferable
Lo use existing group structures where
possible but one-off groups may need to
be formed specifically to coordinate local
action during times of outbreaks. For
example, industry groups proved effective
in coordinating local action during the 1995
Queensland mouse outbreak. Local QGGA
members called and organised the group
meetings: government officers assisted with
facilitation and coordination at the
meetings.

Government support for such pest
management groups is likely to increase
the probability of achieving successful
outcomes. The role of government officers
and others should be carefully negotiated

and clearly understood by all parties. The
government agency should encourage and
facilitate group meetings but not impose
this, otherwise local landholders will not
have ownership of the problem or of the
proposed solution. This partnership-based
participative approach, rather than top-
down consultation, is essential for effective
pest management (Kelly 1995).

9.5 Facilitation of effective
groups

The ultimate aim of implementing rodent
management is to change behaviour and
facilitate adoption of sustainable and
profitable land management practices, It is
recognised that new approaches in
extension are needed to encourage
adoprion. especially within the complexities
of overall land management introduced in
the 1990s (Vanclay and Lawrence 1994;
Blacket et al. 1995). For example, the
development of Landcare over the last
decade has done much to improve
knowledge of the social dimensions of land
management and the role of group
dynamics in ensuring successful program
outcomes (Campbell 1992; Alexander 1993;
Carr 1994). Replacing traditional technology
transfer models with new approaches that
ensure all stakeholders improve their
decision-making skills will enable groups
to operate more efficiently and effectively.

Successful formation and facilitation of
groups in times of crisis such as mouse
outbreaks are particularly important. The
tasks are often difficult, requiring skills in
conflict resolution, negotiation, mediation,
leadership, team building, planning and
evaluation. Contlict resolution skills are
especially important and facilitation skills
ol extension officers need to be well
developed. Although such skills are
inherent in some people and can be learnt
by most people, performance is often less
than optimal. An understanding of group
dynamics and strategies is needed to work
etfectively with multiple stakeholders in
groups (Chamala and Mortiss 1990; Pretty
1994). Ultimately, flexibility is paramount.
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10. Deficiencies limiting
effective
management

Summary

A number of deficiencies bhave been
identified during the preparation of these
suidelines. Firstly, better technigues for
estimating rodent numbers are required
Jor landbolders to monitor vodent build-
ups and implement appropriate control
actions to prevent or limit damage.
Landbolders also require simple and reliable
technigues to assess rodent damage so that
they can estimate the economic losses
cased by mouse plagues and rat infestation
of crops.

Reliable measures of economic losses will
allow evaluation of the efficacy of different
control techniques and of appropriate
expendititre on control, research and
development programs. They will also allow
control effort to be targeted to areas where
it is most needed. Rodent damage to the
environment dalso needs to be meastred.

The effects of current and potential
rodenticides need to be evaluated. 1t is
essential that regulatory authorities are
satisfied that rodenticides are safe for non-
target species, including people, domestic
animals, granivorous birds, birds of prey
and other native species, before approval
is given for their use. Regulatory authorities
need also to ensure that rodenticides are
not persistent in terrvestrial and aquatic
systems, nor in agricultural products, and
that there is no likelibood of other
undacceptable effects on the environment.
Because Australia needs to maintain a
‘clean and green’ image for its agricultural
produce, it is important that more research
is conducted on residues. particularly where
poisoning is conducted in crops or near
waterways.

The costs and benefits of different rodent
mandagement strategies need to  be

compared. In particular, managers need
reliable information on the costs and
benefits of (a) perimeter and in-crop baiting

Sor mice and rals and (b) reducing mice

and rats in donor babitats through
controlling food availability and barbour
destricction. An evaluation of the costs and
benefits of different control techniques,
alone and in combination. will allow a
comparison of their cost-effectiveness and
a determination of whether their cost is
economically justified by returns in
increased yield.

10.1 Introduction

A number of deficiencies in our
understanding of the impact of pest rodents
and the effectiveness of different control
options have been identified in the course
of preparing these guidelines, To implement
a satisfactory management strategy, these
deficiencies require addressing with some
urgency.

10.2 Techniques for
monitoring rodent
numbers

Deficiency

Simple and reliable techniques for
estimating rodent numbers are required so
that landholders can monitor rodent build-
ups (Section 7.1).

Developments required

Rodent monitoring techniques need to be
evaluated to assess:

e if they give estimates of changes in rodent
numbers that are sufficiently timely,
reliable and in a form suitable 1o enable
landholders to take appropriate manage-
ment actions to limit or prevent rodent
damage;

e their cost in terms of landholder time and
resources; and

e if landholders are willing to use them and
if not, how they can be modified to make
them practical and useful.
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A standardised process needs to be
developed to include recording rodent
numbers or activity into landholder crop
monitoring programs (Section 7.2.2). A
formal process also needs o be developed
to collate and evaluate data from these
monitoring programs to form an early
wiarning system to advise landholders of
build-ups in rodent populations in local
dreas,

Consequences

Reliable assessment of rodent numbers in
local areas, particularly refuge habitats, will
raise awareness of potential problems and
ensure that appropriate control actions are
implemented soon enough to prevent or
reduce damage.

10.3 Techniques for
assessing damage and
economic losses

Deficiency

Simple and reliable techniques are required
by landholders to assess rodent damage
and economic losses (Section 7.3).

Developments required

Simple techniques need to be developed
and evaluated for landholders to measure
rodent damage and estimate economic
losses.

Landholders need to be able to
determine the relationships between rodent
damage levels (the direct effect rodents
have on commodities) and economic losses
(the value of losses caused to producers).
A complex relationship may exist between
the level of damage caused by rodents and
actual economic losses. For example, crops
damaged by rodents may have compen-
satory growth, or alternatively, a small level
of rodent damage to a crop might lead to
fungus infection, and to yield losses far in
excess of the initial levels of damage.
Landholders need information on these
relationships for different crop types and
different types and levels of damage
(Section 7.3).

Consequences

Landholders and researchers will have
techniques that can be used to give reliable
estimates of economic losses due to rodents
which can be used for developing and
planning improved management strategies.

10.4 Decision support
systems to aid
management

Deficiency

Decision support systems would be useful
to landholders when determining appro-
priate management techniques (Section 8.3).

Development required

A decision support system that combines
monitoring results (Section 10.2) and
damage estimates (Section 10.3) would
assist landholders in determining when 1o
take action and what action to take.

Consequences

Landholders can implement appropriate
strategies at appropriate times, reducing
potential damage and crop losses, and
possibly preventing plague populations.

10.5 Evaluating economic
losses caused by mouse

plagues

Deficiency

More knowledge of the economic losses
caused by mouse plagues to agricultural
production is required. There are few
quantified estimates of losses caused during
mouse plagues to agriculture, and no value
has been placed on the extent and severity
of losses experienced by sheep and cattle
graziers (Section 3.1.4).

Development required
Economic impact of mouse plagues needs
to be determined to evaluate:

* losses to different grain crops:

e depletion of pastures and a resultant loss
in stock condition, especially in ewes
and lambs; and
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¢ losses to vegetable, fruit and nut crops.

Consequences
Reliable measures of economic losses
caused by mouse plagues will allow:

e evaluation of justifiable expenditure on
control and on research and development
programs;

+ control effort to be concentrated in areas
where it is most needed; and

» estimation of efficacy of control methods,
so different management strategies can be
compared.

10.6 Evaluating economic
losses caused by rats

Deficiency

More studies are required on the extent
and severity of losses caused by rats in
orchards (Section 3.2).

Development required

Economic impact of rats requires
evaluation, particularly in macadamia,
citrus, banana and avocado orchards,

Consequences
Reliable measures of economic losses
caused by rats will allow:

* evaluation of justifiable expenditure on
control, and on research and development
programs;

« control effort to be concentrated in areas
where it is most needed; and

» estimation of efficacy of control methods,
so different management strategies can be
compared.

10.7 Evaluating
environmental damage
caused by rodents

Deficiency

The extent and severity of damage caused
by pest rodents to the environment has not
been well documented (Section 4. 1).

Developments required
The extent and severity of the following
potential impacts need to be evaluated:

e competition with other fauna for
resources;

* impact on native vegetation, including
depletion of seed banks:

» increased risk of soil erosion through
removal of ground cover;

 transmission of disease to other fauna;
s impact on abundance of predators; and

e predation on native fauna, including
invertebrates, particularly on islands.

Consequences

Environmental managers will have the
knowledge necessary to make sound
decisions about whether rodent control is
needed, where it should be targeted, and
how much to spend on control, and on
funding for research and development.

10.8 Impacts of rodenticides

Deficiency

Little is known about the potential
environmental impact of poisons used to
control rodents, The large quantities of
poisons used to control rodents and their
potential environmental impact has always
raised concern. Many poison registrations
were current when the Commonwealth
Apgriculture and Veterinary Chemicals Code
Act 1994 was gazetted and were accepted
without testing. Because Australia needs to
maintain a ‘clean and green’ image for its
agricultural produce, it is important that
more research is conducted on residues,
particularly where poisoning is conducted
in-crop or near waterways (Section 4.3.2).

Development required

Current and potential rodenticides need to
be evaluated for humaneness and
environmental impacts such as:

* poisoning of non-target animals, including
people, domestic animals, granivorous
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birds, birds of prey and other native
species;

* abundance of predators after poisoning
prey species;

e hazards posed by residues in the soil and
water run-oft: and

s possible contamination of the harvest.

Consequences

Evaluation of the impact of rodenticides
will enable farmers, regulatory authorities,
community groups and other stakeholders
to properly distinguish between chemical
agents on welfare, environmental and
human health grounds.

Regulatory authorities will be satisfied
that rodenticides are safe for non-target
species, including people, before approval
is given for use. In addition, they will be
able to ensure that rodenticides do not
persist in terrestrial and aquatic systems,
nor in agricultural products, and that there
is no likelihood of other unacceptable
effects on the environment.

10.9 Costs and benefits of
rodent control
techniques and
strategies

Deficiency

Cost—benefit analyses of different rodent
control techniques and management
strategies need to be undertaken (Section
7.4.0).

Developrment required

To plan appropriate management strategies,
pest rodent managers need information on
the cost—benefits of different control
techniques, alone and in combination.
Because rodents come and go, and crops
can have compensatory growth following
rodent damage, designed experiments are
needed 1o get data on the efficacy and
economic benefits of different rodent
control strategies. Large-scale, replicated
experiments which cover a range of
seasonal conditions and rodent densities
are essential, because management

strategies that work in one place, time or
crop may not be equally effective
elsewhere. In particular, managers need
reliable information on the costs and
benefits of the following techniques, alone
and in combination:

* perimeter and in-crop baiting for mice and
rats;

s reducing mice and rats in donor habitats
through control of food availability and
harbour destruction: and

* encouraging raptors in and around crops.

Consequences

An evaluation of the costs and benefits of
different control techniques and strategies
will allow landholders to compare their
cost-effectiveness and determine whether
their cost is economically justified by returns
in increased yields.

10.10 Training of extension
officers

Deficiency

Given the pivotal role of extension services
in providing advice to landholders and
encouraging group action, extension
officers need facilitation skills, Most
extension staff do not receive formal
training in advisory techniques, conflict
resolution, negotiation and problem
definition (Section 9.3).

Development required

Courses are required that offer training in
facilitation and negotiation skills. Sound
technical knowledge is essential, but has
to be complemented by skills which permit
front-line extension officers to determine
both landholder and wider community
views quickly, and facilitate information
exchange between different groups.

Consequences

Training and facilitation will enhance the
role of extension staff in achieving group
action by all stakeholders for effective
regional rodent management.
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10.11 Conclusions

Addressing these deficiencies is essential
for achieving effective management of
rodents and the damage they cause to
agriculture and the environment. Some of
the necessary research is currently under
way but the nature of these problems is
complex and will require considerable
effort on the part of the research
community. Successful rodent control is
likely to need an integrated approach using
multiple techniques to deal effectively with
the conditions that foster outbreaks. Close
communication between researchers and
landholders will be invaluable for obtaining
data  on the benefits of different
management options. For this reason. the
involvement of researchers in the design
and implementation of management
strategies is strongly recommend.
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SUMMARY

In Australia, a number of rodent species are
agricultural pests. Two species, the house
mouse (Mus domesticus) and black rat
( Rattus rattus), were introduced around the
time of European settlement. House mice
occur throughout Australia and, when
conditions are favourable, they build up in
agricultural regions. Their numbers can
increase to a level where they form plagues
and cause significant crop damage. Black
rats (sometimes called plague rats, ship rats
or roof rats) occur throughout temperate and
tropical Australia in environments modified
by people.

Several native species can also be pests.
Two species whose natural habitar is tall
coastal grassland in tropical and subtropical
areas have become serious pests of
sugarcane. These are the canefield rat (R.
sordidus) and the grassland melomys
(Melomys burtoni). Another species, the pale
field-rat (R. rumneyi), causes damage 1o
young trees in hoop pine plantations. In the
Ord River area of north Western Australia,
the long-haired rat (K. viflosissimas) can cause
crop damage when it is at plague densities.

Biology

Rodents typically grow rapidly, reach sexual
maturity early, and are highly fecund. They
are also good dispersers and quickly colonise
new areas when conditions are good.
Mortality rates are usually high and life spans
short.

Breeding is generally triggered by rainfall.
In tropical and subtropical areas, rats typically
breed in late summer and autumn following
the onset of the wet season. Mice mostly
breed in spring and early summer but they
also breed at other times of the year when
conditions are favourable. The young grow
rapidly and reach sexual maturity within two
months, well within the span of a breeding
season. Female mice can produce a litter per
month which means that the doubling time
for a population can be as short as three to
four weeks

All the major pest rodent species in
Australia feed primarily on seeds, the pith
of stems and other plant material. A house
mouse eats 3—4 grams of grain per day and
the larger rats eat 20-30 grams of food per
day.

Economic impact

The greatest economic impact of rodent pests
in Australia is that caused to grain crops
during mouse plagues in eastern Australia.
At such times, mice also damage farm
machinery, electrical equipment, household
goods and personal possessions. However,
the cost of other damage is small by
comparison with losses in crop production.

There has been a mouse plague
somewhere in the Australian grain belt
every four years on average since 1900,
and in the last twenty years, the frequency
of plagues has increased to one every year
or two. Various estimates of losses to grain
arowers have been made during mouse
plagues. The average of the three most
recent estimates is $46 million. [f this
average loss is typical, then since 1900, the
average annual loss to grain growers has
been in the order of $13 million, and more
than double this figure for the last 20 years,
But these are very approximate and
conservitive estimates.

During plagues, mice also cause losses
to other agricultural enterprises. They
invade piggeries and poultry sheds,
consuming and spoiling feed and causing
production losses through physical attacks
on livestock. Orchardists and vegetable
growers also sustain damage from mice
which eat their crops and foul produce with
faeces, urine and carcasses, both in the field
and in storage. Graziers too are affected
through loss of pasture, seed reserves,
stored hay and feed grain.

Mice invade rural townships during
plagues, with rural suppliers and food
retailers being particularly affected through
loss of stock. The highest cost for all
businesses is the time spent controlling
mice and maintaining standards of hygicne.
The social cost is also very high for rural
town and farm people,
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Other rodent species can also have a
significant economic impact. Black rats
cause losses in orchards with the damage
in some vears as high as 30% in older
macadamia  orchards, although 5%
(equivalent to $2 million annually) is
considered to be a ‘normal’ loss. Avocado,
banana and citrus crops can also sustain
damage but the extent and severity have
not been evaluated.

Two species of native rodent damage
sugarcane by eating and gnawing on the
stalks allowing access to sugar-degrading
bacteria, fungi and insects. The loss to the
Queensland sugarcane crop from these rats
is between $2 and $9 million each year with
a further $0.6 million being spent annually
on baiting programs. The rats also cause
damage to equipment such as plastic
irrigation lines.

Environmental impact

The impact of pest rodents on the
environment has not been well documented.
Mouse plagues increase the risk of wind
erosion of soils by reducing the amount of
ground cover in pastures and crops. Other
potential impacts include competition with
native fauna for resources and depletion of
native seed banks. The switch in diet of
predators after mouse plagues may place
pressure on native prey species, especially
as predator density tends to increase during
plagues.

One known, but poorly quantified,
environmental impact is that of rodenticides
on non-target species. Rodenticides are
generally non-specific poisons and, if not
used appropriately, can kill other species,
including people, livestock and native
animals. Although large quantities of
rodenticides are used annually, there are
few reports of non-target losses. To
minimise the risk of such losses, pest
rodents are targeted through the use of
special baiting techniques and careful
selection of bait substrate. Detecting the
extent of non-target poisoning is difficult
and this is why losses are rarely quantified.

Of greater environmental concern is the
uncontrolled off-label use of chemicals
when cost-effective registered products are
not available, as has occurred during mouse
plagues.

Inappropriate use of either registered or
off-label rodenticides may also lead to
unwelcome chemical residues in soil and
in plant and animal products.

Social impact and attitudes

Cleanliness and hygiene are essential during
rodent outbreaks since rats and mice are
capable of transmitting many pathogens to
humans and livestock. Rodents are reservoirs
for a large number of infectious organisms.
In Australia, the most significant rat-borne
diseases that can affect people are
leptospirosis, salmonellosis and toxoplas-
mosis. The last two are also spread by house
mice. Potentially more dangerous (or farmers
are diseases such as swine encephalo-
myocarditis that can be carried to livestock.
This increased risk of disease is an additional
concern for intensive livestock producers
during plagues.

Individual perceptions of rats and mice
determine to a large extent how people
cope with plagues. Mosl people perceive
them as unattractive and during mouse
plagues they find sharing their homes with
mice for an extended period of time highly
stressful. For many Farmers and towns-
people, the stress is exacerbated by the
additional worry of financial loss. There is
also the worry of accidental poisoning from
the widespread use of poisons. People will
use poisons in ways that they would not
normally countenance, such as on kitchen
benches, in their attempt to achieve control.
In rural communities these social stresses
are often more debilitating than the actual
damage incurred.

Past management and current
policy

Some rodents are declared pests under
legislation in Western Australia, Victoria and
the Northern Territory and landholders may
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be required to undertake control measures.
In other states and territories there is no legal
requirement for rodents to be controlled.
While introduced species can be controlled
at a landholder's discretion, native species
are protected wildlife and cannot be
controlled without permission from wildlife
authorities, The use of chemical poisons is
constrained by regulations in all states and
territories. A number of rodenticides are
registered for use in and around buildings,
animal sheds and storage facilities, but none
are registered for in-crop use except for the
anticoagulant brodifacoum in sugarcane.
Special permits need to be obtained from
state  governments  before  specific
rodenticides can be applied in or around
crops and orchards.

Poisoning has always been, and still is,
the usual management practice for dealing
with plagues at the farm level. Strychnine
used to be the most widely used chemical
for controlling mice but its use has been
progressively restricted since the 1980s and
itis currently unavailable. Other rodenticides
are now being evaluated for in-crop use
against mice. Until recently, thallium sulphate
was available for controlling rats in sugarcane
but was withdrawn from sale because of
concern over heavy metal residues in
adjacent waterways. Brodifacoum has been
registered to take its place. In hoop pine
plantations, pale field-rats are controlled with
sodium fluoroacetate (1080). Rats in
macadamia plantations are controlled with
commercially  prepared anticoagulant
rodenticides distributed in bait stations.

Techniques to measure and control
rodent impact and abundance

Techniques for assessing rodent densities
include: trapping success; the proportion of
oil-soaked cards eaten in fields overnight;
counts of active burrows or nest sites; extent
of crop damage: and numbers of rodents
seen on roads or around buildings. Although
these techniques give only rough
approximations of densities, they are usually
adequate to allow farmers to determine when
numbers are increasing and control needs

to be implemented. Whatever method
farmers select for monitoring rodent
numbers, it is important that results be
recorded in a standardised format across
local regions so that patterns and trends can
be recognised.

Rodent densities need to be correlated
with damage. Data on the relationship
between numbers and damage are sparse.,
but measures of damage are essential for
estimating the efficacy of control measures
and whether or not their cost is
economically justified by returns in
increased yields. Assessment of damage is
often subjective. Good experimental design
and techniques are essential if valid
conclusions are to be drawn from the data.

Rodenticides are still the mainstay of all
practical rodent control in both urban and
agricultural environments. The majority of
rodenticides are administered as poisoned
baits. In and around buildings and storages,
bait should be laid in bait stations for two
reasons: to reduce the risk to non-target
species; and to monitor consumption of
bait. Similarly, bait stations are a preferable
means of bait delivery in orchards and for
perimeter baiting around crops, although
in the latter situation this is not feasible
where large areas are to be protected.

Other methods of control are directed
towards reducing the amount of cover and
food available to rodents, particularly in
donor habitats from which the animals
disperse into crops and pastures. Reducing
cover is likely to increase the rate of
mortality from predation and extremes of
weather. Strategies for reducing rodents in
such donor habitats include grazing stubbles
after harvest to reduce shelter and remove
spilt grain; and spraying or slashing of grass
and weeds along fencelines, roads and
channel banks, and around sheds and
storages to reduce the seed set and remove
harbour. Similarly, pastures can be grazed
lightly and frequently throughout spring
and summer to reduce the amount of seed
set  and cover. Other management
techniques recommended for controlling
mice in cereal crops include: not sowing
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grain until soil is moist enough to allow
immediate germination; slashing or burning
stubble where there is no risk of erosion;
planting seed at a higher rate to compensate
for possible losses to mice; and planting
deeper and cross harrowing after sowing
so that it is harder for mice to find the seed.

Controlling rodents around buildings and
storages by rodent-proofing can be
expensive and technically difficult unless it
is incorporated at the design and
construction phase. To be rodent-proof,
structures must have no apertures wider
than the width of the head of the pest at
weaning age, which is as small as six
millimetres for house mice. As rodents tend
to gnaw, structures must be built of
concrete, brick or metal. Doors must fit well
and be kept closed. Other control
techniques for storages include trapping
and, in small areas that can be sealed, the
use of poisonous gases (fumigants), such
as phosphine.

Biological control techniques for mice
are still at an early stage of development.
Research is currently under way into
techniques  for  delivering  immuno-
contraceptives Lo rodents using genetically
modified viruses, Although the outcome of
the research is still uncertain, if successful,
it may one day be possible to permanently
sterilise a high proportion of a rodent
population at a sufficientlv low cost to make
fertility control a practical management
option.

Strategic management at the local
and regional level

The strategic approach to managing pests
has four components: defining the problem;
developing a4 management plan; implem-
enting the plan; and monitoring and
evaluating progress and outcomes. Strategic
management involves integrating rodent
control  operations  into  overall land
management planning that incorporates
specific local knowledge. For rodents, two
factors are critical: coordinated monitoring
by landholders to ensure early detection of

a build-up in rodent numbers; and
implementation of management strategies
by landholders to reduce numbers in order
to minimise the likelihood of damage. A
problem with rodent control, particularly for
mice, is that it often comes too late to
alleviate damage significantly. Awareness of
a build-up in rodent numbers within localities
and regions will give landholders the
opportunity to modify a number of farm
management practices which affect the
amount of food and harbour available to
rodents, and also to implement early
poisoning where this is desirable.

Strategic management requires reliable
information on the efficacy. cost-
effectiveness and acceptability of different
control measures so that alternatives and
combinations can be evaluated. It is likely
that successful rodent control will require
an integrated approach using multiple
techniques to deal effectively with the
conditions that lead to a build-up in
numbers.

Operational monitoring (efficiency of the
strategy) and performance monitoring
(effectiveness of the strategy) are both
essential aspects of implementing a
management program. It is important fo
distinguish  between  efficiency  and
effectiveness — management can be
efficient if it kills many rodents for a small
cost, but ineffective if it fails to reduce
damage. Effective rodent control should
give increased crop productivity compared
to areas with no or less rodent control.

Economic frameworks can assist lund
managers assess the relative value of
alternative  control  strategies.  Such
frameworks require: definition of the
economic problem; data on the relative
costs and benefits of different rodent
management strategies; an understanding
of why actions of individual land managers
may not lead to effective levels of rodent
control; and assessment of the means by
which governments might intervene to
overcome identified problems. Land
managers can  use such economic
frameworks to select the most appropriate
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rodent management strategy for their
circumstances.

Implementing a management
program

Landholders need to cooperate as a group
to achieve successful rodent management
over large areas. Group action to develop
and implement rodent management is
essential for two reasons. Firstly, it gives a
sense of ownership of the problem to all
people responsible for, or interested in,
rodent control, whether they be private or
government. Secondly, the management
program needs to cover large areas to be
effective because some rodents move
between crops and properties and may
rapidly reinvade small treated areas.

Modern farming practice involves
monitoring and record keeping and
therefore rodent management can be
incorporated into routine farm manage-
ment. The key to the strategy for managing
rodents is for landholders to maintain an
awareness of their numbers at all times.
For mice, the preferred approach for
achieving this is to incorporate a system of
assessing mouse activity or abundance into
an existing crop monitoring program such
as TOPCROP. Awareness may also be
encouraged and monitored by landholders
within local Landcare groups, consultancy
groups or other farmer groups managed by
agribusiness as well as rural industry groups
such as branches of grain growers
organisations. Early detection of mouse
build-ups will increase the options for
landholders to reduce harbour and to

modify land management techniques to
restrict the build-up in mouse numbers.

Apart from the benefits of keeping
landholders aware of mouse numbers, the
inclusion of mouse monitoring in a general
pest monitoring program is that information
on population changes can be more readily
passed on to government agencies through
regional officers. Then, if temporary
availability of rodenticides is necessary, the
government can ensure landholders have
access 1o safe and effective rodenticides
before mice reach plague numbers and
landholders resort to off-label use of
chemicals. Spreading an early warning
among the landholders in 2 community will
also be an important function of the
regional officers of the state governments.

Deficiencies limiting effective
management

During the preparation of these guidelines,
a number of information deficiencies were
identified. In particular there is a need for
reliable techniques that enable landholders
to estimate rodent numbers and evaluate the
economic losses associated with rodent
damage. Decision support systems, that
describe options for when rodent numbers
and activity reach threshold levels and the
prohable outcomes of implementing those
options, would assist landholders in making
management decisions. Research is needed
into the efficacy and cost—benefits of control
methods. The lack of available data on
environmental impact of rodents and
rodenticides also needs 1o be addressed.
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APPENDIX A

Rodenticides used for rodent
control in Australia

The following is a brief description of
rodenticides that are, have been or have
the potential to be used to control
agricultural pest rodents in Australia. Each
entry begins with the common name,
followed by the chemical name (where
different) and the Chemical Abstracts
Service (CAS) registry number in square
brackets. As different names are used
around the world, the latter identifier is
useful for searching for information in
literature and on computer databases.
Treatments described are for guidance only
and reference should be made to the
Material Safety Data Sheet (MSDS) or
Poisons Information Centre for appropriate
treatment procedures,

Available rodenticides
Acute poisons

Acute rodenticides are generally cheap and
highly toxic. These poisons start acting and
often kill within 24 hours of the ingestion
or absorption of a lethal dose. Usually, the
larger the dose, the more rapid the effect.

Many rodent species, especially rats,
avoid new foods, and may only take very
small quantities of a poison bait in initial
feeding bouts (Barnett 1988; Macdonald
and Fenn 1994). This neophobic behaviour
can reduce the efficacy of acute
rodenticides, particularly as the rodent may
eat enough to get unpleasant symptoms
without dying. On future contact, it is likely
to avoid the bait. For this reason, pre-baiting
is often conducted over several days with
unpoisoned bait to increase the likelihood
that a lethal dose is consumed when the
poisoned bait is introduced.

Because acute poisons can kill rapidly,
they are popular if there is a heavy rodent
infestation in a valuable crop or stored
commodity. To gain the advantage of rapid

action, however, pre-baiting must be
foregone. Consequently survivors may be
bait shy and it is desirable to change the
bait type and use an anticoagulant
rodenticide for follow-up poisoning (Buckle
1994a), Using anticoagulants from the outset
may give better results but may be more
expensive, so operators will need to make
a judgement as to whether cost or high kill
rates are a priority.

Pre-baiting in and around agricultural
crops is rarely economically feasible and
direct baiting is the normal practice. There
is limited information on the efficacy of
direct baiting. An alternative to pre-baiting
is to add poison to a food in the area that
is naturally eaten by rodents.

None of the acute poisons listed are
registered for use as a rodenticide at the
present time other than strychnine, and
because of the grains industry’s concern
about implications for export markets, state
authorities will not approve strychnine use.
Following safe and effective use of zinc
phosphide during mouse plague control
programs in Queensland, Victoria, South
Australia and Western Australia during 1997
under permit from the National Registration
Authority, applications for its registration
as an in-crop rodenticide are in preparation.

Alpbachloralose

Alphachloralose, (or a-chloralose) (R)-1,2-
0-(2,2 2-trichloroethylidene)-a-D-
glucofuranose, [1587993-3], is a fast acting
narcotic. It acts by slowing down essential
metabolic processes including heart rate,
respiration and brain activity, inducing
hypothermia and eventual death. Irs
effectiveness is very dependent on ambient
temperatures with best results being
recorded at temperatures less than 15°C.
As a narcotic, alphachloralose initially
sedates the animal. Because of this it is
believed to be one of the most humane
rodenticides, despite being largely
ineffective on rats, and mice having the
ability to develop tolerance (Meechan 1984,
1985). Naloxone is antidotal and is
administered by injection under medical
supervision,
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Cholecalciferol

Cholecalciferol, 9,10-secocholesta-5,7,10
(19)-trien-3-B-o1, [67-97-0], is one of the D
group of vitamins (vitamin D,). It acts by
increasing (a) the adsorption and retention
of calcium and phosphorus, and (b) the
mobilisation of calcium from bone. This
leads to high levels of circulating calcium
and phosphorus causing circulatory system
collapse  and death.
Cholecalciferol poisoning can be treated

subsequent

by: decreasing the absorption of
cholecalciferol from the intestinal tract;
prevention of skin conversion of vitamin
D; decreasing intestinal absorption of
calcium and phosphorus with a low calcium
diet and phosphate binders; correcting the
resulting fluid and electrolyte imbalances;
reducing hypercalcaemia; and controlling
life threatening complications such as
seizures and cardiac arrhythmias (Carothers
and Chew 1991).

Sodium fluoroacetate (1080)
Sodium fluoroacetate, 2-fluoroacetic acid,
sodium salt, [62-74-8], or 1080, is highly
toxic to rodents, especially rats, which are
more sensitive to it than mice. It is also
used in feral animal control campaigns
against rabbits, wild dogs, foxes and feral
pigs in Australia. Fluoroacetate acts by
blocking an important biochemical energy
generating mechanism, the citric acid cycle,
leading to convulsions and either
respiratory or cardiac failure (Buckle 1994a).
The use of 1080 is carefully regulated
because of its high toxicity and lack of
antidote, as well as the risk of accidental
poisoning of non-target animals. Treatment
consists of inducing vomiting, and gastric
adsorption with activated charcoal or
sorbitol whilst the patient is still conscious.
Early treatment, commenced as soon as
possible after ingestion, offers the best
prognosis for recovery (B. Parker, author,
personal observation). Symptoms must be
controlled and essential life processes
maintained until the poison is excreted,

Strychnine

Strychnine, strychnidin-10-one, [57,24,91. is
a fast-acting rodenticide. It acts by attacking
the central nervous system leading rapidly
to paralysis and death, generally due to
respiratory failure. Sub-lethal doses are
quickly metabolised by the liver, leading
to temporary increased tolerance of the
poison. There is no antidote to this poison
and treatment consists of inducing vomiting;
gastric adsorption with activated charcoal
or sorbitol whilst the patient is still
conscious; and maintaining essential life
processes.

Thallium sulpbate

Thallium sulphate, |7446-18-6], is a relatively
slow-acting acute poison. It acts by
attacking the central nervous system leading
to convulsions, paralysis and death.
Treatment is by administration of a chelating
agent such as dimercaprol.

Zinc phosphide

Zine phosphide, [1314-84-71, is a moderately
fast acting poison with death commonly
occurring within an hour of ingestion. It
acts by releasing highly toxic phosphine
gas in the acidic conditions of the stomach.
The gas is readily adsorbed from the gastro-
intestinal tract leading to central nervous
system depression and subsequent death,
usually from heart failure. The poison is
used extensively in Europe, Asia and the
United States for the control of rodents and
has been under trial in Australia. Phosphine
generated from aluminium phosphide is
already used in Australia for grain
fumigation, and there are established
maximum residue limits (MRLs) for a variety
of crop types. Phosphine poisoning is
treated symptomatically.

Anticoagulants

Anticoagulant poisons were introduced in
the early 1950s. These poisons block the
recycling of the active form of vitamin K
that is essential for blood clotting. Following
ingestion of an effective dose, sufficient
clotting factors remain in the blood 1o
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maintain clotting for 4-10 days (Buckle
1994a). The delay prevents rodents
associating the symptoms with the bait and
therefore no bait shyness develops.
Administration of large doses of vitamin K
acts as an antidote for all the anticoagulant
poisons,

Resistance to the early anticoagulants,
such as warfarin, soon appeared (Saunders
1978). A second generation of anti-
coagulants, such as brodifacoum and
bromadiolone, were developed with a
different mode of action and are a better
option if they are available. Resistance to
these anticoagulants has developed in some
parts of the world (Buckle 1994a), but as
yet has not been recorded in Australia.

Brodifacoum

Brodifacoum, 3-[3-(4'-bromobiphenyl-4-y1)-
1,2,3 4-tetrahydro-1-naphthyl]-4-hydroxy-
coumarin, [56073-10-0], is a second
generation anticoagulant rodenticide. Tt acts
in the same way as warfarin, by interrupting
the vitamin K cycle leading to a fatal
haemorrhage. Again, it is a chronic poison
with a period of several days between
intake and death, but in contrast to earlier
first generation anticoagulants, the target
animal has only to consume a single dose,
Rodents, however, continue to feed for
several days before their appetite fails,
which increases the cost of control. The
oral toxicity for brodifacoum is higher than
that for bromadiolone and the lethal dose
is correspondingly lower (Table Al).
Poisoning can be treated by administration
of vitamin K or, in severe cases, by blood
transfusion. However, the treatment can be
hampered by the long biological half-life
of this rodenticide,

Bromadiolone

Bromadiolone, 3-[3-(4'-bromobiphenyl-4-
yD-3-hydroxy-1-phenylpropyll-4-hydroxy-
coumarin, [28772-56-7], is also a second
generation anticoagulant acting in the same
way as brodifacoum. Poisoning can be
treated similarly by administration of
vitamin K or by blood transfusion although
as with brodifacoum, the treatment can be
hampered by the long biological half-life
of the compound.

Coumatetralyl

Coumatetralyl, 4-hydroxy-3-(1,2,3,4-tetra-
hydro-1-napthyl) coumarin, [5836-29-3], is
a first generation anticoagulant. It similarly
acts by interrupting the vitamin K cycle and
clotting factor synthesis. It is more effective
with sequential baiting over several days
rather than ingestion of a single large dose.
Poisoning can be treated by administration
of vitamin K or, in severe cases, by blood
transfusion.

Flocoumafen

Flocoumaten, 4-hydroxy-3-[1,2,3,4-tetra-
hydro-3-[4-(4-trifluoromethylbenzyl-
oxy)phenyll-1-napthyl] coumarin [90035-
08-8], is a second generation anticoagulant,
acting in a similar way to those described
above. It is less active in non-target birds
but is toxic to dogs. Poisoning can be
treated by administration of vitamin K or,
in severe cases, by blood transfusion.
Flocoumafen is effective against rodents
resistant to other anticoagulants.

Warfarin

Warfarin, 3-(a-acetonylbenzyD-4-hydroxy-
coumarin, [81-81-2], is one of the original
first generation anticoagulants. It acts as
described above by interrupting the vitamin
K cycle, leading to a loss of blood clotting
ability and eventually a fatal haemorrhage.
Warfarin is more effective with sequential
baiting over several days than with
ingestion of a single large dose. It is a
chronic poison with a period of several
days between intake and death. Poisoning
can be treated by administration of vitamin
K or, in severe cases, by blood transfusion.

Toxicity to rodents

Table Al gives toxicity data of these
rodenticides for the European house mouse
(Mus musculus) and the brown rat (Ratius
norvegicus). Values could differ for sub-
species of Mus, including M. domesticis,
and also for Australian native species.
Furthermore, because resistance can
develop where local animals have been
continually exposed to a particular
rodenticide, toxicity may vary between
populations of the same species.
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Table Al: Toxicities of rodenticides to two rodent species. Values are presented as acute oral LDy, in milligrams

per kilogram. A range of values reflects citations from a number of sources (Hone and Mulligan 1982; Mechan

1984; Jing-Hui and Marsh 1988; Buckle 1994a),

Rodenticide Mus musculus Raftus norvegicus
Alphachloralose 190-300 200-400
Bromadiclane 0.99-1.8 0.65-1.8
Brodifacoum 0.22-0.27
Cholecalciferol 43.6
Coumatetralyl 5.4-108" 16.5
Flocoumafen 0.79-2.4 0.25-0.56
Sodium fluoroacetate 63-16.5 0.2-5
Sirychnine 56
Thallium sulphate 16-27 16-25
Warfarin ' 186
Zinc phosphide 32.3-53.3 27

*Racumin technical and scientific information, Bayer AG.

Toxicity is presented as the oral LD,
which is the amount required to kill 50%
of a large test population. This provides a
consistent comparison across the different
poison types. This index, however, does
have limitations. One such limitation arises
with the anticoagulant rodenticides such
as warfarin and coumatetralyl. These are
more effective with sequential baiting over

several days using very low amounts of

poison, rather than ingestion of a single
large dose. In this case, an LD, presented
as dose by number of times administered,
may be a better way to present toxicity data
for these rodenticides.

Australian rodents have a wide variation
in their sensitivity to sodium fluoroacetate
(King 1994). MclIlroy (1982) gives LD,
values for sodium fluoroacetate for black
rats (K. rattus).

Agricultural applications

Information on the agricultural applications
of these rodenticides is given in Table A2
Reference should be made to relevant state
authorities for specific applications
permitted at the time of use.

Baiting with acute rodenticides may be

appropriate for reducing rodent numbers
at plague densities (Mutze 1995) but can
be ineffective because large areas need to
be treated to achieve a significant reduction.
Baiting with anticoagulant rodenticides is
too expensive for widespread use at this
time and there have been some non-target
and residue problems with broadacre use.
Nevertheless, anticoagulants may be cost-
effective for dealing with low population
densities. By monitoring rodent numbers
at strategic sites around a farm, a build-up
can be identified early and action taken
promptly. Strategic baiting can contribute
to population control, particularly around
storages, and at this stage the use of the
highly efficacious anticoagulant rodenticides
is recommended.

The rapid population turnover of rodents
means that resistance to 4 given rodenticide
can develop if it is used repeatedly for a
long period of time at one location.
Consequently, the type of rodenticide used
should be changed at regular intervals.

Rodenticides are hazardous chemicals
and proper care must be taken when they
are used in and around buildings,
particularly domestic areas. Commercially
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available tamper-proof bait stations can be back traps. Often when mice are present

used but the smell of decaying rodents in a house there are fewer than 50, despite
makes use of poisons around the house impressions to the contrary, This number
less desirable. Where there are small can be dealt with easily, safely and cheaply
children or pets, it is safer to use break- by persistent trapping.

Table A2: Australian applications for the range of rodenticides presented in this appendix. Reference should be
made 1o relevant state authorities for specific applications permitted at the time of use

Rodenticide  Application Bait
concentration
(a/kg)

Alphachloralose  Alphachloralose is only used experimentally for rodent control at the fime of  approximately
Brodifacoum IC] Australia markets Tolon™ All Weather Rodenticide Wax Blocks and Talon-G™ 0.05
Mﬂmhhm&ﬁmhwmm,m
used under temporary approval for perimeter baiti cereal in New
%ﬁwmﬂmmmahmin&w%
Wales for the control of rats in macadamia plantations. For this application the

pellets are presented in covered bait stations.
ICl Kleraf™ Rodenticide is used for rat control in Queensland sugarcane crops. 0.065
Bromadiolone Rentokil markets a range of products containing bromadiolone under the 0.05

Bromakil™ trade name which can be used for control in and around commercial,
domestic, industrial and public services buildings. Bromakil™ products are also
used in New South Wales for the control of rats in macadamia plantations with the
bait presented in covered bait stations. In addifion Temporary Approvals have been
granted in New South Wales, Queensland and Victoria for the use of
bromadiolone-containing products (either name brand or government authority
prepared) for perimeter baiting of cereal crops.

Cholecalciferol  Quintox Defender™ Rat and Mouse Baits are registered for use in and around 0.75
commercial, domestic, industrial and public services buildings. However, this

product has been withdrawn from sale.

Coumatetralyl Bayer Racumin™ can be used for rodent control in and around commercial, 0.37
domestic, industrial and public services buildings.

Flocoumalen The main formulation available, under the trode name Storm™, is a wax briquette 0.05
that can be used around buildings and sheds in urban, industrial and agricultural
situations.

Sodium Sodium Auoroacetate has been used in Queensland by government authorities for 15
fluoroacetate specific rodent contral problems, particularly rats. It is not registered for use with the
(1080) Nafional Registration Authority.
Strychnine Under emergency provisions, strychnine has been used in New South Wales, 27
Queensland, Victoria and South Australia by government authorities for the control
of mouse plagues in cereal crops. It is registered for use around farm buildings and

sheds in South Australia,
Thallium Thallium sulphate was used in Queensland for the control of ras in sugarcane but ol
sulphate has been withdrawn from sale.
Warfarin Hortico Ratsak™ can be used for rodent control in and around commercial, 0.5
domestic, industrial and public services buildings.
Zinc phosphide  Zinc phosphide has been used experimentally in grain bait form for mouse cantrol 25

in grain crops at a rate of 1 kilogram per hectare (2.5% zinc phosphide). At the
time of writing commercial interests are preparing applications for registration with
the National Registration Authority following safe and effective use in Queensland,
Victoria, South Australia and Western Ausiralia in 1997,

2 . . \
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APPENDIX B

Control of rats and mice in
and around farm buildings
and food storages

[nformation on the control of rats and mice
in and around farm buildings is provided
in advice sheets issued by the various state
departments. These are summarised below,

Problems with mice in small storage
facilities and farm buildings can be reduced
by the following procedure:

« remove all rubbish (especially weeds and
harbour) from areas around storage
facilities and buildings (if possible, it is
recommended that a 200 metre wide
buffer zone is created and where practical,
the zone is ploughed or heavily grazed);

s store seed and other susceptible goods
on platforms raised at least 50 centimetres
from the ground (see below),

= store building materials upright:

e check regularly for signs of mouse activity

and if detected, try to locate and destroy
harbour;

= in appropriate locations, set traps or lay
out bait in bait stations (see below);

e keep the minimum of stored grain and
fodder;

 feed farm animals such as poultry, caged
birds, dogs and cats limited amounts of
food or remove uneaten food after 30
minutes;

e clean up any grain spilt after filling silos,
bins and other storage vessels; and

= construct temporary storage facilities away
from channel banks, road verges, existing
buildings or the edges of crops.

Mouse-proofing storages

To exclude mice, storage facilities need to
be raised off the ground with galvanised
caps between the stumps and floor bearers.
Further details are given in Section 7.4.2
and Saunders and Robards (1984). Another
method is to erect an enclosing mouse-
proof fence. The recommended construc-
tion is illustrated in Figure B1.

flat galvanised sheet

15¢cm (6in.)

Figure B1: A mouse-proof fence tatter Saunders and Robards 19841,
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Bait stations

Baits should be placed in areas of high
rodent activity. For safety reasons it is
preferable to use bait stations which prevent
access 1o bait by small children and non-
target animals such as dogs and birds. Bait
stations  also  provide shelter which
encourages rodents to feed and, very
importantly, keep the bait in one location
50 that the rate of take can be monitored
effectively.

Bait stations can be small containers with
lids and a hole cut in one side, or PVC pipe
(less than 10 centimetres diameter and
3040 centimetres long), or simply a tray
under a piece of board laid against the wall
at an angle.

The following points should be
considered when setting up bait stations
around farm sheds and buildings:

e follow bait manufacturer's directions
displayed on the label of the product;

* place bait stations along the edges of walls,
near small openings or where signs of
rodents can be seen, and align them so
that rats or mice can enter them easily;

« if the problem species is black rats (Rattus
raftus), put bait stations out 4-10 days
before putting in the poison bait because
black rats are notoriously suspicious of
new objects (neophobic). Free-feeding
with non-poisoned bait (for example,
wheat grains) during this time will also
increase the likelihood of the poisoned
bait being taken when it is introduced:;

il targeting rats, a spacing of ten metres

between bait stations reaches most
animals; if targeting mice, place them three
metres apart;

* when distributing bait, allow 20-50 grams
per station for mice and 200300 grams
for rats;

» check baits daily. If using a first generation
(multiple-dose)  anticoagulant  (for
example, warfarin), top up bait every day:;
if using a second generation (single-dose)
rodenticide, replace bait every four to five
days;

¢ pulse baiting can be used if using a second
generation rodenticide to reduce the
amount of bait taken prior to rodents
losing their appetite. Pulse baiting involves
leaving the bait out for 2-3 days, removing
it for 45 days and then putting it out again
for 2-3 days and so on, until bait take
drops off completely. This saves on bait
and reduces the toxic load of anticoagulant
in rodents that might be eaten by non-
rarget species;

s after two to three weeks, the amount of
bait taken should be negligible and all
signs of rodent activity gone. If so, collect
bait stations and remove all unused bait,
storing it in clearly labelled containers;
and

e if rodent activity recurs, recommence
baiting but use a different bait type 1o
avoid the problem of the population
developing genetic resistance to the
poison.
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APPENDIX C

Economic strategies for
rodent management

(Bomford and workshop participants 1995)

Land managers who wish to determine the
optimal economic strategy for managing a
problem caused by rodents could use the
stepwise approach outlined in this
appendix. We recognise that often the
information necessary to complete the steps
is lacking. Nonetheless, the exercise of
attempting to go through the process,
recording the assumptions and making best-
guess estimates, may prove a useful aid to
decision making for rodent management.

STEP 1 Identify desired outcomes and
estimate a dollar value for each of
these.

Where outcomes are commodities, such as
increasing crop vield by a given percentage,
this should be reasonably easy. Where
outcomes are difficult to measure or
intangible, such as a reduction in the social
stress to rural communities during mouse
plagues, land managers may be obliged to
estimate how much they consider is an
acceptable amount to spend to achieve that

outcome.

STEP 2 List all control options dand
how much they would cost to
implement.

Control options can be different techniques
or combinations of techniques, or different
levels or frequencies of application of
technigues (Section 7.4). It is important that
the options for control are expressed as
activities that a manager can select either

to do or not to do.

STEP 3 Estimate the relationship
between rodent density and damage
Jor each resource damaged by rodenis
(see Figure C1).

In Figure C1, line A might represent the
situation where the presence of even a few
rodents has a significant impact, for
example, in a hospital where maintaining
hygiene standards is paramount. Line B
could represent direct competition between
rodents and stock for feed in an intensive
poultry farm or piggery. Line C demon-
strates full compensatory regrowth in a crop
for damage levels occurring below a
threshold rodent density, but only partial
compensation above that threshold. The
shape of these lines will depend on the
type of resource being affected and other
variables such as seasonal conditions. For
example, if rodents are reduced by 90%,
how much will this increase crop yield?
There may be interactions between pest
density and other farm management
practices which will need to be taken into
account, For example, the increase in crop
yield caused by reducing rodent densities
by 90% may vary with different crops or at
different stages of crop growth,

STEP 4 Estimale the effectiveness of
each control option.

That is, how much will a given effort using
a particular control option reduce pest
density.

STEP 5 Use the information from Steps
1-4 to estimate costs and benefits of
implementing each control option,
including options which combine
more than one technigue.

Costs will be those associated with
implementing control options, and may
include costs of monitoring rodents and
planning. Benefits will be the value of the
reduction in damage to resources (that is
the value placed on desired outcomes listed
under Step 1 above). Different pest
management options will generate different
cost—benefit relationships.

Managing Verehrate Pests: Rodents
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Estimates of benefits and costs can be
discounted back to net present values
(usually using a discount rate equivalent
to the interest rate the landholder pays on
financing the control operation). This will
reduce the value of costs and benefits
accruing in the distant future relative to
those accruing in the near future.

STEP 6 Carry oul a marginal analysis
(Figure C2)3,

Plot both the incremental marginal change
in the cost of rodent control and the
incremental change in the cost of damage
caused by rodents against the level of
rodent control contemplated. Where the
two lines cross is theoretically the optimal
level of pest control. Further increases in
control activity do not cause commen-surate
reductions in damage, so at higher levels
of control beyond this point, costs will
exceed savings in reduced damage.

The problem for rodent managers is that
because they often do not have good
information on the damage—density
relationship it is hard to estimate the

@ >

Total damage

0 Rodent density

Figure C1: Possible relationships between rodent
density and damage as described in Step 3 (see text),

optimal control point. Further, even if they
can make a good guess, it is not usually
practical with most control techniques to
simply cut off control efforts at some pre-
determined rodent density. It is preferable
to have a range of control options ranked
along the x-axis, with their associated cost
and benefit values for implementation, so
a manager can select which option is
optimal. For example, different frequencies
of baiting could be put along the x-axis.

STEP 7 Construct a table listing all the
control options and their associated
costs and benefits (this is called a pay-
off maitrix).

Managers may wish to construct different
matrices for different conditions, such as
different seasons or commodity values for
grains, legumes etc. Managers will also need
to consider time-scales when constructing
these matrices — what time span is covered
and how will this affect costs and benefits?

These matrices can then be used to select
the option(s) which best meet the
manager's desired outcome. If the manager

garginal cost
5 \/
E Marginal
k-] '/ cost
g of control
High g Control effort Ln;;mm
density g density

Figure C2: A marginal analysis'* as described in Step
O (see text) (units on the x-axis are level of control
elfort not rodent density).

13 A marginal analysis is an analysis of the relative shift in cost and benefit values that occur as incremental changes

are made in the level of pest control effort,
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is risk-averse, the best options will be those
that bring in reasonable returns under all
conditions. If the manager's priority is to
maximise profit, the preferred options will
be those that are likely to give the highest
returns on investment, despite the risk of
having no returns or even a loss if the
seasons and prices are poor.

Pay-off matrices can also be used by a
land manager to compare returns on
investment in rodent control with returns
on using the money for some other
purpose, such as purchasing a more
elficient harvester.

Implementing Steps 1-7

Steps 1-7 complete the basic model. The
model can be made more accurate by
adding additional features. Incorporation
of such features will make it more complex,
but including at least some of them may
be necessary to make the model accurate
enough to be useful. Some additional
features that might be worth including are:

Managing Vertebrate Pests: Rodents

» social benefits in Step 1, such as off-site
effects and good neighbour relations;

» disease risks in Step 1,

s contribution of other species, such as birds
and insects, o crop losses (Step 3); and

¢ effects of government intervention on
costs (in Step 2) such as tax incentives or
direct assistance with implementing rodent
control.

Much of the information needed to
follow the steps outlined above is not
available. Appropriate levels of control
required to reduce some of the
environmental damage caused by rodents
cannot be determined because the cost of
the damage is intangible. While some
techniques are available which attempt to
quantify such intangible effects (Braysher
1993) these are complex and expensive to
use and of limited reliability. Despite these
problems, the steps outlined above,
especially Steps 1-5, enable managers to
assess the most appropriate actions to
achieve the desired reduction in damage.



ACRONYMS AND ABBREVIATIONS

ANZFAS  Australian and New Zealand MRLs Maximum residue limits
Federation of Animal Societies

. q MSDS Material Safety Data Sheet
BRS Bureau of Resource Sciences
BSES Bureau of Sugar Experiment NRA National Registration Authority
Stations for Agricultural and Veterinary
. Chemicals
CAS Chemical Abstracts Service o
CPPB Cane Protection and QGGA Queensland Grain Growers
Productivity Board Association
EMC Encephalomyocarditis .
cep 4 SCARM Standing Committee on
FIS Fauna Impact Statement Agriculture and Resource
Management
GRDC Grains Research and
Development Corporation )
VPC Vertebrate Pests Commitiee of
LCM Lymphocytic choriomeningitis SCARM

4 ; " oo .
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GLOSSARY

1080: Sodium fluoroacetate. An acute
metabolic poison without antidote.

Abortifacient: Agent causing abortions.

Arboviruses: Viruses transmitted by
arthropods such as fleas and mosquitoes.

Arrhythmia (cardiac): Irregular heart beat.

Arthropod: Animal with hard outer skeleton
and jointed legs (includes insects, mites,
spiders and crayfish).

Bait station: A place for feeding poison that
is usually only accessible to target species.

Build-up: Rapid local population increase
due to favourable conditions.

Carcinogenic: Agent causing cancer.
Carrying capacity: Density of a population

that is in equilibrium with its resource
supply (particularly food), predators and
competitors.

Chemical repellent: Substance which repels
animals due to its unpleasant smell, taste,
appearance or through an animal having
an unpleasant response after swallowing
it and so learning to avoid it in future.

Commensal: A species living in association
with other species, in this case, rodents
and people.

Conservation farming: A farming system
that creates a suitable environment for
crop production but emphasises
conservation of soil and water resources
consistent with sound economic practices
through processes such as stubble
retention, minimum tillage, crop rotation,
contour banking and windbreaks.

Cost-efficacy: Cost of an action relative to
the benefits gained from it, that is, the
cost—benefit ratio.

Density index: Indirect measure of
abundance of a species useful for
monitoring changes over time.

Donor habitat: Refuge areas, such as
roadside verges and fencelines, where
rodents breed. Their offspring disperse
into adjacent crops.

Fecundity: The number of fertile eggs
produced by the female of a species.

Granivorous: Grain-eating.

Half-life: The length of time it takes half the
active ingredient in a poison to break
down in the environment.

Hantavirus: Primarily rodent-borne,
hantaviruses can cause severe human
illness through diseases such as
haemorrhagic fever with renal syndrome
(HFRS) and hantavirus pulmonary
syndrome (HPS).

Harbourage: Term used in sugarcane areas
to describe non-sugarcane habitats (other
than native bush) where rats live or shelter.
Examples include channel banks,
fencelines, track and road verges, banana
crops, pasture, stubble fields, drains,
riverbanks and other water courses.
‘Harbourage' is synonymous with ‘refuge’
or ‘donor’ habitat for cropping regions
where mouse plagues occur.

Headlands: Term used in sugarcane districts
to describe land with native bush that
adjoins crop growing areas,

Immunocontraceptive: Substance that
triggers an immune reaction that causes
sterility in treated animals, acting as a
contraceptive.

Insectivorous: Insect-cating.

Landcare: Local voluntary groups in rural
areas whose primary aims are to reduce
natural resource degradation and develop
more sustainable resource management.

LD.,: The dose (per Kilogram of body
weight) that will on average kill 50% of
treated animals,
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Lodging of crops: When plants fall over in
wet or windy conditions or for other
reasons, It is difficult to get a clean harvest
from a lodged crop.

Morbidity: Serious illness.

Nematodes: Unsegmented worms with
elongate rounded bodies, pointed at both
ends. Examples are round worms, thread

worms and eel worms.
Neophobic, neophobia: Fear or avoidance
of new things in an animal’s environment.

Non-target poisoning: Poisoning of animals
other than the rarget species.

Oncogenic: Agent causing tumours.

Organochlorines: Organic chemicals with
chlorine radicals,

Outbreak: Noticeable manifestation (of

disease or rodent numbers).

Pathogen: Disease-producing micro-

organism.
Per se: In or by itself, intrinsically.

Plague: A loosely defined term, implying a
pest (or pathogen) at high densities.

Primary poisoning: When an animal is
poisoned directly from eating baits
containing the poison, or absorbing

poisoned bait or contact poisons.

Pulse baiting: Involves baiting with a second
generation rodenticide for 2-3 days,
removing it for 4-5 days, baiting again for
2-3 days, and continuing until bait take
drops off completely.

r-selected: A species where evolution has
favoured the selection of parameters such
as high fecundity and early maturity. Such
species tend to be short-lived.

r-strategist: A spccies showing rselected
characteristics.

Raptor: Bird of prey.

Rate of increase (r): Rate of change in the
numbers of animals in a population over
unit time, calculated by the equation »=
In (N,/N,) where In is the natural
logarithm, N, the number at time ¢, N, the
number at time zero.

Ratoon: Regrowth from the root stock.
Refuge habitat: See donor habitat.
Scouring: Diarrhoea.

Secondary poisoning: When an animal is

poisoned indirectly by eating an animal
that has been poisoned.

Serological survey: Testing of blood,
collected from a sample of animals in a
population, for disease organisms or
antibodies.

Silviculture: Tree-growing,

Social odours: Scents produced by animals
to facilitiate communication between
individuals.

Teratogenic: Agent causing abnormal
foetuses.

TOPCROP: Landholder monitoring program
where information on crop condition is
recorded by farmers on score sheets in a
standardised format. These landholder
programs are coordinated by regional state
government agricultural officers and
funded by GRDC.

Toxicosis: Symptoms induced by a toxic
compound.

Trash blanketing: A minimum tillage
technique where ‘trash’ (green tops and
dry leaf material) is left as a ‘blanket’ on
the ground to suppress weed growth,
prevent soil erosion and increase organic
muatter.

Triticale: A cereal grain developed from
wheat and rye,

Ultrasonic device: Electronic device that
emits a sound signal that is above the
upper hearing range of people.

Vector: Carrier for spreading discase or
hiological control agent.

Zoonotic disease, zoonosis: A disease
spread from animals to peaple.
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INDEX

1

1080, see sodium fluoroacetate

A

abundance, 11, 12, 13, see also density
controlling, 48-70, 79-83
measuring, 49-52, 80
monitoring, see monitoring
of predators, 33, 83
accidental poisoning, 38, 58, 105, see also
non-targel species, poisoning
ACT Parks and Conservation Service, 47
action, see also management
cooperative, see cooperative action
seasonal calendar, 61, 70
active burrows, counts, 31, see also
burrows
Acts
Agricultural Chemicals 1955, 45, 47
Agriculture and Related Resotrces 1970,
47
Agriculture and Veterinary Chenticals
(Control of Use) 1994, 47
Agriculture and Veterinary Chemicals
Code 1994, 58, 93
Animal and Plant Control ( Agricultural
and Other Purposes) 1986, 45, 47
Catchment and Land Protection 1994, 47
Controlled Substarices 1984, 47
Environmental Planning and Assessment
1979, 45, 47
Flora and Fauna Guaraniee 1985, 47
Health 1911, 1937, 1958, 47
Land (Planning and Environment)
1991, 47
Local Government 1993, 47
Pesticides 1978, 45, 47
Public Health 1962, 47
Rural Lands Protection 1985, 44, 47
Rural Lands Protection 1989, 41, 42, 45,
47
Territory Parks and Wildlife
Conservation 1994, 47
Threatened Species Conservation 1995,
45, 47
acute poisons, 104
adaptive management, 75
aerial baiting, 45, 06, 75, 77, 83

Managing Verehrate Pests: Rodents

agribusiness, 5, 73, 80
Agricultural and Veterinary Chemicals
(Control of Use) Act 1994, 47
Agricultural Chemicals Act 1955, 45, 47
Agriculture (and Related Resources)
Protection Act 1976, 47
Agriculture and Velerinary Chemicals
Code Act 1994, 58, 93
Agriculture Victoria, 79
Agriculture Western Australia, 47
almonds, 28
alphachloralose, 104, 107, 108
angiostrongyliasis, 39
Animal and Plant Control (Agriculliral
and Other Purposes) Act 1986, 45, 47
Animal and Plant Control Commission, 47,
89
animal welfare, 32, 40, 58, 75, 76
groups, 75, 87, 88, 90
anticoagulants, 35, 41, 42, 56, 58, 104-107
first generation, 106
second generation, 106
apples, 28
application, 55, 104-108
rate, 060, 83
to National Registration Authority, 42, 57,
58, 60, 104
arboviruses, 38
arsenic, 35, 41
arthropod, 38, 39
Australian and New Zealand Federation of
Animal Societies, 40
Australian Capital Territory
legislation, 47
Parks and Conservation Service, 47
Australian kestrels, 33
avocados, 12, 30, 93

B

bacteria, 31, 39, 55, 84

Bailey's triple catch, 50

bait avoidance, 56, 57. 75, 104, 106, see
also neophobia

bait cards, 46, 50, 51, 33, 70, 80, 82

bhait stations, 33, 38, 42, 33, 57, 61,
108-110

baiting, 30, 60, 80, 81, 86, 104, see also
poisoning; rodenticides
aerial, 45, 66, 75, 77, 83
baits, 51, 52, 55, 56
broadacre, 41, 37, 60, 68, 74, 107
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buffer zone, 35, 67, 109
concentration, 108
cost of, 25, 28, 30, 31, 67, 68
criteria, 35
during plagues, 45, 65-67, 74, 107
effectiveness, 66, 72
habitat, 70, 72, 75, 81
in-crop, 57, 66
non-target species, see non-target
species, poisoning
perimeter, 33, 57, 02, 66, 80, 82, 108
pre, 104
pulse, 57, 110
stirychnine, 26, 35, 36, 44, 66, 67, 69
bakeries, see retail outlets
banana rat, see grassland melomys
bananas, 12, 16, 30, 93
barley, 21, 62, 70
barn owls, 33
barner grass, 61
barriers, 64, 80, 109, see also rodent-
proofing
beans, 70
berries, 16
best practice management, 8, 9, 44, 69, 72,
77, 84
case studies, 79-83, 84-86
biological control, 64, 65, 74
birds, 52, 53, 109, 113
non-target poisoning, 33, 36, 58, 61, 606,
83, 106, 110
predation on, 16, 34, 40
predators, 33, 62, see also raptors
Bitrex, 58
black kites, 33, 36
black rats, 16, 18, 34, 57. 63, 64, 107, 110
damage, 30, 31, 61
distribution, 12, 13, 15
black-shouldered kites, 33
bluebonnets, 35
Borrelia burgdorferi, see Lyme disease
Bowen Island, 13
break-back traps, 50, 53, 64, 80, 82, 86,
108
break-even analyses, 67, 68
breeding, 15, 18, 20, 22, 51, 67, 86
conditions, 15, 25, 42, 72, 73, 85
fertility control, 64, 65, 74
habitat, 19, 52, 79, see also habitat,
donor
season, 16, 18, 21, 23, 72

broadacre baiting, 41, 57, 66, 68, 74, 107

broadscale actions, 89

broccoli, 27

brodifacoum, 46, 55, 36, 69, 106-108
sugarcane, use in, 33, 42, 57, 83

bromadiolone, 45, 56, 67, 69, 106-108
perimeter baiting, 41, 42, 66

brown falcons, 33

brown rats, 11, 106, 107

bubonic plague, 38

bucket-traps, see pit-traps

buffer zone, 35, 67, 109

Bureau of Resource Sciences, 7, 68

Bureau of Sugar Experiment Stations, 84,
86

burning, 60

burrows, 17, 18, 52
active, 50, 51, 70, 80
managing, 57, 60, 63

C
Cacatua roseicapilla, see galahs
campaign, control, 74, 77, 105
Campylobacter spp., 39
Cane Protection and Productivity Board,
86
canefield rats, 11, 13, 16, 18, 31, 83, 84
canola, 21, 62, 70
oil, 53, 80
Capillaria bepatica, 39, 65
capsicum, 28
carcasses, 28, 32, 52
case studies
mice in cereal crops, 79-83
rodents in sugarcane, 84-86
Catchment and Land Protection Act 1994,
47
cats, 34, 39, 61, 109
cattle, 28, 92
cereal, 18, 56
crops, 17, 19, 26, 62, 68, 69, 79-83, 108,
see also grain
-growing areas, 12, 19, 55, 60
Chagas’ disease, 39
channel banks, 11, 51, 60, 70, 109, see
also irrigation channels
chemical, see also rodenticides
control, 65
names, 104
off-label use, 35, 38, 57
repellents, 58, 64
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Chemical Abstracts Service, 104
chickpeas, 70
chilli, 28
cholecalciferol, 105, 107, 108
choughs, white-winged, 35
citrus orchards, 12, 30, 93
cleaning, 39
cost of, 28, 29
farm debris, 58, 60, 62, 70, 80, 109
climbing rat, see grassland melomys
coated cereal as rodenticide, 56, 66
Columba livia, see pigeons
commercial management, 74
Commonwealth Government, 9, 87, 88
community
groups, see groups, local
perceptions, 37, 75, 89
responsibility, 88
services, 43, 44
damage to, 28, 29
Community Services Victoria, 43
compensation by plants, 30, 54, 53, 068, 92,
111
competition for food, 33, 34. 93, 111
conservation, 60
farming, 21, 34, 69, 76
groups, 84, 87, 88, 90
Conservation and Land Management, 47
contamination, 35
disease risk, 38, 39
food, 32, 37, 54
water, 33, 35, 37, 38, 42, 57, 83, 93
contraception, see fertility control;
immunocontraception
control
animal wellare, 40, 38, 75, 90
campaign, 74, 77, 105
case studies
mice in cereal crops, 79-83
rodents in sugarcane, 84-80
costs, 28, 31, 32, 54, 67-69. 78, 83, 111,
112
fertility, 064, 65, 74
group action, 88, see also cooperative
action
in farm buildings, 109-110
legislation, 42, 45, 47
objectives, 73
planning, 72, 74, 75, 76, 77

rodenticides for, 34, 42, 45, 46, 55, 66,
83, 104-108
effectiveness, 60
source populations, 32
targeted, 74, 79-83, 84-86
techniques, 48-70, 75, 77, 81
vegetation, 30, 33, 61, 74
weeds, 30, 31, 32, 60, 61, 68, 69, 80,
84-80
Controlled Substances Act 1954, 47
cooperative action, 77, 87, 89
government, 44, 84
Cooperative Research Centre, Vertebrate
Biocontrol, 65
Corcorax melanorbamphos, see choughs,
white-winged
Corvis spp., see ravens
cost—benefits, 76
control techniques, 55, 68, 74, 94
estimating, 67, 111
cost-effective
agricultural practices, 60, 79, 85
control techniques, 61, 68, 73, 74, 75
rodenticides, 66, 67, 68, 107
costs, 34, 55, 111, 112, see also funding,
government
animal welfare, 75
baiting, 25, 28, 30, 31, 67, 68
control, 55, 01, 62, 64, 67, 68, 69, 74, 78,
83
damage, 23-30, 61, 72
government, 43
resowing, 25, 26
rodenticides, 34, 66
coumatetralyl, 106, 107, 108
crisis management, 40, 70, 72, 74
crops, see also orchards
avocado, 12, 30, 93
banana, 12, 30, 93
barriers, 64, 80, 109
damage, see damage, crop
grain, see grain
hoop pine, 13, 31, 42, 52
horticultural, 27
irrigated, 27, 51, 66
lodging, 25, 62
macadamia, see macadamia nut
plantations
maize, 27
management, 60, 79-83, 84-80, see also
lllle‘ng{:ﬂlCﬂl
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monitoring programs, see monitoring,
programs
rice, 27, 54, 64
rodenticides used in, 33, 41, 44, 57, 66,
74, 80, 82, 87, 104
soybean, 27, 54, 66, 67
SUgArcane, see sugarcane crops
sunflower, 12, 62, 67
vegelable, 27, 64, 93
weeds, see weeds
CSIRO, 44, 46, 79
Division of Wildlife and Ecology. 68
Cyanoramphbus novaezelandiae cookii, see
island green parrot

D
Dacelo gigas, see kookaburras
damage, 23-30, see also impact
agricultural, 12, 24, 73
assessment, 54, 92
compensation by plants, 30, 54, 55, 68,
92, 111
control, 66, 67, 80, 85
crops, 13, 27, 54, 55, 56, 62, 66, 70, 72,
76, 83
citrus, 12, 30
grain, 11, 25, 54, 72, 79
indicators, 52
macadamia, 30, 54, 61
sugarcane, 13, 17, 31, 55, 78, 83, 85
during plagues, 23, 27, 55,72
equipment, 25, 28-32, 38
factors influencing, 29, 79
homes, 37
insect, 31, 52
insulation, 25, 27, 32
machinery, 25, 28, 32
management, 8, 71-86
measuring, 26, 76
monitoring, 54, 77, 82, 84-80
potential, 23, 72
rain, 25, 62
reducing, 62, 72, 74, 78, 84, 112
relationship with density, 51, 52, 54, 74,
78, 80, 111
relationship with vield loss, 54, 92
rural townships, 28
sheds, 25, 27, 28
stores, 25, 28, 30, 31, 54
vehicles, 25
Darling Downs, 35, 44, 406, 50, 52, 80

DDT, 35, 41

decision, management, 75, 78, 89, 111
analysis table, 76
martrix, 73
support system, 5, 92

declared pests, 47

defining the problem, 72, 79, 84, 89, 94

denatonium benzoate, 58

density, 27, 67, 74, 75, see also abundance
during plagues, 11, 21
measuring, 50-54, 70, 80, 91
relationship with damage, 51, 52, 54, 74,

78, 80, 111

Department of Agriculture, Victoria, 43

Department of Conservation and the
Environment, Victoria, 43

Department of Environment and Heritage,
Queensland, 44

Department of Health, Queensland, 44, 47

Department of Human Services, Victoria,
47

Department of Lands, Queensland, 44, 47,
85

Department of Local Government, 43

Department of Natural Resources and
Environment, Victoria, 47, 68

Department of Natural Resources,
Queensland, 44, 45, 47, 50, 79, 88

Department of Primary Industries,
Queensland, 44

Department of Primary Industries, South
Australia, 26, 46, 47

Department of Treasury, Queensland, 44

destocking, 62

dieldrin, 35, 41

diet, 16, 18, sec also food

discount rate, 112

disease, 38, 39
transmission, 32, 33, 37, 93

dogs, 38, 39, 58, 106, 109, 110
wild, 7. 105

donor habitat, see habitat, donor

drains, 61, 63, 84

droppings, rodent, 32, 37, 52, see also
facces

drought, 20, 21, 38

dust formulations, 57

dust storms, 34
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E
earthworms, 16
economic, 55, 92
frameworks, 78, 111
impact, 23-30
strategies, 111
Elanus notatus, see black-shouldered kites
Elanus scriptus, see letter-winged kites
electric fences, G4
electrical equipment, damage 1o, 25,
27-32, 38
encephalomyocarditis virus, 39
endangered species, 74, see also
threatened species
endemic diseases, 38
endrin, 35, 41
enterprise substitution, 62
Environment Protection Authority, 47
environmental
conditions for breeding, 15, 65
impacts, 33, 34, 35. 57, 74. 80, 83, 93
Environmental Planning and Assessment
Act 1979, 45, 47
eradication, 34, 73, 74
erosion, 60, 62, 70
soil, 25, 33, 34, 63, 706, 93
wind, 25, 63
Erysipelas, 39
estimating
cost—benefits, 67, 111
damage, 54-55
density, 50-54, 91
loss, 25, 26, 31, 54, 67
during plagues, 26, 27, 29, 30
plague probability, 21, 46
evaluation, 72, 82, 89, 90
control
strategies, 43, 64, 86
techniques, 58, 75, 77
rodenticides, 57, 58, 75, 81
exclusion, 63, see also barriers; rodent-
proofing
exotic diseases, 39, 87
extension, 82, 90, 94
literature, 86
role of, 44, 82, 83, 88, 89

F

faeces, 19, 32, 37, 38, 39, 52

Falco berigora, see brown falcons

Falco cenchroides, see Australian kestrels

farm level action, 80
farmer, 32, 38, 41, 57, 82, 86, see also
grazier; grower; landholder
Zroups, see grower, groups
losses, 25, 28, 40, 67. 68
monitoring, 46, 53, 72, 79
pig, poultry, 27
practices, 21, 25, 34
Fauna Impact Statement, 45
fecundity, see breeding
Felis catus, see cats
fencelines, 11, 19, 538, 75, 79
control of radents, 51, 60, 66, 69, 70, 80,
82
fences, see also barriers; rodent-proofing
electric, 64
mouse-proof, 109
plastic, 64
fenthion-ethyl, 35, 41
fertility control, 64, 65, 74
field mouse, see house mice
field rat, see canefield rats
finches, 34
fire, 11, 32, 38
fleas, 38, 39
flexible management, 74
Aocoumafen, 106, 107, 108
flood, 38
Flora and Fautna Guarantee Act 1988, 47
flowering, 23, 53, 54, 55, 67, 68, 72, 81
food, 16, 34, 54
availability, 15, 18, 19, 72, 79, 85
competition for, 33, 34, 93, 111
contamination, 32, 37, 54
neophobia, 104
requirements, 20, 31
storages, 57, 60, 109
supply, 21, 25, 56, 60, 62, 64, 69, 73, 77
foxes, 7, 33, 52, 60, 61, 105
frequency
of capture, 11, 50
of plagues, 11, 12, 21, 26, 60
fruit, 12, 16, 28, 55, 36, 61, 93
fumigants, 56, 57
funding, 54, 75, 93
government, 43, 44, 46, 68, 88
GRDC, 53, 79
fungal infections, 31, 39, 55, 84
fungicide, 35, 41
fungus, 16

Managing Verrebrate Pests: Rodents



G

galahs, 35, 36

garlic, 28

gel formulations, 57

germination, 25, 60

gestation, 18

gopher, pocket, 63

Government
agencies, 42, 43, 45, 46, 66, 70, 77, 80,

84, 87, 88
Commonwealth, 9, 87, 88
involvement, 30, 53, 66, 77, 79, 82, 84,
87,50, 1135

Local, 43, 47, 80
monitoring, see monitoring, government
policy, 42, 43, 44, 45, 87, 88

grading, 60

grain, 12, 18, 20, 42, 60, 62, 70, 92, 112,
see also cereal
as bait, 53, 56, 66, 108, 110
belt, 11, 23
damage, 11, 13, 25, 54, 72, 79
fumigation, 105
Erower, see grower, grain
-growing areas, 23, 26, 79
handling, 30
spillage, 60, 70, 80, 109
storage, 11, 30, 57, 58, 63, 109

grains industry, 104

Grains Research and Development
Corporation, 33, 68, 79

Grallina cyanoleuca, see magpie lark

grapes, 28

grass, 11, 10, 19, 21, 51, 61
control of, 30, 60, 69, 70, 80, 84, 85
land, 13, 30, 84

grassland melomys, 11, 13, 16, 18, 31, 83,
84

grazier, 28, 92, see also farmer; grower;
landholder

grazing, 21, 31, 60, 62, 80, 84

grocer, see retail outlets

gross margins, 31, 32

groups, 87, 88, 89
animal welfare, 75, 87, 88, 90
community, see groups, local
conservation, 84, 87, 88, 90
formation, 89

SIOWET, See grower, groups
local, 53, 73, 77, 84, 86, 89
monitoring, 53, 80, 82, 90
rodent, 17, 18, 19
grower, 53, 08, 72, 73, see also farmer;
grazier; landholder
grain, 23, 25, 26, 44, 53
groups, 53, 71, 80, 87, 88
orchardists, 73
Queensland Grain Growers Association,
44, 46, 90
sugarcane, 73, 83, 86
vegetable, 27
growing areas
cereal,; 12, 19, 55, 60
grain, 23, 26, 79
sugarcane, 60, 83
Gymnorbina tibicen, see magpies

H

habitat, 11, 12, 17, 18, 75, 77, 78
baiting, 70, 72, 75, 81
donor, 19, 21, 58, 60, 62, 66, 79, 80, 92
maodification, 55, 38, 61, 68, 80, 81, 84
receptor, 19, 21
refuge, see habitat, donor
threatened species, 45

hantaviruses, 39

harbourage, 60, 62, 64
destruction, 47, 72, 73, 80, 84, 94, 109
poisoning, 57, sec also perimeter baiting
revegetation, 86

harvest, 25, 55, 67, 72, 74
contamination, 35, 94
practices, 21, 60, 61, 62, 70, 80, 85, 113
seed shed, 21, 62

headlands, 60, 66, 84, 86

Health Act 1911, 1937, 1958, 47

Health Department Victoria, 43

Health Regulations 1996, 47

health risks, see human health, risks posed
by rodents

Herbert district, 86

herbicides, 31, 60, 85

herbs, 16

home range, 17, 18, 19

hoop pine plantations, 13, 31, 42, 52

horses, 7, 39

horticultural crops, 27

hospitals, 29, 111
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house mice, 16, 60, 106
abundance estimates, 50
breeding, 18, 19, 20, 25, 63
case study, 79-83
control, farm buildings, 109-110
diet, 16, 18
distribution, 11, 12
monitoring, see monitoring, mouse
populations
plagues, 20, 21, 37, 38, 52, 104, see also
plagues, mouse
damage, 23-30, 33, 54
reducing, 70
frequency, 11, 12, 21, 26, 60
management during, 41, 65, 71-86, 88,
90
house sparrow, 36
human health, 32, 35, 88, 94
risks posed by rodents, 32, 37, 38, 39, 58
Hydronys chrysogaster, see waler rals
hygiene, 32, 37
farm, 61, 80
maintaining standards of, 28, 29, 111

|
immigration, see reinvasion
immunocontraception, 65
impact, see also damage
control techniques, 4870
economic, 23-30
environmental, 33, 34, 35, 57, 74. 80, 83,
93
managing, 71-86
on producers, 23-30
social, 3740
implementation, 77, see also management
strategies, implementation
incisors, 16, 18
index, of density, 50-54, 70
infections, 38, 39
crop, 55, 84
infective organisms, see disease
insecticides, 83
insects, 113
as food, 15, 16, 18
damage by, 31, 52
insulation
damage to, 25, 27, 32
fire risk, 32, 38
integrated pest management, 55, 68

intensive control campaign, 74, see also
control, campaign

62,111
intensive rearing units, 18, 40
International Rice Research Institute, 64
invertebrates, 34, 93
irrigated crops, 27, 51, 60
irrigation channels, 51, 66, 79, see also
channel banks
island green parrot, 34
Islands, 33, 73, 93
Bowen, 13
Mercury, 34
New Zealand's, 73
Norfolk, 34

J

Jervis Bay National Park, 13

joint action, 88, 89, see also cooperative
action

K
kestrels, Australian, 33
khaki rat, see grassland melomys
kites
black-shouldered, 33
letter-winged, 35
Klerat, see brodifacoum
kookaburras, 33
Korean haemorrhagic fever, 39

L

lagomorphs, 39

Land (Planning and Environment) Act
1991, 47

land degradation, see erosion

Landcare, 5, 8, 53, 86, 90

landholders, see also farmer; grazier;
grower
responsibility, 42, 45, 47, 72

LD, for rodenticides, 107

learning by doing, 72, 75

legislation, 42, 45, 47, 57, 81, see also Acts

legumes, 25, 60, 62, 68, 112

lentils, 70

Leptospira celledoni, see leptospirosis
Leptospira icterobaemorrhagiae, 39
leptospirosis, 39

Leslie’s method, 51
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letter-winged kites, 35

linseed oil, 51, 53, 80

litters, 18, 65, see also breeding
size, 16, 18, 19, 22, 65

livestock, see stock

Livestock Protection Officers, 46

Local Council, 47

local eradication, see eradication

Local Government, 47, 80, see also
Department of Local Government

Local Government Act 1993, 47

lodging. of crops, 23, 62

long-haired rats, 11, 13, 31

lucerne, 63

Lucijet, 35, 41

lungworm, 39

Lyme disease, 39

lymphocytic choriomeningitis virus, 39

M
macadamia nut plantations, 12, 93
control of rats, 61
damage, 30, 54
rodenticides, 42, 108
machinery, 26, 70, 85
damage o, 25, 28, 32
Mackay district, 86
magpie lark, 36
magpies, 33, 35, 36
maize, 27
Malaysia, 64
Mallee, 21, 46, 52, 68, 69, 70, 79
mallee ringnecks, 35
management, 41
action calendar, 61, 70
adaptive, 75
case studies
mice in cereal crops, 79-83
rodents in sugarcane, 84-80
commercial, 74
crisis, 40, 70, 72, 74

decision, see decision, management

flexible, 74

habitat, 60, 82

one-off, 74

pest information systems, 78

plan, 73, 77, 84

practices, 21, 60, 62, 68, 73
conservation, 21, 69

strategic, 8, 71-86, 74, 89

strategies, 40, 54, 68, 73, 111
at sowing, 60
growing season, 62
implementation, 42, 55, 73, 23-30
sustained, 74, 79-83, 84-80
unit, 75, 77, 81, 86
manipulation, habitat, see habitat,
maodification
mapping, 45, 75
mark-recapture, 30, 34
measuring, see ialso estimating
damage, 26, 70
density, 50, 51, 70, 80
melioidosis, 39
Melomys burtoni, see grassland melomys
melons, 28
Mercury Islands, 34
Microtus californicus, see voles
Milvus migrans, see black kites
mites, 39
modification, habitat, see habitat,
modification
monitoring, 33, 73, 77
bait take, 110
damage, 54, 77, 82, 84-806
government, 44406, 50, 79, 88, 89
mouse populations, 43, 45, 50
non-target species, 35, 76
operational, 78
performance, 78
programs, 53, 72, 73, 79, 80, 82, 90
residue, 68, 76
rodent populations, 53. 64, 70, 79, 84-86,
107
techniques, 51, 82
weeds, 84-86
wildlife, 68
Morelia spilota, see snakes, carpet
mortality, 15, 20, 22, 80
mosaic-tailed rat, see grassland melomys
maosquitoes, 38
mouse, see house mice
plagues, see plagues, mouse
Mouse Task Force, 44, 88, 90
mouse-proofing, see rodent-proofing
multiple-dose rodenticide, see
anticoagulants, first generation
murine cytomegalovirus, 65
murine typhus, 38, 39
Murray Valley encephalitis, 38
Murrumbidgee Irrigation Area, 27, 67
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Mus domesticus, see house mice
Mus musculus, 11,106, 107, see also house
mice

N
National Parks, 45
Jervis Bay, 13
National Parks and Wildlife Service, 45, 47
National Registration Authority, 33, 42, 57,
87, 104, 108
native
rodents, 11, 13, 30, 31, 34, 37, 42, 83,
106
seed banks, 33, 34, 93
nematodes, 39, 65
neophobia, 75, 104, 110, see also bait
avoidance
nests, 17, 18, 37, 52
for raptors, 61, 63
predation on, 16, 34
New South Wales, 46, 63, 79, 108
legislation, 42, 45, 47
plagues, 11, 26, 27, 39, 41, 66, 88
New South Wales Agriculture, 47, 79
New Zealand, 34, 73
Ninox novaeseelandiae, see southern
boobook
non-target species
poisoning, 35, 36, 57, 58, 76, 83, 1006,
107, 110
risk, 32, 33, 35, 40, 58, 105
trapping, 64
Norfolk Island, 34
Northern Territory, 42, 47
Norway rat, see brown rats
nuts, 28, 93, see also macadamia nuts

(9]
Ocyphaps lophotes, see pigeons
off-label chemical use, 35, 38, 57
offshore islands, see islands
oil palms, 54
oil seeds, 25, 62, see also canola;
linseed oil
oil-soaked cards, see bait cards
omethoate, 335, 30
one-off management, 74
orchards, 11, 30, 51, 52, 60, 61, 72, 93, see
also crops
citrus, 12, 30, 93
nut, 28, 30, 61, 93

Ord River, 13, 31
organic fertilisers, 29
organisms, infective, see disease
organochlorines, 35, 41
organophosphates, 35, 41, 83
outbreaks, 31, 41, 68, 75, 80, 87, 88, 90,
95, see also plagues
of disease, 38, 39, 87
owls, 33, 34, 61, 83

|
pale field-rats, 11, 13, 16, 18, 31, 42
parasitic infections, 39
parathion, 35, 41
Parks and Conservation Service, ACT, 47
Parks and Wildlife Commission, Northern
Territory, 47
parrots, 34, 35, 36
Passer domesticus, see house sparrow
pastures, 60, 70, 80, 86
depletion, 28, 34, 92
habitart, 11, 21, 58, 79
pathogens, 20, 33, 38, 39
pay-off matrix, 73, 112, 113
pellets, rodenticide, 56, 108
perches for raptors, 62, 63
performance indicators, 76, 77, 78, 83, 86
perimeter baiting, 62, 66, 80, 82
bait stations, 33
effectiveness, 66
rodenticides, 57, 108
permits, rodenticides, 33, 42, 104
Pest Management Information Systems, 78
Pesticide Order, Temporary, 45
pesticides, 45, see also rodenticides
Pesticides Act 1978, 45. 47
Petersen index, 50
Philippines, 64
phosdrin, 35, 41
phosphorus, 35, 41, 105
Physaloptera spp., see nematodes
pigeons, 34, 35, 36
pigs, 27, 28, 39, 40, 60, 111
disease transmission, 39
feral, 7. 105
pindone, 50
pistachio, 28
pit-traps, 64, 80
plague rats, see black rats
plague, bubonic, 38, 39
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plagues
disease, 38, 39, 87
mouse, 11, 12, 23, 37, 38, 62, 64, 90, 92
build-up, 20, 21, 52, 79
damage, 23-30, 33, 54, 70
environmental impact, 34, 35, 36
factors contributing, 21, 60, 70
fertility control, 65
frequency, 11, 12, 21, 20, 60
government action, 42, 43, 44, 45,79, 88
management, 41, 71-806, 88, 90
predators, 33, 34, 40, 52, 62
prediction, 44, 40, 52, 79, 80
rat, 13, 31
rodenticides used, 35, 38, 41, 45, 65, 60,
74, 107
cost, 30, 34
in crop, 42, 67, 68, 82, 104, 108
plastic
damage to, 2, 31, 37
fences, 64
Platycercus zonarius, see mallee ringnecks
ploughing, 60
plumbing, damage to, 32
pneumocystosis, 39
pocket gophers, 63
Poison Regulations 1973, 47
poisoning, 31, 55-58, 81, sce also baiting;
bait stations; rodenticides
animal welfare, 40, 76
effectiveness, 60, 68, 107
illegal, see off-label chemical use
impacts, 33, 34, 93
non-targel species, 35, 30, 58, 83, 106,
110, see also non-target species,
poisoning
risk, 32, 33, 38, 40, 57, 105
treatment, 104-108
Poisons Information Centre, 104
policy, government, 42, 43, 44, 45, 87, 88
population, rodent
build-up, 21, 43, 62
disease risk, 38
control, 32, 43, 65, 72, 74, 76, 107
predation, 62
density, 11, 17, 18, 19, 21, 50
dynamics, 19, 20, 22, 63
management, 71-86
monitoring, 43, 44, 51, 79
poultry, 27, 28, 40, 60, 109, 111

predators, 20, 33, 50, 61, 63
increase of, 34, 40, 52, 62, 72, 93
poisoning, 57, 58, see also non-target

species, poisoning

protection from, 21, 58, 60, 80
rodents as, 16, 34, 40

prediction, plague, 44, 46, 52, 79, 80

prickle chains, 62, 70

primary poisoning, 35, see also non-target
species, poisoning

problem definition, 72, 79, 84, 89, 94

producers, impact on, 23-30, see also
impact

projects, research, 40, 68

protozoan infections, 39

Psephotus haematogaster, see bluebonnets

Psephotus baematonotus. see red-rumped
parr{)ls

Pseridomonas pseudomallei, see
melioidosis

Public Health Act 1962, 47

pulse baiting, 57, 110

pulses, 18, 69, 70

pumpkin, 28

Q
Queensland, 16, 39, 45, 50, 51, 66, 79, 88,
108
damage, 13, 30, 31, 83
legislation, 42, 44, 47
plagues, 11, 27, 41, 46, 88, 90, 104
Queensland Grain Growers Association,
44, 406, 90
Queensland Health Regulations 1996, 47
Queensland tick typhus, 39
Queensland University of Technology, 46

R

rabies, 39

Racumin, 35, 41, 108

radio-tracked rats, 56

rdin, 21, 51
correlation with plagues, 20, 25
damage, 25, 62
effect on breeding, 15, 23

raptors, 34, 35, 36, 52, 60, 63, 94
encouraging, 02

rat fleas, see fleas

rate of bait removal, 52

rate of increase, 15, 20, 22, see also
population dynamics
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rats, see also grassland melomys; house mice

biology, 15-22

black, 34, 57, 61, 63, 64, 107, 110
brown, 11, 106

canefield, 83, 84

damage by, 30-32, 93
distribution, 11-17

long-haired, 11, 13, 31

pale field-, 42

plagues, 13, 31

water, 39
Ratsak, 35, 41, 108
Raltus

norvegicus, see brown rats
ratties, see black rats
sordidus, see canefield rats
tunneyi, see pale field-rats
villosissimus, see long-haired rats
ravens, 33, 33, 36
rearing units, 18, 40
receptor habitat, see habitat, receptor
recolonisation, see reinvasion
red-rumped parrots, 35
registration, see also National Registration
Authority
authorities, 57, 38, 81, 94
of rodenticides, 42, 57, 66, 83, 87, 104,
108
government role, 43, 44
requirements, 58, 81, 93
reinvasion, 51, 67, 74, 77, 78, 81, 82, 80,
89
donor habitats, 32, 72, 75
removal trapping, 51
repellent chemicals, 58, 64
reproduction, see breeding
reptiles, 34
research, 43, 44, 51, 55, 72, 80, 88, 93, 95
control techniques, 31, 60, 63, 65
funding, 46, 54, 68, 88, 93
projects, 46, 68
rodenticides, 33, 44, 46, 57, 83, 93
Research and Development Corporation,
Grains, 53, 68, 79
research and development corporations,
44
Research Centre, Vertebrate Biocontrol
Cooperative, 65
Research Institute, International Rice, 64
reservoirs, rodents as, see disease

residues, 57, 58, 76, 93, 107
grain, 62
in crops, 66, 87, 105
in soil, 35, 94
in water, 42, 83
monitoring, 68
risk to non-target species, 57
zinc phosphide, 33, 104
resowing, 25, 26
restocking, 62
retail outlets, 28, 52
impact on, 29
retailers, see retail outlets
revegetating, 84, 86
rice, 27, 54, 64
Rice Research Institute, International, 64
Rickettsia typhi, see¢ murine typhus
Rickettsial infections, 39
ringworms, 39
ripping, 60
River, Ord, 13, 31
riverland, 12, 13
roadsides, 11, 19, 53, 58, 66, 79
rodenticides, 32, 53, 56, 57, 104-108, see
also bait stations; baiting; poisoning
acute poisons, 104
animal welfare, 40, 58, 75
anticoagulants, 105, see also
anticoagulants
control with, 42, 55, 60, 63, 66, 76, 81,
83, 84, 104-108
in stores, 42, 57, 104=108, 110
environmental impact, 33, 34, 57, 87, 93
non-target poisoning, 38, 57, 58, 61, 75
off-label use, 35, 38, 57
permits, 33, 42, 104
plagues, 30, 34, 35, 41, 82
registration, see registration, of
rodenticides
weed control combined, 31, 32, 84-86
rodent-proofing, 28, 37, 60, 64, 109
buildings, 30, 32, 63, 70, 80
roof rats, see black rats
roots, 16
Ross River virus, 38, 39
rstrategists, 15
rubbish. removal, 58, 109, see also
cleaning, farm debris
runways, 17, 18, 51, 52, 53
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rural
industry, 87, 88
suppliers, 29
townships, 23, 28
Rural Lands Protection Act 1985, 44, 47

Rural Lands Protection Act 1989, 41, 42,

45, 47
Rural Lands Protection Board, 42, 47
rural suppliers, see retail outlets

S
safety issues, 38, 45,75
poisons, 57, 58, 81, 104, 110
Salmaonella, see salmonellosis
salmonellosis, 39
schools, 29
scouring, 39
scrub typhus, 39
season, wet, 18, 61
seasonal action calendar, 61, 70
secondary poisoning, 35, see also non-
target species, poisoning
seed, 16, 18, 21, 25, 52, 60
availability, 15, 19
banks, 28, 33, 34, 93
oil, 25, 62
planting, 60, 62
set, 23, 62, 60, 70, 80
storage, 60, 109
sewers, 03
sheds, damage to, 25, 27, 28
sheep. 21, 28, 60, 62, 92
ship rats, see black rats
silos, see stores
Sin Nombre virus, 39
single-catch traps, 50, 64
single-dose rodenticide, see
anticoagulants, second generation
slashing, 30, 60, 61, 69, 70, 80, 85
snails, 16
snakes, 34, 52
carpet, 01
social odours, 19

sodium fuoroacetate, 35, 41, 42, 105, 107,

108
s0il erosion, see erosion, soil
soils, 60, 76

burrows, 17, 51, 52

residues, 35, 94

seed removal by mice, 25, 60

South Australia, 11, 19, 26, 28, 30, 34, 35,
79,90, 108
legislation, 42, 45, 40, 47
plagues, 12, 21, 23, 29, 41, 66, 68. 88,
104
South Australian Health Commission, 47
southern boobook, 36
sowing, 25, 81
damage, 23, 68
practices, 21
recommended, 60, 62, 69, 70
re, 25, 26
rodenticide use, 66, 68
soybeans, 27, 34, 66, 67
sparrows, 36
Spirillum minus, 39
spraying, 30, 60, 61, 69, 70, 80
stakeholders, 77, 82, 83, 87, 88, 89, 90, 94
Standing Committee on Agriculture and
Resource Management, 7
sterility, see fertility control
stock, 28, 92, 111
animal welfare, 40
diseases, 39
enterprise substitution, 62
impact on producers, 27, 32, 38
stress, 27, 39, 40
stores, 52, 60, 63, 80
damage to, 25, 28, 30, 31, 54
food, 18, 60, 109-110
grain, 11, 30, 57, 58, 63, 109
rodenticides, 42, 56, 104, 107, 110
strategic management, 8, 71-86, 74, 89
straw-necked ibis, 33
Streptobacillus moniliformis, 39
strychnine, 33, 30, 45, 6609, 104-108
plagues, use during, 26, 34, 35, 41, 44
stubble management, 21, 34, 51, 60, 62,
69, 70, 80
sugarcane crops, 13, 17
control of rats, 84-80
damage, 31, 32, 32, 72, 73, 74, 78, 83
growing areas, 60, 83
rodenticides used in, 33, 34, 42, 55, 57,
68, 84, 108
sunflowers, 12, 62, 67
supermarket, see retail outlets
support system, decision, 5, 92
sustained management, 74, 79-83, 84-80
swamps, 17
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T
Talon, 41, 108
tapeworms, 39
targeted control, 74, 79-83, 84-80
Task Force, Mouse, 44, 88, 90
Tasmania, legislation, 47
techniques, control, see control techniques
teeth, 16, 18
telephone exchanges, damage to, 30
Temporary Pesticide Order, 45
Territory Parks and Wildlife Conservation
Act 1994, 47
thallium sulphate, 33, 42, 83, 105, 107, 108
thiram, 35, 41
Thomomys bottae, see pocket gophers
threatened species, 45, 74
Threatened Species Conservation Act 1995,
45; 47
Threskiornis spinicollis, see straw-necked
ibis
ticks, 39
tomatoes, 28
TOPCROP, 8, 53, 72, 80, 82, 90
townspeople, 28
toxicity, 30, 58, 104, 105, 106, 107
Toxoplasma gondii, see toxoplasmosis
toxoplasmosis, 39
trade names, 108
trade risks, 35, 87, 90
training, 44. 88, 89, 94
trapping, 46, 60, 64, 108
methods, 50, 51
monitoring, 53, 80, 82, 86
success, 50, 54, 86
trash blanketing. 85
tree rats, see black rats
Trichinella spiralis, see trichinellosis
trichinellosis, 39
Trichophyton spp., see ringworms
triticale, 62
Trypanosoma cruzi, see Chagas' disease
typhus, 39
Tyto alba, see barn owls

U

ultrasonic devices, 64

University of Technology, Queensland, 46
urine, 19, 32, 37, 38

A"
valleys, 13
vectors
arthropod, 38
rodents as, 33, 38
viral, 65
vegetable crops, 27, 64, 93
vegetation, 33, 93
control of, 30, 53, 61, 74
impact on, 34
vehicles, damage to, 25
Vertebrate Biocontrol Cooperative
Research Centre, 65
Vertebrate Pests Committee, 7, 88
Victoria, 30, 33, 43, 44, 40, 68, (69, 70, 79,
108
legislation, 42, 47
plagues, 11, 21, 34, 41, 51, 66, 88, 104
coast, 23-30
Victorian Government Standing
Commillee, 43, 44, 45
viral infections, 39
voles, 63
Vitlpes vulpes, see foxes

w
warfurin, 50, 58, 1006, 107, 108, 110
wasted resources, 67, 74, 77
waste-disposal units, 27
waler, 18, 57
contamination, 33, 35, 37, 38, 42, 57, 83,
I'.)3
disease ransmission, 38, 39
walter rats, 39
wax block rodenticides, 36, 108
weaning time, 18
weather, 46, 55, 73, see also rain
effect on mortality, 58, 80
weeds, 58, 60, 62, 84, 109
control, 30, 31, 32, 60, 61, 68, 69, 80, 83,
84, 85
monitoring, 86
welfare, see animal wellare
Western Australia, 11, 13, 27, 31, 42, 606,
104, 108
legislation, 47
wet season, 18, 61
wheat, 21, 54, 60, 62, 67. 110
white-winged choughs, 35
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wildlife, 40
authorities, 3, 42
monitoring, 68
protected, 3, 42
repellents, 64
Wildlife Preservation Society, 44
Wildlife Service, see National Parks and
Wildlife Service
Wimmera, 68, 69, 70, 79
wind erosion, see erosion, wind
windbreaks, 61, 63
wiring, see electrical equipment, damage
o
workshops, 88
worms, 10, 39

Y
Yersinia pestis, sece bubonic plague
yield, 55
increasing, 55, 78, 111
loss, 31, 67, 83
relationship with damage, 54, 92

Z

zinc phosphide, 45, 46, 57, 66, 104, 105,
107, 108
permit use, 33, 42, 66

zone, buffer, 35, 67, 109

zoonoses, 38, 39
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Australian crops are damaged by mice
black rats and four species of native
rodents. There has been a mouse
plague somewhere in the Australian
grain belt e very four years on average
since 1900. In the last twenty years
plagues have increased to one every
year or two. The 1993-94 plague in

south-east Australia cost the grains

industry an estimated $65 million. Rat

damage to Queensland sugarcane
crops amounts to $2-9 million
annually. Rodents also have significant
social and environmental impacts and
can spread disease to people and

livestack

Managing Vertebrate Pests: Rodents
provides a comprehensive review of
the biology of pest rodents in
Australia, the damage they cause and
community attitudes to these problems

and their solutions

Key strategies for successful rodent
control are recommended by the
authors, who are scientific experts in
rodent management. These strategies

are illustrated by case studies.

Managing Vertebrate Pests: Rodents is
an essential guide for policy makers,
farmers and all those interested in pest

rodent management.
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